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ABSTRACT

Introduction:

Cost-effectiveness analysis (CEA) is a well-established framework that is
used to estimate the incremental costs per unit of the benefit provided by an
intervention. While CEA is increasingly used to inform value assessment of the
interventions by healthcare professionals and policy makers, most do not take into
account medication adherence in their analyses. One important aspect that still lacks
clarity is how to incorporate adherence in the analysis. This dissertation is conducted
to acknowledge the abovementioned gap in current understanding in regard to the
method of incorporating medication adherence in the CEA by using asthma as a case
study. It is comprised of three individual studies chapter by chapter. The first study is
to (1) explore the extent of CEA of asthma considering adherence as part of their
analyses, and (2) summarize the methods of incorporating adherence in the economic
models. The second study is to (3) associate medication adherence and severe asthma
exacerbation, and its findings would deliver current evidence of such quantitative
interrelations that were incorporated in the CEA of an added on omalizumab
compared with the standard care in the third study, which is to (4) evaluate the impact
of incorporating medication adherence affecting exacerbation on the results of cost-
effectiveness analysis.

Methods:



In the first study, a systematic review was conducted in 4 databases;
PubMed, EMBASE, NHS EED, and the Tufts CEA registry. Model-based CEA of
asthma were identified, while the outcomes of interest were the number of studies
incorporating adherence in the analysis, and the incorporating methods. All the CEA
were reviewed to summarize adherence data, methods of incorporating adherence, and
the impact of adherence on the cost-effectiveness results. In the second study, another
systematic review was undertaken in the following databases; PubMed, Cochrane
CENTRAL, EMBASE and ClinicalTrials.gov. Randomized-controlled trials, cohort
and case-control studies which investigated the effect of adherence to controller
medications on severe asthma exacerbation were included. A pairwise meta-analysis
under a random-effects model was performed to provide pooled estimates of the
associations between adherence and severe exacerbation. Lastly, a Markov model
economic evaluation was conducted to determine the impact of incorporating
adherence on the CEA’s results among patients with severe persistent asthma using an
added on omalizumab compared to the standard care treatment in Thailand. A
quantitative interrelations between adherence and exacerbation were incorporated in
the Markov model, and the outcomes of interest were the numbers of exacerbations,
life years (LY), quality-adjusted life years (QALY), lifetime costs, and the
incremental cost-effectiveness ratios (ICER) of individual adherence levels.

Results:

In the first study, from 1,587 articles, 23 studies were decision model-based
CEA of asthma, of which, four CEA (17.4%) incorporated adherence in the analyses.
Only the method of incorporating adherence by adjusting treatment effectiveness
according to adherence levels was demonstrated in this review in which two
approaches were used to derive the associations; the first was to apply a mathematical
formula developed by an expert panel, and the second was to extrapolate the
associations from previous published studies. Secondly, the meta-analyses revealed
that the odd of exacerbation among the patients with greater than or equal to (>) 80%
adherence was lowered by 47% [odds ratio, OR = 0.53 (95% confidence interval, CI:
0.42, 0.66), P < 0.001] compared to less than (<) 80%. When compared to < 20%
adherence, a 33% reduction in the odds [OR = 0.67 (95% CI: 0.53, 0.86), P = 0.001]



was associated with the patients achieving > 50% adherence, while a decrease in
exacerbation was not associated with 20 - 49% adherence [OR = 0.94 (95% CI: 0.85,
1.04), P = 0.22]. In addition, a 2.4 fold increase in the odds [OR = 2.4 (95% CI: 2.1,
2.7), P < 0.001] was associated with the discontinuation of treatment. Lastly, the
economic evaluation of incorporating adherence among 100 severe asthmatic patients
showed that patients using an added on omalizumab with > 80% adherence
experienced a lower number of exacerbations [-43.88% (95% credible interval, Crl: -
47.94%, -39.26%)] compared with the standard care, while those with < 80%
adherence experienced a higher number [13.51% (95% Crl: 5.58%, 23.11%)]. All
patients were associated with increased LY, and demonstrated a trend towards an
increase in QALY, however, their lifetime costs were substantial, resulting in
considerable ICER.

Conclusion:

In this dissertation, we gather all relevant evidence regarding the current
knowledge of the methods used to incorporate adherence in the CEA of asthma,
demonstrate the method of incorporating adherence using the associations of
adherence affecting severe exacerbation, as well as evaluate its impact on the results
of cost-effectiveness. Our findings are evidence which will allow researchers,
healthcare professionals and policy makers to incorporate adherence in their economic
analysis for a better informed policy decision-making and future research

development in regard to this area.
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CHAPTER I: INTRODUCTION

Background and rational

Cost-effectiveness analysis ( CEA) is a well-established framework that is
used to estimate the incremental costs per unit of the incremental benefits provided by
an intervention [1]. Results of the cost-effectiveness referred to as an incremental
cost-effectiveness ratio (ICER) is used as a supportive document, enabling healthcare
professionals and policy makers to make effective decisions relating to health
technology assessment (HTA) of the interventions [2]. To date, CEA is increasingly
used to inform value assessment of the interventions by healthcare professionals and
policy makers. However, most do not consider adherence of the patients in their
analyses. Previous literature reviews investigated the CEA that included adherence in
the analyses. A systematic review by Rosen et al [3] demonstrated that among 177
studies, less than one-third (54) were integrated suboptimal adherence in the analyses.
A study by Hughes et al [4] evaluated the impact of non-adherence on the results of
cost-effectiveness among different drug therapies. The authors included 22 studies,
and showed non-adherence reduced the efficacy of therapies but its impact on
healthcare costs were varied. Another study by Cleemput et al [5] reviewed literature
on the economics of therapeutic non-adherence, and identified methodology flaws.
Eighteen studies were included, and being assessed according to their definition,
measurement of adherence, study design, as well as identification and valuation of
costs and outcomes. The results indicated that most studies lacked methodological
rigor, and failed to meet qualitative standards. The most updated review conducted in
2007 by Hughes et al [6] highlighted the importance of integrating adherence in the
CEA. Although the methods of incorporating adherence were characterized, there was
a great deal of inconsistency in adherence definitions, and the integrating methods
from study to study. In addition, the authors only included 10 studies in the analysis
which resulted in limited generalizability of the findings across therapeutic areas.

This dissertation was conducted to acknowledge the abovementioned gap in
the current understanding of the method of incorporating adherence in CEA. Due to a

growing number of CEA across therapeutic areas, we scoped the diseases of interest



12

to increase a feasibility in conducting this dissertation, and chose asthma as the
selected case study because it is one of the most commonly known chronic respiratory
diseases, affecting approximately 300 million people worldwide, and its prevalence
has been increasing over the last few decades [7, 8]. Healthcare utilizations for asthma
were very high and expected to reach 2% of the total healthcare expenditure in
developed countries [7]. In Thailand, there is currently a total of 6,808 deaths due to
asthma, which is approximately 1.4% of the top fifty causes of death, and is
considered as one of the top twenty throughout the country [9]. While non-adherence
is a common and costly problem for the treatment of asthma, the evidence revealed
that 50% of children and adults did not take their prescribed medications which was
associated with uncontrolled symptoms, and an increase in exacerbation rates and
deaths [10, 11]. The importance of adherence was demonstrated in previous studies,
and showed that its increase was associated with the improvement of asthma control
and lung function, as well as reducing exacerbation rates and healthcare utilizations
[12-17].

While CEA is increasingly used to inform value assessment of the
interventions, most do not take into account adherence in their analyses. One
important aspect that still lacks clarity is how to incorporate it in the analysis. To our
knowledge, no previous studies have provided an insight into the methods of
incorporating adherence in the CEA of asthma, thus information on such practices is
still limited. This dissertation is comprised of 3 separate studies which were carried
out to address the various points of this question. The first was conducted to (1)
explore the extent of studies considering adherence as part of the CEA, and ( 2)
summarize the methods of incorporating adherence in the economic models. The
findings would provide an insight of how frequently CEA of asthma considered
adherence, and current knowledge of the methods used to incorporate it in the
economic models. The second study was conducted to (3) assess the associations
between adherence and severe asthma exacerbation, and the findings would deliver
relevant evidence of such quantitative interrelations that were incorporated in the
CEA of an added on omalizumab compared with the standard care in the third study,

which was conducted to (4) evaluate the impact of incorporating adherence affecting
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exacerbation on the results. The conceptual framework of this dissertation is outlined

in Figure 1.
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Expected benefits

In this dissertation, we gathered all relevant evidence regarding the current
knowledge of the methods used to incorporate adherence in the CEA of asthma,
demonstrated the method of incorporating adherence using the associations of
adherence affecting severe exacerbation, and evaluated the impact of incorporating
adherence on the cost-effectiveness results. We believe that the value of this is
manifold: to provide researchers, healthcare professionals and policy makers with
current evidence of the extent of studies considering adherence as part of the CEA of
asthma, and the methods of incorporating it in the economic models, as well as
demonstrating our method using the association of adherence and severe
exacerbation, while evaluating its impact on the results. Our findings are evidence that
will allow researchers, healthcare professionals and policy makers to incorporate
adherence in their economic analysis for better informed policy decision-making and

future research development in this area.
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CHAPTER II: LITERATURE REVIEW

Economic evaluation

Economics is defined as “the science which studies human behaviour as a
relationship between ends and scarce means which have alternative uses” [18]. The
objective of economics is to maximize human welfare or utility. It is important that
the allocation of resources is done efficiently in the community. Economic evaluation
is the process of systematic identification, measurement, and valuation of the inputs
and outcomes among alternative activities which is conducted to determine the
relative efficiency of the health interventions ( or programs) . More specifically,
economic evaluation is the understanding and use of economic evidence in the
decision-making process. The objective of this is to identify the best intervention (or
program) based on available evidence, and to provide decisions to the policy makers

regarding the value of a particular intervention (or program) [1].

Types of economic evaluation

Economic evaluation can be classified into 2 categories: partial and full.
Partial economic evaluation measures costs and/or health outcomes of intervention
which can be either involved in a comparison between alternative interventions or not.
The types of partial economic evaluation are cost description, outcome description,
cost-outcome description, cost analysis, and outcome analysis. Full economic
evaluation measures costs and health outcomes of interventions compared to 2 or
more alternative interventions. The types of this are cost-minimization, benefit,

effectiveness, and utility analyses [19] (Table 1).
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Table 1. Types of economic evaluation

c\.

E No

)

©

- Only cost Only outcome es

(5]

G measured measured

| .

2 Cost Outcome o

2 No o o Cost-outcome description
= description description

8 Full economic evaluation

o

o 1) Cost-minimization analysis
S Cost Outcome ) )

£ Yes / ] 2) Cost-benefit analysis

o analysis analysis

3) Cost-effectveness analysis

4) Cost-utlity analysis

Are both costs and outcomes measured?

Cost-minimization analysis ( CMA) is used to compare the costs of
intervention and comparator in which health outcomes are presumed to be equal. The
analysis may be useful in only some circumstances because the health outcomes are
rarely the same [1]. Cost-benefit analysis (CBA) is used to compare the costs and
health outcomes expressed in monetary value which is estimated by willingness-to-
pay (WTP) or human capital approaches. The WTP is assessed by patients making a
decision on monetary value that satisfies the trade-off between health benefit and
money, while human capital estimates monetary value in terms of productive value of
the people. Two methods used to calculate the results: net benefit and cost-to-benefit
ratio. Net benefit uses health benefits minus the cost of interventions, and cost-to-
benefit ratio uses costs divided by the benefits. A positive net benefit indicates the
intervention is worthwhile, while the intervention that shows less cost-to-benefit ratio
is considered a preferred intervention.

Cost-effectivness analysis (CEA) is used to compare the cost of interventions
with health outcomes, measured in the identical unit, i.e., the reduction in blood

pressure, life years (LY) gained. The additional costs and health outcomes are used to
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calculate the incremental cost-effectivness ratio (ICER) by using incremental costs
divided by incremental outcomes. The alternative intervention that shows less ICER is
considered a preferred intervention. Cost-utility analysis (CUA) is used to compare
the cost of interventions with health outcomes that do not necessarily need to be
measured in the same unit. When alternative interventions produce outcomes in terms
of both quantity and quality of life, the effects are expressed in a utility unit
comprised of both length of life and subjective levels of well-being. The best known
utility measurement is quality-adjusted life years (QALY’) which is the comprehensive
outcome measurement including both quality and survival information. The
alternative interventions are relatively compared using cost per utility unit (or cost per
QALY gained), and that with less ICER is considered a preferred option. Given many
researchers apply the terms of CEA and CUA synonymously [20], we

correspondingly refer both as a CEA in this dissertation.

