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Abstract

Background: Dementia leads to progressive cognitive and functional decline.

Population aging is a concern, and the healthcare system must refocus its limited

resources to keep up with service demands. Three cholinesterase inhibitors {ChEIS)
donepezil, galantamirend rivastigminég have been approved for the treatment of
dementia and are covered under Ontariobs f

research regarding their economic impact.

Methods: The purpose of this study wasdescribe the patterns of useChEls, and to
assess associated health resource utilizat
Anonymized patientevel data from seven provincial administrative databases were

linked at the Institute for Clinical and Evaluative SciencesaeQué& s Uni v-er si t y.
time users of ChEls aged 66 years and older were identified betweenA@00% and

March 3£ 2009, and were followed until treatment discontinuation or up to one year

following their index date. Health resource use was iflédsnto six care categories:

prescription drugs, physicians, lotgym care, home care nursing, emergency

department, and hospitalizations. Ghuare, KruskalVallis ANOVA and linear

regression were employed to compare resource use between userthgeChEls.

Results:In the cohort (N=40,057), the majority were prescribed donepezil (n=24,347),
were female (60.5%) and had at least one othenaxid disease. The odds of

discontinuation were 1.47 (1.36, 1.60) and 1.26 (1.17, 136), higher for rivastigmine users
ii



than gahntamine and donepezil users, respectively. Between 2005 and 2008, overall
healthcare costs increased from $95.2 million to $106.1 million. Prescription drugs
comprisel 33% of all healthcare costs. ChEls accounted for half of all prescription drug
costs Overall mean annual héatare system cost per patientswl 2,679.47

($12,510.86, $12,848.08). Predictors of overall healthcare costs idddumeterm care,

co-morbidity status, hospitalization and hip fractures.

Conclusions:Prescription drugs aoant for a substantial proportion of healthcare costs

for patients with dementia, and the amount attributable to ChEls alone is significant.
Knowing the health service utilization patterns for dementia patients can help healthcare
professionals and deastmakers plan patient care and timely resource allocation. The
results stress the utility of administrative databases and the need for further research for

this disease.
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Chapter 1

Introduction

1.1 Purpose

Comparative effectiveness research is the generation of evidence that compares
the benefits and harms of alternative methods of diagnosis and treatment of clinical
conditions with the purpose of assisting consumers, clinicians, patients and policy makers
to make informed decisions that will improve health care and its deligryhere is
increasing recognition of the need for comparative effectiveness and comparative
economic studies of new and existing health teagies such as pharmaceutical
interventions. Evidence of the comparative effectiveness of alternative health care
management options remains inadequate for informing policy decisaung(2). This
is especially imprtant because governments must decide which interventions represent
good value and ought to be funded givemad healthcare budget.

Several countries, including Canada, have incorporated compaeéfeetiveness
and comparativeconomic findings inttheir drug approval process; as this trend
proliferates, so too will the need to provide strong evidence to validate this pi@cess
One way to compare existing health technologies is to analyze observasitsnal d

gathered from administrative databases and electronic health réZpr&@udies using



such data sources can provide clinical effectiveness an@éffestiveness of
interventionsand compare them to alternaitreatments.

Al zhei mer 6s di sease and related dement.i
patients are currently treated with one of four pharmaceutical treatments: three
cholinesterase inhibitors (ChEls: donepezil, galantamine and rivastigmine) and one N
Methyl-D-AsparticAcid (NMDA) receptor antagonist, which aid in alleviating the
symptoms of dementia, but do not eliminate the underlying cause of digga3ée
efficacy and coseffectivenes®e f t hese drugs i n treating t he
thereby maintaining a patientdés functional
previous randomized control trials (RCTs) and economic evaluations based on the results
of these RCTs. Howevgthese studies share several common limitations, particularly
regarding the longerm effects of these drugs: many of the RCTs were olyr®nths
in duration(5), and the longest RCTs were onl§-24 weeks long6,7). Moreover,
while the three ChEls are covered for reimbursement by all provincial drug plans thus
relieving patients from the full burden of their cdbey are, however, expensi(&. As
such, there is a need to provide evidence of thetermg economic impact of ChEIs on
the healthcare system.

The purpose of this thesis is to describe the patterns of use of ChEls for the
treat ment of #Halazdhetaiedrdemedtss (lieecai@th referred to simply
as O0dementiad), to assess associated heal't

understand their policy and economic implications using linked health information



databases for a populatiyased cohort of Ontario adults aged 66 and older. The study
employs a retrospective cohort design using linked Ontario health administrative
databases available through the Institute for Clinical Evaluative Sciences (ICES).
Patients with dementia will be teggorized based on their Ch&s$er status and measures

of healthcare resource consumption and costs at quarterly intervals up to one year after

ChEI use will be reported, and compared between ChEI groups.

1.2 Objectives

This study hashree objectives for investigation in a populattmased cohort of

communitydwelling Ontarians aged 66 and older with dementia treated with ChEls.

Communitydwelling is defined apatientswho are not in a longerm care facility prior

to ChEl use.

la) To describéaseline patiedevel factors and treatment persistence for patients in
each of the ChEI groups (donepezil, galantamine and rivastigmine).

1b) To compare baseline patidetvel factors and treatmepérsistence betweehe
ChEI groups.

2a) To describe health resource utilizatiemd costdor six categories of care: 1)
ChEIl and other drugs, 2) physician services, 3)-enm care, 4) home care
nursing servicesb) emergency care, and 6) hospitalization (length of stay) for
users of each athe three ChEls.

2b)  To examine patierAevel predictors of care costs for the six categories of care.



3) To compare health resource utilization and associated costs among the three

ChEls.

The studyods hypothesis i s fetehcaihhetlther e wi |
care utilization or associated costs among the three individual ChEls (donepezil,
galantamine, rivastigmine). This finding will provide evidence that all three ChEls are
sufficiently similar and that not one of them is more costly tdht#tadthcare system to

offer to patients.

1.3 Thesis outline

Chapter 2 presents a summary background about dementia, theories intended to
explain its possible pathophysiology, its prevalence and global economic burden, its
treatments (cholinesterase inhibito)d an overview of the Canadian drug approval
and funding processes. This chapter will close with the rationale for this study.
Following this, Chapter 3 will provide a literature review summarizing existing relevant
clinical and economic studies conmipgy ChEI treatment effectiveness between
donepezil, galantamine and rivastigmine to placebo and to each other; this chapter will
highlight economic evaluations of these drugs, and the need for poptated studies
to complementhecurrent understandg of the ChEls for policy implementation.
Additionally, this chapter will provide a review of muléivel factors that influence
which patients receive these drugs, forming the bagleanalysis of predictors of ChEl

use. Chapter 4 provides a degtidn of the methods employed to fulfill the three
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objectives and includes a description of the study design, source of data and linkage,
inclusion/exclusion criteria, the timeframe of the study, study variables (exposures,
outcomes and potential confoumsle analysis (comprising a description of mean and

total resources consumed by users of each drug group, analgsigfialconfounding
variables, multivariate linear regression for predictors of care costs, and sensitivity
analysis), and sample sizalculation. Chapter 5 offers a brief overview of policies and
safeguards with which all research conducted using health administrative data at the
Institute for Clinical Evaluative Sciences must comply to ensure that patient privacy and
confidentiality ae maintained. Chapter 6 presents the results of this study, which include
a description of baseline descriptive characteristics for ChEI users on their index date; a
description of the patterns of use of ChEls, specifically treatpeststencea

descrption of health resource utilization and costs; the comparison of resource utilization
and costs between the three ChEI groups; the interpretation of predictor variables for
annual overall costs and according to six categories of care as determineauby line
regression analysis; and, an examination of variations in variable inputs (sensitivity
analysissfand t he studyds power. Chapter 7 prov
conclusions, implications, strengths and limitations of this study ancefdixection for
research in dementia care and comparative effectiveness/economics of health

interventions.



Chapter 2

Background and Study Rationale

2.1 Introduction

This chapter presents background information relevant to dementia, including its
types of treatment, the Canadian cont ext
healthcare system, and reinforces the need for further comparative studies. Z2ction
provides an explanation of dementia, including its symptoms and prognosis. Section 2.3
details several theories regarding the pathophysiology of dementia, particularly the
cholinergic pathway, which is the primary target for most available pharmeaeuti
interventions, including the ChEls. Section 2.4 highlights the epidemiology of dementia:
its incidence, prevalence and its economic impact for the Canadian healthcare system.
Section 2.5 describes the implementation of various medical treatmetits for
management of dementia symptoms, including cognitive and behavioural strategies, and
pharmaceutical interventions, such as the three ChEls. Section 2.6 provides an overview
of the Canadian drug approval and funding processes, which are important to
understanding why some drugs are available to patients while others are not. Section 2.7
highlights the process through which the three ChEls were approved for treatment by the
federal and provincial governments and received approval for provincial coverage

Ontario, and current health system controversies regarding these drugs in terms of



efficacy, effectiveness, and costs. Finally, Section 2.8 closes with the rationale for this

study.

2.2What is Dementia?

Dementia is a syndroniea set of signs and symptsint hat affects a p:
cognitive abilitieq9). It affects multiple cognitive domains (including memory,
language, attention), and may have a significant impact on behaviour and functional
abilities as wel/. Al zhei mer ds di sease an
individuals experiene gradual but persistent loss in their ability to perform everyday
activities, loss of sel€are abilities, and the development of urinary incontinence. Even
in its moderate form, symptoms of dementi a
which can ifluence the decision to seek placement in {targn care facilitie§10). At
its most severe stage, a patient becomes completely dependent upon caregivers and loses
basic cognitive and functional abilities. Newttegeneration is coupled with muscle mass
and mobility deterioration to the point where the patient is bedridden, leading to
premature deatfi0).

The causes of dementia remain unknown. Age is a primary risk factoiskhad r
developing dementia doubles every five years after the age(8J.65 Al zhei mer 6 s
disease is thmost common form of dementia, and is characterized pathologically by the
presence of semlplaques and neurofibrillary tangles in the brain (see sections 2.2.2 and
2.2.3 below). Other types of dementia include vascular dementia, dementia with Lewy

bodies and frontotemporal dementias. It is important to recognize#rat patienthave
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a mixwure of different forms of dementia (e.g. mixed dementia, which usually refers to a
combination of Al z-m&bidoneebdvascuar diseag® e wi t h co
It may be difficult to clinicaly diagnose dementia, especially in its early stages, as
symptoms are sometimes misattributed to stress or functional and cognitive changes due
to the normal aging process. Dementia is usually preceded by a period of mild cognitive

impairment, although netll older people with mild cognitive impairment go on to

develop dementifll). The most noticeable indicator of dementia is usually gbart
memory loss. Further clinical assessment, including objective oagtesting, can help
establish the diagnosis and gauge its severity. Medical imaging techniques, such as
computed tomography, magnetic resonance imaging, and positron emission tomography

can be used to help confirm the diagnosis and exclude other di€E&ses

2.3 Biological mechanisms

A biological mechanism is a series of processes through which a disease
progresses within the human bgds). For some diseases this can be caused by external
factors or agents modifying normal physiological processes in the body, such as
infectious diseases. In other cases, diseases can arise from natural physiological
pathways not working up to standard levél® to deterioration induced by aging or
genetic predisposition, usually leading to accelerated decline in normal function. Several
hypothesized biological mechanism have been proposed regarding the cause and

progression of dementia. It is importantdentify and understand the correct



mechanism through which a disease modifies the body and causes ill health so that
interventions can be precisely targeted towards their removal and, thereby, reduce the
impact of the pathophysiological process on theepati The following sulsections

(2.3.1 to 2.3.4) offer a summary of the current understanding of possible biological

mechanisms of dementia and, in some cases, their influence on each other.

2.3.1Cholinergic hypothesis

A classical theory regarding the biologit mec hani sm of Al zhei m
the cholinergic hypothes{d4). It is the oldest, most frequently targeted pathway for the
treatment of Al zheimerds disease. ebodlyhe br a
through a system of nerve cells, known as neurons. These neurons are typically
composed of three parts: the dendrite, the axon and the terminal. The dendrite interacts
with the terminal of the preceding neuron at the synapse. When a part ofithededs
to be activated, a signal is sent down the system of nerve cells. Fsgnpreic neuron
relays the signal to the pesynaptic neuron chemically by releasing netnamsmitters
(molecules that bind to receptor sites on the-pgsaptic cellthat tell the possynaptic
neuron to continue sending the signal. Newansmitters are then broken down by
enzymes to ensure that the neuron is not-etigrulated (which could lead to cell
damage). The signal is transmitted in this fashion untacihes the part of the body that
requires stimulation. A number of nettransmitters have distinct roles in different
regions of the brain. In normal brain signaling, acetylcholine (AChheuactransmitter

related to preserving and accessing memesyvell as function. ACh is broken down by
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cholinesterase enzymes (ChE): acetylcholinesterase and butrylcholinesterase, so that
postsynaptic receptors are not osatimulated and so that ACh does not accumulate in
the synapse.

The cholinergic hypothesgo st ul ates that Al zhei merds
an individual 6s ability t o -degemeardtiagilb)l ze AChH,
The observed cognitive defi ciAChredeptor Al zhei m
binding led researchers to hypothesize that increasing the availability of ACh in the brain
could assuage the cogniti v é4).dAeninistratianofa s s o c i
a cholinesterase inhtior (ChEI) decreases the activity of ChE in the synapse, thus
leaving more ACh available for signal propagation. Inhibition of ChE explains many of
the adverse effects of the ChEls, as Ach is also an importantinansmitter in the
digestive tract, theardiovascular system, and the neorascular junction. As a result,

ChEls may cause nausea, diarrhea, bradycardia, and muscle ¢t&inps

Aside from the cholinergic hypothesis, investigators l@eposed other potential
mechanisms for the development of dementia, including the buildup of amyloid plaques
in the brain due to genetic risk factors (though attempts at removal of these plaques has
not yet led to improved patient outcon{&g)); the presence of tau tangles (the abnormal
aggregation of tau proteins typically used to stabilize cell struciuhédh decrease the
ability of nerve cells to receive nutrier{tisd); and agerelated breakdown of myelin
(insulating material that preserves the potency of the electric potential traveling down the

axon of a neuron) in the braih8). These theories are discussed further below.
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2.3.2Amyloid hypothesis

Senile plaques are insoluble amyloid protein aggregates that result from the
accumulation of improperly processed proteins in the brain; they have been attributed to
genetic predispositiortewards defective protein breddwn and clearing mechsms
(19). The process starts with a large particle called amyloid precurgeirpihich, in
healthy individuals, is normally cleaved by the alpha secretase enzyme into beta amyloid
fragments (A) that are solublél4). Alternatively, the beta secretase enzyme can cleave
the protein and create an insoluble form of feteyloid fragments (B4,). This form of
betaamyloid then accumulates and forms plaques. -Betgloid has beeshown to
accumulate in high amountsinther ai ns of Al Z20e ltismotrcléasif pat i en
these amyloid plagues are a cause or-prbyluct of the disease, but to date efforts at
their removal (e.g. via admistration of secretase inhibitors or antibodies directed against

Abg,) has not been shown to improve patient outcofhé1)

2.3.3Tau hypothesis

Anot her biological p r o gtme@resernceof mar ker of
neurofibrillary tangles in neurons, which hinder the transportation of nutrients within
nerve cellg22). Normal tau maintains the structure of microtubules that transport
nutrients, but in Alzheimérs pati ents, tau can become hyp:e
neurofibrillary tangles, which destabilize nerve cell cytoskeleton and can lead to neuronal

death(14).

11



Research has also shown interaction betweendwetdoid plaques and tau
tangles. One study demonstrates that in mice where tau was removed from neurons, the
presence of betamyloid did not cause cell degeneration, while in neurons where both
were present, the degeneration occu(3). Though it is hypothesized that the toxic
presence of betamyloid plaques might promote the hyperphosporylation of tau through
oxidative stress, it is not yet clear how the cholinergic dysfunction, the presence of
amyloid plagues anati tangles work in concert to lead to the development of

Al zhei mer(l@)s di sease

2.3.4Myelin Model

Another area of research that has received attention has been the role of myelin.
Myelin is an insulating material th&drms a layer, the myelin sheath, around nerve cell
axons(24). Myelin is a necessary component for propagating signals from one neuron to
the next; its insulating properties increase the speed at which a ngnghitavels while
preventing the electrical potential from leaving the (&8l). The production of nslin is
called myelination andn the brain, this process is performed by oligodendrocytes.

Brain myelinaton decreases in older age. Bartzokis and collea@0€5)have

documented the link between latigveloped myelin breakdown and human degenerative
di sorder s, s u®8h The myelnimpdelpostateas that myelin breakdown
releases oligodendrocytand myelinassociated iron that promotes the production of

betaamyloid which, as previously described, can be found in higher amounts in the

brains of Al zheiemeords patriremtts.choMaonergi c
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(ChEls) appear to enhance myelination and myelin repair, thereby further contributing to

preventing Al zI2B)i mer s sympt oms

2.4 Prevalence of Dementia andEconomic Ramifications

I n September 2009, Al zhei mer6s Disease
Alzheimer Report, which stated that an estimated 35.6 million people worldwide live
with dementig9). A recent report issued by the Al
estimated the Canadian prevalence at half a million indiviq@éls In 2004, the
Canadian Study of Health and Aging revealed that 8%amadians over the age of 65
have dementia, with the number of patients rapidly increasing with age: 2.4% among
those between 65 and 74, 11.1% between 75 and 84 and 34.5% of those over 85, with
nearlytwet hi rds of t hese af7).rThdsareparts acknoviledge Al z he i
that by 2050, due to the coupling of its rising incidence and the increase in human life
expectancy, the prevalence of dementia will increase-ttodeur-fold if no effective
preventatre strategy is identified.

At present, there is no cure for dementia, though treatments are available that aim
to manage the symptoms of the disease. Therdf@erognosis of the disease includes
chronic loss of ability to perform daily activities tiswly progresses to further
advanced stages over time. Several preventive strategies have been suggested, such as
brain stimulation, exercise and d{@8); however, the effectiveness of these sgyas
remains unproven. In addition, once a patient has developed dementia, cognition and

function progressively deteriorate and cannot be reversed. Thus, the management of
13



patients with dementia is of paramount importance and ate&yngcommitment. For

these reasons, dementia care is expensive and is placing an increasing burden on health
systems around the world. The economic impact of the escalating number of dementia
cases is staggering: the total estimated Canadian and worldwide costs of dementia a
$15 billion (2008 Canadian dollars) and $600 billion (2010 US Dol{&8p)

respectively, with the Canadian estimate projected to increase tenfolert®i®0 billion

by 2040(26).

2.5 Available Dementia Treatments

There is no medical treatment that can stop or reverse the progression of
dementia; however, a few drug therapies available have atteroptatigate symptoms
to extend the time a patient can maintain cognitive and functional tegtesning
memory and autononiyfor as long as possib{@6). Psychosocial therapies have also
been propsed: behavieoriented therapies, such as scheduled bathroom usage to reduce
urinary incontinence, have been suggested to target and eliminate problem behaviours;
however, this approach hasndét been shown
(16). Similarly, emotiororiented approaches to managing dementia, such as
reminiscence therapy (stimulating memory
history) and multisensory stimulation (exposiragipnts to soothing environments
designed to stimulate various senses), have been employed to improve mood, behaviour
and cognition; however, there is limited evidence to support their effectiviigss

Cognitionoriented (skills training) and stimulatiaiented (recreational activities such
14
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as art therapy and exercise) approaches have been employed, with modest benefits to
mood and reduced behavioural probl€i®). Educational interventions also exist,
which aim to inform patients and their families in developing coping skills for their
inevitable cognitive decline.

The most frequently studied mode of treatment has been the use of
pharmaceuticalof the treatment of cognitive and functional issues, as well as associated
syndromes such as psychosis, agitation and depression. Cholinesterase iGitts)s
are considered the frofihe therapy for patients with some forms of dementia (e.g.
Alzheimer 6s di sease, vascular dementia, dement
they are used to improve a patientds cogni
in further detail in subsequent paragraphs. Patients with dementia also experience a
variety of other symptoms and-oaorbid syndromes. Psychosis (hallucinations,
delusions) and agitation are often treated with antipsychotics: tranquilizing drugs that
calm patients. Both typical (first generation) and atypical (second generation)
antipsychotics are used clinically to quell behavioural symptoms, but their use can be
associated with a variety of potentially serious adverse effects (including sudden cardiac
death, Parkinsonism, and faéllated injuries). Atypical antipsychotics are commonly
used in current clinical practi¢29). Dementia can also be associated with depression,
and can contribute to poor outcon{d86). Depression can be treated with anti
depressantfl6,30) although there is conflicting evidence about the effectiveness of

antidepressants in treating symptoms of demg8fig82) Patients with dementia often
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experience anxiety and sleep disturbaf®3). Benzodiazepines have been used to treat
dementia patients with these symptdi33,34) however, these drugs have important
adverse effectg35), such as the increased risk of f§B§).

According to the Al zheimés 6paDelugoDi sexp!
given that dementia is a chronic progressi
occurs when symptoms I mprove or remain the
response to antidementia thempagegsmm@cur s wh
slowly than expected without thera(87). Measuring symptom progression is
subjective, but generally, untreated patients with dementia {dgsoihts per year on the

Mini-Mental State Exam (MMSE) drose some functional abiliti¢38).

