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Conventions

Clinical or care pathway

Consistency

Credibility

Decision problem

Deterministic analysis
Expert elicitation
Expert input

Expert judgment

Fitness for purpose

Non-reference case

Probabilistic analysis

Reference case

Scenario analysis

Social decision-making viewpoint

CADTH

All health-related pathways necessary to model the costs and
outcomes relevant to the decision problem.

Uniformity of data sources across parameters.

A perceived lack of bias, where bias refers to the systematic deviation
of the estimated value from the true underlying value.

The decision the economic evaluation is designed to inform.

Data parameters represented by the expected values of individual data
elements (i.e., point estimates).

The formal elicitation of quantitative input from relevant experts
regarding the magnitude of a given parameter and its uncertainty.

A potential source of data within the totality of available information,
comprising both expert elicitation as well as existing expert elicitation
studies.

Qualitative input from experts.
Relevance to the decision problem.

Alternative methods to those recommended in the reference case
for the purposes of assessing methodological uncertainty. Can
accompany the reference case and be provided to decision-makers,
but the impact of departing from the reference case should be
explicitly stated.

Data parameters represented by statistical distributions rather than
point estimates.

A set of recommended methods to be used for all evaluations that
promote uniformity and transparency, and enable the comparison of
results for different technologies and different decisions.

Alternative scenarios carried out to examine sources of uncertainty
(e.g., structural) within the reference or non-reference case analysis.
One complete analysis should be provided for each alternative
scenario.

The premise that the health care decision-maker, acting on behalf of
a socially legitimate higher authority, seeks to maximize the degree to
which an explicit policy objective (e.g., improving the overall health of
the population) is achieved subject to the available resources.
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Foreword to the Fourth Edition

The fourth edition of the Guidelines for the Economic Evaluation of Health Technologies: Canada
follows publications in November 1994 (first edition), October 1997 (second edition), and March
2006 (third edition). The fourth edition reflects the experience gained through using the previous
editions, and takes into account the methodological advancements that have occurred in the
economic evaluation of health technologies since 2006.

The development of the fourth edition of the Guidelines proceeded as follows:

+ Guideline topics from the third edition were reviewed to determine areas where
methodological advancements had occurred.

+ Health economic methods literature was reviewed and health economic experts were
consulted.

+ Gaps within the topic areas were identified and research was commissioned.

The goals in developing the fourth edition of the Guidelines were as follows:

+ to provide clear, concise, and practical guidance of a high standard for researchers
+ to meet the needs of decision-makers for reliable, consistent, and relevant economic information
+ to highlight areas where methodological issues remain unresolved and more research is required

+ to allow for flexibility, innovation, and alternative approaches, particularly where
methodological issues are unresolved.

Throughout the process, the inherent tensions among these goals required that compromises

be made. Practical considerations included the applicability of the recommendations in terms of
meeting the needs of decision-makers, and the use of more simplified and comprehensible methods
where additional complexity was judged to be unnecessary. Notwithstanding such considerations,
the inherent time, effort, and cost required to produce economic evaluations consistent with the
economic guidelines still had to be weighed against the (often greater) cost of wrong resource
allocation decisions being made as a result of implementing the findings of a poor-quality evaluation.

In preparing the fourth edition of the economic guidelines, consideration was given to all the
comments received from all reviewers. Decisions relating to methodological issues were
achieved through consensus.

CADTH METHODS AND GUIDELINES: Guidelines for the Economic Evaluation of Health Technologies: Canada (4th Edition) 12
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Introduction

The purpose of these Guidelines is to inform the conduct by providing best practices for those
undertaking economic evaluations of health care technologies in Canada in order to produce
credible standardized economic information that is relevant and useful for decision-makers in
Canada’s publicly funded health care system. Economic evaluations of health care technologies
involve the assessment of the cost and effect trade-offs of any interventions, programs, or
policies that impact health outcomes. These evaluations may be conducted alongside individual-
level studies or through decision-analytic models that synthesize evidence from multiple
sources. While the guidance contained in this document pertains primarily to model-based
evaluations, many aspects apply equally to evaluations based on individual-level data.

Health economic evaluations are designed to inform decisions. There are, however, different
views on how collective decisions regarding health care resource allocation should be informed.
In broad terms, these views can be characterized as welfarism or extra-welfarism and social
decision-making.! Welfarism contends that collective decisions about health care should be
based on the objective of maximizing social welfare. A strict welfarist view defines social
welfare based on individual preferences (expressed or revealed), whereas an extra-welfarist view
expands the definition to include other social arguments.'?