Framing and designing the economic analysis

Randomized-controlled trial (RCT) is frequently used as a vehicle for
economic evaluations [21].The evidence revealed that over 30% of economic
evaluations that were included in the National Health Service (NHS) Economic
Evaluation Database, used the data from a single RCT. There were several reasons
that supported conducting this type of study [22]. Firstly, an economic evaluation
alongside RCT provides access to the data among individual patients to which a
variety of analytical techniques regarding the clinical and economic perspectives can
be applied. Secondly, using the data from RCT delivers an early opportunity to
generate results of cost-effectiveness, because the RCT is performed due to a lack of
knowledge on treatment effects. Lastly, trial-based economic evaluations are likely to
demonstrate low marginal costs when compared to another type of study. However,
the use of a single RCT does not always provide a sufficient basis to conduct an
economic evaluation, which is limited by the study methodology, i.e., characteristics
of parcitipants, interventions, comparators, time horizons, and study settings as well
as failure to integrate all relevant information from other trials, observational studies,
and meta-analyses [23], especially adherence data of the patients which is the main
focus of this disseration. Taking these limitations into account, the use of trial-based
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economic evaluation was out of the scope of this dissertation. We focused on
economic evaluation using decision analytical modelling, because our primary
objective was on the methods of incorporating adherence in the economic model.
When conducting an economic evaluation using decision analytical
modelling, many factors needed to be considered to maintain progression, and prevent
any analytical pitfalls that may occur throughout the study. The choice of study
perspective is an important methodological decision, because it initially defines which
costs and health outcomes would be counted and valued. The broadest perspective is a
societal one that includes all costs and health outcomes in the analysis, while other
perspectives are government, healthcare, payer, and patient or family. The target
population is for whom the intervention is intended, and should be clearly identified
in the analysis. An example of the target population are individuals of a given sex and
age, who live in specific regions and suffer from diseases, etc. Alternative
interventions and comparators should be clearly defined along with their contents, i.e.,
descriptions of treatments, doses, and durations. The choices of comparators can be
those routinely used in general practice or existing standards of care, while time
horizon is generally used to capture all the costs and health outcomes that would
happen in the future. Regarding the relevant data on costs and health outcomes, these

can be collected via primary or secondary data sources accordingly.

Economic evaluation guidelines

Economic evaluation guidelines are used to design and conduct economic
evaluation study, and they also included a template for evaluating and reporting the
study. The guidelines are classified into 3 categories: (1) published recommendations
(2) guidelines, and (3) submission guidelines [24] ( Table 2). Firstly, economic
evaluation recommendations are defined as the country-specific recommendations,
published by experts in the field but are not “officially” recognized or required by the
healthcare decision makers for reimbursement. They are used in 10 countries; Austria,
China, Croatia, Denmark, Hungary, Italy, Russian Federation, Spain, South Africa,
and the United States (US).Secondly, economic evaluation guidelines are defined as
country-specific “official” guidelines that are recognized or required by the healthcare

decision makers for reimbursement. They are used in 24 countries/ regions; Baltic
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( Latvia, Lithuania, Estonia) , Belgium, Brazil, Canada, Colombia, Cuba, Egypt,
France, Germany, lIreland, Malaysia, Mexico, MERCOSUR ( Argentina, Brazil,
Paraguay, Uruguay), New Zealand, Norway, Portugal, South Korea, Slovak Republic,
Slovenia, Sweden, Switzerland, Taiwan, and the Netherlands. Lastly, economic
evaluation submission guidelines are defined as country-specific “official” guidelines
or policies concerning drug submission requirements with economic evaluation,
which are required by the healthcare decision makers for reimbursement. They are
used in 8 countries; Australia, England & Wales, Finland, Israel, Poland, Scotland,
Spain, and Thailand.

Table 2. Economic evaluation recommendations/guidelines/submission

guidelines worldwide

Regions Recommendations Guidelines Submission guidelines
1) Africa South Africa Egypt
Brazil
Colombia
Cuba
) Mexico
2) America-
_ MERCOSUR
Latin .
(Argentina,
Brazil,
Paraguay,
Uruguay)
3) America- )
United States Canada
North
Taiwan
. . Israel
4) Asia China South Korea )
] Thailand
Malaysia
Austria Baltic (Latvia, England & Wales
5) Europe

Denmark Lithuania, Finland
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Regions Recommendations Guidelines Submission guidelines
Hungary Estonia) Poland
Italy Belgium Scotland
Russian Federation France Spain-Catalonia region
Spain Germany
Croatia Ireland

Netherlands
Norway
Portugal

Slovak Republic
Slovenia
Sweden

Switzerland

6) Oceania New Zealand  Australia

Medication adherence

Adherence of the patients includes 2 different aspects: compliance and
persistence. Compliance is defined as the extent to how a patient acts in accordance
with the prescribed dose and interval of a treatment regimen, while persistence is the
duration of time from initiation to discontinuation of therapy [25]. Adherence can be
defined as the extent of how a person’ s behaviour corresponds with agreed
recommendations from a healthcare provider [26]. Pharmacoadherence is another
adherence term defined in a study by Chisholm-Burns and Spivey [27] as the extent to
which a patient followed a given therapeutic medication regimen agreed on in
partnership with healthcare professionals.

Different procedures have been used to estimate adherence: (1) subjective (2)
objective, and (3) biomedical [26]. The subjective method is used to rate medication-
taking behaviour by healthcare providers or the patients themselves [28], and is the
most commonly used, but the drawback of this is the degree of overestimating when
providers rate their patients [29-31]. Similarly, rating inaccuracy is another issue for
the patients who refuse to follow the providers’ advice [32]. The objective method

consists of counting (or weighing), electronic monitoring, and secondary database
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analysis [29, 33]. Counting (or weighing) is used to calculate the number of doses that
have been taken by the patients between visits, and is more reliable than the
subjective way [34]. However, counting inaccuracy is frequently observed, resulting
in overestimation [35], while important adherence data, e. g., timing of dosage,
patterns of missed dosages, is not taken into account by using this method [26].
Electronic monitoring devices can be integrated into medication dispensers, and
record the date and time when they were opened [36-38]. It helps identify adherence
data, e. g., medication-taking patterns, timing of dosage, and describes patients’
adherence with specific dose at particular time. Unfortunately, this method is limited
due to the expensive devices and the bulkiness of the containers [37, 38]. Secondary
database analysis uses primary adherence data, e.g. electronic prescriptions and
pharmacy insurance claims, to assess patients refilled patterns based on the
assumption that they correlate with their medication-taking behaviour [37]. The major
problem is the incomplete data due to the lack of availability and quality acquired
from different sources. The biochemical method is the most accurate which is used to
estimate the amount of drug or its metabolite in the body fluid, and should be
performed with caution since several factors can influence its detection, i.e., diet,
absorption, digestion, and excretion [38].

Patients’ refilled patterns can be calculated using different equations ( Table
3). Continuous single interval measure of medication availability (CSA) uses days'
supply of medication divided by days in the interval, while continuous measure of
medication acquisition (CMA) uses days' supply of medication divided by the total
days from the beginning to the end of the term. Compliance rate (CR) uses the sum of
the days' supplies minus days' supply obtained at the last dispensation divided by the
total days from the first up to but excluding the last dispensation. Days between fills
adherence rate ( DBAR) uses the days' supply subtracted from days between
dispensations divided by the days between dispensations. The dividend is subtracted
from 1 to become adherence value, and that multiplying by 100 to provide adherence
percentage. Continuous single interval measure of medication gaps (CSG) uses days
of treatment gap divided by days in the interval. While continuous measure of
medication gaps (CMG) uses total days of treatment gaps divided by the total days of
the study period.
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Continuous multiple interval measure of oversupply (CMQOS) uses total days
of treatment gaps or surplus divided by the days of the study period. Medication
possession ratio (MPR) is the ratio of the days' supply of medication to the days of the
study period. Modified medication possession ratio (MMPR) is adapted by using days'
supply of medication divided by the sum of the days between dispensations, and days'
supply of medication obtained at the last dispensation, then multiplied by 100 to
become the percentages. A percent adherence value or medication refill adherence
(MRA) uses the total days' supply of medication divided by the total days of the study
period, then multiplied by 100. Proportion of days covered (PDC) uses the total days'
supply divided by the total days of the study period which is capped at 1 to prevent

overestimating the results.
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A Comparison of the measurements of adherence

In general, non-adherence is found to be higher with inhaled medications than
tablets, and increases comparatively following the doses prescribed per day [39]. A
study by Rand et al [40] asssessed the use of inhalers, prescribed to be taken 3 times a
day, among the participants from 2 centers in the US Lung Health Study clinical trial.
The authors recorded adherence of the participants by using self-report and canister
weight change, then compared these findings with the data retrieved from a
microprocessor monitoring device, the Nebulizer Chronolog (NC), which recorded
the date and time of individual inhaler actuation. The results demonstrated 73% of the
participants reported using their inhalers an average of 3 times daily, but the NC data
revealed only 15% of them used it 2.5 or more times daily. Another study by Coutts et
al [41] investigated the use of inhaled prophylactic treatment in children with
moderate to severe asthma. All subjects were issued with a diary card and an
initialised NC to score their inhaler use, and the results revealed that all children
reported better adherence than the recording, while the underuse of medications was
recorded as 55% of the study days. The patients with 2 times daily adhered to their
treatment on 71% of days compared with only 18% for those on a 4 times daily
regimen. Even though these monitoring devices generate more accurate information
of adherence than other methods, the drawback is that they are not able to record
whether the medication was actually taken despite being removed from an inhaler
canister. Some of the newer electronic devices now have integrated flow sensors that
have the capability of tracking actual inhaler use, which may be considered as one of
the methods used to measure adherence of the patients using inhaled medications.

A systematic review by Engelkes et al [42] reviewed the methods of
measuring adherence to controller medications among asthmatic patients, with various
methods being used from study to study. Of the 24 included studies, refilled
prescription data was most commonly used. Despite its convenience and
competitiveness, the major problems were the lack of data completeness, and the
quality of evidence collected from different sources [37]. Electronic monitoring
devices identified patient adherence with specific doses at particular times.
Unfortunately, the use of these device applications were limited, presumably due to
their expense and inconvenience [38]. The number of unit doses taken by the patients
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were calculated by counting and weighing them. Although this method was reliable,
inaccuracies were frequently observed [35]. Self-reported use of medications was
often used, but the drawback of this was the healthcare providers’ over-estimation
when rating their patients’ adherence [30], while inaccuracies were observed when
patients refused to follow the providers’ advice [32]. Biochemical measurement
assessed the amount of drug or its metabolite in the body fluid. While many elements
were able to influence the method of detection, e.g. diet, absorption, etc., this was the
most accurate adherence measurement for systemic medications [38]. Unfortunately,
this only applied to some medications that were used in clinical practices, such as,
theophylline and omalizumab [39].

Measuring adherence is challenging because it depends not only on
individual factors (patient behaviour and clinical characteristics), but also external
factors (friends, family, and healthcare providers). There is currently no unified best
practice, so with respect to some advantages of the abovementioned methods, use of
combined approaches may be desirable. Further research is warranted to develop new
approaches that will add greater value to the measurement of adherence for patient

care.

Methods of incorporating adherence in cost-effectiveness analysis

Several reviews investigated the methods of incorporating adherence in the
CEA. A study by Hughes et al [4] investigated the techniques used to accommodate
non-adherence, and estimate its impact on the cost-effectiveness results. The authors
included a total of 22 CEA, and showed that only a few adapted clear adherence
definitions, while the remaining did not clearly define this, and provided no useful
information. The majority of studies employed a decision tree model, while others
used the Markov model. Most studies applied the sources of adherence data from the
clinical studies followed by the values that were based on assumptions or expert
opinions, while some studies did not state the data sources. For a change in the
likelihoods of disease progressions or assessed outcomes in non-adherence patients,
many studies relied on expert opinions, and only a few made reference to evidence-

based sources of the clinical trials. The results of this review demonstrated non-
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adherence could affect the study findings by decreasing the efficacy of medications,
but its effects on healthcare costs were varied.

Another review by Cleemput et al [5] identified the methodology flaws and
formulated recommendations for future economic evaluation. Eighteen studies were
included in this review demonstrating a variety of non-adherence terms and its
measurements. Most of the studies used multiplicative method to estimate costs
associated with non-adherence by multiplying non-adherence rates with hospital
charges or expenses, i.e., multiplied non-adherence rates with the costs of healthcare
services or used the number of hospitalization days multiplied by per diem. The
method may not be a good representative of the cost because it did not reflect the real
value. It is important to be aware of adherence definitions and the relevant data that
were applied in the analysis. Measuring every single cost item in detail would be
ideal, and the most valid approach despite being resources-demanding. In addition,
treatment costs are needed to be adjusted according to non-adherence or experts’
assumptions. The availability of non-adherence data with qualified evidences is
crucial.