2.5.1Cholinesterase Inhibitors

In Canada, four pharmaceutical treatments have been approved for use with
dementia patients: three ChElslonepezil (Aricept), galantamifReminyl/Razadyne)
and rivastigmine (kelon)i and one NMDA Receptdrlocking agent memantine
(Exiba/Namendal4). Each of the ChEls have moderately different pharmacological
properties (e.g., depezil has a longer hdlfe than the others, and their chemical
formulae differ), but they all affect the cholinergic pathway by a common mechanism.
As described previously, during the progre
and there is a diinished amount of ACh produced by the body available for reuro
transmission. This deficiency leads to loss of cognitive processes and memory

access/formulation. One strategy for increasing the amount of ACh forneuro
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transmission is to reduce the amoohAChE at the synapse. Recall that AChE breaks

down ACh to protect the pesynaptic nerve cell from overstimulation and to stop the

signal from presynaptic cell to the postynaptic cell once it has been transmitted. The

three ChEI drugs target AChihibiting the enzymes from breaking down ACh at the

synapse, thus increasing both the level and duration of the ACh that the body is able to
produce. ChEl's, however, cannot substitut
and therefore, cannot mdgithe ultimate progression of dementia. Therefore, the goal of
prescribing ChEls is to delay the decline of cognition and functions caused by dementia,

and thereby alleviate the need for caregiver burden. The thres &Ehought to

possess similarfiecacy, and all have shown modest symptomatic benefits in RCTs over

6-12 monthg39).

2.5.2Memantine

Memantine is a NMDA receptor antagonist, which acts on glutamatergic-neuro
transmissior(5). Glutamate is an excitatory nettransmitter in the brain. In
Al zhei mer 6s patients, there is an overabun
fire too often, which can lead to netnlegeneration. Memantine blocks NMDA
receptors, preveimy the glutamate from stimulating them, though this mechanism is not

as well understood as that of Chi4§).

2.6 Canadian drug approval and funding processes

In Canada, prescription drugs are authorized for salbébfetieral government

and approved for funding by the individual provinces. The drug review process begins
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with the pharmaceutical company submitting a drug application to the Therapeutic
Products Directorate (TPD) of Health Canada to assess the s#feagyeand quality of
the drug(41). It is noteworthy that Canadian regulations do not strictly require that a
drug demonstrate a unique benefit over other drugs in the same class in order to receive
authorizatim, i.e., all three ChEls were approved despite presenting evidence of similar
effects(42). If successful, the TPD will issue a notice of compliance (NOC) and the
associated produtdabeling The drug is then approd@nd may be prescribed by
physicians and dispensed by pharmacists to patients in Cg&dalowever, receiving
this approval does not guarantee that provincial drug plans will cover the costs of the
approved drug.The federal Patented Medicines Prices Review Board establishes the
maximum introductory price that can be charged for new patented drugs, as well as
regulating price increases for these drugs over (iig

The Candian Agency for Drugs and Technologies in Health (CADTH)
formerly the Canadian Coordinating Office for Hedlgthnology Assessment
(CCOHTA)T is a federallyfunded, independw, notfor-profit agencyesponsible for
evaluating the safety, effectiveneand costeffectiveness of all new drugé5). This
function is performed by the Common Drug Review (CDR), which reviews data
(typically clinical trials to support drug efacy and accompanying economic
evaluations) submitted by the manufacturer and provides a summary report to the
Canadian Expert Drug Advisory Committee (CEDAC), which ultimately makes a drug

coverage recommendati¢fo).
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Provincial governments must then decide if the drug should be addesrto t
publicly funded formulary a list of medications that are included in the provincial drug
plan(46). Each province makes the decistoroffer drug coverage independently while
considering many factors including cestectivenes$ whether the cost of providing the
medication are offset by savings in other areas of health res@¢udjesrovincia
advisory committees will take into account the CDR recommendations, as well as the
potential budget impact of adding new drugs to their formularies. Because each
province ultimately has different inclusion criteria, different health care budgets, and
different funding priorities, the list of drugs covered varies from province to province
(47). For the purpose of the current study,

inclusion processes will be further expgd regarding ChEls in the following sections.

2.7 ChEls in the Ontario Context

All Canadian provinces have added the three ChEls to their drug formularies for
reimbursement. Memantine was issued an NOC in 2004, but the CDR recommended
against having it inclded on provincial formulary listings because the evidence was
deemed insufficient to establish the clinical importance of the statistically significant but
numerically small group mean improvements in measures of cognition and there was a
lack of economi@vidence in its favou@s). Memantine is not cover
provincial formulary.

In Ontario, donepezil, rivastigmine and galantamine were added to the Ontario

Drug Benefit (ODB) formulary in 1999, 2001, and 2002, respectid&ly The ODB
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planofferscoverage for over 3,300 medications foriadlividuals over the age of 65

years(50). I ndi vidual s receive subsidized medi
payment: the provincial government paying the majaitthe costs. &me medication

coveragas provided through the Limited Use program, whsglecifiescoverage for

certain drugs to patiently if specified clinical criteria are mé¢bl). The three ChEls

fall under this program and a prescription for any one of these medications requires a
physician to administer a Mini Mental State Exam (MMSE) to the patient

A patientds initi al stastsifoaup towhree montaspand o n e
in order to qualify for this treatment the patient must meet the following clinical criterion:

mild to moderate dementia as indicated by an MMSE score-86{52). To qualify for
further rei mbursement, a physician must su
disease has not progressed or deteriorated while on the drug, and the patient must

continue to have an MMSE score 0£26(14).

The ODB regulations regarding ChEI prescription are similar to those of other
provinces, each of which also provides ChEls to patients with special conditions. British
Columbia, Alberta and Saskatchewan restrict reimbursement to those patients whose
MMSE scores are 126 (53-55), while the Maritime provinces employ a higher-ofit
of 10-30(56-58). All provincesrequireperiodic cognitive testing for ongoirgpverage
Memantine can be prescribed but is not coveraahy of the Canadian provinces.

Since the introduction of the first ChEI, donepezil, in 1997, most physicians and

patients have considered them to be an i mp
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the absence of any other effective treatmé®3 While ChEls target mechanisms

affecting neuredegeneration, they also seem to be effective for other forms of dementia:
galantamine has been shown to be helpful for vascular denf@@}iand rivastigmine

has shown improvements for patients with Lewy body demé@fiand dementia

associ at ed P a6lk Randomined contrdliecstreala GRETRve

demonstrated that ChEls are efficacious for mild to moderately severe cases of dementia
when compared to best supportive q&89) However, these improvements in

cognition have been modest.

Moreover, economic studies based on these RCTs have suggested these drugs are
expensive to administer. In 2010, the cos
approximately $5.00 per day ($4.87 for donepezil, $4.98 for galantamine and $5.21 for
rivastigmire), and between $1,600.00 to $1,700.00yper(62-64). Depending on the
availability of treatment alternatives and generic versions of these thegSPB cepay
amount fluctuates, which means that patients would be expected to pay the difference
between the price the pharmacist is permitted to charge and the amount covered by the
ODB (65). Consequently, provinciabgernmentfavestruggled to reconcile their
overall costs with their limited effectiveness. While physicians recognized their clinical
potential, they were reticent with prescribing them to patients unless they were covered
by provincial or thirdparty insurance plan$6). As a result, individuals with dementia
endured staggered coverage across Canada for the three ChEls, some waiting up to a

decade after donepezil was approved for use before their physicians prescribéir)hem

21



Controversies regarding the cost and effectiveness of ChEls persist to this day.
There is evidence from RCdriven economic evaluations and studies using economic
and disease stateansition techniques to model lotgym disease prognosis and
treatment costs that suggest ChEI use iseffsttive(5,8). However, these studies have
limitations that make it difficult to trarsle their results into practice. A CADTH
Technology Overvieweport documented the limitations of published evidence, including
a lack of consistency in design, duration and outcome measures of RCTs, which makes
comparative analysis difficult, and the &ations were based on shtetm efficacy data
(68). Also, while a systematic review by the National Institute for Health and Clinical
ExcellencgNICE) acknowledged that ChEls confer moderate cognitive benefits f
patients with dementia, it suggested that ChEls had limited clinical and economic value
(5).

Furthermore, prescription drug expenditures are on the rise. According to the
Canadian Institute for Health Informati¢@IHI), in 2004, Canadians spent more than
$18 billion on prescription drugs, and in 2006, this amount increased to $21.1 billion
(69,70) Since ChEls generally dod5.00 per patient per day and the prevalence of
dementia is rising, gauging the cost of these drugs to the healthcare system in light of

their modest clinical efficacies should be considered a priority.

2.8 Rationale

The growth of the elderly population gether with the rising incidence of

dementia requires immediate attent{®h Decision and policymakers need feedback
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on current health care practices in order to modifgdmptnewinterverions(1). To do

so, they need information on new treatment options, as well as feedback on existing ones.
While RCTs can speak to the efficacy of a treatment within a controlled setting, their
outputs and outcomes magt be generalizable to routine clinical prac(icg,72) A

major shortcoming of past economic assessments has been the dependency on clinical
trials for costs associated with these dragsl the use of modeling to project costs

beyond the length of trials (typically six montl{gB,74) In addition, many of the
economic evaluations were s@onbesea ed by t he
limitations restrict the usefulness of RCT data for comparative purposes to gauge the
realworld impact of the three ChEIs. Because there are limits to using RCT data for
economic evaluations, particubaif their results cannot be generalized to the population

at large, a populatichased economic study to assess costs associated with ChEl usage
should be undertaken.

One valuable source of information regarding healthcare system resources and
practicess a health administrative database. A populadb@sed study using linkable
information across various datasets would provide appropriate and generalizable results
regarding clinical and resource utilization outcomes in the general population. Health
car databases store information about routine clinical practices offered to patients,
treatment duration and costs. In Ontario, the administrative health care databases held at
the Institute for Clinical Evaluative Sciences (ICES) are consistently updétedugh

ICES it is possible to link delentified populatiofbased health information at the

23



individual level while ensuring patient privacy and confidentigli§). Thus it is
possi bl e to associate a patientds prescrinpt
dataset with their use of other health services, such as physician services available
through theODB dataset. This permits the evaluation of the patterns of resource
utilization for ChEI use, physician services, acute and home care usage, and medication
costs.

Examining information on the pattern of ChEl use along with resource utilization
and associated costs in a Canadian healthcare setting provides valuable iofotonati
assist clinicians involved with dementia care with decisions regarding patient care, and
other decisiormakers with allocating health service resources effectivelyann a d a 6 s
increasingly costonscious health care systein.the event that a diffence in resource
use and costs between the three ChEls does exist, it is important for healthcare-decision

makers to be aware of it.
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Chapter 3

Literature Review

3.1 Introduction

This chapter reviews published evidence of efficacy and economic assessments of
ChEls. Before examining the potential cost implications of treating patients with ChEls,
it is important to understand their clinical effectiveness. To dthsoreview wil first
examine research edifying their efficacy and effectiveness at treating the symptoms of
dementiaand therdescribe previous economic studies built upon the evidence provided
by these efficacy studies.

The majority of studies that have conset€ChEl efficacy have been RCTs.

Section 3.2 highlights the evidence from such studies. Firstly, Section 3.2.1 examines
reviews of RCTs that summarize the results of previous RCTs. Two comprehensive
systematic reviews by the National Institute for Healind Clinical Excellence (NICE)

in the LhitedKingdom(5) and the Cochrane collaborati(89) i were published in 2006
and were integral to informing healthcare professionals degatheir efficacy and

adverse events, as well as limitations of these studies. This section also includes other
review articles with evidence from studies not included in these two comprehensive
reviews. In order to understand the measurement toalshysRCT researchers in

determining drug efficacy, scales assessing global function, cognition, behaviour and
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function in daily activities are reviewed. Section 3.2.2 offers this brief overview of

patient outcome measures. Section 3.2.2 closes by loakstgdies that use these scales

to compare ChEls to placebo. Section 3.2.3 summarizes the use of these scales for
comparative ChEto-ChEl trials. Studies have shown that ChEls are efficacious with

mai ntaining or | mpr ovi ol s@tast witke eatch @fshethreeg ni t i
ChEls having similar levels of efficacy. Finally Section 3.2.4 presents a discussion of the
limitation of these studies.

Section 3.3 reviews populatidrased clinical studies comparing one ChEl to
another (e.g., donepieversus rivastigmine). Clinical efficacy and adverse events are
discussed, followed by the limitations of populatimsed assessmentSection 3.4
examines patiedevel factors (age, gender,-aworbidity status, dementia severity and
sociceconomicstatus) and health system factors that influence the uptake of ChEls.
Having reviewed the clinical evidence that has informed the approval of the three ChEls
for clinical use, Section 3.5 presents economic studies that investigate the cost of
dementia, th cost of ChEI treatment and economic evaluations considering the
effectiveness and cost of administering one ChEI to placebo or to another ChEI.
Economic evaluations of ChEls tend to rely on data from RCT and use disease
progression modeling techniqudsmitations of such studies are present&gction 3.6

of this literature review closes with a reiteration of the need for comparative studies
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3.2 Randomized Clinical Trials

This section presents evidence from randomized controlled trials investigating the
efficacy of ChEls, the majority of which have been pharmaceutical indsjstnysored
(77). Section 3.2.1 presents the results of review articles of RCTs. Section 3.2.2 looks
at efficacy outcomes tested by RCTs #mel methods used to measure them. This
section also provides examples of individual RCTs that compare one ChEI to placebo
using each method. The majority have used global, cognitive, and functional outcome
measures and have determined that the use os@d#tls to modest improvemeintkess
decline in cognition compared to placd@8), maintaining functionality compared to
placeba(79), and preserving ability to care foroeig7)Ti n a pati ent 6s hea
(80). Section 3.2.3 looks at individual RCTs that compared one ChEI to another ChElI.
Finally, Section 3.2.4 examines the limitations myous RCTs of whiclhesearchers

must be mindful when interpreting results.

3.2.1Evidence from reviews

RCTs have demonstrated ChEls improve patient cognition when assessment is
based on global (overall function and clinical weding) and cognitive (memorygdic)
outcome measurg80). In 2006, a Health Technology Assessment was published by the
United Kingdomés National I nstitute for He
provide a review of the best quality eviderfigethe clinicat and costeffectiveness of
donepezil, galantamine and (9. inaddgidnjag mi ne f o

Cochrane review was issued by the Cochrane Collaboration to assess the effects of the
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tr ee ChEIl s f or A39)zThese agencigs thorqughly appraide xisting
literature and produce systematic reviews of scientific evidence that provides
professionals and researchers with accurategate information regarding the
effectiveness of clinical interventions and hieaéichnologie$81,82)

The NICE assessment reviewed 23 European, American and Canadian RCTSs that
compared one dhe three ChEls to placebo and thiegls that compared one of the
three ChElsd another ChEIl (e.g., donepezil versus rivastigmi&e) Among the 13
published RCTs comparing donepezil to placebo, there is evidence to suggest that
donepezil is beneficial for patients with dementia, yieldind Ipatsitive cognitive and
gl obal outcomes. These benefitsdosesry acco
tending to show increasé@nefits. Donepezil has been shown to limit further
deterioration on activities of daily living (ADLS) over periodagang from 3 to 12
months. Among the six published RCTs comparing galantamine to placebo, no study
lasted longer than 6 months. The evidence suggests that galantamine is beneficial for
patients with dementia based on global and cognitive outcome meagitindsigher
doses associated with improved cognition and function. The four published RCTs
comparing rivastigmine to placebo showed that the drug is beneficial for global and
cognitive measures in dementia patients, particularly at higher doses.alNasted
longer than 26 weeks (6.5 months).

The Cochrane review considered 13 RCTs that compared one of the three ChEls

(overlapping those evaluated in the NICE assessment) and ong¢d3BEE| trial (39).
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The authoexcluded RCTs if they were not doultdend. The studies tested the efficacy
of the drugs using a variety of outcome scales: global assessment, cognitive function,
ADLs, and behavioural disturbance. Among the 13 studies included in thenadysis
thatexamined the cognitive and global effects of ChEls, the three drugs improved patient
score compared to placebo after approximately 6 months of treatment, with some
heterogeneity between the results of each trial. Five of the studies employed ADL scales,
with each showing improvement compared with placebo after 6 months. Three studies
considered behavioural disturbance, with each showing benefit compared with placebo.
The review also reported withdrawal rates, which varied from-48% for the ChEI
groupand 0%33% for the placebo group after 6 months of treatment. The results of the
metaanalysis demonstrated that these rates were 3% and 7%L8% for the treatment
and placebo groups, respectively. A héatiead trial compared donepezil to
rivastigmne and determined that there was no significant difference between the ChEls
for global assessment, cognitive function, ADL and behavioural disturbance; however,
there were significant differences, in favour of donepezilséveral types of adverse
evens: vomiting, falls, hypertension and weight loss. Each of these reviews concluded
that the three ChEls are efficacious for dementia of mild to moderate severity when
compared to placebo, with comparable resudtsveerthe three ChEls.

Other reviews acknledged the potential of ChEIs to improve patient cognition
(71,80,83) Kaduszkiewicz and colleagues (2005) reviewed 22 trials with 12 of 14

studies using cognitive outc@nscales showed differences in favour of ChEls compared
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with placebo, and 12 trials using interviews with clinicians to assess changes in patient
symptomatology also found benefits in favour of ChZlE). Jonet al. (2009) conduct

a pooled analysis of patients from 13 donepezil RCTs completed between 1991 and 1999
and determined that patients were showing slower rates of cognitive decline-1995st

trials compared with pr&995 trials, while also observirlgat post1995 trial patients

had lower baseline MMSE scores, were older, had fewer males, and had mursbab
conditions(83). Takeda et al. (2006) presented results from the NICE assessment (2006),
but also commated thatthough the data indicates that ChEls can detayitive

impairment in mildto-moderatelys ever e Al zhei mer 6s for at | e
statistically significant differences between treatment and control groups, the ability of

the outcome nesures to detect clinicalkignificant changes or to be translated into

clinically meaningful values is less clg&;80) Small improvements in global tests may
translate into little differenctr dementia patient®80). Cappell and colleagues (2010)

have stated that all three drugs target the same biological pathway for dementia treatment

and have similar efficacy when compared to plad&dg

3.2.2ChEl versus placebo

RCTs base their assessment of the efficacy of ChEls on how these drugs affect the
patient, and whether the desired outcomes (improved cognition and functional capability,
and maintenance of ADL while minimig side effects) are attained. A primary goal of
these trials is to assess a patientds resp

function (85). To do this, researchers em$chloy t he
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T Cognitive Subscale (ADA®0g), which assess 11 summative cognitive tests with
scores that range from 0 (not impaired) to 70 (severely impdBécg7) Another
common instrumensithe MinitMental State Exam (MMSE), which evaluates five
cognitive areas with scores ranging from 0 (severely impaired) to 30 (n¢B8al)

Studies that have used either the AD&8g and/or MMSE scales to measur
differences in cognition between Chiglceivers and placebeceivers have reported
positive results compared with placebo. Winblad and colleagues (2001) demonstrated
that patients receiving donepezil experienced improved MMSE scores (mean +0.5) after
12 weeks (compared with mean O for placebo) and a gradual decrease t@ /5 adier
52 weeks (Placebo = medh25); this results in a difference of 1.75 points in favour of
donepezi(7). Similarly, Feldman et a(2001) found a difference of 1.5 points in MMSE
in favour of donepezi{[78). Rogers et al. (1998) found a difference of 1.21 in the MMSE
score, and a difference €1.49 in the ADASCog, between donepezil and placeifier
30 weekg89). Similarly, Wilcock et al. (2000) reported a difference2® points on
the ADASCog, indicating an improvement for the galantamine g@0p with other
studies showing comparable res(it9,9194).