The social decision-making viewpoint is based on the premise that the health care decision-maker,
acting on behalf of a socially legitimate higher authority, seeks to maximize the degree to which
an explicit policy objective (e.g., improving the overall health of the population) is achieved subject
to the available resources. The role of economic evaluation in this framework then becomes

one of informing social decisions in health rather than prescribing social choice."? Considering

the approach to collective health care decisions and the role of economic evaluations within the
Canadian context, a social decision-making viewpoint has been adopted for these Guidelines.

This viewpoint involves two types of collective decisions, which can be classified according to who
makes the decision, who is affected by the decision, and whether the decision yields a general

rule or a judgment.* The first of these decisions relates to the democratic election of a socially
legitimate higher authority. The second type of decision is represented by health care decision-
makers, acting as the agent of the higher authority and informed by the results of the economic
evaluation, and their judgment regarding the cost and effect trade-off of the interventions being
compared. It is through the social legitimacy of the higher authority that the decision-maker is
presumed to make decisions reflective of what the general population considers to be socially
valuable. It is these social values that the researcher should endeavour to reflect in the evaluation.

The concepts of decision-making under scarcity and the efficient allocation of resources are central
to the economic evaluation of health care technologies. The recommmendations contained in these
Guidelines are focused on achieving technical efficiency within a constrained budget. Technical
efficiency refers to obtaining the maximum possible improvement in an outcome from a given set of
resource inputs.® Assuming that decision-makers are likely to face exogenous budget constraints,®
the opportunity cost of a new investment will fall on the health care budget rather than on other
sectors of public expenditure or the taxpayer.® Accordingly, these Guidelines adopt a “supply-side”
estimate of the cost-effectiveness threshold, which assumes that reimbursing a new technology will
displace some other technology or health care service. In that way, the recommendations contained
in the Guidelines support the management of technologies along the life cycle, from decisions
informing adoption and reimbursement to potential displacement or disinvestment.

CADTH METHODS AND GUIDELINES: Guidelines for the Economic Evaluation of Health Technologies: Canada (4th Edition) 13
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Economic evaluations produce an estimate of the cost and effect trade-off of two or more
interventions, not a decision as to the cost-effectiveness of one intervention relative to another.
The determination of whether an intervention represents an efficient allocation of resources
depends on the decision-maker’s cost-effectiveness threshold. Furthermore, the role of
economic evaluation in terms of informing health care resource allocation decision-making

is twofold. Firstly, economic evaluation has a role to play in informing decisions based on the
currently available information. In keeping with the social decision-making viewpoint underlying
these Guidelines, these decisions should be based on the expected cost-effectiveness, given the
existing information and not statistical inference. Secondly, by identifying areas of uncertainty,
economic evaluation can also contribute to informing decisions about the need for further
research to help resolve these uncertainties. Both of these decisions will reflect the evolving
nature of the evidence base along a technology’s life cycle.

In terms of facilitating the decision-making process, the Guidelines recommend the adoption of a
reference case analysis. The purpose of the reference case is to encourage comparability across
evaluations and to ensure decision-makers can be confident that they are using a consistent
decision framework across all decisions. The reference case does not preclude the application of
other methods or jurisdiction-specific recommendations where appropriate to address the decision
problem, but does recommend that any deviations be justified on the basis of the decision problem
and presented as additional non-reference case analyses. Where there is uncertainty as to the
appropriate methodological approach for addressing a specific component of the decision problem,
the results of the reference case can be compared relative to any non-reference case analyses.

Guidance is provided on the recommended approach to the decision problem, types of evaluations,
target population, comparators, perspective, time horizon, discounting, modelling, effectiveness,
measurement and valuation of health, resource use and costs, analysis, uncertainty, and equity.
Guideline Statements are presented first, followed by the Guidelines in Detail. Recommendations on
the appropriate reporting of an economic evaluation are also provided. The Guidelines are written

for an audience that is technically literate about the methods of economic evaluation, such that
background on methods can be avoided. The Guidelines are neither intended to be, nor should they
be, viewed as a textbook. References have been provided for readers to obtain additional information.