A review by Hughes et al [6] highlighted the importance of adherence, and
identified the CEA that integrated adherence in their analyses. The authors included
10 studies, and indicated that the explicit definition of adherence was not given in all
of them. Most studies used data in RCT and other clinical studies as a source of
adherence data, and applied the simple assumptions related to the interrelation
between non-adherence and the outcomes, i.e., non-adherence did not gain any health
benefit. The decision-tree model with different adherence levels was used in the
majority of studies, while the remainder used the Markov model. Only some studies
demonstrated the impact of varying adherence rates in their sensitivity analyses. In
this review, the authors summarized some methods of integrating adherence in CEA.
The decision-tree model incorporated either branches of different adherence levels or
adherence and non-adherence were recommended for acute conditions, while the
Markov model was used for chronic diseases. Generally, non-adherent patients would
experience a higher risk of disease progression than those who adhered, and this

would affect healthcare costs, clinical outcomes, and the cost-effective results. The
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most important concern was the quality of evidence for adherence data whether this
generalized to be a representative of a wider population.

The most recent review by Hiligsmann et al [42], summarized the importance
of incorporating adherence in CEA using osteoporosis as an example. The authors
showed that several studies attempted to include adherence in the analyses, by
assuming a medication cost and the risk of fracture to be proportional to non-
adherence [43-45]. Only 1 study [46] reduced treatment efficacy using a proportional
factor of the effect; suggesting 20% reduction of the benefits according to an experts’
advice. Non-adherence could reduce the treatment effectiveness which resulted in the
lower bone density and a higher fracture rate [47]. Furthermore, its effect on the costs
could represent in opposite directions; reducing treatment costs, but increasing
healthcare costs. The impact on the total cost would depend on the risks of the study

population being investigated [4].
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CHAPTER I11: INCORPORATING ADHERENCE IN COST-

EFFECTIVENESS ANALYSES OF ASTHMA: A SYSTEMATIC REVIEW

Research questions

1) How many cost-effectiveness analysis (CEA) of asthma take adherence
into consideration?

2) Which methods have been used to incorporate adherence in the economic

analysis?

Research objectives

1) To explore the extent of the studies which considered adherence as part of
the economic analyses

2) To summarize the methods of incorporating adherence in the economic

models

Methods
Search strategy

A literature search was performed from inception to February 2018 using 4
databases; PubMed, EMBASE, NHS EED, and the Tufts CEA Registry. The search
filters used for identifying economic evaluations were combined with various search
terms including cost-effectiveness, cost-utility, economic evaluation, and asthma [48].
All the search terms are presented in Appendix: Table Al, and the bibliographies of
retrieved articles were examined for the studies that were not indexed in the

aforementioned databases.

Study selection

Initially, the titles and abstracts were screened to identify the potential
studies, and only the ones published in English were included. Decision model-based
CEA of the pharmacological interventions for asthma which included the results of
incremental costs per unit of the benefits were identified. The outcomes of interest
were the number of studies that incorporated adherence in the analyses, and the
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methods of incorporating adherence in the economic models. The full texts of relevant
studies were assessed by 2 investigators [Bunchai Chongmelaxme (BC) and Piyameth
Dilokthornsakul (PD)], and all disagreements between them were resolved by an
arbitrator [Nathorn Chaiyakunapruk (NC)].

Data extraction and quality assessment

Data extraction was undertaken by the 2 investigators (BC and PD), using a
standardized data collection form. The extracted data included authors’ names, year of
publication, country of origin, study objectives, the characteristics of participants and
interventions, comparator, outcomes, type of economic analysis, perspective, cycle
length, time horizon, adherence data, and results. All of the studies were assessed by
the 2 investigators ( BC and PD), for their methodological qualities using the
Consensus on Health Economic Criteria-extended (CHEC-extended), and the quality
of reporting using the Consolidated Health Economic Evaluation Reporting Standards
(CHEERS) [49-51] (Appendix: Table A2).

Data analysis

The number of CEA that incorporated adherence in the analyses were
calculated as the percentage of studies considering adherence as part of the economic
analyses. All the CEA were reviewed to summarize adherence data, methods of

incorporating adherence, and the impact of adherence on the results.

Results

The initial search yielded 1,587 articles, of which 344 duplicates were
removed, and the remaining 1,243 articles were screened through the titles and
abstracts. A total of 1,080 articles were excluded because of their irrelevance to
asthma and the CEA, which resulted in 163 of them being assessed for their
eligibility. A further 140 articles were excluded for the following reasons; non-
English (n = 13), duplications (n = 17), non-decision model-based CEA (n = 42), as
well as the abstracts, reviews, correspondence, and letters to the editor (n = 68). This
yielded a total of 23 CEA of asthma, of which 4 incorporated adherence in the
analyses. A flow diagram of the Preferred Reporting Items for Systematic Reviews
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and Meta-Analyses (PRISMA) is shown in Figure 2, and the results of the initial

search are presented in Appendix: Table Al.
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Figure 2. The PRISMA flow diagram describes the study selection process
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General characteristics

Twenty-one studies (91.3%) were conducted to carry out the cost-
effectiveness of interventions in a single country: United States (US) (8) [52-59],
Columbia (3) [60-62], United Kingdom (UK) (3) [63-65], Canada (2) [66, 67], Italy
(2) [68, 69], Australia (1) [70], Germany (1) [71], and Sweden (1) [72], whereas 2
studies (8.7%) were conducted in multiple countries; UK, Netherlands, and Spain
[73], and 2 World Health Organization (WHO) sub-regions, countries in Sub-Saharan
Africa with very high adult and child mortality, and countries in South East Asia with
high adult and child mortality [74]. The characteristics of 23 CEA are shown in Table
4.
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Study participants

Among 23 CEA, 6 of them investigated the CEA in all patients with asthma;
moderate to severe [2 (8.7%)] [53, 59], severe [1 (4.3%)] [72], and at varying levels
of asthma [3 (13.0%)] [67, 73, 74]. Seven studies investigated the CEA in adults with
asthma; moderate to severe [3 (13.0%)] [68, 69, 71], severe [2 (8.7%)] [56, 57], and at
varying levels [2 (8.7%)] [58, 70], while 4 (17.4% ) [60-62, 66] only investigated
children at varying levels. Other groups of study participants are shown in Table 4.

Pharmacological interventions

Six studies compared the use of standard therapy plus monoclonal
antibodies; omalizumab [5 (21.7%)] [53, 57, 64, 65, 72], and mepolizumab [1 (4.3%)]
[56], to the standard therapy, and one other (4.3% ) [59] compared omalizumab to it
also. Two studies (8.7% ) [68, 73] compared 2 different combination inhalers;
beclomethasone dipropionate plus formoterol, and fluticasone propionate plus
salmeterol. One study (4.3%) [63] compared the combined salmeterol xinafoate plus
fluticasone propionate with fluticasone propionate, salmeterol xinafoate plus
fluticasone propionate ( separated inhalers) , and budesonide plus formoterol
( combination inhaler) , whereas one (4.3% ) [67] only compared the combined
salmeterol xinafoate plus fluticasone propionate with fluticasone propionate. One
study (4.3%) [55] compared the combined fluticasone propionate plus salmeterol with
fluticasone propionate, non-fluticasone propionate inhaled corticosteroids, and
leukotriene receptor antagonists ( LTRA) . One study ( 4.3% ) [69] compared
beclomethasone, beclomethasone-extrafine, budesonide, and fluticasone propionate
with beclomethasone dipropionate or beclomethasone dipropionate-extrafine. Other

pharmacological interventions are shown in Table 4.

Types of decision-analytic model, perspectives and time horizons

Eighteen studies reported models used in the analyses, while the majority of
them [15 (83.3% )] [52-54, 56-62, 64, 65, 68, 72, 73] applied the Markov models, 2
(11.1%) [55, 66] used decision tree models, and 1 (5.6%) [69] applied both. Twenty-
two studies reported the perspectives. Most [16 (72.7% )] [52, 53, 55, 56, 59-62, 64,
65, 67-71, 73] used the healthcare perspective, 5 (22.7%) [54, 57, 58, 63, 72] used the
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societal perspective, and 1 (4.5% ) [66] used the hospital perspective which included
all the costs pertaining to the emergency department, and admissions. The 2 most
commonly reported time horizons were lifetime (30.4%) [53, 56, 64, 65, 68, 72, 74],
and 1 year (30.4%) [55, 60-63, 67, 70], while other time horizons are shown in Table
4.

Incorporating adherence in cost-effectiveness analyses
Among 23 CEA, 4 (17.4%) incorporated adherence in the analyses. A study
by Shih et al [55] estimated the cost-effectiveness of fluticasone propionate plus
salmeterol administered in a single-inhaler compared with fluticasone propionate,
non-fluticasone propionate inhaled corticosteroids, and LTRA. The results showed
that fluticasone propionate plus salmeterol was the most cost-effective strategy. A
study by Rodriguez-Martinez et al [62] compared budesonide, ciclesonide and
fluticasone propionate with beclomethasone dipropionate, and revealed that
fluticasone propionate was cost-effective, while budesonide and ciclesonide were
dominated by beclomethasone dipropionate. Another study by Rodriguez-Martinez et
al [61] compared once-daily budesonide with a twice-daily dose, and demonstrated
that a once-daily dose was the dominant strategy. A study by Zafari et al [58]
investigated the cost-effectiveness of improving adherence to controller medications,
comparing between the hypothetical scenario in which all patients were fully adherent
to the medications ( full-adherence), and status quo scenario (the current status of
patient adherence). The authors showed that full-adherence was cost-effective.
Adherence data including the definitions, therapeutic levels, and data
sources, varied from study to study (Table 5). Shih et al [55] used patients’ refill
patterns that were adapted from observational studies and claim data [75-79].
Rodriguez-Martinez et al [62] applied an assumption of decreasing adherence over
time for a twice-daily dose of inhaled corticosteroids (ICS), assessed by counting the
remaining doses in the inhaler based on a randomized-controlled trial (RCT) [80].
Subsequently, the authors applied a difference in adherence between once and twice-
daily administrations which was adapted from a randomized, single-blind, clinical
trial [81]. Likewise, Rodriguez-Martinez et al [61] applied an assumption of
decreasing adherence over time for a once-daily dose of ICS, assessed by using a
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device that recorded the date and time of an inhaler actuation based on an
observational study [82], and used the difference in adherence levels between once
and twice-daily administrations, adapted from a randomized, single-blind, clinical
trial [81]. Zafari et al [58] calculated adherence levels using the proportion of days
covered (PDC) of patients that were extrapolated from the RCT [83].
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Methods of incorporating adherence

Only the method of incorporating adherence by adjusting treatment
effectiveness, according to adherence levels was demonstrated in this review. Two
approaches were used to derive the associations between adherence and effectiveness.
The first was to apply the mathematical formula that assumed the effectiveness slowly
decreased at the first, following an exponential curve as adherence fell below 100% ,
and increased the rate when it was below 30% , following a linear curve. This
mathematical formula was derived based on the consultation with an expert panel

involved pulmonologists and allergists as demonstrated below,

% Treatment effectiveness = % adherence rate
If adherence rate < 30%
% Treatment effectiveness = 1 - exp (-5 * (% adherence rate - 0.2287))

If adherence rate > 30%

The authors assumed an exponential decline with the constant rate equal to 5,
and applied a modifying factor of 0.2287 to confirm the intersection between non-
linear, and linear functions at an adherence rate of 30% . The adherence-adjusted
effectiveness was taken into account as an input parameter, and incorporated in the
economic model.

This approach was developed by Shih et al [55], and used in the other 2
studies by Rodriguez-Martinez et al [61, 62]. In the Shih et al study, the effectiveness
measures included the proportion of patients that were free of symptoms, and from the
use of rescue medications. A decision tree model was used to follow the patients at 3-
month intervals throughout the year study period, starting at the initiation of their
medications. Patients were assumed to have the opportunity of switching to another
therapy or withdrawing from the study, and at the end, they were in one of the
following health states: (1) free of symptoms (2) experienced mild symptoms, but had
not needed rescue medications (3) experienced mild symptoms that required the use
of rescue medications, and (4) experienced one or more exacerbations. In Rodriguez-
Martinez et al studies, the effectiveness was the proportion of patients at risk of

exacerbation. The Markov model which consisted of 3 health states: (1) no symptoms
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(2) suboptimal control, no exacerbation, and (3) exacerbation, was applied to the
studies using a cycle length of 1 week over a 12-month period.