Another goal of RCTs of ChEls is to assess céhchanges in functional abilities
of patienty85). To do this, a global asses-sment t
Based Impression of Change plus caregiver input (Gi8lGS)is employed95).
Patients are scored on global severity at baseline and subsequent assessments are scored

on a scale of 1 (better) to 7 (worse) relative to baseline, with 4 representing no change.
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Studies using the CIBIKPIlus have reported ththe weltbeing and overall health
status of a larger percentage of patients receiving ChEls remained stable or improved
over patients receiving placebo. In a study comparing galantamine to placebo, 70% of
the galantamine group remained stable or imptamesr the 6 month trial duration,
compared with 55% of those in the placebo grii9). In another galantamine study,

68% of galantamine recipients remained stable or improved compared with 47% of those
assignedd placebo over 5 montt{91). In donepezil trials, Feldman et al. (2001) found

a difference of 0.5 points between the ChEI group compared with the placebo, while
Rogers et al. (1998) reportdtke difference to b8.36 in favour of the ChEI group

(78,89)

Another measure of improved patient health status when receivindesnéntia
therapies i\ctivities of Daily Living. Studies that look at ADL establighbaseline
level for each treatment group and measure change from baseline throughout and at the
conclusion of the study. A consistent finding across three of the aforementioned studies
that considered ADL was that the placebo group experienced furitieredi@ ADL
score from baseline than the ChEIl gr¢d8,79) The two most commonly used scales
for measuring ADL are the Progressive Deterioration Scale (PDS) and ti#liDjs
Assessment for Dementia (DAE39). Both the PDS and the DAD include numerous
items (29 and 40, respectivelyiat measure basic activitiggersonal hygiene, self

feeding, functional transfeend walking, wih a higher score indicates improvement.
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3.2.3ChEl versus ChEl

Comparative RCTs that evaluate two or more ChEls have been conducted
previously, all of which employed MMSE and ADASog, as well as measures of
adverse events between drug gro(§898). For two trials comparing donepezil and
rivastigmine, the authors concluded that rivastigmine led to more improvements, though
these results were not statistically significaRtischillo et al(2001)found ADAS-Cog
differences 0f3.6 points and3.8 points from baseline, and differences in MMSE scores
of 1.2 points and 2.6 points from baseline for donepezil and rivastigmine, respectively
(96). Similarly, Wilkinson et al(2002)found ADASCog differences 0f0.90 points and
-1.05 points from baseline, and differences in MMSE scores of 0.71 points and 1.20
points from baseline for donepezil and rivastigmine, respect{88ly In a study
comparing donepezil to galantamine, while both groups demonstrated improvements, the
benefit of donepezil was significantly different from baseline while galantamine was not
(ADAS-Cog: 53.3% of patients eggencing at least agoint improvement compared to
29%; MMSE: 1.6 points compared with 0.8 points from baseline; and, DAD: 1.5 points
from baseline compared with.4 points}97). Wilcock et al. (2003) determindkat both
patients receiving either donepezil or galantamine were able to maintain constant ADL
scores for up to nine months before functional de¢®®® Another study concluded
that neither donepezil nor galamtine were related to increased mortdli§0). While
the magnitude of difference between these drugs is unclear, all of these trials concluded

that using any of the ChEls led to improved dbge function and ALLs over time
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3.2.4RCT limitations

All RCTs examining ChEI efficacy have had several limitations in common, such
as highly selective inclusion criteria leading to problems with generalizability, relatively
limited follow-up, sponsorship bias, and uncletnical meaningfulness of outcome
measures, which affect their interpretation and applicability to routine clinical practice.
Based on an assessment by Luce et al . (
subgroups are sometimes due to-bigkiefitcom er ns ét he purpose of mo
to determine an interventionds net benefit
satisfy FDA marketing approval requirements or to provide insights into disease etiology.
These goals lead to tightly controllstlidy designs that are consequently less likely to
reflect the conditions under which interve
(2). Inareview by Gill et al. (2004) that compared patient recruited @arsRwvith those
from the general population, RCTs were demonstrated to recruit younger patients
compared to the societal group, which would not accurately depict the real burden of
dementig72). In thisstudy, at last one half of societgirouppatients receiving
donepezil would not have been eligible to enroll in the trials that evaluated this drug.
Losstofollowup coul d affect the studyds power
example, in the AD2000 trial, 20% of piarpants withdrew, while a study by Rogers et
al. (1998) experienced an extreme 73% dropout(8&®4) The Cochrane Review
reports that RCTs experience average dropout r&@&3% in the treatment group and
18% of the placebo groy9). This uneven distribution of patient withdrawal could

decrease the comparability of the groups and bias results. Some RCTs have used the last
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observatiorcaried-forward (LOCF) method as a means to include discontinued users in
the final analysi¢78,83991,98,101) LOCF accounts for early dropouts by treating the
results of the last evaluation for these patients as their endpoint measure. This method,
however, can bias results because early dropouts may have neither experienced the full
duration of ChEI side edcts, nor the full benefit of treatment, thus distorting the clinical
efficacy of ChEI§ making the treatment look better than it would under normal clinical
conditions(71).

Sponsorship biak the tendency ofte outcomes of studies to support the interests
of the st udy dmaytEkewrdsults tpwaelg psotustry result$77,102)
Only two previous RCTs were not conducted by pharmaceuwuticapanie93,94)
These companies have a vested interest in ensuring that the drugs are marketable, and
may emphasize results for outcomes that show a beneficial effelsefyeaitment over
results for outcomes that indicate no change. Also, indspopsored RCTs often only
consider a minimum level of efficacy necessary for marketing the drugs while
overlooking the significance of drug tolerance and adverse events, maicbevelop
over time(103) Previous comparative RCTs have received industry sponsorship,
making their results suspect and difficult to generdlfze9698). Furthermore,
comparative studies funded by pharmaceutical companies seem to favour their sponsored
drug(75).

Moreover, physicians normally base their decismprescribe ChEls on the

assessment of an individual patientds symp
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effects. For the purpose of RCTs, treatment allocation is random, which allows for the
possibility that those who may benefit from the trestibrmay not receive it, and for the
potential difference in response to treatment between patients to bias(&Es10S)

While many RCTs have used psychometric tbolsieasure patient outimes
such as the ADA¥0og and MMSE or congsite ADL scales (PDS and DADJ is often
challenging to interpret how the differences in the observed scores can be useful in a
clinical setting because such scores cannot be equated with any physical tagtdriom
such as MR(77). Studies report ADA®0g and MMSE values as changes from
baseline scores of 0.0 to 2.0 (positively or negatively), and ADL outcomes as a
percentage of the treatment group who improve by >4p(h However, these results
may not have any intrinsic clinical meaningfuln€ss).

Furthermore, RCTs have had limited time horizons, often for practical or ethical
reasons€xposing more people to potential adverse events from an untested treatment),
ranging from 12 to 24 week89). This duration may not be long enough for patients to
adjust and tolerate the treatment, and for investigatodetermine the lorgrm effects
of ChEls. In addition, with median survival of8dyears from the time of diagnosis there
is concern that these short trials are not clinically meanirigi)l Several systemati
reviews of RCTs have pointed to the need for loigen assessments of these drugs

(39,85,104)
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3.3 Population-based studies

Populationbased studies tend to be observationaksigh with all patients
affected by a disease or receiving a type of treatment included. Treatment allocation is
not randomized, nor is the physician blind
I n the case of ChEI somorbidity dtatus, diseasel severityeos a p a
the development of side effects determine whether a physician will prescribe a patient
one ChEIl over the others. In an effort to measure the generalizability of RCT outcomes
and to determine whether similar reswitsild be obtained in the general population,
several populatioased clinical studies have been conducted.
Section 3.3.1 presents evidence of ChEl use in community populations, and

Section 3.3.2 highlights the limitations of past studies.

3.3.1Evidence of thEI effectiveness

Gill et al. (2004) evaluated the representativeness of patients used in RCTs with a
cohort of adults aged 65 years and older in On{@2® The authors conducted a
systematic review of 10 RCTs cparing donepezil to placebo for demographic and
adverse events. They demonstrated that between 51% and 78% of the Ontario cohort
would have been ineligible for RCT enrolment: patients dispensed donepezil were older
(80.3 years compared with 73.7 years) amore likely to be in longerm care (14.1%
versus 7.1%) than their RCT counterparts.

One ltalian study by Fuschillo and colleagues (2004) investigated the clinical

appropriateness of administering ChEls to an Italian population during a period of two
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yeas(105) Longitudinal mean MMSE scores from 354 patients treated with any of the
three ChEls showed improvement in MMSE score (16.3+3.7 points to 17.1+5.5 after 21
months) and stable ADL (4.9+1.5 points4td+2.1 after 21 months) from baseline. With
these results, the authors concluded that
patients in the community.

Another ltalian studypy Santoro and colleagues (20BXamined the comparative
effectiveness of all three dru@s06). The cohort followed of 938 patients for 36 weeks
(9 months)i 57.7% treated with donepezil, 11.2% with galantamine and 31.1% with
rivastigminei andpatients censored at any time if they switched drugs. While donepezil
and rivastigmine users showed improved MMSE scores by thevé&, the mean
change in MMSE score from baselin8.8 to-1.0) was negative for all patients by the
36" week. The meaADAS-Cog score increased between-2.0 points between
patients by the 36week from baseline. All groups experienced a decrease in ADL
score, with the decline observed in the galantamine group significantly different from the
others. The authors cdoded that there was no significant difference in the effect of any
of the three drugs on a patientds cognitiywv
improvements overall.

A recent study by Wittmo et al. (201&yaminedhe longterm effects of the tiee
ChEls and reported that while MMSE and AD&8g mean differencg95%CI)from
baseline gradually decrease8:2 (3.7,-2.7) and-7.3 (-8.5,-6.1) respectivelyacross the

s t u d-yeéargimezhorizon, no differences were detected among the three (CAE)s
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While RCTs normally measure adverse events, there are discrepancies between
those reported from RCTs and those observed in the general pop(lasynFor
exampleGill et al. (2009) reported that the clinical presentation of syncope (brief loss of
consciousness) was associated with ChEI use, which could lead to cardiovascular effects
(bradycardia: 6.9 per 1,000 person years among ChEI users compared with 4.4 per 1,000
personyears norusers, and pacemaker insertion: 4.7 per 1,000 person years among ChEl
users versus 3.3 per 1,000 pergears among neasers) and hip fracture (22.4 per
1,000 person years among ChEI users versus 19.8 per 1,000-pesss@among nen
uses); this finding highlighted the importance of syncope, which was not reported in
most RCTY108) Despite this finding and others like it, ChEls are still widely

prescribed by clinicians.

3.3.2Population-based clinical stuliesi limitations

Populationbased studies face limitations, such as insufficient consideration of the
contribution of patientevel factorge.g., demographics and patient clinical
characteristicsjo dementia prognosis, and short time horizon. Fuscéilbl. did not
differentiate between users of each of the drugs and, consequently, did not control for
demographic characteristics (age, gendeimoabidity status105) Thus, while
providing a realistic appation of these drugs in a clinical setting, it is difficult to
determine if the mean changes in cognitive and ADL scores were not confounded. The

time horizon of the study by Santoro et al. was only 36 wigélksugh longer than most

39



previous RCTs, thishort duration makes it difficult to assess the {1 effects of
ChEls in the general populatigh06)

Other studies have recommended that follgnshould be one year or longer to
demonstrate the effectivesgeof treatment67,109,110) Additionally, these studies do
not indicate if these findings are clinically significant. Despite these shorigenthese
studies provide a O6real worl dd perspective

RCTs are reproducible in a clinical setting.

3.4 ChEl Utilization T Who prescribes them and who receives them?

It is important to understand what additionaltéas (patient physician or
systemlevel) could affect the patterns of use of ChEls and their influence on health
service use and costs in the Canadian population.

Few studies have focused on determining the predictors of ChEI utilizatipn
Several factors, such as patient health information (age, gendergsoaiomic status),
patient cemorbidity status, dementia severity, regional location, healthcaiegsoand
physician practicesould affect whether patient receives ChEIl treatment, which of the
three drugs they receive, and how much their cost of care would be.

Since the majority of published studies have been RCTs, their results may not
accurately reflect the prescription of ChEls in clinical pracbecause RCTs and clinical
practice have several inherent differences. In RCTs, the process by which these drugs are

distributed is random, while in reality physicians prescribe them based on individual
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patient assessments and consultation. RCTs haetiisclusion and exclusion criteria,
while physicians prescribing them in the community would not be so restrictive in their
prescription. As mentioned previously, Gill et al. (2004) evaluated the representation of
patients used in RCT with a cohortaéler adults in Ontario and determined that 51% to
78% would have been excluded from RCT enrolment based on their age and co
morbidity level(72). Finally, RCTs tend to censor patients if they discontinue treatment
and find ways to account for missing dat a
community, physicians might try prescribing a second ChElI if the patient shows
intoleranceto the first(111)

Sections 3.4.1 and 3.4.X@orethe effect of patient factors and npatient

factors, such as healthcare policies and physician practices, on ChEI use.

3.4.1Patient Factors

Patientlevel factors, such as demographic characteristics or disease severity can
influence the patterns giatientuse of ChEls and other health services, which in turn
affect health service use and costs. The following paliéeel factors will be explored
in this section: age, gender -owrbidity status, disease severity, see@mnomic status
and ChEI tratmentpersistence
3.4.1.1Patient Age

According to Al zheimerb6s Disease Intern
prevalence of dementteas been increasingth age across all WHO regions: in North

America, the prevalence of dementia is 0.8% amboged aged 664, but 30.1% among
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those over age 8312) Dementia incidence increases exponentially with age beginning
at 65yearsand doubling every five yea($13,114) However, RCTs must specify age
limits, usually under age 60 because the prevalence of dementia is relatively low in this
age group, and above 80 becausencobidity status and mortality are high, and it may
be unethical to test drugs on suchulnerable segment of the populat{@03). While
this may meet the ethical requirements for the administration of an RCT, it does not
adequately reflect the full age spectrum of clinical patients with demaéiih. the
eldest subgroup of the population the fastest growing segment for most developed
countries, it will be iIimportant to adequat
prescription(9,115,116)
3.4.1.2Patient gender

Based on the Al zhei meros Disease I ntern
dementia is higher among men until the age of 70 at which point it dramatically increases
amongwomen: 6064: 0.4% for men and women;-7@: 2.95 among men and 3.1%
among women; and, 90+: 22.1% among men and 30.8% among wWbh#&n Similarly,
the incidence among women is on par with men until age 75, afteln whises to over
twice that of men: 6®4: 0.2 per 100 for men and women; 7% 1.4 per 100 men and
1.8 per 100 women; and, 90+: 4 per 100 men and 8.2 per 100 women. One study
reported the odds ratio for womasdb6devel opi

(1.162.10)(114)
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In 2008, almost 500,000 Canadians had dementia, 200,000 of which were male
(26). Many RCTs have consisted of patient samples the magdnityrich were female
(78,94,97) According to the Public Health Agen
Surveillance Report (2003), among women the rates of desmgate 28 per 1,000 of
those aged 65 to 74; 116 per 1,000 of those agé 7&nd 371 per 1,008 those aged
85+, with corresponding rates among males at 19, 104 and 287 perrégji#ttively
(116) This reportattributed the higher rates of disease among women to the natural
aging of the Canadian population with the most rapid increasing segment being those
aged 85 and over, and this age group having the highest risk of dementia, and women
having a higher averadife-expectancy than ménthus women willive more years as
part of the age group with the highest risk of developing dementia and will constitute a
higher proportion of older age groups. Since clinical trials tend to exclude older
participants, theynay leave out a large segment of the population of women with
dementia.
3.4.1.3Patient comorbidity status

With dementia primarily affecting the elderly, the presence afhodbid diseases
is seen frequentlf103) Some of these diseases and their treatments can affect the
cognitive function and disposition of a patient with demeriti@greases in the number of
co-morbid conditions havbeen correlated to declines in MMSE scores, which are used
clinically to deternme dementia severit{l 17) Patients hospitali zec

disease have an average of approximateg-8orbid conditions, most commonly
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consisting of femur fracture, cardiovascular disease, diabetes, andloskeletal and
geni tourinary disorders, whil e 61forbadf al I
illnesseq118) The presence of eamorbidities contributeto higher care costs, mostly
due tonursing home use and increased frequency and duration of hospitglL4fays

Patients with canorbid diseases are more likely to be excluded from RCTs
simply because researchers wish to minimize the presence ofeshigal conditions that
may put an individual at increased risk for serious adverse events during the course of a
trial (103) However, while the exclusion of patients with highnecorbid disease burden
makesanRCds sampl e more homogenous, it decrea
sample to the greater patient population with dementia. One method for controlling for
the effects of canorbid diseases is to assess the frequency at which symptoms of
specifiedcondii ons occur in each of the studyods ¢
conditions that may confound the relationship between treatment and dementia, and in
this way any changes to symptoms that emerge over the course of the study are presumed
attributablet o t he treat ment at the studyds end.
3.4.1.4Disease severity

As mentioned previously, researchers and clinicians have used global, cognitive
and functional scales to determine a patie
severity. Physicians use the MMSE score to help depict the severity de(h&8jia
The MMSE is presented to the patient as a series of questions and tests, each of which

scores points if answered correctly (a higher score represents lower degree of cognitive
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impairment). The highest score possild 30(120). A score of 20 to 24 would suggest
mild dementia, 120 for moderate dementiand less than 12 indicates severe dementia.
In the UK these cubffs are slightly different: 226 for mild,10-20 for moderate and
<10 for severe dement{&). While the MMSE is the most commonly employed
diagnostic tool for dementia characterization, it alone is not sufficient to determine
whether a patient has dementianot. The MMSE is a general indicator for grading
cognitive state and was designed by Folstein & Folstein (1975) to be administrable to
elderly patients whose cooperation seem to waiver over lengthy mental examinations
(88). It is administered to patients who physicians feel have experienced declines in
memory and cognitive function, which covers a broad range of diseases (mild cognitive
i mpairment, Par ki nslakobadisease ansd differergfs ofCr eut zf el
demaentia) or could simply be an afdict of the aging process. In addition to meeting the
patient and conducting a detailed interview and thorough physical examination,
physicians will often rule out n@ancher di sea
cerebrospinal fluid, and employ imaging technigesl) Once these tests have ruled
out other causes for impairment, the patient is referred to a specialist, such as a
geriatrician, neurologist orsychiatrist for accurate diagnosis.
The subject of disease severity in clinical trials has been a source of debate. RCTs
tend to exclude patients with severe demen
status may threaten their wellbeing throoghthe course of the trial; 2) the drugs may

not yield efficacious results for theircurrently donepezil, galantamine and rivastigmine
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are cosidered optimal treatment fpatients with mild or moderate forms of the disease
(MMSE between 120); and 3)ypical psychometric tests may not be well calibrated to
detect changes (improvements) in their cogni{l®8) Most studies categorize disease
severity with the MMSE score, while others have considered functioal@ss such as
ADL. One recent study by Gustavsson and colleagues (2011) used the Disability
Assessment for Dementia tool and deter mine
was the most important predictor of societal costs of care, with-fotdaiifference in

the cost of care between the lowest and highest ADL level g(@@@$ Another recent
study performed as part of the Canadian Outcomes Study in Dementia used cognitive,
global and daily function tos) and determined that the mean total cost for treating
patients with mild dementia was $367 per month compared with $4,063 per month for
patients with severe diseade3).

While the clinical applicability of psymmetric and functional test results remains
unclear, disease severity can be revealed by the presence of proxy indicators. Other
studies have associated dementia with episodes of incontinence, falls, delirium and
aspiration pneumoni@24-127) Though the presence of such conditions does not
provide an accurate measure of severity, they are all associated with more developed
forms of the disease.
3.4.1.5Patient socieeconomic status

The price of a drug can affect its availability and its pattern of use. Canada has

regulatory bodies in place to control the price of new drugs as they enter the Canadian
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market, though these may not guarantee the least @xpeairice. Prices for ChEls differ
internationally: in 2009, the cost of a single dose of donepezil in India and Mexico was
approximately US$0.30, while the same dose cost US$6.60 in America and $7.20 in
Brazil (128) These price gaps call into question the affordability of these drugs,
particularly in light of the rise in global incidence of deme(fia

Sociceconomic status has been a strong indicattineobverall health of an
individual. The presence of universal healthcare ensures equitable access to medical
services for all Canadian citizens, yet several studies have shown that individuals of low
income status are less likely to receive some serthegsthose of higher income status
(129132) This could be due in part to disparities in education level between low and
high income classes. Thosehvhigher education could perhaps be more informed or
have greater access to information than others. While the literature suggests that
disparities exist between lower and higher income individuals despite the presence of
universal healthcare systemsstls not the case for all diseases. Alter et al. (1999)
demonstrated that individuals belonging to the highest income quintile were associated
with a 23% increase in rates of use and 45% decrease in wait time forrgorona
angiography(131) In contrast, Alegria et al. (2000) present that while income status was
positively related to access to mental health services, the analysis of data from the
Canadian study sample did not yield the same résBa&)

The association between so@oconomic status and dementia has been

documented, though the evidence regarding income status is u(tdat.34) While a
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highly-cited study by Brayne & Calloway (1990) indicates that lower secanomic
status and education were associated with lower MMSE s(®34% more recent studies
have deter mi ned t hatnotaheipircome staius,dssassecidtedc at i o n
with the diseasél35) A recent study by Al Hazzouri et al. (2011) explored the
association between Ifeourse socioeconomic position and the incidence of dementia or
cognitivedecline(133). The authors found that participants at continuously high levels
of socioeconomic position had lower risk of dementia or cognitive decline compared to
those with continuously low leveisafteradjusting for age, participants experienced a
16% increase in risk of dementia with every one unit decrease in socioeconomic position.
Because there is evidence that sesonomic status could affect the patterns of use of
health services, researchers@ld ook into how it affects the use of treatments for
dementia.
3.4.1.6Drug persistence and switching

The successful management of dementia reqaim@scurate prescription by the
physician andpersistencevith the prescribed drug regimen by the patieBoth drug
compliance and persistence can impact clinical outcomes and health resource use
(136,137) Itis important to distinguish between drug compliance and drug persistence.
Compl i ance, synonymous with fAadherenceo, r e
to the recommendations made by the physician with respect to timing, dosage, and
frequency of medication takin@38) Thus, compliace is defined as the extent to which

a patient acts in accordance with the prescribed interval and dose as stated by their
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prescribing physician. On the other hand, drug persistence is defined as the duration of
time from initiation to discontinuation afrug therapy138) Thus, continuing to take

the medication during the prescribed amount of time is considered persistence with the
drugdés prescription.

Often interventions aimed at maintaining cognitive wellnegslve longterm
commitments on the part of the patient, which includes intellectual stimulation, behaviour
modification andpersistence witlprescribed medication regimensheTresult of non
persistenceould lead to longerm increases in costs duedisease progressigth39)

This might explain why Herrmann and colleagues (2010) noted while the largest
component of total cost was indirect costs for patients with more severe dementia,
medication costs contrilbed most to the total cost for treating mild deme(itizB8)i
while treatments may seem expensive when first administered, they could lead to
substantial savings in the long r(i#0).

Factors that affect prescripti@ompliance angersistencar e pati ent 6s
behaviour, drug effectiveness, and drug intolerance. Patient behaviour can be affected by
disease severity, nursing home placenidgpically, patients in longerm care facilities
have higher drugompliance angersistencéecause they are constantly monitored by
staffi the length of the regimen and the presence of caregivers . Older people may have
difficulties with drug persistencdue toforgetfulness, multiple daily dosing, having to
take many drugs (usually indicating the presence ghotidities), and low health

literacy(140,141) Furthermore, a common misconception witmdatia treatment is
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the belief that ChEls will lead to improvements in cognition, not just stabilization. This
may discourage some patients and their caregivers, thus increasing the number of non
persistencamong users.