The guidance contained herein represents CADTH's current recommendations for the conduct
of economic evaluations of health care technologies. These recommendations apply to a variety
of health technologies, including those that promote health, prevent and treat conditions, or
improve rehabilitation and long-term care. Economic evaluations are used to inform decisions
about health care technologies, such as vaccines, devices, medical and surgical procedures,
disease prevention and screening activities, health promotion activities, and health care delivery
initiatives such as telemedicine. Such technologies may refer not only to individual products but
also to strategies for the management or treatment of a condition. Accordingly, these Guidelines
continue to support the information needs of this broader audience.

CADTH and the Health Economics Working Group have endeavoured to reflect current best
practices, but as the science and methods continue to evolve, so too will the recommendations.
Areas that lack current consensus and therefore provide opportunities for further research

have been identified within the Guidelines. Hence, these Guidelines seek not only to describe
recommended practices for the “doers,” but also to guide the future research and methods
development that will contribute to both the advancement of knowledge and the sound
foundation upon which efficient health care decisions can be made.

CADTH METHODS AND GUIDELINES: Guidelines for the Economic Evaluation of Health Technologies: Canada (4th Edition)
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Highlights of the Fourth Edition

Format: Each section of the economic guidelines addresses a specific topic on the conduct

or reporting of economic evaluations. Guideline Statements summarizing the key elements of
the guidance the researcher should follow are provided at the front of the economic guidelines.
Additional resources are provided in the Appendices and online.

Decision problem: Decision-makers must have information that is relevant to the circumstances
under which the decision is to be made. The starting point for meeting a decision-maker’s needs is
to frame the study question of an economic evaluation in a way that directly addresses the decision
problem, or policy question. Doing so will clarify the scope, design, and reporting of the evaluation.

Reference case: The reference case describes a set of recommended methods that a researcher
should follow for all evaluations, to increase the comparability of results across evaluations.

The purpose of the reference case is to aid decision-making by promoting uniformity and
transparency, and enabling the comparison of results for different technologies and different
decisions. There are instances where the analysis required to address the decision problem will
differ from the recommended reference case analysis. Any non-reference case analyses should
be justified and presented in addition to the reference case analysis.

Assessment of data sources: Data sources informing parameter estimates used in an economic
evaluation should be assessed based on fitness for purpose (relevance to the decision problem),
credibility (perceived lack of bias), and consistency with data used elsewhere in the model.

Flexibility: Although a primary objective of the economic guidelines is to encourage the use of
comparable approaches for analyzing and reporting across all evaluations, it is recognized that
the reference case recommendations may not be optimal in every situation. As a result, the
researcher has the flexibility to undertake a non-reference case analysis in order to address the
specific circumstances surrounding the evaluation. Some sections in the economic guidelines
provide advice for the researcher to consider when no consensus on methodological issues has
been established. A key concern is whether using alternative approaches reduces the quality of
the information provided by the evaluation. Researchers should state whether the methods used
in their evaluation are consistent with the recommended reference case, and justify any deviations.

Transparency: A key concept in the economic guidelines is the need for transparency in the
reporting of an evaluation. Researchers should provide complete information on the methods,
inputs, and results of an evaluation. Transparency allows users to critically appraise the
methodological quality of the evaluation, and to satisfy themselves that potential issues have
been appropriately handled. It is also crucial to present information in a way that is useful to the
decision-maker. All steps in the analysis should be presented in a disaggregated manner before
aggregation into the cost-effectiveness results. A standard reporting format has been included in
Appendix 1 for researchers to use, to ensure thorough and consistent reporting.

The fourth edition of the Guidelines can be downloaded from CADTH's website (www.cadth.ca).

CADTH METHODS AND GUIDELINES: Guidelines for the Economic Evaluation of Health Technologies: Canada (4th Edition) 15
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1.

1.1

1.2.

1.3.

CADTH

Decision Problem

The decision problem addressed by the economic evaluation should be clearly stated.

The decision problem statement should provide a comprehensive specification of the
interventions to be compared, the setting(s) in which they are to be compared, the
perspective of the evaluation, which costs and outcomes are to be considered, the time
horizon, and the target population for the evaluation.

The interaction among components of the decision problem requires a discrete
decision problem statement to be provided for each perspective and for each proposed
analysis relating to a distinct subgroup.

2. Types of Evaluations

2.1.

2.2.

2.3.

2.4.

2.5.

In the reference case, the economic evaluation should be a cost-utility analysis (CUA)
with outcomes expressed as quality-adjusted life-years (QALYs). Any departure from
this approach should be clearly justified.