The second approach of deriving the associations between adherence and
effectiveness, was to extrapolate the relationships from previous published studies.
This approach was used in a study by Zafari et al [58]. Firstly, they calculated
adherence levels based on an actual dose of ICS, taken by patients in a RCT [83],
resulting in the PDC values of 0%, 25% and 75%. Secondly, an association between
each of the 25% decreasing PDC and relative risk (RR) of 1.26 for the rates of
exacerbation was adapted from a retrospective cohort study [84]. The authors
combined those PDC values with this RR, and then estimated the RR of exacerbation
to be approximately 2 for the patients with PDC of 25%, and 1.2 for PDC of 75%. For
those who did not use any medication or having PDC of 0%, the authors applied the
RR of 1.53 obtained from a systematic review and meta-analysis of RCT which
compared the clinical outcomes of using ICS versus no controller medication [85].
Lastly, those RR associated PDC were adjusted based on follow-up periods of the
studies resulting in the RR of 1.40, 1.36 and 1.09 for patients with PDC of 0%, 25%
and 75%, respectively. The adherence-adjusted RR were then applied to the model. In
this study, the authors developed the Markov model which used a cycle length of 1
week throughout the 10-year time horizon, in which the patients transitioned between
the following health states: (1) controlled asthma (2) partially controlled asthma (3)

uncontrolled asthma (4) exacerbation, and (5) death.

Impact of adherence on cost-effectiveness results

Out of 4 CEA, 2 (50.0%) assessed the impact of adherence on cost-
effectiveness results. Shih et al [55] performed one-way sensitivity analysis by
varying adherence levels for all the ICS to be 70% , and assumed the associations
between adherence and effectiveness of the clinical outcomes; proportion of patients
that were free of symptoms, and free of rescue medication use, to be fully exponential
or linear. The results showed that single-inhaler salmeterol and fluticasone propionate
remained cost-effective. Another study by Zafari et al [58] varied the RR of
exacerbation associated PDC, and determined that the full-adherence scenario was
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cost-effective, as long as each of the 25% increases in the PDC reduced the

exacerbation rates by at least 1.1 fold.

Quiality of studies

According to the CHEC-extended, all studies clearly identified the
description of the interventions, study designs, time horizons, perspectives, costs,
outcomes, discounting, input parameters’ uncertainty, and study conclusions. Most
studies clearly described their research questions [20 (87.0%)] [52, 54-70, 72, 73],
potential conflicts of interest [19 (82.6%)] [52-54, 56, 57, 59, 61-68, 70-74], study
populations [18 (78.3%)] [52-62, 64-67, 69, 71, 72], ethical issues [16 (69.6%)] [52,
54-62, 64, 65, 68, 70, 73, 74], and generalizability of the study findings [9 (39.1%)]
[52, 55, 57, 58, 61, 62, 64, 66, 68] (Appendix: Table A3). For the quality of reporting
the studies estimated by CHEERS, all of them provided the explicit statements of
background and objectives, comparators, choice of health outcomes, measurement
and valuation of the outcomes, estimating resources and costs, currency, price date
and conversion, analytical methods, incremental costs and outcomes, study findings,
limitations, generalizability, and current knowledge. Most studies reported their
settings and locations [22 (95.7%)] [52-55, 57-74], study perspective [22 (95.7%)]
[52-73], source of funding [22 (95.7%)] [52-68, 70-74], study assumptions [21
(91.3%)] [52-69, 72-74], and measurement of effectiveness [20 (87.0%)] [52-67, 69,
70, 72, 73] (Appendix: Table A4).

Discussion

In this chapter, we investigated the extent of studies that considered
adherence as part of the economic analyses, and the methods of incorporating it in the
economic models. The findings showed that very low numbers of the CEA of asthma
incorporated adherence in the analyses, and only the method of incorporating
adherence by adjusting treatment effectiveness, according to adherence levels was
demonstrated in this review. Two approaches were used to derive the associations
between adherence and effectiveness; the first was to apply the mathematical formula
developed by an expert panel, and the second was to extrapolate the associations from

previous published studies.
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Incorporating adherence by adjusting treatment effectiveness according to
adherence levels was the only method, exploited in the economic analysis for asthma,
while different methods were observed for other diseases. A literature review by
Hiligsmann et al [42] revealed that recent CEA of the interventions for osteoporosis
[46, 86, 87] integrated the probabilities of patients that can be at risk of
discontinuation over time. The patients were assumed to have a risk of stopping
therapy in each cycle. In addition, offset time of the treatment that was similar to the
treatment duration, was also applied to the analysis. During this time, the treatment
effectiveness is assumed correspondingly. This approach is based on 2 implicit
assumptions, first, patients did not receive any medications after stopping the therapy,
and second, the effectiveness of interventions throughout the offset time estimated by
the author; the RR of fracture reduction linearly declined to zero by the end of time.
Some limitations are recognized by using this method. Firstly, many patients, in fact,
can restart their medications any time after they discontinued their therapy. The
evidence revealed that one-third of patients restarted their medications within 6
months of discontinuation. Secondly, the information of treatment effectiveness
during the offset time still lacked supported data, therefore, it is difficult to estimate
the effectiveness of interventions during the long-term.

The approach recommended by Hiligsmann et al, is to apply real-world
estimates among the patients who complied with the medications. Using this
approach, patients were classified into 2 groups: (1) compliant patients (Medication
possession ratio, MPR > 80%), and (2) poor compliance (MPR < 80%), were assigned
the probabilities of being adhered or not based on the real-world adherence data. The
associations between adherence levels and the RR of fracture reduction were also
assumed accordingly. This approach is in line with what we found in a study by
Zafari et al [58]. Both studies classified adherence levels into various groups.
However, the difference is that in Zafari et al study, patients who did not use any
medication were applied the RR obtained from a systematic review and meta-analysis
of RCT, while in Hiligsmann et al studies [47, 88], the authors used this information
that was derived from a real-world database. Even though a systematic review and
meta-analysis of RCT demonstrates the highest quality of evidence compared to other

types of study design [89], using adherence data extrapolated from this will not be
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able to provide real-world facts since the pooled estimates were calculated based on
the RCT. Therefore, using such data adapted from the real-world database would
provide more accurate findings, but the quality of evidence is needed to be confirmed
whether it is sufficiently high to synthesize the information that meets healthcare
requirements.

Using the Markov model captures the entire cohort of patient adherence in
the economic analysis, but not that of individuals. It is noteworthy to highlight the
method of incorporating adherence that is exploited in a study by Slejko et al [90],
who applied a microsimulation modelling technique to determine the real-world
adherence scenario of patients with statin therapy for the primary prevention of
cardiovascular (CV) disease. A Markov model was modified to simulate individual
adherence to statins, by integrating 3 additional health states in the existing Markov
structure; these health states represented the different levels of adherence that were
measured as the PDC: (1) PDC < 20% (2) 20% < PDC < 80% (3) PDC > 80%. They
assigned transition probabilities between the PDC levels, and applied the associations
between changes in adherence to statins and the risk of CV events, according to
pharmacy claims data that particularly reflected patient adherence history. The
microsimulation technique identifies individual patients by tracking their
characteristics and disease backgrounds, and then uses the recorded information to
adjust the transition probabilities, effectiveness, utility values and costs, to reflect the
patient history over the study period. The use of microsimulation models have a
potential to provide more accurate data than the cohort-based ones. The drawbacks of
this are the difficulty in obtaining relevant input parameters, and more detail required
for the data set in the modelling approach, therefore, there is a greater variance in the
results due to the random variations of individual outcomes [91]. With respect to
some advantages of this technique, microsimulation modelling might be considered
another method apart from ours above that can be used for conducting future
economic analyses which incorporate adherence in the models.

Among the included CEA which incorporated adherence in the models, RCT
was used as a source of adherence data in 2 studies, while observational studies were
applied in the other 2. Although RCT minimizes the potential biases and confounders

that may arise from study methodology and the clinical heterogeneities, it restricts the
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characteristics of participants, types of intervention, and the outcomes of interest. This
raises concerns on generalizability of the study findings that may be limited by
restrictions. Adherence data would ideally be derived from observational studies or
patient claims. Many factors, i.e., age, comorbidities, and the number of medications,
are associated with patient adherence [92], and have an impact on economic
consequences. However, it is vital to ensure the quality of observational studies to
obtain accurate estimates based on real world evidence under specified contexts.
While the aim of this work was to conduct a systematic review that complied
with a PRISMA guideline, some of its limitations were acknowledged. Firstly, the
majority of included studies failed to report the structural assumptions and validation
methods of their economic models, as well as the values, ranges, and probability
distributions among input parameters. Caution should be exercised when interpreting
the study findings because biases arising from these could affect their reported
outcomes, and thus limited the generalizability of the results. This suggests that
further research with rigorous methodology pertaining to this area is warranted to
prevent the potential for biases and imprecisions. Secondly, some of the non-English
articles were identified through our search results, however, only the studies
published in English were included in this review due to the lack of experts in other
languages. This may be one of the reasons why a limited number of studies
incorporating adherence have been identified. In addition, although a number of non-
decision model-based CEA were identified from the search results, the primary
objective was to summarize the methods of incorporating adherence in the economic
models by only using the model-based CEA. The current review will provide the most
updated evidence relating to the methods of incorporating adherence in the CEA of

asthma based on justified assumptions and study methodology.

Conclusion

This systematic review gathered all relevant evidence in regard to the CEA
of asthma, and summarized the methods of incorporating adherence in the economic
models. A very low number of CEA incorporated adherence in the analyses, and all of
them adjusted treatment effectiveness according to adherence levels, applied to the

models. The findings will provide healthcare professionals and policy makers with
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current evidence of the methods used to incorporate adherence in the economic

analysis.
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CHAPTER IV: ASSOCIATION BETWEEN ADHERENCE AND SEVERE
ASTHMA EXACERBATION: A SYSTEMATIC REVIEW AND META-

ANALYSIS

Research question

How different levels of adherence affect severe asthma exacerbation?

Research objective

To assess the association between adherence and severe asthma exacerbation

Methods
Search strategy

A literature search was performed from inception to November 2018 on the
following databases: PubMed, CENTRAL, EMBASE and ClinicalTrials.gov. All the
search terms are presented in Appendix: Table A5. The bibliographies of retrieved
articles were also examined to identify relevant studies that were not indexed in the

aforementioned databases.

Study selection

Initially, the titles and abstracts were screened to identify potential studies.
Randomized controlled trials (RCT), cohort and case-control studies that investigated
the impact of adherence to controller medications were identified, and the outcome
was severe asthma exacerbation, defined as hospitalizations, emergency department
(ED) visits or treatment with systemic corticosteroid [93-95]. Only studies published
in English were included, and their full texts were assessed by Bunchai
Chongmelaxme (BC) and Piyameth Dilokthornsakul (PD), with all disagreements
between the investigators being resolved by a third reviewer [Nathorn
Chaiyakunapruk (NC)].
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Data extraction and quality assessment

Data extraction was undertaken by BC and PD, using a standardized form.
This included the authors’ name, year of publication, country of origin, study design,
the characteristics of participants and interventions, adherence data, outcome,
duration, and results. All studies were assessed for their methodological qualities
using Cochrane risk of bias tool for RCT [96], and Newcastle-Ottawa scale for cohort
and case-control studies [97] (Appendix: Table A6).

Data analysis

A meta-analysis was performed to provide pooled odds ratio (OR) along with
95% confidence interval (ClI), and the Dersimonian and Laird random-effects models
were employed to take into account both within and between study variability.
Heterogeneity among the studies was assessed using the chi-squared (x?) and I°
statistical test [98]. The thresholds of I*> were interpreted as follows: might not be
important (0 - 40%); may represent moderate heterogeneity (30 - 60%); may represent
substantial heterogeneity (50 - 90% ); and considerable heterogeneity (75 - 100% ).
Once a heterogeneity was observed, the potential sources of this was explored
correspondingly. All the analyses were performed using STATA version 15.0 (Stata
Corp., College Station, Tex).