Due to constant monitoring of paipating patients, RCTs tend to have higher
rates of drug compliance and persistetia clinical practiceHowever,RCTs typically
experience a decline in patient participation before the end of the trial; for trials lasting up
to six months in duratim compliancevaries from as low as 60% up to 9§%). The
dropout rate among longer studies lagso been variable. One R@ith a duration of
one year boasted a 94.6% compliance rate among donepezi{d)set#®wever, a
communitybased study lost 66% to70% of its participants after two y04dj)s Several
other communitypbased studies have also been done: Roe eDaR)2etermined that
the proportion of new users of donepezil persisting beyond 90 days was 79.7% and
62.7% at 180 days, with 13.9% of those who continued to 180 days showing gaps in the
treatmen{142) A Canadian stly used data from a populatiwased cohort to model
drug compliance using Kaplavieier analysig143) This study found that after 40
months, 84% of the sample had discontinued therapy;-jearlcompliance rate wa
66.4%; discontinuation was more likely to occur among women and those with lower
MMSE scores; and, compliance was associated with frequency of physician visits. Two
further studies (one looking atrBonthpersistencand the other at 1&onthpersistence
of newly treated Al zhei meroés patients with

persistenceates between the two drugs within each study (f8#sistecafter 3 months,
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and 53%persistedhfter 1 year)144,145) One possible explanation for the extensive
research on drugompliance and persistenicethe community setting is the absence of
control that physicians have to ensure that their patients adhere to their prescribed
regimens; iran RCT, the research team controls drug distribution to its participants,
while in pracice physicians only prescriltke regimen and cannot enforce it.

One method to promote patient use of the gliggo simplify the regimen.
Donepezil is the oldest dhe three ChEls and, in 2002 when all three had bexunded
in the Ontario formularyit was thesimplest drug to administer. ddepezil has a onee
daily regimenyegardless of the dose amouwttile, when initially marketed; galantamine
and rivastigminénad twicedaily regimeng146,147) Since then, the pharmaceutical
companies responsible for galantamine and rivastigmine have taken different approaches
to simplify the dose of their drugs: 2005, galantamine was marketed in the new
Razadyne ER form, a onclaily dose(148) and, in 2006, rivastigmine was offered as
the Exelon transdermal pat¢t40,149,150) only the former of these new doses was
included in the Ontario formular¥4). Another method for simplifying drug regimeiss
to deliver them to the patientdéds home and
patients are receiving timely prescription refills and ease of administ{atdn

Drug ineffectiveness could influenpersistenceates. A lack of benefit as
perceived by the patient, their caregivers or their physician could influence the observed
effectiveness of the drud11) If the drug is judged to have insufficient bentdithe

patientdéds condition, it is wup to their phy
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itsuse(152)( per haps the drug was ineffective bec

that improvement is indistingsiable), or that the patient switches to another Bl

Drug intolerance is the primary reason for swinghbetween available treatment
options(144). Since poor toleraliy to one ChEI does not predict poor tolerability in
another, physicians can prescribe any number ChEI to patients regardless of previous us,
though only one ChEI will be covered under provincial formulary plans at g%iB)e
RCTs do not permit switching and exclude patients who are currently on ChEI treatment
or censor patients who have discontinued ChEI treatment because treating a patient with
two ChEI for a makes it difficult to attribute the changesutcome observe(89).
Clinical studies looking at drug persistency patterns have considered switching because it
is part of clinical practice. Two Canadian studies have reported low switch rates (less
than 10%) wih more initial rivastigmine users switching to another ChEl than initial
users of either donepezil or galantam(#@,143)

While switching is widely accepted in clinical practice, there igromersy
around when the user should start using the new drug after discontinuing the old one. If
the recommendation for discontinuing ChEI use is made because of occurrence of
adverse effects, then a washout period might be necessary to ensure that gféects
of one drug do not overlap the treatment of the new drug. This is of particular concern
for donepezil, which has a long hdife (153) According to Cummings (2004),
cessation of therapy for the pt of five haltlives minimizes the opportunity for

adverse reactions: patients should be off donepezil for 15 days and off galantamine or
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rivastigmine for 2 days before initiating therapy with another Gh&B) Further,

Mauskopf et al. (2005) have differentiated early treatment reasons and late treatment

reasons for switching: a patient who wishes to switch ChEIls within six months of their

index treatment is most likely seeking to do so because they are expegiside effects,

while someone choosing to do so later is likely experiencing lack of drug ef(ibéty

Massound et al. (2011) observed a similar partition in patient switching reasons and

proposed the folling recommendations: 1) in the case of intolerance, switching to a

second ChEI should not be tried before complete resolution céHieles after

discontinuation of thenitial agent; 2) when switching is recommended because the initial

ChEl is considexd ineffective afterd 2 mont hs of treatment, ter
switching can be done overnight; and, 3) if the ChEl is deemed ineffective more than 12
mont hs after the index date, known as 61l os
recommended and discontinuation should be considérgtl) This latter

recommendation was made in recognition that after one year of treatment, any loss of

benefit is most likely a result of natural disease progressamthe ineffectiveness of the

drug. Any (further) switching after one year may yield disappointing results.

3.4.2Health system factors and physician practices

Many nonpatient factors can affect whether a specific drug administered or made
available to patiets in Canada. In contrast to the eagerness of health care practitioners
to prescribe ChEls, acceptance of their coverage was staggered across the provinces.

Despite the approval of Health Canada for their distribution and the Common Drug
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Review (CDR), eme provinces were less enthusiastic to embrace them with formulary
inclusion, while others readily consented to funding tlé262,65,65,154) Also,
extanal forces, such lobby groups or thpdrty agencies, can influence political
decisions for or against health interventions. Recall that despite having received approval
for sale by Health Canada, memantine was not approved for coverage by the CDR (the
drug effectiveness review branch of CADTH, an independenfongirofit agency,
whose position on a particular drug is strongly considered by formulary provincial
decisionmakers), and this in turn affects its recommendation by physi@&ns

The beliefs of the prescribing physicians will also affect which patients receive
ChEls. The European Facing Dementia Survey of physicians reported that 87% of
physicians had knowledge of available dementia treatments, though less than half
believed theyvere effectivg155) The same study also found that between 58% and
82% of physicians in Euromaw t hei r ¢ o u astahiydfasce tg weatieg n me n t
dementia: a further 60% of physicians in Poland, 46% itu#e44% in Spain, 35% in
Germany and 34% in Italy strongly agreed that their governments are barriers to those
seeking dementia medication, while there w
majority of its physicians believed the government provadequate dementia care
resources. Physicians are also more likely to prescribe medications with which they are
comfortablee' t hi s may include such factors as a pl

with the drugg66). For this reason, some provinces only considered funding the use of
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ChEls for their citizens if physicians who wished to prescribe them received

supplementary training to increase their familiarity with the d(6§%7)

3.5Economic evaluations

There is a dearth of economic evaluation research of ChEls using popigatbn
data. Previous economic evaluations have consisted eéffestiveness, coattility and
costbenefit analyses (considered full economic evaluations), and descriptive cost
analyses of providg ChEI treatment andf dementia. A cosgffectiveness analysis
compares alternatives for which the measure of outcome is cost per health unit measure
(e.g., life years saved, cognitive function as measured on a mental healtli73)al&)
costutility analysis is a broader form of analysis than the-effstctiveness analysis that
includes quality of life as thieealth main outcome measure (e.g., cost per quality
adjusted life year€@QALYSs) gained A costbenefit analysis attributes a monetary value
to the outcome of an intervention and compares the value of resources used by it to the
value of resources it migsave. Descriptive cost studies estimate the direct cost
(healthcare provider) and/or the indirect (patient and informal caregiver due to loss of
productivity, or caregiver ill health) attributable to the treatment or disease of ifitémest
this caseChEls and dementia.

The health economics literature is dominated by-efiectiveness and costility
studies, both of which have been based on past RCTs and modeling studies. Up until

now, economic evaluations that have compared the three ChEls pavtedemixed
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results regarding costffectiveness, and have relied on modeling for gaugingtemg
outcomeg59,156) A 2006 NICE Health Technology Assessment and recent economic
evaluations from aund the world, including Canada, have demonstrated decreases in
health service expenditures for patients treated with ChEls when compared to-placebo
patients(5,157163) Cappell and colleagues (2010) conducted a systematic review of
economic studies and suggest that the three ChEls have similar overall treatment costs
(84). Previous economic studies can be classifial four categories: 1) cost
effectiveness analyses of patients prescribed ChEls, and 2) cost utility analyses of
patients prescribed ChEls, 3) cost analyses odmiatprescribed ChEls, and 4) cost
analyses of dementia.

Sections 3.5.1 to 3.5 provide a description of evidence previous economic

studies, followed by a discussionthbgir limitations in Section 3.8.

3.5.1Full economic evaluations of ChEI treatment
As previously mentioned, cogiffectiveness, coaitility and costbenefit analyses

are types of full economic evaluations of healthcare interventions. A robust economic
evaluation requires validated sources of health outcome measures and comprehensive
source®f health care utilization. After establishing the effectiveness of a health
intervention, the next step in establishing the framework for a populadised
comparison between the three ChEls is the identification of a comprehensive, appropriate
sourceof resource utilization and cost®f all the studies reviewed for this projectne

haveused Canadian health administrative databases to explore resource utilization for
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dementia patients receiving ChiE& gap in the literaturtihis currenstudy inteds to fill.
The completion of this study will facilitate future cedtectiveness research.

Previous costitility studies have reported their results in terms of QALYSs,
reduced time in longerm care and change in cognitive scale s(@d¢ The majority of
such studies have employed stansition modeling techniques to simulate disease
progression (the probability of a patient moving from one disease stage to another based
on their clinical profile) to test theng-term effects of the drug456,157,159,164.66).
Outcome measures in past economic evaluations hakelel QALY's, reduced hospital
days, delayed lorterm or nursing home placement, and improved patient health status
based on psychometric assessment scores. For each of these types of outcomes, both
RCT-based and populatidmased economic studies wik Ipresented (if they exist).

Several costitility studies have used RCT data for patient health status and
disease progression. Neumann et al. (1999) used data from an American consortium of
Al zhei mer 6s patients i n(l58)and eohsmeraedaygart hei r
time horizon. The authors reported that the incrementaletfesitiveness ratios (ICER)
for donepezil were $9,300/QALY and $76,000/QALY for mild and moderate cases,
respectively, after 18 morgli{these amounts were drastically higher at shorter time
horizons). LopeBastida et al. (2009) found similar results using data from a Spanish

RCT (157) At 24 months, the costtility analysis determined th#éhe use of donepezil

M

yielded 020, 353/ QALY for mild cases of dem

cases, and threshold cesftectiveness analysis demonstrated that donepezil could be
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costsaving for 18, 24 and 30 month periods for mild cases but f@veroderate cases.
This finding lends credence to programs aimed at dementia prevention and early
detection. Green and colleagues (2005) conducted a systematic review for cost and
outcomes and compared the results of their stuasers had cosdffectiveness ratios of
£74,735/QALY (donepezil), £53,780/QALY (rivastigmine) and £63,103/QALY
(galantamine) over a-$ear time horizon with the NICE guideline of £30,000/QALY
and determined that none of the ChEls were-eoktf ect i ve uses of the
resource$156)

Rarely costutility studies have based their patient data on populiased
initiatives or dementispecific care databases. lkeda et al. (2002) compared donepezil
users to notChEI users with infomation inputted from a Japanese clinical setting into a
Markov transition state model (a model that simulates disease progression from mild
stages to severe stages or de€itB}) The results of the costility analysis show that
costs per QALY estimate of the donepezil group exceeded that of the conventional
therapy group over time horizons of 6 and 12 months, but dominated the conventional
therapy group over longer periods (up to 2 years). The users with mifdcdetate
dementia had-ear gains of 0.08 and 0.11 QALYSs, respectively, overumsmars.

While ChEls may have an economic benefit, it is important to remember that their
clinical goal is effectiveness: as measured by their ability to stabilize patients and slow
disease progression. Two further R€fficacy-based studies highlight this poifieipel

and colleagues (2007) determined that the benefit of treatment with donepezil resulted in
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fewer inpatient days for users; however these savings only partially offset the cost of the
medi cation (the drug was st iLYdanedpandsi der ed
according to an assessment based on RCT data by Jonsson et al. (1999) donepezil is cost
saving over the course of 5 years. The evidence from these studies indicates that using
ChEls will yield small improvements in patient cognition mdur greater costs at short

term intervals, yet may lead to savings in the long run.

Delayed nursing home placement has been used as another indication of drug
effectiveness. This follows the rationale
statusfrom decreasing, they will maintain their autonomy and not be reliant ortéomy
care, thus resulting in savings to the healthcare sy«t68167,168) Two studies have
used RCT data and employed the AHEAD technique to model time tadomgcare
placement for galantamine users: one determined that for every 100 patients started on
galantamine, 18 perseyears of longerm care would be avoided witat saving of
US$1,676 per patient, while the other study reported that 5.6 patients with mild dementia
(3.9 with moderate) must be placed on treatment with galantamine to avoid one year of
long-term care with net savings of CAN$788718(167,168) Furthermore, a
populationbased study by Rosenblatt et al. (2008) determined that among elderly in an
assisted living program, fewer ChEI users were referred to nursing homes compared to
nontusers (1/8 vs. 5/54)163)

Though rare, some studies have assigned cost per unit of decline as measured by

cognitive scale scores between users andusens. For examplen&CT-based cost
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effectiveness analysis by Woegal. (2009) compared the castectiveness of the three
ChEls and memantine using ICERSs representing the cost per one unit decline in the
ADAS-Cog subscalés9). The authors reported incremental costs ranging fig30.87
$922.24, with donepezil dominating with an ICER of $400.64/AB2d) unit decline.
While this method is simple, avoiding the complex conversion of a change in health
outcome to QALYSs, the results of such studies are more difficult to interpretsé¢hef
such units does not lend well for comparisons since there is scale heterogeneity across
different studies.

Moreover, while many RCTs have used psychometric tools to measure outcomes,
these measures may not indicate clinically meaningful differejii@@s Another, perhaps
more applicable, way of presenting this information is to arrange economic outcomes
based on categories of scale scores. For
(1999) reportedhe expected costs and outcomes per patient by category of MMSE score;
according to O6Brien, these valldsgl976dre <10

(Moderate); 1820: $6,754 (Mildto-Moderate); and, 226: $3,719 (Mild)(169,170)

3.5.2Descriptive cost analyses of ChEls
Much of the economic literature consists of cost analyses of ChEls, usually
conducted retrospectively using data from previous RCTs. One such evaluation was a
Canadian studipy Feldman et al. (2004), who demonstrated that treating with donepezil
over placebo led to a savings of $332 per person over the course-ofeR4rial(161)

Another Canadian study comparing donepezil to placsked trial data and modeling
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techniques to project and compare ldagn associated costs, and concluded that
donepezil reduced health care costs by $882 per patient over fivgy&@ysA third
Canadian study,y\pHauber and colleagues (2000) attempted to contextualize the cost
saving potential of rivastigmine from a healthcare perspe(tivg) The study used
evidence from two RCTs and concluded that rivastigmine coldy dee transition to
more severe stages of disease by up to 188
two years of treatment. Moreover, for mild cases, the average daily cost savings
(excluding the cost of the ChEI) range from $0.45 per pateynatl6 months to $6.44
per patient day after 2 yedreffectively paying off the daily cost of the drug (valued at
$4.40 in 1997).
International studies have reported similar findings. The following three studies
were all populatiorbased cost analyse Truter (2010) found the average cost of
Al zhei mer 6s medication i n a S®atimanAf ri can
American study by Lu et al. (2005) patients receiving donepezil had lower medical costs
thantheir control counterparts (net savings of $2500 annually): donepezil users incurred
lower costs for hospitalizations, and higher costs for prescription drugs, physician visits
and outpatient car@.58). Moreover, Fillitet al. (1999) found that when patiemtsre
treated with donepezil, pesteatment medical costs were reduced with median per diem
savings of US$0.77 in outpatient care and US$0.65 in physician office visits, with
donepezil associated with a decrease édlical cost$172) While these studies

demonstrate that fewer healthcare resounase used among ChEI usénsn their non
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ChEl recipient counterparts, these differences in costs between treatment groups are
consicered modest by researchers and healthcare deos&img bodieg5).

To date, no studies have considereddbst implications of ChEIl use, or
conducted cosminimization analyse using data from a populatidnased ohort. A
costminimization analysi€ompares alternative programs for which health outcomes are
assumed to be equal (i.e., equal life years gaif¥)) According to a review by Cappell
et al. (2010), donepezijalantamine and rivastigmine target the same biological pathway
for dementia and have similar efficacies when compared to pl8éboOther studies
have also reported that the three ChEls have similar eff(&£99,106,173) The
current study seeks to fill this gap in the literature by comparing healthcare resource

utilization and costs for users of the thtematments.

3.5.3Cost analyses of dementia

Examining analyses of the costs of caring for dementia patients aids in
determining other key factors that can influence healthcare costs. Identifying factors,
such as age, gender, disease severitynadidity and scio-economic status, that can
influence a patientds access to care and u
regarding covariates that may confound the relationship between ChEIl use and care costs.
Studies gauging the cost of dementia investitjaeaelationship between factors
affecting a patientbdés disease progression
Hux and colleagues (1998) used data from the Canadian Study of Health and Aging to

examine the relation bdsease(RIMSEsmre)andithegosto f A
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to society(174) Components of care measured by the study included nursing home care,
use of medications, use of community support services by caregivers and unpaid
caregiver time.The authors reported that total annual costs of care per patient increased
significantly with disease severity (mild: $9,451, mitdmoderate: $16,054, moderate =
$25,724, and severe: $36,794) and that a single point decline in MMSE score would
cause aincrease of $1,343. A similar study in the UK by Wolstenholme et al. (2002)
found similar results: £9,312; £11,643; £15,681; and, £22,267 for mildtoaild

moderate, moderate and severe demé¢hiig)

3.5.4Economicevaluations- limitations

While the evidence presented by several reviews regarding the economic potential
of donepezil, galantamine and rivastigmine remains inconclusive, with some
recommending further studies with cesdtectiveness outcomes as a ptigrall of these
reviews highlight the limitations of the current literature and the difficulties of conducting
economic studies using RCT d488,74,104,174.80) One recent review concentrated
on describing the quality of studies | ooki
the Unied State$74). The findings from the 19 studies it reviewed indicated that the
cost of care for Al zheimerés increased wit
emphasized several limitations with the data: 1)pihiaished cost data were more than
10 years old; 2) the studies were variable in the types of costs included; 3) the studies are

variable in the types of Al zheimerbés popul
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in their measurements of diseasgexity, employing different scales as indicators; and,
5) the studies are variable in the analytical methods used.

The use of pharmaceuticals has increased in recent years, changing the patterns of
use of ChEls since their inception, and thus antiggatider cost estimate studig9).
Furthermore, the limited information available regarding costs across different categories
of care and different patient populations underestimate the true burden of the disease to
society. The review also mentioned variability in measures of disease severity and the
lack of consensus regarding the best of such measures as a linfitdjioBome studies
report MMSE scores or ADL while otreuse diseasgpecific scales like the Clinical
Dementia Rating, or specialized scales such as the Dependence Scale, Physical Self
Maintenance scale, or Revised Memory and Behaviour Problems Checklist. The
variability of these measures limits the usefakef this data as inputs in economic
models for dementia treatments.

There are other limitations associated with relying on RCTs to proitdefor
economic evaluation$oss to followup, sponsorship bias, presence of protatrolen
costs, level of efficacy, and study pow@B). Due to loss to follovwup, costs accrued
subsequent to the diagnosis and first administration of Cmialy not be fully captured,
resulting in incomplete ascertainment of resource utilization.

The external validity of the data used for these economic evaluations (from
several ChElI RCTs) may also be questioned due to sponsorsh{a&iaand the

presence of protocalriven costs associated with RCTs that may not reflect the cost of
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administering ChEls in routine clinical practice, such as the cost of blinding patients and
providers. As stated in the NICE Health TedsHnogy Assessment : At he
dominated by industrgponsoredcost f f e ct i v e (bewits masytecodamiE s 0O
evaluations receiving funding support from pharmaceutical companies thus challenging
their meamgfulnesq158,160,161,17072) One study by Wilcock et al. (2003)
sponsored by the Jansd@marmaceuticalstd., themanufacturer of galantamine reported
that galantamine was more efficacious with cognitive outcomes than donepezil (MMSE
scale-0.52 point from baseline for galantamine comparedi®8 points for donepezil,
p<0.0005) , despite the primary outcome of Afdelding no significant difference

between the two ChElIs (ADL: change of 2.46 points for galantamine and 2.67 points for
donepezil, p>0.599). These types of studies have considered only minimum levels of
efficacy. This may overlook the significance of adverse events. One of the reasons for
ChEl switching or discontinuation has been intolerance to the side effects of the drugs
(nausea, vomiting, diarrhoea, dizziness, agitation, it1)

Finally, RCTs are rarely sufficiently powered to detect differences in economic
outcomes. These require large samples, which are not possible with RCTs because it is
considered unethical to increase the sample of trial subjects beyond a number needed to
detect clinical, not economic, differencés82,183) For example, the communibased
AD2000 trial attempted to recrui{@®O0 individuals over artne horizon of 3 years to
support a coseffectiveness analysis, but managed onl§, Si&ie to delays in obtaining

donepezil and the placebo from the manufacturer, and patient withdrawal following the
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publishing of the 2001 NICE guideliné34). The NICE guideline to which the AD2000
trial refers, entittedonepezi |l , galantamine, rivastigmi:
diseasq2001), has since been updated to include memantine (2011) and recomthends
four drugs for the treatment dif84 Al zhei mer 6
Studies that have considered relatively long time horizdi& months to 5 years
T haveimplemented decision analysis techniques using RCT data to populate models to
simulate disease transition and drug @d&tctiveness
(5,157,159,164,167,168,170,171,185,186hese studies employ various modeling
techniques and, consequently, methods are oftengjregjfici only galantamine has
been assessed with the AHEAD metlip@8), while studies for donepezil and
rivastigmine have primarily used Markov modelifid6,159)
Only one modeling study was found that used populdiased, not RCTdata
(164) However, this study had the following limitations: it relied on shem RCT
evidence for disease transition probabilities and acledyes that its results must be re
evaluated when trials with longegrm effects are completed, and the study also
incorporated American epidemiologic data because no Japanese prognosis data were
available. Moreover, modeling studies have several conlimdations: 1) there is a
lack of a cohesive, standardized method for determining and estimatintgfomgosts
associated with these dru@s0) and, 2) the vast majority of disease transition modeling
has thus fadepended on RCT results for the derivation of transition probabilities, as well

as for sources of efficacy and cost inp{its6,159) However, in the absence of reliable
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follow-up results longehian 24 weeks, the link between clinical effectiveness and
associated costs, and modeling of keagn costs is unclear.