Results

The initial search yielded 8,061 articles, of which 2,530 duplicates were
removed. The remaining 5,531 articles were screened via titles and abstracts. A total
of 2,431 articles were excluded because of their irrelevance to asthma and the study
designs. This resulted in 3,100 articles being assessed for their eligibility, 34 of which
were included in this review for qualitative synthesis, and 8 of which for quantitative
synthesis. The Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) flow diagram is shown in Figure 3. Results of the initial search are

presented in Appendix: Table A5.
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Figure 3. The PRISMA flow diagram describes the study selection process
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General characteristics

Nineteen studies of the 34 studies (55.8%) were conducted in North America
(United States, US [12, 17, 84, 99-113] and Canada [114]). Eleven (32.3%) were from
Europe (United Kingdom, UK [115-120], Italy [121, 122], Netherlands [123, 124] and
Spain [125]). Two (5.9%) were from South America (Brazil) [13, 126], while another
two (5.9%) were from Asia (Korea [127] and Singapore [128]). The majority of them
were cohort [30 studies (88.2%)] [12, 13, 17, 84, 99-102, 104-113, 115-120, 122, 123,
125-128], and only four of them had a different design; RCT [103], nested case-
control [124], combined cohort and case-crossover [114], as well as combined case-
crossover and case-case-time control [121]. The study sample sizes ranged from 37 to

97,743, while treatment durations were from 3 to 70.6 months (Table 6).
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The largest number of studies [10 (29.4% )] were conducted on adults [84,
116, 118, 120-122, 125-127], followed by children and adolescents [8 (23.5%)] [99,
102, 106, 107, 110, 111, 115, 123], adolescents and adults [6 (17.6%)] [17, 101, 105,
114,117, 119], children [6 (17.6%)] [13, 100, 103, 108, 112, 124], as well as children,
adolescents and adults [4 (11.8%)] [12, 104, 109, 113], respectively (Table 6). Inhaled
corticosteroids (ICS) were employed in 15 studies (44.3% ) [13, 17, 84, 103, 107,
108, 110, 116-119, 121, 123, 125, 126], followed by inhaled corticosteroids/ long-
acting beta-agonists ( ICS/LABA) [4 (11.8% )] [101, 105, 114, 120], inhaled
corticosteroids/leukotriene receptor antagonists (ICS/LTRA) [2 (5.9%)] [99, 106], and
other controller groups (Table 6). The majority of studies applied data from refilled
prescriptions to measure adherence; medication possession ratio (MPR) [13 (38.4%)]
[17, 101, 102, 109, 112-115, 119, 123, 124, 127, 128], the number of prescriptions
refilled by patients [7 (20.7%)] [99, 100, 105, 110, 116, 120, 121], and proportion of
days covered (PDC) [2 (5.9%)] [104, 108].

Electronic monitoring devices were used in 2 studies (5.9% ) [106, 107],
while counting/weighing [1 study (2.9% )] [126], and biomedical measurement [ 1
study (2.9% )] [111], and other adherence measurements were less commonly used
(Table 11). Various cut-off levels of adherence were used to compare the risk of
exacerbation; greater than or equal to (>) 80% vs less than (<) 80% [9 studies
(26.6%)] [114, 115, 118, 122-126, 128], > 50% and 20 - 49% vs < 20% [2 studies
(5.9%)] [102, 127], > 80% and 50 - 80% vs < 50% [1 study (2.9%)] [109], and others
( Table 7) . Definitions of asthma exacerbation varied from study to study.
Hospitalizations, ED visits or treatment with systemic corticosteroid, were the most
commonly used [9 studies (26.6% )] [13, 106, 107, 116, 118, 119, 123, 125, 127],
followed by hospitalizations or ED visits [ 4 (11.8% )] [12, 100, 109, 112],
hospitalizations or treatment with systemic corticosteroid [2 (5.9% )] [105, 124], and
others (Table 7).
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Association between adherence to controller medications and severe asthma
exacerbation
Studies that reported the adherence affeccting severe exacerbation according to
adherence levels

The studies by McNally et al [106] and Rohan et al [107] showed that the
decline in adherence was related to the increase in numbers of exacerbation. Another
study by Mattke et al [113] demonstrated patients with the highest quartile adherence
to LTRA had fewer exacerbations than the lowest quartile, but this did not apply to
ICS. In a study by Makhinova et al [104], the patients with > 50% adherence showed
less exacerbation than patients with < 50% adherence, while other studies by Delea et
al [101] and Weinstein and Faust [111] did not report any association. In a study by
Lasmar et al [13], increase in adherence was found to reduce exacerbation. The
studies by Delea et al [101] and William et al [17] demonstrated that every 25%
increase in adherence was associated with decreased exacerbation, but a study by
William et al [84] showed no association. A study by Camargo et al [112] concluded
that the patients with > median MPR experienced a reduction in exacerbation,
compared to those wih < median MPR. Another study by Engelkes et al [123] showed
that patients with > 80% adherence experienced decreased exacerbation, compared to
those with < 80% adherence. Conversely, some studies [103, 115, 118] did not find
the association, while others [108, 109, 116, 119, 124] reported an increase in

exacerbation, even though adherence increased (Table 7).

Studies that reported the adherence affecting severe exacerbation according to the
number of refilled prescriptions, number of days that a subject used medications,
discontinuation of therapy, and others

In a study by Smith et al [110], patients with some refilled prescriptions
experienced a decreased in exacerbation, compared to people without prescriptions,
while in a study by Bukstein et al [100], those with prescriptions for nebulized ICS >
2 experienced a reduction of exacerbation but not for all controller medications.
However, another study by Bukstein et al [99] did not find any difference between > 6
and < 6 prescriptions. Similarly, a study by McMahon et al [117] did not find a
difference between the patients with ICS for 90 days and < 90 days. In a study by
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Corrao et al [121], the authors showed that discontinuation of therapy was associated
with increased exacerbations. A study by Osman et al [120] demonstrated that
patients treated with LABA who had low adherence to ICS, showed the highest
number of exacerbations, and a study by Stern et al [12] reported the association

between a decreased in exacerbation and adherent patients (Table 7).

A quantitative meta-analysis of the association between adherence levels and severe
exacerbation

Among the 34 studies that reported such association, 26 were not included in
a meta-analysis, because they performed the differences in study designs (3) [103,
121, 124], conducted in different groups of patients with asthma (4) [108, 109, 115,
118], demonstrated the differences in outcome assessments (5) [13, 17, 84, 104, 123],
and employed various cut-off levels of adherence (14) [12, 99-101, 106, 107, 110-
113, 116, 117, 119, 120] (Table 7).

Eight studies that reported the odds of exacerbation between various
adherence groups were included in the analysis: > 80% vs < 80% [114, 122, 125, 126,
128], > 50% and 20 - 49% vs < 20% [102, 127], and discontinuation vs continuation
of therapy [105, 114]. Results showed that the odds of exacerbation among the
patients with > 80% adherence were lowered by 47% [OR = 0.53 (95% CI: 0.42,
0.66), P < 0.001, I> = 13.7% ] compared to < 80% . When compared to < 20%
adherence, a 33% reduction in the odds [OR = 0.67 (95% CI: 0.53, 0.86), P = 0.001,
12 = 34.7% ] was associated with the patients achieving > 50% , while a decrease in
exacerbation was not associated with 20 - 49% adherence [OR = 0.94 (95% CI: 0.85,
1.04), P = 0.22, 1> = 0.0% ]. In addition, a 2.4 fold increase in the odds [OR = 2.4
(95% Cl: 2.1, 2.7), P < 0.001, 1> = 0.0%] was associated with the discontinuation of
therapy. We found no substantial heterogeneity for all levels of adherence affecting
severe exacerbation (P > 0.05), and the 12 ranged from 0.0% to 34.7%, interpreting no
or a minimal amount of heterogeneity (Figure 4).
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OR for Severe %

Study Exacerbation (95% CI) Weight
Levels: >= 80% vs < 80%
Santos (2008) —_— 0.84 (0.42, 1.66) 9.08
Ismaila (2014) - 0.48 (0.44, 0.54) 73.43
Maio (2017) + 0.39 (0.15, 1.03) 4.87
de Llano (2018) 0.83(0.33,2.12) 5.20
Tay (2018) 0.68 (0.31, 1.46) 7.42
Subtotal (I-squared = 13.7%, p = 0.327) <> 0.53 (0.42, 0.66) 100.00
Levels: >= 50% vs < 20%
Herndon (2012) —_— 0.62 (0.51, 0.75) 69.10
Kang (2018) —_— 0.81 (0.56, 1.19) 30.90
Subtotal (I-squared = 34.7%, p = 0.216) <> 0.67 (0.53, 0.86) 100.00
Levels: 20-49% vs < 20%
Herndon (2012) - 0.95 (0.86, 1.06) 93.61
Kang (2018) —_— 0.79 (0.53, 1.18) 6.39
Subtotal (I-squared = 0.0%, p = 0.382) <:> 0.94 (0.85, 1.04) 100.00
Discontinuation of therapy
Mathison (2005) * 1.79 (0.89, 3.62) 2.72
Ismaila (2014) — 2.38(2.08, 2.63) 97.28
Subtotal (I-squared = 0.0%, p = 0.432) < 2.36 (2.10, 2.65) 100.00
Weights are from random effects analysis

I I I

.15 5 1 4
Decrease The Odds Increase The Odds

OR, odds ratio; ClI, confidence interval

Figure 4. Forest plots of the association between adherence and severe

exacerbation

Subgroup analysis

The subgroup analyses were carried out by taking into account the
differences in the participants’ characteristics: the severity levels of asthma, and the
methods of measuring adherence across the studies.

Only the analyses that compared the odds of exacerbation among the patients
with > 80% compared to < 80% adherence were able to be performed, and the results
showed that the odds were not different in severe asthmatic patients [OR = 0.62 (95%
Cl: 0.30, 1.29), P = 0.201, 1> = 38.1%] [122, 126], while they were lowered by 51%
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[OR = 0.49 (95% CI: 0.43, 0.55), P = 0.00, I> = 1.5%] among those with any level of
asthma severity [114, 125, 128] (Figure 5).

OR for Severe %

Study Exacerbation (95% Cl) Weight
Severe persistent asthma
Santos (2008) —_— 0.84 (0.42, 1.66) 60.08
Maio (2017) —— 0.39 (0.15, 1.03) 39.92
Subtotal (I-squared = 38.1%, p = 0.204) <>> 0.62 (0.30, 1.29) 100.00
Varying levels of asthma severity
Ismaila (2014) == 0.48 (0.44, 0.54) 95.66
de Llano (2018) *> 0.83(0.33,2.12) 1.76
Tay (2018) —_— 0.68 (0.31, 1.46) 2.58
Subtotal (I-squared = 1.5%, p = 0.362) <> 0.49 (0.43, 0.55) 100.00
Weights are from random effects analysis

T T

1 1 2.5
Adherence levels = 80% < 80%

OR, odds ratio; ClI, confidence interval

Figure 5. Forest plots of a subgroup analysis of the association between
adherence and severe exacerbation among patients with different severity levels

of asthma

A decrease in the number of exacerbations were demonstrated among the
patients whom were being estimated for their adherence using prescription refilled
patterns [OR = 0.49 (95% CI: 0.43, 0.55), P = 0.00, 1 = 1.5%] [114, 125, 128], while
it was not different when using counting/weighing [OR = 0.84 (95% CI: 0.42, 1.67), P
= 0.619] [126], and not reported [OR = 0.39 (95% CI: 0.15, 1.02), P = 0.055] [122]
(Figure 6).
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OR for Severe %
Study Exacerbation (95% CI) Weight
Counting/weighing |
Santos (2008) —_———— 0.84 (0.42, 1.66) 100.00
<:> 0.84 (0.42, 1.67) 100.00

Prescription refilled patterns
Ismaila (2014) - 0.48 (0.44, 0.54) 95.66
de Llano (2018) - 0.83(0.33,2.12) 1.76
Tay (2018) — 0.68 (0.31, 1.46) 2.58
Subtotal (I-squared = 1.5%, p = 0.362) O 0.49 (0.43, 0.55) 100.00
Not reported
Maio (2017) * 0.39 (0.15, 1.03) 100.00

e 0.39(0.15, 1.02) 100.00
Weights are from random effects analysis

T T

1 1 25
Adherence levels = 80% < 80%

OR, odds ratio; Cl, confidence interval

Figure 6. Forest plots of a subgroup analysis of the association between
adherence and severe exacerbation among the patients whose adherence were

estimated using different methods

Quiality of studies

Infrequent disagreements between BC and PD occurred, and were resolved
by NC. The majority of the included cohort and case-control studies [28 (84.8%)] [12,
17, 84, 100-102, 104, 107-110, 112-128] were shown to have low risk of bias, while
the others [5 (15.2%)] [13, 99, 105, 106, 111] were moderate. A RCT by Krishnan et
al [103] demonstrated some concerns regarding the risk of bias in the randomization
process, deviations from the intended interventions, and measurement of the outcome,
while the study showed low risk of bias in the missing outcome data, and a selection

of the reported results (Appendix: Table A7).
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Discussion

Although many studies having been conducted to investigate the relationship
between adherence and asthma exacerbation, the effects at different levels of
adherence are still unclear. A previous systematic review by Engelkes et al [129]
included a total of 23 studies of adherence to controller therapy, and showed that good
adherence tended to be associated with fewer asthma exacerbations. However, the
review was not able to provide a quantitative summary since heterogeneity across
studies was found to be substantial. A larger number of studies were included in this
review ( 34 vs 23), and we were able to perform the analysis to estimate the
quantitative association between different levels of adherence and severe asthma
exacerbation in a subset of those studies. Our findings are well aligned with the
results from a previous review. Although the highest reduction in the odds of
exacerbation was associated with patients achieving > 80% adherence, the odds also
reduced among those with > 50% , and we further investigated the effect of
discontinuation, which demonstrated a substantial increase in exacerbation when
patients discontinued their therapy. We found no substantial heterogeneity for all
levels of adherence affecting severe exacerbation, indicating the reliability and
validity of our results regarding the association between different levels of adherence
and severe exacerbation.