Finally, to date, there has not been a study based on the real world clinical use of
ChEls and their actual associated costs in the d@ian&ealthcare setting. As previously
mentioned, a costffectiveness study by Getsios et al (2001) using Canadian data has
demonstrated that ChEIs can increase the time before a patient requiresrocgre,
and may lead to overall savings in carete@il68) Two aforementioned Canadian
studies based on RCT evidence have documented similesaosy outcomes
(161,170) A Canadian populatiehased ost study could aid in viewing the impact of
the three ChEls on the Canadian healthcare system and provide a firm base for further
enquiries, such as cestfectiveness between the three ChEls and comparisons with

future interventions for dementia.

3.6 Comparative Studies

Comparative effectiveness and comparative economic research compare the
benefits and harms of alternative treatment methods, and their associated costs.
Implications of these results includes enhancing information that can be used to help
policy makers make informed decisions with the goal to improve healthcare system
delivery, patient safety and resource allocation efficidagy As previously mentioned,

evidence of the comparative effectiveness araltive forms of treatment is spa(2g
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which makes informed medical care and decisiaking difficult; this could result in
inefficient care and providing treatments with unsustainable costs.

Comparative studidsave demonstrated that ChEls are effective in the treatment
of mild to moderate dementia for periods up to one (@&08,173) ComparativdRCTs
have been conducted, though the majority were excluded from systematic reviews on
grounds of limitations in their methodologigs39) Furthermore, though these RCTs
have commented on the efficacy of some ChEls over oth@&rastigmine over
donepezi96,98) donepezil over galantamii®7)1 they are restricted by limitations
common to all RCTs (demographic difference between participants and actual patient
population, loss to followup, sponsorship agenda and short time horizons). However,
governing bodies, such as Health Gda and the American Food and Drug
Administration often approve new medications on the basis of such RCTs witb-low
medium sample sizes of patients whoserarbidity and demographic statuses reflect
conditions that are optimal for their test, but net thakeup of entire populatio(il87).
Furthermore, these studies only consider a minimum level of efficacdemonstration
that the new drug is a better treatment than a placebo in improving a surrogate outcome
indicator for illness without indicating what clinical benefit this represents.

Despite these shortcomings, reviews of RCTs have concluded that regardless of
the level of efficacy demonstrated between the three ChEls and placebo, the level of
efficacy of thethree drugs is sufficiently similar (not statistically different) to warrant a

direct cost comparison between théi3) Thereforeconductinga populationlevel
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study to determinendividual ChEI effectiveness auld be redundant, time consuming

and an unnecessary use of resources, given the level of evidence that has already been
published(99,173) and that all three drugs were approved by the Gandederal
government based on their levels of efficacy. What is not known is the cost impact that
the three ChEls have on the healthcare system, which warrants investigation.

Efficacy comparisons between the three ChEls have been undertaken in non
industry-sponsored RCTs and in the community, though these studies have experienced
loss to followup due to discontinuatiai®4,105) Furthermore, none of these previous
studies wee conducted with economic outcomes as their primary objective. As such, no
study has had both sufficient treatment duration and preservation of study sample to
ensure sufficient power to detect economic differeif¢dsl82,183) Economic
modeling studies are also limited by the heterogeneity of the methods they employ, which
lessens their comparability with each other, deytare most often reliant on RCTs for
their patiertlevel data and cost inputs, thus the link between clinical effectiveness and
associated costs, and modeling of leegn costs is still unclear.

In light of an aging population amidst limited healthcasources, there is a need
for comparativeeffectiveness and comparatigeonomic studies. Evidence of the
comparative effectiveness of alternative forms of treatment is sparse and comparative
economic studies are rarer, which makes informed medicahndrdecisiormaking

difficult; this could result in inefficient care and providing treatments with unsustainable
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costs(2). The use of comparative studies provides information to improve efficiency in
care resourceistribution and utilization, and the quality of care delivef@d

Comparative analyses undertaken by-matustry parties tend to offer unbiased
assessments of the clinical effectiveness of new and existatghgets and whether
these treatments are efficient uses of current resources. Deuigkars have employed
comparative effectiveness research for the purposes of promoting health technologies that
lead to real improvemen(8). This also helps prevent drugs that have harmful adverse
effects from gaining healthcare coverage, and provides a disincentive for the
development of health technologies that have similar effects as those currently on the
market. This inurn leads to only those technologies that have greater benefits than
current ones receiving acceptance into the sygs8mSimilarly, the inclusion of
comparative economic research in health technology assessith@msure that new
treatments are both more effective and cheaper than existing ones.

For healthcare decisiemakers, deciding what information to use and which
studies to trust can be challenging. While RCTs often present debatable results, there is
remarkable consensus among them that treating patients with dementia with ChEls will
have modest benefits for patients with mild to moderate forms of the d{§38k
Though comparative RCTs se¢onfavour the drug of the industry spongb81) their
results also indicate that the treatment with any of the three ChEls yields similar
outcomeg75,99) Additional comparative studies have edified this fact, and have

determined that there is no significant difference between the drugs, i.e.: donepezil,

70



galantamine and rivastigmine yield similar patient benefits in patient cog(ilan
107) To date, no such populatidyased comparative study has been done using
Canadian data. Furthermore, no comparative economic study has used Canadian
populationlevel data to determe the longterm costs of ChEls on the Canadian
healthcare system.

Administrative health databases are available in Ontario and can provide a wealth
of information for epidemiologic and comparative economic purposes. Since the three
ChEls are currentlyuinded by the provincial formulary plans, electronic hospital records,
physician service billings and pharmacy records can offer insight if linked together. The
patterns of use of ChEls as well as the use of other health services by users of these drugs
could be compared to each other. Such comparisons could be made for numerous health
and economic outcomes, thus providing awareness and understand-tefrforeffects of
these drugs on the healthcare system.

The current study provides the unique oppatyulo examine the patterns of use
and cost impact of ChElsa class of treatment for dementia whose medications are
sufficiently similar to enable a direct comparison of their costs (answéinization
analysis)i in the Canadian healthcare system usingique source of relevant Canadian

data.
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Chapter 4

Methods

4.1 Introduction

This project is a retrospective poputatbased cohort study and cost
minimization analysis that examines the association between available ChEl treatments
and the use of healthcare resources in Ontdis study usetiealthcare data routinely
collected in provincialevel health administrative databases and housed histikeite
for Clinical Evaluative Sciences (ICES). This study describes the patterns of use of these
drugs along several types of care provided by the provincial government and offers a
comparison between donepezil, galantamine and rivastigmine witkctaspcosts and
resource use. Study results will inform health professionals, caregivers, patients and
decisionmakers regarding patterns of prescription drug use, resource utilization and costs
associated with these drugs in the healthcare systemy@avridgpa basis for further
populationbased comparative studies of their esffectiveness.

This chapter presents the studybés objec
of the study design (Section 4.2); describes ICES and its datasets (Sectidetdi) the
process of data linkage, the study population (cohort selection, inclusion/exclusion
criteria) (Section 4. 4); outlines the stud

studydés variables (treat ments,rgsoucaps, descr
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utilization and costs associated with dementia, and covariates) (Section dlygisan

strategies (Section 4.7), and power calculation (Section 4.8).

4.1.1Study objectives

This study had three objectives for investigation in a popukdtased cobrt of

communitydwelling Ontarians aged 66 and older with dementia treated with ChEls.

la) To describe baseline patidewel factors and treatment persistence for patients in
each of the ChEI groups (donepezil, galantamine and rivastigmine).

1b) To compae baseline patierevel factors and treatment persistence between the
ChEI groups.

2a) To describe health resource utilization and costs for six categories of care: 1)
ChEIl and other drugs, 2) physician services, 3)4@nm care, 4) home care, 5)
emepgency care, and 6) hospitalization (length of stay) for users of each of the
three ChEls.

2b)  To examine patierevel predictors of care costs for the six categories of care.

3) To compare health resource utilization and asdedicosts among the threbED

groups

4.1.2Hypothesis

The st udy 6 s thatyhpre wilhnet®d assignifieast difference in health
care utilization or associated costs among the three individual CBE$&d on previous
literature, it is hypothesize thttere will not be a sigbantial difference in health system

costs among users dfe three ChEI$99,106,173) Any differences observegould
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likely be due to a systematicfidirence in patieincharacteristics.e.; if those receiving
rivastigmine had greater guorbidity disease burden than either donepezil or
galantamine users. These drugs have similar levels of effjt86éy therefore, their

associated costs should also be similar.

4.2 Study design

The study wastructured as a coestinimization analysis comparing measures of
resource utilization (duration of care received) and costs between users of the three

ChEls. This study was conductedrfréhe healthcare system perspective; only costs

directly charged or covered by Ontariobs M
reported in 2010 Canadian dollars. The time horizon of the study is 12 months.

Resource utilization and costs are measured, &,3- and 12month periods following

a new ChEIl wuserés first recorded prescrinpt

2004 to 2009, with patient data accrued from 2004 to 2010.

Industryfunded comparative drug trials of the different ChEls huggested
differential efficacy and/or safety with these drugs. For example;todaghad trials of
donepezil and rivastigmine found higher rate of adverse events with rivasti@6ja8)
The current study addrestwhether thesallegeddifferences translate into meaningful
differences in health sdpe utilization and related costs in a large, populatased
cohort representing routine clinicalgatice. Moreover, in the eviethat a differencen

resource use and costs of ChEI treatna@hexist, it would bemportant for healthcare
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decisionmakers to be aware of it. A casitinimization analysis would inform such
governing bodies as well as offer explanations as to why suiffei@edce exists (e.qg.:
patients on one ChEI have other iliness compared to the others, or generic substitution in

one ChEI makes it less expensive to the healthcare system than the others).

4.31CES data linkage

In Ontario, ICES provides access to provineidministrative databases for the
retrieval of healtkrelated information for research purposes, while ensuring individual
privacy and confidentiality through multiple internal safeguards.

To ensure the cdidentiality of administrativedata held at ICESyhile
facilitating linkage across databases, identifying information is replaced with a unique
encrypted numbeér the ICES Key Number (IKN) that is consistent across different

datasets. The followg ICES holdingsvereaccessed for patiefdvel data fo linkage.

4.3.10ntario Health Insurance Plan (OHIP) database
The Ontario Health Insurance Plan (OHIP) database is updatedrihly and

contains claims for health services covered under OHIP submitted by Ontario physicians,
care groups, laboratories, and-ot{province providers to the MOHLT(@6).

Information from this datas@tasused to identify diagnosed cases of dementia, and
patient visits and fees paid to the following clasdgzhgsicians: all specialties, dementia

specialists (neurologists, psychiatrists and geriatricians) and primary care physicians (i.e.
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family physicians). Variables extracted include IKN, fees paid, and associated diagnosis

for visit.

4.3.20ntario Drug Benefit (ODB) database

The Ontario Drug Benefit (ODB) plan is a collection of plans offering drug
coverage to disadvantaged groups such as the elderly (over 65 years of age), those living
in long-term care, and those receiving social assistés@e The ODB dataset is updated
bi-monthly at ICES and contains claims for prescription drugs covered under the plan for
those aged 65 years and ol{i&). The three ChEls are covered under the ODB plan.
This dataset will be used to identify Chitls e r s based on each drugo
identification number (DIN). Variables extracted were: IKN, costs paid for ChEls and
other associated rdeations: typical and atypical antipsychotics, and psychotropic drugs
(e.g. benzodiazepines, adipressants), date of first ChEIl dispensation, date of ChEl

cessation, and loagrm care indicator to identify residence in leiegm care.

4.3.3CIHI: Discharge Abstract Database (DAD) & SameDay Surgery (SDS)

The Discharge Abstract Database & Sdbey Surgery databases, henceforth
referenced as CIHDAD, are updated annually (Aprifto March 3%) and contain
patientlevel data for people admitted to facilgiproviding acute care, rehabilitation,
chronic care and same day surgery in Ontat&). Variables extracted for this project
include IKN, baseline descriptive characteristics (visits for CT scans of the head,
hospitalizations within the past five years), clinical data (e.g. diagnosis of dementia, visits

for hip and wrist fractures, delimo and aspiration pneumonia), administrative data
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(LHIN location and length of stay), and patient demographics (full list of pd&eat
characteristics i n Section 4. 6. 2-morbidayb| e 1)
score (removing the poigiven for dementia) will be used as a measure of overall co

morbid disease burd€n88).

4.3.4CIHI: National Ambulatory Care Reporting System (NACRS)
The CIHI National Ambulatory Care Reporting System (NACRS) is updated

annually (April £'to March 3%") and provides data regarding outpatient visits to

outpatient clinics and emergency departm€nss. NACRS wi | | be this
of information about emergency care utilization. Variables extracted were: IKN,

emergency care visits within the past six months, clinical data (diagnosis of dementia,

and specific reasons for visits to emergency department: e.g. hip or wrist fracture,

delirium epsode, and aspiration pneumonia), and administrative data (e.g. length of stay).

4.3.5Home Care Database (HDC; formerly Ontario Home Care Administrative System)

I n Ontario, patients receive home <care
Community Care Access Ceetr (CCACS), which receiving funding from the MOHLTC
(189) These organizations connect patients with home care andelongare services.
Prior to 2006, data regarding participants CCAC service usage was nmedrbgithe
Ontario Home Care Administrative System (OHCAS). In 2006, as the need for CCAC
services grew, Ontario initiated an information management strategy with the goal of
improving data quality, which resulted in the OHCAS being replaced by the Horee Ca

Database (HCD). The HCD is updated annually (AgtidlMarch 3% and is a clinical
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client centric database that captures all services extended to CCACs, including: clients,
intake, assessment, admission and discharge, diagnosis and surgicalneoaad care
delivery(190) Variables extracted from the HCD and OHCAS were: IKN, baseline
characteristics (home care indication) and resource utilization (home care visits and home

care nursig hours spent).

4.3.6Corporate Provider Database (CPDB)

The Corporate Provider Database (CPDB) is updated quarterly and is maintained
by the MOHLTC. It contains information about all physicians funded by the Ministry
either through OHIP or other funding arrangentg76). This informaion includes the
car e psdemograpkiairdormation, eligibility to practice, clinical specialty, and
location. Physicians can be linked from theHI® records to their CPDB profile using
their unigue billing numbers. Of particular interest to this project is the specialty variable
that enabld us to determine ifaphysc i an as s oci swvigtdocwmerttedina pat
OHIP is a dementia specialigmeurologist, psychiatrist or geriatrician) or a primary care

physician (i.e. family physician).

4.3.7Registered Persons Database (RPDB)
The Regi s ts®atabase (RRDB}sisoupdateenonthly and provides

basic demographic information about anyone Wwas ever received an Ontario health
card numbe(76). The RPDBva s t h B mimaytsoucte i patient demographic
information and will complement data from the aforementioneéabdses. Variables

extracted were: IKN, age, gender, rural indication and F8#t three characters in a
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Canadian postal codefor determination of arekevel income status as an indicator of

patient socieeconomicstatus

4.4 Study population

The targepopulation was communigiwelling dementia patients aged 66 years
or more who become new users of donepezil, galantamine or rivastigmine. The age limit
was set to permit a full year loddack at drug utilization in the ODB (i.e. the first year of
ODB eligibility between 65 and 66 years of age) (see Section 4.5 for further details). The
CIHI-DAD and OHIP databases at ICES were used to identify patients with dementia
using a validated algorithm based on diagnostic codes (see Inclusion/Exclusion criteria
for details). Corresponding IKNs for patients with dementia were then used to link
patient health records across the ICES databases. Section 4.4.1 details the cohort

selection process and section 4.4.2 describes the inclusion and exclusion criteria.

4.4.1Cohort Selection

A study cohort was formed from a pool of all new cases of dementia among
communitydwelling Ontarians aged 66 or older between Aptjl2004 and March 3
2009. Eligibility was then assessed by linking these patients with new use of hry of t
three ChEIls during this period. A patient
index date (date of first ChEI dispensation). Users were selected using ODB; group
classification was determined by each of the ChEIs unique Drug Identificatioiéis

(DINs). New users were designated as donepezil users if their first ODB claim was for
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donepezil with no ODB dispensation record for any of the three ChEls in the past one
year. Patients were then followed for a period of up to one year (e.gntpathosen on
the last selection date of March®32009, could then potentially be followed until March

31, 2010).

4 .4.2Inclusion/Exclusion criteria

Inclusion criteria consisted of all Ontarians aged 66 years to 105 years as of April
1%, 2004. Patientswere excluded if they wel@ged over 105 years because beyond this
age (date of birth) information would be difficult to determine due to the quality of health
records. The number of patients over the age of 105 does not constitute a substantial
proportian of the elderly population; therefotéjs study will still be representative of the
elderly population. Patients also had to be new cases of dementia, defined using the
following dementia algorithm applied to the OHIP and CDBAD databases: all subjec
must have had at least one marker of dementia in the previous 5 years (OHIP 290, 331 or
797; or CIHI DAD ICD9 290.x, 331.0, 331.2, 331.7, or 797; or a complementary CIHI
DAD ICD-10 code (FO0, FO1, F02.3, FO3, F05.1, F09, G30, G31.1, or R54)yeAr5
retrospective diagnosis period was also applied to consider patients with dementia who
would have received their first ChEI dispensation at the time of dementia diagnosis; some
patientsd index dates may coi nThisagerithmi t h t h
to identify dementia has been validated by comparison with a gold standard of a dementia

diagnosis in the Canadian Study of Health and Aging (CSHA) Ontariocudrt(27).
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All of these cases were thénked with ODB to determine their ChEI status; if
their index date occurred within the cohort selection period,\ileeg considered
eligible. The study wasstricted to communitgwelling ChEIl users at baseline (i.e., on
a patient 0s uldndtdhave alargeren, care flageoy thecODB record or
within one year prior) because those residing intamm care facilities or hospitalized at
index would incur higher costs and, if not controlled for, could thiasesults if they
were not equallgistributed among the ChEI treatment groups. Moreover, patients
already dwelling in longerm care facility may have higher ChEI treatmesrsistence
due to consistent staff monitoring, which would not give an accurate portrayal of ChEI
uptake in the geeral population. The minimum duration of ChEI use to qualify for
entry into the cohort was 90 days (3 months) of continuous use of one of these drugs.
This was taensure sufficient time for the patients to experience some benefit (in
cognition and/or dily function), as well as sufficient time for adverse events to develop
that would cause patients to seek other health services (visit to physician or emergency
visits). Additionally, the shortest RCTs have been 3 months in duration, thus
standardizing gtients to a full 3 months of continuous ChEI treatment would pénmit
comparison witho these RCTSs.

Patients were excluded if they met any of the following criteria: 1) death on or
prior to index date; 2) inval>l@bydalsdsoi n RPD
index date); 3) no evidence of dementia diagnosis; 4) residence intetongare

facility at baseline; or, 5) if the patient had previously used ChEls within the year prior to
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index date. This study did not consider aboriginal indigidibecause their healthcare
costs are covered by federal, not provincial, health programs.

Only one entry was considered per IKN, that is, ChEIl users could only enter the
cohort once. If a ChEIl user discontinued the use of one drug, he/she was nletteligib

re-enter the cohort as a user of the same or a different ChEI drug.

4.5 Study horizon and time frame

Time horizon is defined as the period of time over which costs and outcomes are
measured for individual patients in an economic evaluglie) it should be long
enough to capture all meaningful differences in costs and outcomes (both intended and
unintended side effects) between comparator gréi)s Severafactors contributed to
the selection o 12month time horizon. The first was that the longest RCTs of ChEl
efficacy were 12 month@®,7,94)in duration and previous loAgrm populatiorbased
studies also considered at least one year of fellp{d05) Moreover, economic
modeling studies have simulated RCT data to determine the annual cost and cost
effectiveness associated with ChiE9,159,160,164) Limiting the studyto a 12month
time horizon permittethe calculation onnual resource utilization and cost associated
with ChEI use without employing complex modelinfo facilitate comparison with
previous economic evaluations that have usedfdata RCTs with shorter duration, the

outcomes were dividedto 3, 6-, 9- and 12month intervals following the index date.
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Timeframe refers to the time period of data collection for all important costs
between treatment optionSeveral factors contributedioe st udy ods <cihosen t
April 1%, 2004 to March 31, 2010. These included the chronology of ChEI funding in
Ontario, the nature of the dataset, ande st udy o6s ti me hori zon.
Of the three drugs, galantamine was the last to be approved for fuyding b
provincial governments in 20(429). Between 2001 and 2003, there was a healthcare
systemwide transition in disease coding to accommodate the switch from the
International Classification of Disease, Version®@O#9) to ICD-10. In light of these
events, 2004 was selected as the starting point to ensure all three ChEls sufficient time
for uptake into clinical practice by Ontario physicians and the general population, and to
permit time for stability in coding alementia. Moreover, as previously mentioned,
March 3f' marks the annual end date for all ICES databases that operate with annual
updateg health administrative databases updated annually have entered all data and
costs from the previous year into thescords. All costs accumulated from April, 1
2004 to March 3%, 2010, were considered for the purpose of this study. As such, a
cohort selection period of Aprif12004 to March 3%, 2009, was selected such that
patients whose first use occurredtba last date of cohort entry (March®32009) could
still potentially contribute a full yearos

31%, 2010).
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Individuals become eligible for ODB coverage at age 65 years; therefore,
enrolment consisted platients aged 66 years and older to permit ayaae period to

identify use of various prescription medications (€3hEls, antipsychotic druys

4.6 Study variables

A comprehensive list of variables was generated for this study to facilitate
analysis okeconomic data. Section 4.6.1 explains the process of ICES variable selection
for classifying the exposure variables: three ChEI treatment groups. Section 4.6.2 details
baseline descriptive characteristics used to verify the comparability of patiergs acro
treatment groups. Section 4.6.3 describes the first set of outcome measures of interest:
patterns of ChEpersistencand rates of switching. Section 4.6.4 lists the second set of
outcomes of interest: resource utilization and costs, and detailsaobW@ES dataset
contributed to measuring these outcomes cost across six categories of care 1) ChEls and
associated prescription drugs, 2) physician services, 3téngcare, 4) home care
nursing services, 5) emergency department services, and 6xlipapdns. Section
4.6.5 details potential covariates and the process of identifying them in the ICES datasets.
Figure 1 represents a summary of the expesuteome relationship that guidée
selectionof variables of interest wasletermining the effects of the three ChEI treatments
on several economic outcomes, and investigating the effect of six covariates on this

relationship.
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Figure 1: Exposure-outcome relationship
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Home care nursing
Emergency Dept. visits
Hospitalizations

4.6.1Exposure: Treatment groups

A new CIHEI user was defined as a patient who did not receive any ChEls within
one year prior to the index date. Recall
their first prescription containing a ChEl. The ODB database provided the basic data to
divide patients into the three treatment groups: Cohort 1 was new users of donepezil,
Cohort 2 was new users of galantamine and Cohort 3 was new users of rivastigmine.

The three drugs and their various doses were coded with a series of unique DINs.
Factos affecting the number of DINs available for each drug include variation in dose
and the availability of generic equivalents. For example, donepezil is the generic name
for the brand name Aricept. In 2010, only the brand name version was available in two

different doses (5mg or 10mg tablet); therefore, only two DINs were asqigfhedAt
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the same time, however, galantamine, the generic name for Reminyl, had three different
doses (8mg, 16mand 24mg capsules) manufactured by three different companies

(Reminyl by Janssen Inc. and two generic versions) for a total of nine uniqué€daiNs

4.6.2Baseline descriptive characteristics

Thethree study cohorts were mutually exclusive (patients were classified as being
in only one of the threeohortg. Patients who switched ChEls were included in the
treatment group corresponding to their first ChEI only, not the second. As such, both
desciptive and statistical analysis of baseline descriptive charactemgtiesindertaken
to check whether the groups of patients were simDascriptive characteristics included
demographic information (age, gender, income quintile, rural stateaimentprior to
cohort entry (physician visits and type, acute care indication, medication use), indicators
of comorbidity (presence of diseases comprising the Charlsanacbidity index) and
disease severity (falls, urinary incontinence, home care tmida Table 1 lists and

defines all of the descriptive characteristics by category and provides their ICES source.

Table 1: Baseline descriptive characteristics

Variable Type Source Definition

Demographic

Gender Categorical RPDB Male/Female

Income Quintile Categorical RPDB Based on patient FSA and commursiyecific from

census data. Income Quintile=5 in urban community|
may not equal Income Quintile=5 in a rural communit

Low Income Categorical ODB Based orfLow Income" designation on ODB claims
Rural Indication Categorical RPDB Rural versus urban residence designation

LHIN location Categorical RPDB Patient residence within one of the 14 Ontario LHINs
Cohort entry year Categorical ODB Year in whichpatient had their first ChEl use

Age Continuous RPDB Age of patient in years
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Table 1 (contdd) : Baseline descriptive cha

Variable Type Source Definition

Treatment prior to cohort entry

Rehabilitation visits within 1 year prior Categorical CIHI-DAD Indication of service provided within the last year

Acute Hospital within 6 months Categorical NACRS Indication of service provided within the last year

CT Scan of the head Categorical OHIP Indication of service provided within thast year

Antidepressants 1 year prior Categorical ODB Indication of service provided within the last year

Antiparkinsons 1 year prior Categorical ODB Indication of service provided within the last year

Atypical Antipsychotics 1 year prior Categorical ODB Indication of service provided within the last year

Benzodiazepine 1 year prior Categorical ODB Indication of service provided within the last year

Typical Antipsychotics 1 year prior Categorical ODB Indication of service provided within the lastar

Physician visit within one year prior Continuous OHIP/CPDB  Number of physician visits within the last year

Geriatrician Visits Continuous OHIP/CPDB  Number of physician visits within the last year

Neurologist Visits Continuous OHIP/CPDB  Number ofphysician visits within the last year

Psychiatrist Visits Continuous OHIP/CPDB  Number of physician visits within the last year

ER visits within one year prior Continuous NACRS Number of emergency visit within the last year

Number of DINS Continuous ODB Number of drugs used under ODB within the last yeq

Co-Morbidities (based on patient history)

Myocardial Infarction Categorical CIHI-DAD Heart attack

Congestive Heart Failure Categorical CIHI-DAD Insufficient blood flow from the heart

PeripheraVascular Disease Categorical CIHI-DAD Obstruction of large arteries to limbs

Cerebrovascular Disease Categorical CIHI-DAD Disease of blood vessels to the brain

Chronic Obstructive Pulmonary Diseas Categorical CIHI-DAD Presence of diseases that narroviimgy airways

Rheumatielike Disease Categorical CIHI-DAD Disease of joins/connective tissue

Ulcers of the Digestive System Categorical CIHI-DAD Ulcers along the gastrointestinal tract

Liver Disease (Mild) Categorical CIHI-DAD Some fatty liver diseasesd some forms of hepatitis

Diabetes (No chronic complications)  Categorical CIHI-DAD Normal diabetes

Diabetes (chronic complications) Categorical CIHI-DAD Diabetes causing vascular problems

Hemi/Paraplegia Categorical CIHI-DAD Hemiplegia: paralysis aine side of body; Paraplegia:
paralysis of lower limbs

Renal or Kidney Disease Categorical CIHI-DAD Diseases affecting either organ

Cancer (No Secondary) Categorical CIHI-DAD Occurrence of cancer without progression

Liver Disease (Severe) Categorical CIHI-DAD Chronic hepatitis and Cirrhosis

Cancer (Metastatic) Categorical CIHI-DAD Malignant cancer spreading from one organ to anoth

HIV/IAIDS Categorical CIHI-DAD HIV or AIDS

Charlson Score Continuous CIHI-DAD Composite measure of above 16 diseases

Hearing Impairment Categorical CIHI-DAD Impaired auditory system

Malnutrition Categorical CIHI-DAD Insufficient nutritional intake

Visual Impairment Categorical CIHI-DAD Impaired vision

Disease Severity Indicators

Aspiration Pneumonia Categorical OHIP Pneumonia due to the entrance of foreign material in
the bronchial tree, such as saliva or food due to impg
swallowing mechanism

Delirium Categorical OHIP Syndrome of mental confusion and temporal awaren

Falls Categorical OHIP Injuries sustained while falling

Hip Fractures Categorical OHIP Fracture of the head of the femur

Urinary Incontinence Categorical OHIP Involuntary excretion of urine

Fecal Incontinence Categorical OHIP Inability to control bowels

Pressure Ulcers Categorical OHIP Lesions due to unrelieved pressure to any part of bo(

Home Care Nursing Services Categorical HCD/OHCAS Home care nursing services use within last year

Home Care Indication Categorical HCD/OHCAS Home care use within last year

Home Care Visits Continuous HCD/OHCAS Number of home care visits within last year

Hospital visit within 5 years Continuous CIHI-DAD Number of hospitalizations within last 5 years
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Important baseline characteristics included age, gender, income, cohort entry year,
andfrequency of medical contact in the year prior to cohort entry, Charlsorodadity
index, and dementia disease severity characteristics (e.g. urinary or fecal incontinence,
falls and delirium). Age and georchaion wer e
from the RPDB.

Income level was assessed using a commuentyl median household data from
t he Canadian census, assigned based on a p
quintiles using a socieconomic quintile macrb a program thatreables us to associate a
personb6s place of residence with their com
populations within a given geographic area were sorted and divided into five groups
(quintiles)(76). Consequently, patients with the highest median income level (Quintile
5) in urban regions, such Toronto, may have a different median income than those in
Quintile 5 in smaller urban or rural centres, such as North Bay.

Enty year corresponded to the year of t he
medical contact in the year prior to cohort entry consisted of several variables that
measured the patientds previous Vvisits to
number of vidis per physician type (all, dementia specialist or primary care).

The Charlson score measuoesmorbidity levelbased on the presence of 17
di seases in a patient @%®) bDemdntiasaneofthe ¥t ory (s
diseases included in the score; howeiltavasremoved because it seemed superfluous

since all patients were required to have a dementia diagnosis to be incltioestiry.
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The Charlson score at cohort entry was provided by CIHI using a macro, which scanned
patient health records for any of the 16 Charlson diseases using0@i2dical codes

with a 5year lookback period from the index date applied and calculated a summary
score (minus dementia). This score was presented along with dichotomized dummy
variables for each of the 16 remaining Charlson conditions. Disease severity indicators,
such as delirium, falls, urinary incontinence or home care visits were determined with
1-year lookback period applied unless otherwise specified (e.g., hospitalizations within

5-years of index).

4.6.30utcomes 1: ChEl discontinuation and switching

The minimum duration of ChEI use to qualify for cohort entry was 90 days of
continuous use of @nof the three ChEIsThe objectives included following patients for
up to one year after cohort entry; however, previous studies (many with shorter time
horizons) have noted a decrease in greigistencand increases in patient drop out over
time (5,94,94,142)or a gap in ChEI use in patients persisting to one (&)
Populationbase clinical effectiveness studies have determined that less than 65% of
patients continue with ChEI treatment up to one Y@4/143)

For consideration of patiedtug persistengeontinuous use/as examineat 90
days (expected to be 100%), 180 days (6 months), 270 days (9 months), and 365 days (12
months). According to Cramer et al. (2008), analysis of drug persistence must include a
pre-specified limit on the number of daydaaled between refills, considered as

permissible gaps (the maximum allowable period until when patients could go without a
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dose that would not diminish the intended clinical outcome of treatrfis3&)

Continuous gewas defineds receipt of a subsequent prescription following the index
date within 120% + THuraieny Jypically, patiergs are givet a a |
3-month ChEI supply. For example, if a patient receives-da8Qprescription, they ha

until Day 115 (90 x 120% + 7) following the initial drug dispensation to fill their second
prescription. Otherwise, they were considered to have had their treatment discontinued
and were censored. If discontinuation occurred between Day 1 and Ohg®the

patient was excluded. If discontinuation occurred after 90 days, the patient was censored
and their resource utilization was included.

Likewise, if a patient switched ChEls (e.g., initial donepezil user switches to
galantamine) within the first®days, they were excluded. However, if a patient switched
ChEls after Day 9Ghey weredreated as users of their initial ChEl. The rationale for
this decision was that if a patient switched from one drug to another, it was most likely
due to intolerace of the side effects caused by the first drug. Any adverse events and
subsequent use of the healthcare system (emergency department visits due to drug side
effects) due to drug intolerance should therefore be attributed to the initial ChEIl. For
example a donepezil user at index who persisted past Day 90 and then switched to
galantamine was still considered a donepezil user for their duration in the study. As
mentioned previously, two Canadian studies have reported switching rates of 10% or less

(49,143)
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4.6.40utcomes 2: Resource utilization and costs

This study had several economic outcomes of interest. The first was total overall
health resource use direct costs to the healthcare systemapeafygohort entry by drug
group. This represents the total direct health system costs of treating dementia patients
who use ChEls. Stratifying by patient cohort entry year permitted a year by year
comparison to describe any chronological trends.

Thesecond outcome of interest was total health resource use and cost by cohort
entry year by drug group across six categories of care: 1) ChEl and associated
medications; 2) physician services; 3) lelegn care costs; 4) home care nursing
services; 5) emergey carevisits; and, 6) hospitalizations. This assessmentided
indications of servicethat weremajor drivers of overall cost to the healthcare system.

The third outcome was mean resource use and costs per patient by drug group at
3-, 6-, 9 and 12month intervals over the same six categories of care. This indicated the
perpatient burden of care to the healthcare system. It is expected that somnts péitien
discontinue ChEI usage within several months of their treatment initiation (much like
subjects withdrawing from past RCTd§2-144). As such, assigning costs todke
patients for an entire year will not accurately represent costs attributable to their ChEl
usage. Consequently, multiple time-ofits throughout the first year of ChEl usage were
employed to better attribute the costs accrued bycoompliant users.

Resource utilization was determined by linking the ODB, OHIP, @D,

NACRS and HCD/OHCAS databases. For assigning costs, the ODB and OHIP

databases provided dollar amounts for fees paid, such as services rendered by physicians
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and total cost paid forrpscription drugs. Other dollar amounts were found in the
literature(193-196).
4.6.4.1ChEl treatment duration and costs for prescription drugs in ODB

The ODB database provided costs paid by the MOHLTC for prescription drugs.
All patientsin the cohort had to use one of the three ChEls. The outcomes variables of
interest included the number @dys of ChEI use and total costs to the ODB plan for all
prescription drugs used by this cohort of patients by entry year stratified by drug group,
six categories of total costs by entry year stratified by drug group (ChEls only, typical
antipsychotics, gpical antipsychotics, benzodiazepine, antidepressants and all
prescription costs minus ChEIls).

Meancosts per patieiwere consideretbr all prescription drugs, as well as the
six categories of total costs by drug group for63, 9- and 12month intenals following
the index date. As previously described, antipsychotic drugs are used to quell symptoms
of psychosis (hallucinations, delusions) as well as agité®®)y Antidepressants are
used to treat depressionhie benzodiazepines are used to treat anxiety and sleep
disturbancd€30,35) Symptoms of psychosis, depression, behavioural and sleep
disturbance are frequently observed in patients with dem@xja Therefore,
consideration was given the costs associated with providing these medications to
dementia patients to alleviate these symptoms as well as their contribution to overall
costs to the healthcare sgst. Lists of DINs used to identify prescription drugs of each

class were obtained from the ODB onling-&mulary(64).
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4.6.4.20utpatient and inpatient physician services and costs (OHIP)

The OHIP database provided the frequency of patient visits and fees paid by the
MOHLTC for outpatient and inpatient physician services. The outcome variables of
interest were the number of visits and fees paid to all physicians, dementia specialists
(neuplogists, psychiatrists and geriatricians) and primary care physicians (i.e. family
physicians). Neurologistpsychiatrists and geriatricians are generally knowledgeable
about dementia care and the effectiveness of ChEls. Primary care physicians were
considered as a contrasting variable to dementia specialists: if a patient presents with
symptoms of dementia, they will see their primary care physician first who will then refer
them to a dementia specialist if their symptoms cause suspicion. Patiehteeas
primary care physician first to be referred to specialists. The OHIP database enabled us

to observe the patterns of use of primary care and dementia specialist services.

4.6.4.3Length of stay and costs of longerm care

The ime spent in londerm carevas estimatedsing the LTC flag in the ODB.
This method of longerm care approximation has been used previously in a similar
Canadian administrativeatabase study193) At the time ofprescription dispensation,
the pharmacist indicates whether a patient is in-tengy care. A patient was excluded if
they had a baseline indicator of leteym care placement (only commundwelling
dementia patients were considered for this cohoxygh they could subsequently enter

long-term care during the course of the study. This endbkdbservation ahe
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proportion of dementia patients that were transferred to ateongcare facility while
being treated with ChEls. It was assumed abtliset that once patients entered long
term care, they were not discharged from the facility. Analysis of the data confirmed this
assumption. Therefore, length of stay in ldagn care was calculated as the admission
date (in this case, the date of fhist prescription with a longerm care indication)
subtracted from 365 or from the -fmantcareent 0s
placement was determined by subtracting the ChEI index date from the admission date.
The outcomes of interestane total annual longerm care length of stay and costs
by year stratified by ChEI group, and mean length of stay and cost®at® and 12
month intervals following the index date (e.g., if a Donepezil user had @domgcare
indication in ODBwithin 3 monthswhat was the average number of days they spent in
long-term care 3 months after they started using the ChEI). According to a recent
Canadian study, the MOHLTC covers the costs associated with nursing, food and
programs for longerm care radents up to $131.19 per day ($117 inflated from 2003 to
2010 CAN$)(193) Longt er m care costs were calcul ated
length of stay by $131.19.
4.6.4.4ANumber of hours and costs of Home Care nuisg services
The goal with onsidering home care usage as a source of direct cost to the
provincial healthcarsystem was to provide an estimate of nurses time consumed while
caring for dementia patients. The other databases did not provide the mestimsatee

nursing time. Neither the HCD nor the OHCAS databases offered reliable cost data for
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al |l home care visits provided by Ontariods
and OHCAS document the type of service delivered to the patient (inclugieg ca
management and assessment) and the time in hours spent for delivering the service. If
the type of service was coded as either 6n
was considered to have received home care nursing services.

Unit time sgent with patients by nurs@gsmultiplied by the mean provincial
hourly wage for nurses. Nurses providing
by the Ontario Nurses Association (ONA) with their wages determined by collective
bargaining agreemenitetween and the 14 individual CCAQ®7). According to the
most recent collective bargaining agreement between ONA and Ontario hospitals, in
2010, nurses received between $29.36 and $42.44 perduaudiamg to their seniority
level (the former corresponding to start pay and the latter with 25 years of experience)
the seniority hierarchy had ten levél®96) The average wage of the ten levelsw
$34.98. The corresponding unit time of eac
(equivalent to the mean hourly wage based on nurses seniority).
4.6.4.5Emergency department visits and costs

For the purpose of this study, only demesiszociate@mergency department
visits were considered for the resource utilization assessnpattiients had to have
dementialisteds an i ndication in the diagnosis fi
The NACRS database provided the number of visits pempatieghe emergency room

for each of the four time intervals. In addition to all emergency vikisstudy
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examined patient use of emergency services for the following conditions separately (as
indicated by their ICD diagnostic codes): hip fracturasifracture, episodes of delirium
and aspiration pneumonia. Dementia patients have a high risk of falling, resulting in hip
and wrist fractures which are common in the elderly popul#i®68) Hip fractures are
asso@ted with substantial morbidity (e.g. risk of postoperative adverse events, residual
disability requiring longterm care admission) and also significantly increase overall
mortality. The incidence of hip fhigactur e
particularly among patients with the advanced stages of the disease. Delirium is a
condition characterized by the acute onset of disturbances in level of consciousness and
cognition, disorganized thinking, and fluctuating deficitsmay be accomanied by
psychosis (hallucination or delusior{&p9) Delirium superimposed on dementia is a
common problem that can worsen prognosis by accelerating cognitive decline, as well as
increasing the risk of other commitons, such as falls leading to hip fractuf2g0)
Aspiration pneumonia is a type of pneumonia (inflammation of the walls of the
bronchioles in the lungs) caused by the presence of a foreign (2f)&gt Aspiration
pneumonia is generally associated with a dysfunctional swallowing mechanism, which is
often present in patients with demer(ti27)

Each emergency department visit was valued at $195.98 ($173 per visit according
to another Canadian study using the same database inflated from 2004 to 2010 Canadian
dollars)(193) This amount is assigned indiscriraialy, regardless of the reason for the

visit. Patients with an emergency visit with an indicator for any of the four conditions
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(hip fracture, wrist fracture, delirium and/or aspiration pneumonia) will be assigned a cost
of $195.98 per visit and a corpmnding indication in the all emergency visits category.
4.6.4.6Hospitalizations

For the purpose of this study, only demesissociated hospitalizations were
included for the resource utilization assessment (i.e., all hospitalizations had to have a
dementia diagnosis coded in the diagnosis field of the CIHI admission record) The CIHI
DAD providedmeasures of length of stay (duration = date of dischadlgée of
admission) for all hospitalizations, and for admissions due to any of théoflauving
conditions:hip fracture, wrist fracture, delirium or aspiratiomgomonia

Hospitalization costs were assigned to patients using the following sources. The
2008 CIHI reporfThe Cost of Hospital Stay: Why Costs Vrgvided a guide for annual
mean cost$or all conditions or diseases requiring hospitaliza{it®d) This CIHI
source represented costs for conditions using case mix groups and major clinical
categories methodology desight® base resource utilization on either a diagnosis or
condition described as being most responsi
(methodology was considered CHdioprietaryand was not reported). This repdid
not provide costs per day (onlyrpeear). The 2006lealth Costing in Albertannual
report presented its estimates in both mean costs per day and per year. Annual cost
figures from the Alberta report were compared with the CIHI values and were deemed
sufficiently similar to employ botlources for this project. For example, according to the

CIHI report, the annual cost for a hip fracture was $6,098 (2008 CAI98), while in
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Alberta this amount, adjusted for inflatiowas $6,387.31 ($5,947 in 2005 CAN$95)
Similarly, the annual costs for wrist fractures were $1,855 and $1,713.09 (inflation
adjusted) for the CIHI and Alberta reports, respectively.
The all dematia-associated hospitalization variable was valued at $672.50 per
hospital day (inflation adjusted). This was equivalent to thelpgrcost of treating a
patient with dementia in a hospital sett{d®5. Adjusted for inflation, hip and wrist
fractures were valued at $1,618.11 and $1,366.75 per day, respedd@ly
The Alberta report did not provide peay estimates for delirium or aspiration
pneumonia. Consequently, annual valvese usedrom the CIHI source. Therefore,
the annual hospitalization cost (adjusted for inflation) of an episode of delirium was
$5,163.28, and a case of aspiration pneumonia was $11,2464883
Hospitalizations for hip fracture, wrist fracture, delirium and aspiration
pneumonia were counted concurrently with e
example, a patient who spent 19 daya hospital after suffering a hip fracture and a
wrist fracture experienced while falling due to an episode of delirium would have the
following CIHI-DAD length of stay profile: hip fracture = 19 days, wrist fracture = 19
days, delirium = 19 days, aspit i on pneumonia = 0 days, and
days. Therefore all patients admitted for any of the four conditions of interest will also
be counted in the fAall hospitalizationo va
Aal | h oosmpad tvadriizaahtlie ¢ o-day eost pf reatthg adpatiendwith he per

dementia in a hospital setting. It does not represent the sum of the per diem costs of
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treating dementia, hip fracture, wrist fracture, delirium and aspiration pneumonia. For
exampe, the cost of a patientds hip fracture
days) will only be considered for the hip fractsigecific assessment of cost (i.e., total

cost of hip fracture per year and mean cost per patient for hip fracture$-at93and

12-months after index date). The hip fracture length of stay also congtbwte t he fal |
hospitalizationo | ength of eoftfé/250pevthay.c h wi |
The ndall hospital i zawas kepsépaatednotgumilaticejfromt ay Vv e
the conditiorspecific length of stay variables besatthe dataset did not permit the
conditionspecific length of stajo be separateflom other demengirelated length of

stay.ii A | hospiweelciostedad | @Inldimdisddeoneinat ed hospitald.l
the other variables as demerdissociated hospitalizations for hip or wrist fracture,

delirium or aspiration pneumonidhus t he fAal | h o sspepreserthe z at i on

burden of hospitdl e ngt h of stay and cost attributabl

4 .6.5Covariates

Key factors that could influence resource utilization and costs among patients
with dementi a ar e anorpidiydiseasetbirden, deqientia gender ,
severity, and soci@conomic status.