Many studies have determined the impact of adherence on clinical outcomes
among patients with chronic conditions using 80% as a cut-off level, given the
benefits gained from the improved outcome and the prevention of disease
complications. A study by Choudhry et al [130] investigated the relationship between
adherence and adverse coronary occurrences, and showed that patients with > 80%
adherence had a reduced risk of heart attacks. Another study by Li and Huang [131]
reported that patients with > 80% adherence to statin therapy were able to reduce the
risk of hospitalization by 68% , compared to those with < 80% adherence. In a study
by Kim et al [132], the authors evaluated the effect of antihypertensive medication
adherence on cardiovascular disease mortality among patients with hypertension. The
study revealed that, when compared to > 80% adherence, the patients with < 50%
adherence experienced higher mortality, and a greater risk of hospitalization

compared to those with 50 - 80% adherence. In a study by Rosenblum et al [133], the
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authors estimated the effect of adherence to antiretroviral therapy on the probability of
virologic failure, and observed a decreased risk when adherence was > 50%

Although patients with > 80%  adherence associated with the highest
reduction in the odds of exacerbation, achieving the level of only 50%  still
demonstrated some clinical benefits. Our results justify the generalization that the
higher level of adherence to medications, the better the health outcome will be. We
believe that the current systematic review and meta-analysis provides the most
updated evidence in this regard for asthma exacerbations.

Ideally, an increase in adherence would result in improved health outcomes
and reduce complications, but some studies reported an inverse correlation which can
be explained in several ways. First, patients with more severe symptom have better
motivation for adherence to therapy, and they appear to take their medications more
regularly when they feel their condition worsening. Second, patients with poor asthma
control require more aggressive treatments by health care providers. Therefore, an
increase in prescription medications may result in over-prescribing to patients.
Furthermore, patients with poor inhalation technique may potentially have poor
asthma control despite receiving optimum therapy. Lastly, healthcare providers may
lack awareness of over-prescribed medications due to automated and telephone
requests and multiple prescribers repeating prescriptions.

Although our findings indicated the highest reduction in the odds of
exacerbation was associated with patients achieving > 80% adherence, the results
from a subgroup analysis among the ones with severe condition demonstrated a trend
towards decreasing in the number of exacerbations, but did not rise to the level of
statistical significance. This indicated the uncontrolled symptoms still existed among
such patients. According to the Global Initiative for Asthma (GINA) management for
severe asthma [95], these patients should be closely monitored and continuously
reviewed their response and treatment every 3 - 6 months, and the ongoing
management should involve a collaboration between the patients, the general
practices, specialists, as well as other healthcare providers to optimize clinical
outcomes and patient satisfaction. In addition, the analysis among the patients that
were estimated their adherence using prescription refilled patterns showed a decrease

in number of exacerbations were associated with the patients achieving > 80%
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adherence, but the results were not different when using other methods of measuring
adherence. However, these findings were from a small number of studies, and further
research is warranted to confirm the reliability and validity of such methods.

According to our results which indicated the association between different
levels of adherence and severe exacerbation, how will health care professionals
generalise our findings in their settings where those countries were not included in the
analysis? We believe that a number of aspects should be taken into account rather
than only considering the meta-analysis results. For example, demographic
characteristics of patients, types of controller medications, methods used to measure
adherence, definitions of severe asthma exacerbation, as well as the duration of study.
Health care professionals should consider whether their settings are in line with the
characteristics of studies, included in the individual levels of adherence affecting
severe exacerbation; 5 studies for the levels of > 80% vs < 80%, while other 2 studies
each for > 50% and 20 - 49% vs < 20% and continued vs discontinued therapy.

We believe that the value of this study is two-fold: to provide healthcare
professionals with current evidence of the quantitative association between different
adherence levels and severe asthma exacerbation, as well as an insight regarding
adherence data in individual studies for future research development. The aim of this
work was to conduct a systematic review and meta-analysis that complied with
PRISMA guidelines but some limitations must be acknowledged. First, although the
majority of studies were controlled for potential confounders by adjusting for patient
demographics, less than half of the studies were adjusted for other important
confounders ( Appendix: Table A8 - A9) . Caution should be exercised when
interpreting our findings because the pooled estimates may be prone to bias due to the
effect of residual confounding across studies. Second, even though a total of 8 studies
were included in our meta-analysis, the impact of some adherence levels on severe
asthma exacerbation (> 50% and 20 - 49% vs < 20%, and continued vs discontinued
therapy), were from only 2 studies each, raising concerns regarding generalizability of
the study findings. Practical application of the findings needs to consider whether or
not the health care settings are in line with the characteristics of individual studies. In
addition, some of non-English articles were identified through our search results but

only studies published in English were included in this review, which reduced the
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number of studies available for this review, and subjected to language bias. Generally,
studies which reported positive findings were most likely to be published in English-
language journals, and studies with null or negative findings were more likely to be
published in non-English-language journals [134]. In addition, we believe that most of

high-quality studies were published in English and included in our systematic review.

Conclusion

This systematic review and meta-analysis gathered all relevant evidence, and
quantified pooled estimates to assess the association between different levels of
adherence and severe asthma exacerbation. The highest reduction in the odds of
exacerbation was associated with patients achieving > 80% adherence, and the odds
also reduced among those with > 50% , while a substantial increase in exacerbation

was associated with discontinuation of therapy.
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CHAPTER V: INCORPORATING ADHERENCE IN COST-
EFFECTIVENESS ANALYSIS OF AN ADDED ON OMALIZUMAB

COMPARED WITH THE STANDARD CARE FOR ASTHMA

Research question

How adherence of the patients affects the results of cost-effectiveness?

Research objective
To evaluate the impact of incorporating adherence on the results of cost-

effectiveness

Methods
Overall description

The economic analysis was conducted among a hypothetical cohort of 100
Thai patients with severe persistent asthma. All patients received the standard care
treatment, while the intervention of interest was omalizumab as an added on therapy.
Using the results from chapter 4, levels of adherence affecting exacerbation were used
to incorporate in a Markov model, which was adapted from a study by Wongphan et
al [135]. The model consisted of 4 health states; day to day asthma (D2D), clinically
significant exacerbation (CSE), clinically significant severe exacerbation (CSSE), and
death (Figure 7). A biweekly cycle length was applied to the analysis which was
carried out on the patients aged 18 throughout their lifetime. Costs and health
outcomes; life years (LY) and quality-adjusted life years (QALY), were discounted
using an annual rate of 3% based on Thailand’s health technology assessment (HTA)
guideline [136]. The incremental costs per QALY gained was calculated, and
presented as the incremental cost-effectiveness ratio (ICER) of individual adherence

levels.
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Model input parameters

The transition probabilities among each of the health states were based on a
literature review of the studies and an expert panel [95, 135, 137]. The mortality rate
of patients with D2D and CSE were applied from age-specific mortality rate of the
Thai population ( non-asthma death) [138], while that of patients with CSSE was
adapted from the report burden of asthma in Thailand ( death due to exacerbation)
[139]. AIll patients received the standard care treatment which included inhaled
corticosteroids ( ICS), leukotrience receptor antagonitsts (LTRA), theophylline, as
well as oral corticosteroids ( OCS) , while the intervention was an added on
omalizumab. The utility of patients were based on a cost-effectiveness analysis (CEA)
of omalizumab in Thailand [57, 135, 140-143].

The societal perspective was applied to the analysis which cost of
productivity loss was not estimated, since it would be counted in the disutility of
QALY [136]. Patients with D2D were assumed to visit outpatient clinics once a
month and incurred costs pertaining to their care, while patients with CSE were
assumed to visit outpatient clinics or emergency departments, but not for admission,
incurred costs relating to their care which included short-acting beta-agonists
( SABA) , whereas ones with CSSE were assumed to be admitted, and received
inpatient treatment. These were estimated from the Health Intervention and
Technology Assessment Program (HITAP) costing database and the Thai Ministry of
Public Health [144, 145]. Costs of the medications were collected from the Drug and
Medical Supply Information Center, Ministry of Public Health [144]. The costs of
food and transportation were adapted from the HITAP costing database which
estimated these requirements among patients that visited healthcare settings [145]. All
the costs were converted to 2019 values using the consumer price index, and reported
in Thai Baht (THB).

The assumption of adherence affecting asthma exacerbation

According to the results in chapter 4, eight studies that reported the
guantitative association between various levels of adherence and asthma exacerbation
were included in a meta-analysis; greater than or equal to (>) 80% vs less than (<)
80% [114, 122, 125, 126, 128], > 50% and 20 - 49% vs < 20% [102, 127], and
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discontinuation vs continuation of therapy [105, 114]. However, that of 6 studies were
not able to be applied to our economic analysis because of the differences in severity
levels of asthma [102, 105, 114, 125, 128], and the used controller medications [126].
Although the 2 studies by Maio et al [122], and Kang et al [127] reported the
effectiveness data of adherence affecting exacerbation among severe asthmatic
patients who used an added on omalizumab, we could only apply that data from Maio
et al’s study to our analysis model due to the limited information in regard to the
adjustment on adherence levels reported in Kang et al’s study. Our analysis was
performed based on the primary assumption that compared to the patients with < 80%
adherence, the odds of exacerbation among the ones with > 80% were lowered by
61% [odds ratio, OR = 0.39 (95% confidence interval, Cl: 0.15, 1.03)] equal to those
who demonstrated 100% adherence (Table 8).
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Analysis

The outcomes of interest were the numbers of exacerbations including CSE
and CSSE cases, LY, QALY, lifetime costs, and the ICER, while the interpretation of
the results were based on the willingness-to-pay (WTP) threshold of THB 160,000 per
QALY gained, set by the sub-committee of the Thai working group on HTA [136]. A
base-case analysis was carried out on patients using an added on omalizumab who
achieved the adherence levels of > 80% and < 80% compared to the standard care
treatment. A probabilistic sensitivity analysis (PSA) was conducted to estimate the
uncertainty of all input parameters using a Monte Carlo simulation with 1,000

iterations presented as a 95% credible interval (Crl).

Model validation

The economic model applied to this study was validated based on an
assessment tool of health economic models [146], which covered various aspects of
the model development. The validation of the conceptual model was examined for its
appropriateness of representing the disease progression and conducting economic
evaluations, by comparing it with other study models in regard to asthma [56, 59]. In
input data validation, all parameters were investigated for their appropriateness of
being used in the Thai context. The potential for bias, generalizability to the target
population, and availability of alternative data sources were also considered
accordingly. In the validation of the computerized model, a full adherence scenario of
the patients was performed, using the value testing approach to identify logical errors
and exploitable results. A number of patients among the 4 individual health states
were also tracked to test the logic of the model over time. In operational validation,
the model was examined for the appropriateness of the study outcomes; however, the
external validation could not be performed due to the lack of other input data applied

to the model.
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Results
Base-case analysis
The numbers of asthma exacerbations

Out of 100 severe asthmatic patients, the ones using the standard care
treatment developed 5,254 (95% Crl: 4966, 5499) exacerbations, while those using an
added on omalizumab with > 80% adherence were found to develop only 2,948 (95%
Crl: 2766, 3121) cases, which showed an overall reduction of 43.88% (95% Cirl: -
47.94% , -39.26% ). When compared between the patients using the standard care
treatment and an added on omalizumab with < 80% adherence, a greater amount of
the cases were 13.51% (95% Crl: 5.58%, 23.11%) (Table 9).

Table 9. Results of the numbers of asthma exacerbations

The numbers of exacerbations

Treatment
Estimated (n) Percentage of preventable cases
Standard care 5254 (4966, 5499) NA
Added on omalizumab with adherence levels
1) > 80% 2948 (2766, 3121) -43.88% (-47.94%, -39.26%)
2) < 80% 5964 (5638, 6286) 13.51% (5.58%, 23.11%)

NA, not applicable

Note: Data are expressed as values (95% credible intervals).