Dementia severity increases exponentially with @4e,114) The 60l dest
(aged 90 years and older) is the fastest growing segment of the population in developed
countrieg(112) therefore, the incidence of demensigxpected to risend progression

to more severe forms of the disease in the future. Rates of dementia are also higher
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among womel§26). This is partly due to differences in life expectancy among the

genders, but hormonal and genetic factors may also be important. In 2007, the remaining
life expectancy of Canadians at the age of 65 was 18.1 years for men and 21.3 years for
women (i.e., 83.1 and 86.3 years, respectivi@9®). Both age and gender will be

extracted from the RPDB.

Co-morbid conditions, such as diabetes and hypertension, have been linked to
higher rates of dement{203), and poorer prognostic outcomes (more rapid cognitive
decline)(118) The Charlson conorbidity index, extracted from CIHDAD records,
will be used to derive a summaneasure, the Charlson score, to give an indication of a
pat i e-mardgisease burden. The index consists of 17 diseases (see Table 1) each
of which has been weighted (values of 1, 2, 3 or 6 with O indicating absence of all 17
conditions) accordintp its 1-year mortality rate and its seriousness (as determined by its
relative risk of death within one year compared to noncobid diseaseg)192) When
applying the Charlson index to diseases with low madytaiis results can dichotomize
co-morbidity severity into @1 and >2 grouping€l92). Dementia is one of the 17
diseases listed in the index. Since all patientkigstudy have dementidé,has been
removedf om t he indexds total score.

TheICES datasetdid not coddor severity of dematia (mild, moderate or
severe); therefore proxy indicatargonditions or symptoms that might signabne
severe forms of the disease were identifidthe major proxyndicators of interest were

epsodes of urinary incontinence and hooage indication. Urinary incontinence at
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baseline was determined by CIHI records, while home care wsesgxtracted from the
HCD/OHCASdataset Long-term care was considered as aeotource of potential
confounding. This studycontrolled for longterm care indication by restricting the cohort
at baseline to patients who were commudityelling (not in longterm care) at time of
index date.

Socioeconomic status affects access tee@nd usage of the healthcare system
resourceg9,129,130) with poorer Canadians suffering from lower life expectancy,
higher mortality ratesand higler hospitalization rates but lower rates of physician visits
and surgery204). For this study, in the absence of personal income data in the
administrative databases, a macro, as mentioned previously, was usedit@a mat
patientds postal code to the median 1 ncome
the FSA, and converted to geographic aspecific income quintilesThis method has
been used previously to assign indicators of secanomic level to aggregatiata for
studies investigating the association between income level and patient survival and access
to healthcare for myocardial infarctigh31)and cancer§05,206)i all of which have
been conducted in Ontario. For confidentiality reasons in accordance with ICES
protocol, only the quintile number, not the household income level, was reported per

patient(76).
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4.7 Analysis

Section 4.7.1 outlines the descriptive statistical analysis employed for this project.
This consisted of examining baseline patienel characteristics across the drug groups,
drugpersistencand rates of switeéhg, and determining total and mean costs per patient
for each of the six categories of care and for overall costs to the healthcare system.
Section 4.7.2 describdéise examinatiothe effects of potential covariates associated with
annual costs for eadf the six categories of care and for overall annual costs. Section
4.7.3 describes the traditional multivariate linear regression model used to identify
significant predictors of annual costs for each of the six categories of care and for overall
annualcost. Linear regression has been used previously to evaluate the effects of clinical
and demographic covariates on direct medical costs using administratiyg@a8jta
Though economic data are rarely normally distréd(73), transforming the data to
fulfill edthe assumptions for linear regression. This part of the analysis was omitted for
datasets not meeting the requirements for linear regression. The inclusion ofpotenti
predictors into the linear regression model was limited by the list of variables available in
the ICES datasets. Section 4.7.4 describes how sensitivity analysis was performed to
account for uncertainty around using cost values from the literature.

All analyses for this project were accomplished using SAS, Version 9.2, at the

| CES@Queenbds satellite site | ocated i n Abr
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4.7.1Descriptive analysis

Baseline characteristics were compared between the three treatment groups along
four major categories: 1) patient demographics; 2) health system contact one year prior to
cohort entry; 3) canorbidities; and 4) indicators of disease severity. For a
comprehensive list of these characteristics, see Table 1. Categorical variables were
compared using ckiquared tests while continuous variables were compared using one
way ANOVA.

For the chisquared tesg p-value of <0.01 indicates that the members of the
ChEls have significantly different proportions among the different values oatiable
tested. For example, if gender (dichotomous) was tested between Donepezil and
Galantamine and p<0.01, then the difference in proportions of males to females between
the groups would be significantly different. This method was used to iderttifgrd
was a significant difference for each categorical covariate in Table 1 between the three
ChEI groups. If so, a second set of-shuare analyses was done between the three
possible combinations of 2 of the ChEls (donepgaiantamine, donepeazilvastigmine,
galantamineivastigmine) to determine which treatment groups were different.

For the ANOVA test, afvalue of <0.01 indicates that the variance observed is
between two of the ChEI groups is higher than the variance of the total sample, and
therefore their means are differelmNOVA was coupled with enultiple comparison
test (PROC ANOVA for normally distributed continuous data and PROC GLM for non
parametric data) to determine if the significant difference was between just two groups or

all groups.
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Thesample sizevas expectetb be large (see Section 4.8onsequently,
percentages (for frequency data) and standard deviations (for continuous data) were
reported in Table 2 (see Chapter 6) in addition to thalpes. Also, a{value of 0.01
was selected to determine if differences between the drug groups along any of the
characteristics were significanfAs sample size increases, it captures more of the
variation for all characteristics of the population, thus decreasing the standard error of the
mean(207,208) Lowering the standard error enables more precise detection (smaller p
values) of differences between the treatment groups for a myriad of patieht
characteristics if they exist. However, small differences of no consequence can also be
found to bestatistically significant with large sample sizes, though these may not
translate into clinical significand@09)

Drug persistencevas compared between the three treatment groups using the
PROC LIFETEST procedarin SAS to produce Kaplavieier curves, plotting patient
use of ChEls and censoring at date of discontinuation or 365 days after their index date.
Drug persistencand rates of switching were compared between the three treatment
groups using chsquaredests. KaplarMeier curves were also produced forhdnth
drugpersistencaccording to several other covariates: age (categorical), cohort entry year
and LHIN location. Age was classified into six categories@867074, 7579, 8084,

85-89 and 96105 years210,211)o determine if drugersistencearied according to
age (possibly due to further memory decline or greater disease severity for older age

groups). Cohort entry was considd to determine if drugersistencearied over time
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(possibly due to further understand of the drugs or availability of new drugs to alleviate
adverse events). Patient LHIN location was considered to test if gagisigtence
varied by geographic ea.

Mean resource utilization per patient was determined for each of the six categories
of care at 3 6-, 9 and 12month intervals following the index date. This consisted of
analyzing the following variables: the duration of ChEIl use from ODB, the euaib
physician visits from OHIP, the length of stay in days for {argn care, hours of home
care nursing services from HCD/OHCAS, the number of emergency department visits
from NACRS, and the length of hospital stay from GIBAD. These six quantitiesere
measured in different units; therefore, it was not possible to add them together and report
overall resource utilization.

Mean resource utilization was compared using both parametric (ANOVA) and
nonparametric (KruskalWallis) tests for comparing myhle groups. The Kruskal
Wallis test is a ongvay analysis of variance that replaces the data by their (ahR$
The KruskalWallis test does not assume a normal distribution for the parameter tested in
the popudtion; however, the test assumes that each group has distribtisimilar
shape. Since the anticipateimple sizevas to bevery large (see Section 4.8)e
parametric onavay ANOVA was also appliedAccording to the Central Limit Theorem,
when thesize of a sample is large, the sampling distribution is approximately normal and
the mean of the sampling distribution equals the population (@¢2) A sample size is

considered large if it is greater than 100utph i f t he sampl ebds di
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skewed (as is the case with economic data) the sample size should b@E8per
Consequently, parametric tests can be used fonoomal distributions as long as the
sampe is large. Moreover, ngoarametric statistics typically considered for smaller
sample sizes (less than 30fend to converge on normal distributions as sample size
increases; though these tests may be less robust than their parametric counterparts, t
resulting significance levels of the tests should be sir(filb4)

Mean costs per patient for the six categories of care &t,%®-, and 12months
following the index date were compared between the three gosups both parametric

(ANOVA) and nonparametric (KruskaWallis) tests for comparing multiple groups.

4.7.2 Analysis of confounders

The purpose ohnalyzing covariates was to prepare for the midtiinear
regression analysis; to determihany of the keyovariatesvere potential confounders
for theoutcomes of annual overall health system costs and for the six categories of care.
To ensure thaa common unit of measure was usaidthis analysis as well as across the
linear regression modglanalysis vas focused exclusively on costs only, not resource
utilization1 rather than multiple measures of a single outcome (number of hours, days
and visits)there was only onenit of measure: 2010 Canadian dollars.

The key covariates (age, gender, Charlson score, urinary incontinence, home care,
and income quintile) were compared between the three drug groups for each of the six
categories of care using the Krusk#ahllis test for comparison of medians. Within

groupcomparisons for each of the covariates (e.g., donepezil: males versus females;
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galantamine: males versus females; rivastigmine: males versus females) were performed
using either the Wilcoxon Rank Sum test for dichotomous covariates, or the Kruskal
Wallis test for multiple covariates with multiple categories.

Dichotomized variables were gender (maledésh and urinary incontinence and
home care (no/yes). Age was reclassified into six categories beginning with ag@d 66
and increasing in-year incremergt until 90+ years. The Charlson score was
trichotomized as follows: 0 = no gunorbidities; 1 = one conorbid condition; 2+ = two
or more cemorbid conditions. These categories were recommended for studying diseases

with low mortality (192)

4.7.3Multivariate Analysis

Multivariable linear regression was used to compare clinical and demographic
predictors of annuaheancostsper patienbetween the three drug groups for overall
annual cost and for each of the six categgpof care. The results were reported in 2010
Canadian dollars.

Six separate regression models were run for the six categories of care. Univariate
analyses were performed to examine the nature of the outcome of interest (total annual
cost for prescriptin drugs, physician services, leteym care, home care nursing
services, emergency department visits and hospitalizations) and each predictor variable
(for a list of potential predictors, see Appendix Table 1). Two continuous variables were

reclassifiednto categoriesite 6 Phar mdé variable represents
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patientés ODB profile and the 6MD Contacts

physicians the patient had during the year before their index date.

For all six models, theutcome variables were transformed to normalize their
distributions. The BoxCox transformation function in PROC TRANSREG was used to
determine the most appropriate transformatioefcient for each outcome. The
procedure recommended natural log tfarmations for four models (prescription drugs,
physician services, home care nursing services and hospitalizations), and inverse
transformations for longerm care and emergency department visits.

Bivariate analysis was used to gauge the associatiareéetindividual predictor
variables and the outcome of interest using PROC REG for categorical variables and
PROC CORR for continuous variables. Predictors were eliminated if they were not
significantly associated with the outcome.

In all of the models, e was kept as a continuous variable to minimize residual
confounding, which could have resulted if age had been classified into categories that
were too broad. This also provided a normally distributed continuous variable with
which to centre the dat&suld multicollinearity be an issue.

The models were limited to patients, who had used the particular services, i.e.:
while all patients will use ChEls and therefore at least one prescription drug, not all
patientswere expectedtuse home care nursingrgices. Consequently, the sample size
used for the home care nursing regression model was considerably less than the overall

sample size. In addition, avyalue for significance of either 0.05 or 0.01 was employed
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depending on the sample size in eaclileho For example, in the prescription drug
model, all patients were present because they all used at leasescrppion drug (their
ChEl): p = 0.01; however, a smaller numbepafients used lonrterm care, so a less
conservative yvalue was selectg@.05).

The models were fit using PROC REG,; interaction terms between predictors were
created and tested for significance. Predictors were excluded using the backward
elimination method. The effect of potential confounding variables was controlled for
within each of the linear regression models. Their impact was assessed by comparing the
percent change of the parameter estimates with them and without them in the models.
Age, gender, Charlson score, urinary incontinence, home care usage, and incqras level
explained previously, were identified a priori as the most likely confounders.
Assessment of confounders was only done if the model did not include meaningful
(significant) interaction between the variables included.

Potential confounders were indied at the outset and thus had the possibility of
being removed from the model due to rsgnificance as determined by conventional
backwards elimination. If this was the case, the confounder was thested in the
model if no interaction was preserithe model was refit with the seven key covariates
one by one using the change in estimate method with-aficietvel of 10%. At this
stage, regardless of its statistical significance, if the confounder caused a 10% change in

the parameter estimate fany of the three ChEls in the model, then it waadéed.
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The assumptions of linear regression (Independence, Homoscedasticity,
Normality and Linearitywere testedy analyzing the residuals. At this stage of
analysis, the datasets used to constrietdhgterm careneant cosand emergency
departmenimean cosimodels violated several of these assumptions. Consequently,
linear regression models for these two outcomes were not reported.

Regression diagnostics were performed to identify influentialtp@nd extreme
outliers; none of the datasets had significant outliers that required removal.

Assessment of multicollinearity was performed with PROC REG and PROC
CORR. Where multicollinearity was considered an issue, the data was centered by the
age vaiable and results were interpreted accordingly.

Results wee reported for base cases éaich of the three drugs per care category.

The same linear regression process was employed for total overall annual costs.

4.7.4Sensitivity Analysis

With the exception ofirug costs and physician service fees, measures of resource
utilization were valued according &xternal cost sources for all outcomes from
HCD/OHCAS, NACRS and CIHDAD. Cost values for length of stay for lotgym
care and emergency visits were assibaecording to MOHLTC rates from a previous
administrative database stu@®3) these prices were fixed without ranges reported. For
the other datasets, sensitivity analysis was conducted to account for uncestzantyng

cost values assigned tioe data from external sources.
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This studyused bestworstcase scenario sensitivity analysis to account for
uncertainty involving costs assigned to home care nursing hours and hospital length of
stay for hip and wrist fiitures. Scenaricanalysis involves varying parameters according
to situations that are likely to occur when treating patiéf8% Typically, this analysis
will include the base case scenario from the study tmwh®ared with the most
optimistic (best case) and most pessimistic (worst cxszjarios

Recall that nursing time in the HCD/OHCAS was valued according to the mean
hourly wage of nurses under the Ontario Nurses Association: $34.98 (2010 CANS$). For
the sensitivity analysis the descriptive analysis of total cost and mean cost per patient for
home care nursing services were redone to accommodate the difference in wage level
between low seniority nurses (no experience = $29.36) and high seniority (8 years
experience = $41.7@196) The regresion modelwas notrerun because in both
instances the wage attributed to the hours of service is a scalar quantity, which does not
affect the relationship between covariates that are and are not predictors of nursing care
costs.

Some of the cost valuesg@ed to hospital resource utilization were also
subjected to sensitivity analysis. The per diem rate from the provincial healthcare system
report applied to all dementassociated hospitalizations was a fixed rate, as were the
annual rates applied toldeim and aspiration pneumon{a94,195) However, the
provincial report detailing the per diem costs for hip fractures and wrist fractures also

presented per diem rates for each condition according to the seriousness of the injury (no
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complexity versus life threatening conditii®5). For the sensitivity analysis the

descriptive analysis of tdtaost and mean cost per patient for hip and wrist fractures

were redone to accommodate the difference in price according to seriousness of the

fracture. For hip fractures, a per diem rate of $1,593.11 represented the no complexity
category and $1,697.5@presented the lifthreatening category (recall that $1,618.11

was used in the study). Similarly, wrist fractures were valued at a per diem rate of

$1, 366n3d6c b mp kisothe bayekcase forthestidynd $1547- 40 f or

t hr eat eplaxity@d) c o

4.8 Sample Size

Sample size calculation was done prior to the analysis to determine the necessary
number of patients required to detect a small economic differéid.threetreatment
groups to compardirst a comparison athe sample size required to detect the difference
between two groups (the two that had the smallest difference in cost betweemwésem)
done, followed by determinintipe proportion of the overall patigpbpulation these two
groups represented, and tHerally correctingthe sample size to include the missing
tertile (third treatment group)Data from three studiesipplied information for this
analysis The first was a Canadian economic analysis ofttteee ChEIls by Wong et al.
(2009) that used RCT effectiveness data from the second study by Kavirajan & Schneider
(2007)(59,173) Mean costsvere extracted from these studiestfoe three ChEgroups
and their standard deviations. The third study was a Canadian popblasied study

that published the proportion of ChEI users per treatment @d®)p The combination
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of these data sources generatsdm@mple size of 26,752, whietasthen inflated (by 0.6)
to account for 40% of patiem¢ho would likely discontinue ChEI usage, which yielded a

final sample size of 44,587.
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Chapter 5

Ethical Considerations

5.1ICES policy

The Institutefor Clinical Evaluative Sciences (ICES) is an independent, non
profit organization whose infrastructure funding and data access are provided by the
Ontario Ministry of Health and Long Term Care. ICES is named as a prescribed entity
under Section 45(1) dhe Personal Health Information Protection Act. This Section
permits heatt information custodian® disclose personal health information to a
prescribed entity without individual consent for the purposes of analysis or compiling
statistical informatiomelating to the management, evaluation, monitoring, allocation of
resources to, or planning for the healthcare system.

| CES holds many of the provincial gover
databases. These include, but are not limited to, the @hteslth Insurance Plan, the
Ontario Drug Benefit program, the Canadian
Abstract Database and Saiay Surgeries, the Home Care Database, the National
Ambulatory Care Reporting Service, the Corporate Providataliase and the
Registered Persons Database.

Since the aim of this project was to analyze data to describe resource allocation
and aid in planning for the healthcare system, it met the criteria as a Section 45(1) project

at ICES and received approyedsm the ICES reviewers to proceed.
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This study was accomplished using personal health information. As such,
appropriate safeguards must be put in place to maintain the confidentiality of individual
level data. All of the data are held in a higecured fadity. By law, as a prescribed
entity, ICES policies, practices and procedures must be reviewed and approved by
Ont ar i o6 s andRrivacy Gomrhigsionerery three years. Penetration testing,
threatrisk assessment and security reviews by thady reviewers are conducted
regularly, as are internal audits. Access to data, even when anonymized, is strictly
limited.

To ensure the cdidentiality of administrative ancegistry datadentifying
information is stripped and replaced with a uniquESX ey Number (IKN). The IKN is
consistent across the different datasets, enabling such databases to be linked together. No
personal health information will be reported at the individual [ewlly aggregate data
on patientsod c haagea etd).do further pratest patient pgvacy, thene a
dataset provided to the student contains o
considered relevant to the objectives of the project. Information on characteristics will be
suppressed when salasizes are less than or equal to 5 individuals.