Life years and quality-adjusted life years

The estimated LY of the patients using an added on omalizumab with > 80%
adherence was 2,754.72 (95% Crl: 2754.68, 2754.76) , while the standard care
treatment was 2,754.36 (95% Crl: 2754.27, 2754.44); the ones using an added on
omalizumab with > 80% adherence had longer LY by 0.36 (95% Crl: 0.28, 0.44), and
it was 0.11 (95% Crl: 0.03, 0.19) for < 80% adherence. In addition, patients using an
added on omalizumab demonstrated a trend towards an increase in QALY’; those with
> 80% adherence had more QALY than the standard care treatment by 136.64 (95%
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Crl: -55.94, 324.97), and it was 57.93 (95% Crl: -113.84, 225.95) for < 80%
adherence (Table 10).

Lifetime costs

The estimated lifetime cost for the patients using an added on omalizumab
with > 80% adherence was THB 99,840,546 (95% Crl: 77895438, 125725211), while
that of the standard care treatment was THB 2,843,919 (95% Crl: 2518801, 3177692);
those who used an added on omalizumab with > 80% adherence had more lifetime
cost by THB 96,996,628 (95% Crl: 74829075, 123158770). The greater lifetime cost
were THB 97,646,245 (95% Crl: 75630043, 123740782) for < 80% adherence (Table
10).

Incremental cost-effectiveness ratios

Patients using an added on omalizumab showed a trend towards an increase
in the QALY compared to the standard care treatment, but their lifetime costs were
much higher, demonstrating considerable ICER [ THB/QALY 709,891 (95% Crl: -
5493687, 5696281) for > 80% adherence, and THB/QALY 1,685,616 (95% Crl: -
12173901, 12985839) for < 80% adherence] (Table 10).
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Sensitivity analysis

According to the regimen of omalizumab which is recommended for the
injections either every 2 weeks or 4 weeks, the analysis was performed by varying the
cycle length from 2 weeks used in the base-case to 4 weeks, and the findings showed
using an added on omalizumab still demonstrated considerable ICER, while the others
results (the numbers of exacerbations, LY, QALY, and the lifetime cost) were slightly
different compared to base-case results (Appendix: Table A10 - A1l). Based on the
results of the PSA, all the ICER fell in the range of the Northwest quadrant
( dominated: lower QALY and higher costs) and the Northeast quadrant ( higher
QALY and higher costs) in a cost-effectiveness plane (Figure 8).
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Discussion

We performed the CEA to evaluate the impact of incorporating adherence
on the results, compared between severe asthmatic patients who used an added on
omalizumab with > 80% and < 80% adherence, and the standard care treatment in
Thailand. Our findings showed that patients with > 80% adherence experienced the
lower number of exacerbations, while those with < 80% showed a greater amount.
All the patients were associated with increased LY and demonstrated a trend towards
an increase in QALY, while their lifetime costs were substantial, resulting in
considerable ICER.

According to the quantitative associations between adherence to controller
medications and severe asthma exacerbation demonstrated in chapter 4, when
compared to the patients with < 80% adherence, those with > 80% experienced a
lower number of exacerbations to a greater extent (47% ) than the ones who adhered
to their medication by > 50% vs < 20% (33% ), and 20 - 49% vs < 20% (6% ),
respectively. However, these results were not able to be applied to our economic
analysis because of the differences in severity levels of asthma, and the controllers
used across the studies. We could only apply the results from a study by Maio et al
[122], which showed the odds of exacerbation among the patients using an added on
omalizumab with > 80% adherence were lowered by 61% compared to < 80%
adherence. Our economic analysis showed that the patients with > 80% adherence
were least likely to develop exacerbations, resulting in the higher LY and QALY.
These findings were correlated with several studies [130-133] that determined the
impact of adherence on clinical outcomes among the patients with chronic conditions
using 80% as a cut-off level, given the benefits gained from the improved outcomes
and the prevention of disease complications.

A systematic review by Hughes et al [4] investigated the techniques used to
accommodate non-adherence, and estimated its impact on the cost-effectiveness
results. The authors showed that non-adherence could affect the study findings by
decreasing the efficacy of medications, but its effects on healthcare costs were
varied. Our findings showed that even though the lower levels of adherence reduced
the effectiveness of the treatment, the relevant costs were increased in the opposite
direction to the decreased levels. Since the patients with > 80% adherence were least
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likely to experience exacerbations, treating these patients will reduce the treatment
costs compared to < 80%, particularly asthma exacerbation, which incurs substantial
expenditure. Compared to the standard care treatment, our economic analysis showed
the patients using an added on omalizumab with > 80% adherence experienced the
lower number of exacerbations. All of them were associated with higher LY, and
demonstrated a trend towards an increase in QALY, however, their lifetime costs
were substantial. It is important for patients to achieve adherence to their treatment at
the highest level, allowing them to obtain the most clinical and economic benefits.
Healthcare professionals should consider encouraging their patients to achieve the
levels of > 80% adherence, given the benefits gained from both clinical and
economic perspectives demonstrated in this study.

The primary objective of this chapter was to conduct a CEA to evaluate the
impact of adherence on the results by incorporating adherence affecting exacerbation
in our economic model. Although our cost-effectiveness findings demonstrated
considerable ICER for an added on omalizumab compared to the standard care
treatment, according to the results of a sensitivity analysis, these ICER were ranged
from the Northwest quadrant ( dominated: lower QALY and higher costs) to the
Northeast quadrant ( higher QALY and higher costs) in a cost-effectiveness plane.
Patients using an added on omalizumab could prevent the numbers of exacerbations
that may occur in the future, but their QALY were not much different when
compared to the standard care treatment. This was mainly due to the mortality rate of
the patients with CSSE applied to the model which was very low ( 6.2/100,000
patients), resulting in a greatly reduced number of deaths for the patients using both
treatments. The impact of adherence will be greater on the amount of exacerbations
and the lifetime costs in which higher levels of adherence will reduce the number of
exacerbations, and decrease the total lifetime costs.

A systematic review of the methods used to incorporate adherence in the
CEA of asthma demonstrated in chapter 3 showed, only the method of adjusting
treatment effectiveness according to adherence levels was demonstrated among 4
CEA using 2 approaches; the first was to apply the mathematical formula developed
by an expert panel, and the second was to extrapolate the associations from previous
published studies. We incorporated adherence in our economic analysis based on the
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second approach by using the effectiveness data of adherence affecting exacerbation
that were derived from a cohort study by Maio et al [122]. These data compared the
odds of exacerbation between the patients who used an added on omalizumab with >
80% and < 80% adherence, which has never been incorporated in the CEA of asthma
before. Ideally, adherence of the patients would be derived from observational
studies or patient claims. Many factors, i.e., age, comorbidities, and the number of
medications, are associated with its estimate, and have an impact on economic
consequences [92]. We believe that the effectiveness of adherence affecting
exacerbation applied in our study provide the most update data relevant to the
patients with severe persistent asthma who use an added on omalizumab to date.

According to our cost-effectiveness results which indicated substantial
ICER of an added on omalizumab, how will healthcare professionals and policy
makers generalise our findings in regard to policy decision-making? We believe that
a number of aspects should be taken into account rather than only considering the
results of the individual ICER of the treatments. Firstly, a total number of asthma
exacerbations should be clearly identified and considered since it is associated with
an increased mortality rate of the patients and their relevant costs. Secondly, based
on the current Global Initiative for Asthma ( GINA) guidelines, an added on
omalizumab is recommended for treating severe asthmatic patients whose symptoms
are uncontrolled. They may develop exacerbation at any time despite receiving the
standard care treatment, which demonstrates the risk of death over time. However, to
date the cost of omalizumab is very high, therefore, most patients may not be able to
afford the treatment. This crucial point should be brought to the table for discussion,
and a special dispensation maybe considered for patients case by case. Lastly, it is
important for all involved stakeholders to understand that the policy decisions should
be made based on multiple aspects rather than only considering the economic
standpoint.

Although this work was conducted based on the current HTA guidelines in
Thailand, some limitations were acknowledged. Firstly, some input parameters;
transition probabilities and utility weights, applied to the economic model were
adapted from previous economic evaluation studies, which were somewhat out-of-

date. However, this was the most relevant data that reflected the Thai population,
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which was based on a literature review of the studies and the opinions of asthma
experts. Secondly, the effectiveness data of adherence affecting exacerbation were
applied based on a cohort study conducted in Italian population. This may not be
directly related to Thai people, but we believe that it provided the most relevant
information in regard to the association between adherence and asthma exacerbation

among severe asthmatic patients using an added on omalizumab.

Conclusion

The current CEA of asthma was conducted by incorporating adherence of the
patients in the analysis. Compared to the standard care treatment, severe asthmatic
patients who used an added on omalizumab with > 80% adherence experienced the
lower number of exacerbations, while those with < 80% showed a greater amount. All
the patients demonstrated a trend towards an increase in QALY, and their lifetime

costs were substantial, resulting in considerable ICER.
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CHAPTER VI: DISCUSSION AND CONCLUSION OF DISSERTATION

To date, CEA is increasingly used to inform value assessment of the
interventions by healthcare professionals and policy makers, but most do not take into
account adherence of the patients in their analyses. One important aspect that still
lacks clarity is how to incorporate adherence in the analysis. This dissertation is
conducted to acknowledge the abovementioned gap in current understanding in regard
to the method of incorporating adherence in the CEA by using asthma as a case study.

In chapter 3, a systematic review of the methods used to incorporate
adherence in the CEA of asthma was performed to explore the extent of studies
incorporated adherence in their analyses, and our findings demonstrated that very low
numbers of the CEA incorporated this (4 out of 23 studies), which were correlated
with the findings in a literature review by Rosen et al [3] (54 out of 177 studies). The
authors of this determined the quantitative results according to a systematic search
without limiting the scope of the diseases of interest, thus, a number of studies (177)
were included in the review. Despite the valuable information this study provided in
regard to the quantitative results of the review, the authors did not deliver a qualitative
summary regarding the methods of incorporating adherence in the analysis. One of
the reasons could be due to the number of studies included in the review. In this
dissertation, we narrowed the diseases of interest to only asthma. The advantage of
doing this gave us the opportunity to provide not only the quantitative findings in
terms of the extent of studies considering adherence as part of the analysis, but also
the qualitative ones, such as the incorporating methods, an insight into adherence
data, and many others. Healthcare professionals and policy makers who are interested
in conducting research in this area may consider specifying the diseases of interest
first. This will facilitate in reducing the number of included studies allowing the focus
to concentrate on the relevant information study by study, and can afford the
opportunity to improve the quality of the research. The methods of incorporating
adherence in the CEA of asthma were characterized in this dissertation, while
information on other diseases are still limited, therefore, a call for a comprehensive

review of the methods that have been used in other disease areas is recommended.
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According to a systematic review and meta-analysis of the associations
between adherence to controller medications and severe asthma exacerbation
demonstrated in chapter 4, even though a lot of attempts were made in order to
perform the dose-response relationship of such interrelations, we were only able to
provide the meta-analyses’ results of 4 individual adherence levels; 1) > 80% 2) >
50% 3) 20 - 49% and 4) discontinuation of therapy, due to the limited availability of
data in the included studies. Our results showed when compared to the patients with <
80% adherence, those with > 80% experienced a lower number of exacerbations to a
greater extent (47% ) than the ones who adhered to their medication by > 50% vs <
20% (33%), and 20 - 49% vs < 20% (6%), respectively. However, these findings were
not able to be applied to our economic analysis because of the differences in severity
levels of asthma, and the controller medications used across the studies. Only the
results from a study by Maio et al [122], which showed the odds of exacerbation
among the patients using an added on omalizumab with > 80% adherence were
lowered by 61% compared to < 80% adherence, allowing the use in our analysis. A
systematic review with an included meta-analysis delivers the most valid information,
since its findings were ascertained from many studies that were identified in
comprehensive and systematic manners [89]. Though we were not able to apply the
meta-analysis results of adherence affecting exacerbation to our economic analysis,
we believe that using the data from this would provide the most reliable data based on
valid statistical techniques of meta-analysis, which may be considered as one of the
methods used to incorporate adherence in the economic model for the future
economic analysis of asthma and other diseases.

Non-adherence of the patients could affect the results of cost-effectiveness
by decreasing the efficacy of medications despite its varying effects on healthcare
costs [4]. In chapter 5, we performed a CEA to evaluate the impact of incorporating
adherence on the results, compared between severe asthmatic patients who used an
added on omalizumab and the standard care treatment in Thailand. Our findings
showed that even though the lower levels of adherence reduced the effectiveness of
the treatment, the relevant costs were increased in the opposite direction to the
decreased levels. Compared to the standard care treatment, patients using an added on

omalizumab with > 80% adherence experienced the lower number of exacerbations,
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while those with < 80% showed a greater amount. All patients were associated with
the higher LY and demonstrated a trend towards an increase in QALY however, their
lifetime costs were substantial, resulting in considerable ICER. It is important for
patients to achieve adherence to their treatment at the highest level, allowing them to
obtain the most clinical and economic benefits. Therefore, healthcare professionals
should consider encouraging their patients to achieve the aforementioned adherence,
given the benefits gained from both clinical and economic perspectives demonstrated
in this study.

To date, omalizumab that is produced by Novartis Pharmaceutical Company,
is the only one in the global market, and its cost in Thailand is very high at THB
17,644 /vial. According to the American College of Cardiology [147], any decisions in
regard to pricing should be made with an emphasis on assessed value by using both
comparative effectiveness and cost-effectiveness, while the strategy on value-based
pricing must categorize the impact on patient outcomes and not consider cost as the
sole criteria. Although our findings showed that the use of an added on omalizumab
resulted in considerable ICER, other aspects should be taken into account rather than
only considering the economic standpoint. For example, a total number of
exacerbations that could be prevented, and the moral rights of the patients with access
to medical treatment for those whose symptoms are still uncontrolled despite
receiving the standard care treatment.

In this dissertation, we gathers all relevant evidence regarding the current
knowledge of the methods used to incorporate adherence in the CEA of asthma, and
demonstrates our method using the association of adherence and severe exacerbation,
while evaluating its impact on the results. Our findings are supported evidence that
will allow researchers, healthcare professionals and policy makers to incorporate
adherence in their economic analysis for a better informed policy decision-making

and future research development in regard to this area.
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Table Al. Search results

EMBASE
No Key words Results
1  exp health economics/ 759165
2 exp health care cost/ 258349
3 exp quality of life/ 407588
4 economic$.tw. 275871
5 (cost? or costing? or costly or costed).tw. 626335
6 (price? or pricing?).tw. 46826
7 (pharmacoeconomic? or (pharmaco adj economic?)).tw. 7631
8 budget$.tw. 32424
9 expenditure$.tw. 63022
10 (value adjl (money or monetary)).tw. 656
11 (fee or fees).tw. 20076
12 "quality of life".tw. 341261
13 qgol$.tw. 57215
14 hrqol$.tw. 19927
15 "quality adjusted life year$".tw. 14482
16 qaly$.tw. 15313
17 cba.tw. 11933
18 cea.tw. 29905
19 cua.tw. 1222
20 utilit$.tw. 231342
21 markov$.tw. 24051
22 monte carlo.tw. 38366
23 (decision adj2 (tree$ or analys$ or model$)).tw. 23538
24 ((clinical or critical or patient) adj (path? or pathway?)).tw. 8279
25 (managed adj2 (care or network?)).tw. 21187
26 or/1-25 2068371
27 asthma/ 210539




No Key words Results
28 cost-effectiveness.ab. or cost-effectiveness.ti. 69508
29 cost-utility.ab. or cost-utility.ti. 5874
30 economic evaluation.ab. or economic evaluation.ti. 10447
31 28or290r30 77064
32 26and 27 and 31 833
National Health Service Economic Evaluation Database (NHS EED)
No Key words Results
1 (asthma) AND (economic evaluation) 306
PubMed
No Key words Results
1 "Economics"[Mesh:NoEXxp] 26868
2 "Costs and Cost Analysis"[Mesh] 212433
3 "Economics, Dental"[Mesh:NoEXxp] 1891
4 "Economics, Hospital"[Mesh] 22668
5 "Economics, Medical"[Mesh:NoEXxp] 8936
6 "Economics, Nursing"[Mesh] 3978
7 "Economics, Pharmaceutical"[Mesh] 2741
economic*[Title/Abstract] or cost[Title/Abstract] or
costs[Title/Abstract] or costly[Title/Abstract] or
8 costing[Title/Abstract] or price[Title/Abstract] or 667503
prices[Title/Abstract] or pricing[Title/Abstract] or
pharmacoeconomic*[Title/Abstract]
9 expenditure*[Title/Abstract] not energy[Title/Abstract] 25150
10 value for money[Title/Abstract] 1296
11 budget*[Title/Abstract] 25327
12 #1 or #2 or #3 or #4 or #5 or #6 or #7 or #8 or #9 or #10 or #11 797131
13 energy cost[Title/Abstract] OR oxygen cost[Title/Abstract] 3627




No Key words Results

14 metabolic cost[Title/Abstract] 1201
15 energy expenditure[ Title/Abstract] OR oxygen 22022
expenditure[ Title/Abstract]
16 #13 or #14 or #15 25933
17 #12 not #16 791178
18 letter[Publication Type] 977413
19 editorial[Publication Type] 451143
20 historical article[Publication Type] 378748
21 #18 or #19 or #20 1789597
22 #17 not #21 756553
23 animals[mesh:noexp] 6160288
24 humans[mesh] 16907582
25 #23 not (#23 and #24) 4396874
26 #22 not #25 710410
27 Asthma[Mesh] 118482
- cost-effectiveness[ Title/Abstract] OR cost-utility[ Title/Abstract] —
OR economic evaluation[Title/Abstract]
29 #26 and #27 and #28 390

Tufts CEA Registry

No Key words Results

1 (asthma) AND (economic evaluation) 58




Table A2. CHEC-extended and CHEERS checklist

CHEC-extended

No. Checklist details
1 Is the study population clearly described?
2 Are competing alternatives clearly described?
3 Is awell-defined research question posed in answerable form?
4 Is the economic study design appropriate to the stated objective?
5  Are the structural assumptions and the validation methods of the model
properly reported?
6 Is the chosen time horizon appropriate in order to include relevant costs and
consequences?
7 Is the actual perspective chosen appropriate?
8 Areall important and relevant costs for each alternative identified?
9  Are all costs measured appropriately in physical units?
10 Are costs valued appropriately?
11  Are all important and relevant outcomes for each alternative identified?
12 Are all outcomes measured appropriately?
13 Are outcomes valued appropriately?
14 Is an appropriate incremental analysis of costs and outcomes of alternatives
performed?
15 Are all future costs and outcomes discounted appropriately?
16 Are all important variables, whose values are uncertain, appropriately
subjected to sensitivity analysis?
17 Do the conclusions follow from the data reported?
18 Does the study discuss the generalizability of the results to other settings and
patient/client groups?
19 Does the article/report indicate that there is no potential conflict of interest of
study researcher(s) and funder(s)?
20 Are ethical and distributional issues discussed appropriately?




CHEERS-statement

No.

Checklist details

1) Title

Identify the study as an economic evaluation,
or use more specific terms such as ‘“cost-
effectiveness analysis’” and describe the

interventions compared.

2) Abstract

Provide a structured summary of objectives,
perspective, setting, methods (including
study design and inputs), results (including
base-case and uncertainty analyses), and

conclusions.

3) Background and objectives

Provide an explicit statement of the broader
context for the study. Present the study
question and its relevance for health policy

or practice decisions.

4) Target population and subgroups

Describe characteristics of the base-case
population and subgroups analysed including

why they were chosen.

5) Setting and location

State relevant aspects of the system (s) in

which the decision (s) need (s) to be made.

6) Study perspective

Describe the perspective of the study and

relate this to the costs being evaluated.

7) Comparators

Describe the interventions or strategies being

compared and state why they were chosen.

8) Time horizon

State the time horizon(s) over which costs and
consequences are being evaluated and say

why appropriate.

9) Discount rate

Report the choice of discount rate(s) used for

costs and outcomes and say why appropriate.

10) Choice of health outcomes

Describe what outcomes were used as the

measure(s) of benefit in the evaluation and




No.

Checklist details

their relevance for the type of analysis

performed.

11) Measurement of effectiveness

Single study—based estimates: Describe fully
the design features of the single effectiveness
study and why the single study was a
sufficient source of clinical effectiveness
data.

Synthesis-based estimates: Describe fully the
methods used for the identification of
included studies and synthesis of clinical

effectiveness data.

12) Measurement and valuation of

preference-based outcomes

If applicable, describe the population and
methods used to elicit preferences for

outcomes.

13) Estimating resources and costs

Single study—based economic evaluation:
Describe approaches used to estimate
resource use associated with the alternative
interventions. Describe primary or secondary
research methods for valuing each resource
item in terms of its unit cost. Describe any
adjustments made to approximate to
opportunity costs.

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

opportunity costs.




No.

Checklist details

14) Currency, price date, and

conversion

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

currency base and the exchange rate.

15) Choice of model

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

strongly recommended.

16) Assumptions

Describe all structural or other assumptions

underpinning the decision-analytic model.

17) Analytic methods

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

heterogeneity and uncertainty.

18) Study parameters

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

the input values is strongly recommended.

19) Incremental costs and outcomes For each intervention, report mean values for

the main categories of estimated costs and
outcomes of interest, as well as mean

differences between the comparator groups.




No.

Checklist details

If applicable, report incremental cost-

effectiveness ratios.

20) Characterizing uncertainty

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

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

21) Characterizing heterogeneity

If applicable, report differences in costs,
outcomes, or cost-effectiveness that can be
explained by variations between subgroups
of patients with different baseline
characteristics or other observed variability
in effects that are not reducible by more

information.

22) Study findings, limitations,
generalizability, and current

knowledge

Summarize key study findings and describe
how they support the conclusions reached.
Discuss limitations and the generalizability
of the findings and how the findings fit with

current knowledge.

23) Source of funding

Describe how the study was funded and the
role of the funder in the identification,
design, conduct, and reporting of the
analysis. Describe other nonmonetary

sources of support.




No.

Checklist details

24) Conflicts of interest

Describe any potential for conflict of interest
among study contributors in accordance with
journal policy. In the absence of a journal
policy, we recommend authors comply with
International Committee of Medical Journal

Editors’ recommendations.
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Table A5. Search results

PubMed
No. Key words Found
1 asthma* 180,202
2 adheren* OR complian* OR concordan* OR cooperat* OR 1,104,707
co-operat* OR discontinu* OR dropout OR drop-out OR
persisten* OR withdraw*
3 corticosteroid* OR leukotriene OR *|ukast OR *xanthine OR 231,107
theophylline OR long-acting beta* OR *terol OR long-acting
muscarinic OR anticholinergic* OR tiotropium OR anti-
immunoglobulin E OR anti-igE OR *Interleukin OR *mab
4 hospitali* OR admi* OR emergen* OR acute OR attack OR 5,832,079
outpatient OR exacerbat* OR mortality OR death
5 asthma* AND (adheren* OR complian* OR concordan* OR 3,476
cooperat* OR co-operat* OR discontinu* OR dropout OR
drop-out OR persisten* OR withdraw*) AND (corticosteroid*
OR leukotriene OR *lukast OR *xanthine OR theophylline
OR long-acting beta* OR *terol OR long-acting muscarinic
OR anticholinergic* OR tiotropium OR anti-immunoglobulin
E OR anti-ig OR *mab) AND (hospitali* OR admi* OR
emergen® OR acute OR attack OR outpatient OR
corticosteroid* OR exacerbat* OR mortality OR death)
Cochrane Controlled Register of Trials (CENTRAL)
No. Key words Found
1 asthma* 29,915
2 adheren* OR complian* OR concordan* OR cooperat* OR 134,691

co-operat* OR discontinu* OR dropout OR drop-out OR

persisten* OR withdraw*




No.

Key words

Found

corticosteroid* OR leukotriene OR *lukast OR *xanthine OR
theophylline OR long-acting beta* OR *terol OR long-acting
muscarinic OR anticholinergic* OR tiotropium OR anti-
immunoglobulin E OR anti-igE OR *mab

hospitali* OR admi* OR emergen* OR acute OR attack OR
outpatient OR exacerbat* OR mortality OR death

asthma* AND (adheren* OR complian* OR concordan* OR
cooperat* OR co-operat* OR discontinu* OR dropout OR
drop-out OR persisten* OR withdraw*) AND (corticosteroid*
OR leukotriene OR *lukast OR *xanthine OR theophylline
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Table A10. The results of the numbers of asthma exacerbations (using 4-week

cycle length)

The numbers of exacerbations

Treatment
Estimated (n) Percentage of preventable cases
Standard care 5066 (4794, 5307) NA
Added on omalizumab with adherence levels
1) >80% 2873 (2711, 3040) -43.29 (-47.43, -38.61)
2) < 80% 5729 (5421, 6020) 13.08 (5.94, 21.86)

NA, not applicable

Note: Data are expressed as values (95% credible intervals).
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