Recordlinkage and all analysasok place at the secured ICER@ eend6s si t e,
while all of the health information records reside ati@ES headquarters in Toronto.
Al'l staff at t he Iciil&@uagreeménts amshdetwent si gned
privacy and security orientations, including the student researcher, prior to performing

their respective roles.
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This study receivedthicsapproval througla separate submissions to the
Research Ethics Boardfeke al t h Sci ences trougful€ESN6s Uni v e
internal review committee, and the Sunnybrook Health Sciences Services Research
Ethics Board. Since this was a retrospective cohort study using health administrative
databases, the accumulation ofedftr measurement, the processing of results and the

analysisdil not pose anhgalth.i sk to patients?o
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Chapter 6

Results

6.1 Introduction

This chapter presents the results of the study. Section 6.2 details the cohort
selection process with the exclusion criteria applied to the Ontario population, and the
division of patients into treatment groups. Section 6.3 presents findings relevant to
Objective 1, including a description of the cohort regarding patient characteristics
(demographic, clinical, emnorbid status and disease severity) at baseline, ChEI treatment
persistencand drug switching. Section 6.4 considers Objectives 2 and 3npnese
descriptive statistics of resource utiliza
perspective and for each of the six categories of care (prescription drugs, physician visits,
long-term care, home care nursing, emergency visits and hiisgditan). Section 6.5
explores the effects of theéx key covariate$ gender, age, emorbid disease burden,
urinary incontinence, home caaad income quintilé on overall health system costs and
for the six categories of care. Section 6.6 preséstsasults of the multivariate linear
regression used to compare demographic and clinical predictors of annual overall costs
and for each of the six categories of care. Section 6.7 presents the results from the
best/worst case scenario sensitivity analgsid overall study trendsSection 6.8

presents the retrospective power calculation to detect differences between the groups.

117



6.2 Cohort Selection
Between April £, 2003 and March 372010, 2,224,208 individuals in Ontario

aged 66 and ovavere identified Figure 2 details results from the cohort selection: of
the 2,224,208 elderly individuals between Apfi| 2003 and March 3412010, 107,051
were considered new users of ChEIs, among which 88,266 were living in the community
(not in longterm care athe time of their index date). Of these remaining patients,
57,477 used their ChEls continuously for their first 90 days of treatment. To limit these
users to those taking them specifically for dementia, a dementia diagnosis algorithm was
employed. Of th 49,894 remaining, 9837 were further excluded because they fell out of
thetimeframe of interest (index date from Aprif, 2004 to March 3, 2009).

Out of 2,224,208 individuals, 40,057 met all the requirementhi®study.
These patients were cgtwized into three groups according to their prescribed first

ChELl: 24,347 donepezil users, 11,140 galantamine users and 4,570 rivastigmine users.

Figure 2: Cohort selection

AgedEd and older betweaen
April 1%, 2003 to March m
3155 2010

—l—

M f ChEI Included Excluded
SHHsErs 8 s 107,051 2,117,157

C itw-Druvelli Included Excluded
ommunity-Dwelling - 16,785

Continuous use for first 90 Included Excluded

days 57,877 30,783
—l—

Dementia diagnosis fwithin Included Excluded

preceding 5 years or following - -

& months post-index date) 43,834 7,583

Timeframe nfinte_rest:inden [FETEEE Excluded

date betweenApril 1, 2004 to

IMarch 31, 2009 ‘eﬂ.E? 9,837
LS L]

L}
Donepezil Galantamine Rivastipmine
VTEEI V2 AT 24,347 11,140 4,570
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6.3 Objective 1

The first objectivavas todescribeandcompare baseline patielevel factorsand
treatment persistence among the tlthle®s (donepezigalantamine and rivastigmine) in
the Ontario population. Section 6.2.1 presents the padg&eel characteristics at the time
of the index date. SectionZ2 and 6.3 provide details regarding patient ChEIl usage

(persistencand switching).

6.3.1Descriptive dharacteristics

The charateristics of the patients in thisudy are summarized in Talfle
stratified by treatment group. Variables were classified into four broad categories: 1)
demographic; 2) treatment prior to cohort entry; 3jrarbidity at baseline (prior to

index date); and 4) disease severity.
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Table 2: Descriptive characteristics of patients based on treatment groups

Variable | Type | donepezil | galantamine | rivastigmine | p-value*
Cholinesterase Use N = 24347 N =11140 N = 4570
Demographics
Gender
Female Count (%)* 15,006 (61.6) 6,709 (60.2) 2,516 (55.0) <0.0001
Male 9,341 (38.4) 4,431 (39.8) 2,045 (44.9)
Income Quintile**
Missing Count (%) 83 0.3 42 (0.4) 11 (0.1) 0.0807
1 4,955 (20.4) 2,380 (21.4) 890 (19.5)
2 4,951 (20.3) 2,311 (20.7) 930 (20.3)
3 4,806(19.7) 2,102 (18.9) 943 (20.6)
4 4,769 (19.6) 2,107 (18.9) 892 (19.5)
5 4,783 (19.6) 2,198 (19.7) 904 (19.8)
Low Income (ODB low  Count (%) 5,994 (24.6) 2,615 (23.5) 1,160 (25.4) 0.0165
income marker)
Rural Indication (Yes) 3,363 (13.8) 1,195 (10.8) 432 (9.5) <0.0001
LHIN
1) Erie St. Clair Count (%) 1,366 (5.6) 582 (5.2) 334 (7.3) <0.0001
2) South West 2,120 (8.7) 811 (7.3) 311 (6.8)
3) Waterloo
Wellington 1,129 (4.6) 627 (5.6) 381 (8.3)
4) Hamilton Niagara
Haldimand Brant 3,432(14.1) 1,511 (13.6) 417 (9.1)
5) Central West 791 (3.2) 298 (2.7) 139 (3.0)
6) Mississauga
Halton 1,619 (6.7) 538 (4.8) 517 (11.3)
7) Toronto Central 1,938 (8.0) 898 (8.1) 411 (9.0)
8) Central 2,470 (10.2) 1,290 (11.6) 676 (14.8)
9) Central East 2,247 (9.2) 1,917 (17.2) 621 (13.6)
10) South East 1,103 (4.5) 493 (4.4) 98 (2.2)
11) Champlain 3,041 (12.5) 996 (9.0) 383 (8.4)
12) North Simcoe
Muskoka 945 (3.9) 539 (4.8) 161 (3.5)
13) North East 1506 (6.2) 440 (4.0) 83(1.8)
14) North West 620 (2.6) 190 (1.7) 35(0.8)
Cohort Entry Year
2004 (SepDec) Count (%) 3,560 (14.6) 1,461 (13.1) 794 (17.4) <0.0001
2005 4,856 (19.9) 1,446 (13.0) 909 (19.9)
2006 4,622 (19.0) 2,277 (20.4) 974 (21.3)
2007 4,858 (20.0) 2,448 (22.0) 979 (21.4)
2008 5,108 (21.0) 2,829 (25.4) 753 (16.5)
2009 (JarMar) 1,343 (5.5) 679 (6.1) 161 (3.5)
Age Mean (STD)** 80.7 (6.3) 80.5 (6.3) 80.0(6.4) 0.0001
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Table2( cont 6d) : Descriptive character:i
Variable | Type | donepezil | galantamine | rivastigmine | p-value*
Treatment prior to cohort entry
Rehab visits within 1 Count (%) <5 (0) <5 (0) <5 (0)
year 0.1093
AcuteHospital within 6  Count (%) 4,919 (20.2) 2,103 (18.9) 959 (21.0) 0.0024
months
CT Scan of the head Count (%) 9,942 (40.8) 4,941 (44.3) 2,003 (43.8) <0.0001
Antidepressant within Count (%) 8,016 (32.9) 3,899 (35.0) 1,692 (37.0) <0.0001
past 1 year
Antiparkinsonian drug Count (%) 765 (3.1) 329 (2.9) 584 (12.8) <0.0001
within past 1 year
Typical Antipsychotics  Count (%) 257 (1.1) 135 (1.2) 68 (1.5) 0.032
within past 1 year
Atypical Antipsychotic Count (%) 3,042 (12.5) 1,433(12.9) 988 (21.6) <0.0001
within past 1 year
Benzodiazepine within ~ Count (%) 5,635 (23.1) 2,655 (23.8) 1,184 (25.9) 0.0003
past 1 year
Total # Physician Visits Mean (STD) 33.0 (29.2) 34.5 (28.2) 37.7 (32.1) <0.0001
Visits to Dementia 2.2(5.7) 2.6 (6.4) 3.4(8.4) <0.0001
Specialists:
a) Geriatrician Visits 0.8 (2.6) 1.1(2.9) 1.2 (3.6) <0.0001
b) Neurologist Visits 0.6 (2.0) 0.6 (1.9) 1.0(2.6) <0.0001
¢) Psychiatrist Visits 0.7 (4.4) 0.9(.1) 1.1(6.7) <0.0001
ER visits within 1 year Mean (STD) 1.0(1.8) 1.0 (1.6) 1.0(1.7) 0.011
prior
Number of DINs Mean (STD) 11.0 (6.8) 11.4 (6.8) 12.3 (7.0) <0.0001
Co-Morbidities
Myocardial Infarction Count (%) 1,333 (5.5) 722 (6.5) 315(6.9) <0.0001
Congestive Heart Failure Count (%) 1,511 (6.2) 696 (6.2) 300 (6.6) 0.6552
Peripheral Vascular Count (%) 653 (2.7) 320 (2.9) 138 (3.0) 0.335
Disease
Cerebrovascular Disease Count (%) 1,769 (7.3) 965 (8.7) 364 (8.0) <0.0001
Chront Obstructive Count (%) 1,465 (6.0) 671 (6.0) 263 (5.7) 0.7779
Pulmonary Disease
Rheumatidike Disease  Count (%) 181 (0.7) 83 (0.7) 43 (0.9) 0.356
Ulcers of the Digestive  Count (%) 464 (1.9) 220 (2.0) 87 (1.9) 0.9024
System
Liver Disease (Mild) Count (%) 78 (0.3) 34 (0.3) 22 (0.5) 0.1836
Diabetes (No chronic Count(%) 1,615 (6.6) 788 (7.1) 344 (7.5) 0.0513
complications)
Diabetes (chronic Count (%) 920 (3.8) 512 (4.6) 194 (4.2) 0.0011
complications)
Hemi/Paraplegia Count (%) 185 (0.8) 104 (0.9) 39 (0.8) 0.2327
Renal or Kidney Disease Count (%) 668 (2.7) 327 (2.9) 170 (3.7) 0.0015
Cancer (No Secondary) Count (%) 1,408 (5.8) 623 (5.6) 256 (5.6) 0.731
Liver Disease (Severe)  Count (%) 36 (0.1) 12 (0.1) 9(0.2) 0.3771
Cancer (Metastatic) Count (%) 203 (0.8) 85 (0.8) 35 (0.8) 0.7467
HIV/AIDS Count (%) <5 <5 <5 0.2731
Charl son Sc Mean(STD) 0.69 (1.3) 0.73 (1.4) 0.75(1.4) 0.0008
Hearing Impairment Count (%) 584 (2.4) 265 (2.4) 99 (2.2) 0.6348
Malnutrition Count (%) 49 (0.2) 15 (0.1) 8(0.2) 0.3875
Visual Impairment Count (%) 3,671 (15.1) 1,713 (15.4) 676 (14.8) 0.6104
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Table2( cont 6d): Descriptive characteristics

Variable | Type | donepezil | galantamine | rivastigmine | p-value*
Dementia Severity Indicator

Aspiration Pneumonia Count (%) 21(0.1) 10 (0.1) 5(0.1) 0.9357
Delirium Count (%) 766 (3.1) 334 (3.0) 108 (3.7) 0.0848
Falls Count (%) 534 (2.2) 237 (2.1) 75 (1.6) 0.0581
Hip Fractures Count (%) 399 (1.6) 167 (1.5) 65 (1.4) 0.4189
Urinary Incontinence Count (%) 2,529 (10.4) 1,222 (11.0) 593 (13.0) <0.0001
Fecal Incontinence Count (%) 12 (0) <5 (0) <5 (0) 0.3871
Pressure Ulcers Count (%) 176 (0.7) 74 (0.7) 33 (0.7) 0.8219
Home Care Nursing Count (%) 3,072 (12.6) 1,470 (13.2) 569 (12.4) 0.2546
Services

Home Care Count (%) 8,958 (36.8) 4,261 (38.2) 1,814 (39.7)  0.0002
Home Care Visits Mean (STD) 22.8 (75.8) 21.8 (72.1) 25.0 (82.6) 0.0537
Hospital visit within 5 Mean (STD) 1.1 (1.6) 1.1 (1.6) 1.1 (1.6) 0.0369
years

Note: DINs = Drug Identification Numbers (or the number of unique drugs a pegeaived).

* The pvalues in this table are very small (highly significant), but this is likely a restlieddrge sample size. When interpreting these results, the
differences in proportions or means should be considered as well, some of which do not seem so different despite h&ving p<0.0

** Income Quintile values were suppressed as per ICES policy anddeettay varied from region to region.

Qell size and percentages suppressed to preserve confidentiality in compliance with ICES policy
O'dbhrison score = cumulative Charlsormorbidity index score, excluding the point for dementia

Table Z2illustrates that the thre8hEIl groups had comparable baseline
demographic characteristics, although some differences between the groups are worth
noting. While mean age and indices of socioeconomic status-i@ebincome quintile
and low income statuas indicated from ODB records) were sanfior the thre€ChEl
groups, rivastigmine users were more likely to be male compared with the other two
groups (45.0% compared with 38.4% and 39.8% of donepezil and galantamine users,
respectively), and rural riekency was significantly higher among donepezil users than
the other two ChEls (13.8% compared with 10.8% and 9.5% for galantamine and
rivastigmine, respectively). Cohort entry year was examined for trends in ChEl
prescription over time: the number of ndenepezil users grew steadily, galantamine use

experienced a surge between 2005 and 2006 (from 13.0% to 20.4% of its use in one year)

122



along with consistent growth in the number of new users over time; and rivastigmine use
experienced growth from 2004 t0@5, stabilized and then declined from 2007 onwards.

Regarding previous treatment received, rivastigmine users had more interaction
with health services prior to their index date than users of the other ChEls; the proportion
of rivastigmine users visitinghysicians was slightly higher than for the other groups,
and the most pronounced differences occurred for uses of antiparkinson drugs (12.8% for
rivastigmine compared with 3.0% use for donepezil and galantamine) and atypical
antipsychotic medications (&P6 for rivastigmine compared with 12.5% and 12.9 for
donepezil and galantamine, respectively). Multiple comparison tests determined a
significantly higher proportion of patients in the rivastigmine group made use of
treatments than those in either the ejegwil or galantamine groups. Treatment use prior
to cohort entry was only statistically different between donepezil and galantamine users
for all physician visits (including geriatricians, neurologists and psychiatrists), and the
number of DINs.

The Chalson cemorbidity index indicated that the average user of any of the
drugs had approximately one other majomeorbid condition (donepezil = 0.69,
galantamine = 0.73 and rivastigmine = 0.75). When examined individuallyfcamlgf
the 16 Charlson corittbns were statistically different across the treatment groups:
myocardial infarctions occurred more frequently among rivastigmine users than
donepezil and galantamine users (6.9% compared with 5.5% and 6.5%, respectively);

more galantamine users had teovascular disease than donepezil users (8.7%
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compared with 7.3%not statistically higher than rivastigmine); diabetes with chronic
complications occurred more frequently among galantamine users than donepezil users
(4.6% compared with 3.8%), but notaistigmine users; and renal/kidney disease
occurred more frequently among rivastigmine users compared to donepezil (3.7%
compared with 2.8%), but not galantamine users:-m@didity burden did not differ
between the treatment groups for conditions nduded in the Charlson index (e.g.

hearing and visual impairment, malnutrition).

Of the 11 proxy indicators for dementia severity, only two varied across the
treatment groups. Urinary incontinence was statistically higher among rivastigmine users
comparedvith donepezil and galantamine users (13.0% compared with 10.4% and
11.0%, respectively); the difference between donepezil and galantamine users was not
significant. While home care usage was significantly lower among donepezil users than
both galantaminand rivastigmine users (36.8% compared with 38.3% and 39.7%,
respectively, p = 0.0002), use of home care nursing services was not statistically different

amang any of the groups (p = 025

6.3.2Treatment persistence

Approximately 40% of patientsere anticiptedto discontinue their treatment
during the course of their first ye@#,94,142145). Figure2 shows the KaplaMeier
curve of ChEIl use up to 12 months: the top line corresponds to galantamine users and the
bottom line represents rivastigmine use. For Kaplaier curves of ChEpersistence

for 6month and 9month, see Appendix Figures 1 & 2. élproportion of users among
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the three treatment groups who adhered to treatment declined over time: after six months,
persistencevas 80.2% for donepezil, 82.6% for galantamine and 76.3% for rivastigmine
(see Appendix Table 2); after nine monthsisistenedecreased to 70.2% for donepezil,
73.6% for galantamine and 64.9% for rivastigmine (see Appendix Table 3); and at one
year,persistencevas 63.1% for donepezil, 67.0% for galantamine and 57.0% for
rivastigmine (see Appendix Table 4). The odds of disooation among the treatment
groups increased over time: at six months, the odds of discontinuation were 1.47 (95% CI
1.36, 1.60) and 1.26 (95% CI 1.17, 1.36) times higher for rivastigmine than galantamine
and donepezil, respectively; at nine monthsaithés of discontinuation were 1.51 (1.40,
1.62) and 1.27 (1.19, 1.36) times higher for rivastigmine than galantamine and donepezil,
respectively; and, at one year, the odds were 1.53 (1.43, 1.64) and 1.29 (1.21, 1.36)
higher for rivastigmine than the oth®ro groups. Log rank (cksquared) tests

determined that these differences were statistically significant (p <0.0001) at 6, 9 and 12

months after index date.
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Figure 3: ChEl use for up to 12 months among treatment groups
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The effect of covariates was tested. Though considerable variapensistence
across LHINs was observed (ranging from 67.1% in LHINs 3 and 11 to 59.2% in LHIN
7) these differences were not statistically significant (see Appendix Table 5 & Figure 3).
Exploring the cohort entry year variable provided evidencepaistencéncreased
over the years persistencevas 61.3% for those starting treatment in 2004 and this
gradually increased to 66.0% in 2009 (see Appendix Figure 4 & Table 6). Age did not
display any significant effect on treatmemtrsistenc¢p=0.33 (see Appendix Figure 5 &
Table 7). The overaplersistenceate for the cohort, regardless of treatment group was

63.5%.
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6.3.3Drug switching

The overall rate of switching among all treatmermiugrs was 12.4%, or 4,980
patients out of 40,057; this means that 35,077 (87.6%) were consistent users of their first
ChEI. The rates of switching for each treatment group were 12.7% among donepezil
users, 9.6% for galantamine and 18.0% for rivastigmirtee odds of switching were
2.07 (1.88, 2.28) higher among rivastigmine users than galantamine users, 1.52 (1.39,
1.65) higher for rivastigmine than donepezil, and 1.37 (1.27, 1.47) times higher among
donepezil users compared with galantamine users.

Removirg patients who switched from the analysis impropesistenceverall.
Figure 3 shows the survival curves of ChEI users stratified by their switching status and
demonstrates thakersistencevas higher among patients who did not switch ChEls.
Table3 provides the rates gfersistencaccording to switching status: patients with
continuous of donepezil, galantamine or rivastigmine had higher rgpessigtenceéhan
others who switched. Considering only patients with continuous use (no switching) of
thar initial ChEl, drugpersistenceates were 67.7% for donepezil, 71.2% for

galantamine and 64.3% for rivastigmine.
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Figure 4:

Effect of switching on drugpersistenceamong the three user groups
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Table 3: Drug persistenceaccording to switching status

Switching status| Total Discontinued | Complied | % Complied

GG (continuous) 10,070 2,901 7,169 71.2
DD (continuous)| 21,261 6,871 14,390 67.7
RR (continuous) 3,746 1,339 2,407 64.3
DR (switch) 927 596 331 35.7
GR (switch) 320 211 109 34.1
DG (switch) 2,159 1511 648 30.0
RG (switch) 364 261 103 28.3
GD (switch) 750 562 188 25.1
RD (switch) 460 364 96 20.9
Total 40,057 14,616 25441 63.5
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6.4 Objectives 2 and 3

The second objectiviead two parts. The firstas to describe health resource
utilization and costs to the health system overall and for the six categories of care: 1)
ChEI and prescription drugs; 2) physician visits; 3) legn care; 4) home care nursing
services; 5) emesycy care Vvigs; and, 6) hospitalizations). The second part was to
examinepatientlevel factas associated with costs for the six categories of care.

The third objective was to compare health resource utilization and costs among
the three treatmemgfroups.

Sections 6.4.1 presents the unit costs found in the literature review of relevant
Canadian cost sources, and presents a summary of total and per patient resource
utilization and costs. Sections 6.4.2 to 6.4.8 present the detailed overall palteaitio
resource utilization and costs well as for six categories of care. Each section presents
results from the multiple group statistical comparison for the mean costs.

Figure 4 presents the number of patients in each of the six categories of care
Some categories included all patients in the sample (40,057; donepezil = 24,347,
galantamine = 11,140; rivastigmine = 4,570), while others contained fewer than the total
number of patients in the sample. Analysis for each category was limited thvosdy t

patients who made use of the health services indicated.
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Figure 5: The number of patients per category of care

6.4.1Summary of resource utilization and cost

Table4 provides the unit of health service and the associatedecgst¢ost per
tablet of donepezil), as well as the values used for the sensitivity analysis. These were

extracted from provincial health service rates and relevant Canadian studies.
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