A cost-effectiveness analysis (CEA) with outcomes expressed in natural units is not an
appropriate reference case. If convincing evidence is available to show that important
patient outcomes are equivalent on virtually all measures, except for survival or quality
of life, then a CUA remains the appropriate approach. This allows for the necessary
comparison, using the same benefit metric, across all the technologies being considered.

A cost-minimization analysis (CMA) is a costing exercise and not a formal economic
evaluation. As such, a CMA is not an appropriate reference case analysis. A CUA
remains the appropriate approach, even where convincing evidence is available to show
that important outcomes are similar, as it allows for the analysis of the uncertainty

in incremental effect (through probabilistic analysis), facilitating the necessary
comparison across all technologies.

A cost-consequence analysis (CCA) should be viewed as a complement to, and not a
substitute for, a CUA. A CCA aids in the transparency of the reporting of an economic
evaluation, as disaggregated results are presented in terms of costs and outcomes
(e.g., events predicted, survival, gains in quality of life).

Where there are important health outcomes from a technology that cannot be captured
in a CUA, then these should be reported as additional components within a CCA. If such
outcomes can be valued in monetary terms then, additionally, a cost-benefit analysis
(CBA) can be undertaken as a non-reference case analysis, with full details provided

on the derivation of monetary values for all outcomes included in the evaluation, or
justification for why the outcomes were excluded.

CADTH METHODS AND GUIDELINES: Guidelines for the Economic Evaluation of Health Technologies: Canada (4th Edition) 17



CADTH

3. Target Population

3.1.

3.2.

3.3.

4.2.

5.2.

5.3.

6.
6.1.

6.2.

In the reference case, the target population(s) for the intervention and its expected use
should be specified, and should be consistent with the decision problem.

Factors that may lead to different estimates of costs and outcomes associated

with interventions across distinct subgroups of the population should be specified.
These could be factors that affect the natural history of disease, the effectiveness of
treatments, or the utilities or costs associated with the disease or treatments.

A stratified analysis with results presented for each subgroup should be provided in
the reference case if factors are identified to support the consideration of distinct
subgroups. Otherwise, the analysis should be for the entire target population.

Comparators

In the reference case, “current care” (i.e., the intervention[s] presently used in a Canadian
context) should be considered. In many cases, this may include more than one relevant
comparator.

The choice of comparator(s) should be related to the scope of the decision problem.
As such, the comparators should reflect the target population of interest and the
jurisdiction for which the decision is being made.

Perspective

In the reference case, the perspective should be that of the publicly funded health care payer.
The perspective of the economic evaluation should be related to the decision problem.

Both costs and outcomes should be consistent with the stated perspective.

Where perspectives other than the reference case perspective are of interest to the
decision-maker and could have a substantial impact on the results of the analysis, these
should be included as additional non-reference case analyses. For these analyses:

5.3.1 Report the results separately from the reference case.

53.2 Clearly identify the costs and outcomes that comprise the additional perspectives
and quantify and describe the impact (i.e., magnitude) of the different components
on the results of the analysis compared with the reference case.

Time Horizon

In the reference case, the time horizon should be long enough to capture all relevant
differences in the future costs and outcomes associated with the interventions being
compared. Thus, the time horizon should be based on the condition and the likely
impact of the intervention.

The time horizon of the evaluation should relate directly to the decision problem.
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Discounting

In the reference case, costs and outcomes that occur beyond one year should
be discounted to present values at a rate of 1.5% per year.

The impact of uncertainty in the discount rate should be assessed by comparing the
results of the reference case to those from non-reference case analyses, using discount
rates of 0% and 3% per year.

Modelling

Model conceptualization and development should address the decision problem.

The model should be consistent with the current understanding of the clinical or care
pathway for the health condition and the interventions being compared. The scope,
structure, and assumptions should be clearly described and justified.

Researchers should consider any existing well-constructed and validated models that
appropriately capture the clinical or care pathway for the condition of interest when
conceptualizing their model.

The choice of modelling technique should be justified. The approach should be no more
complex than is necessary to address the decision problem.

Baseline natural history should be representative of the target population considered in
the decision problem.

The model should be validated, including an assessment of the face validity of the
model structure, assumptions, data, and results.

Models should be subjected to rigorous internal validation. This process should involve
quality assurance for all mathematical calculations and parameter estimates, and these
processes and their results should be reported. Models should also be evaluated for
external validity.

Effectiveness

A comprehensive search of the available data sources should be conducted to inform
the estimates of effectiveness and harms associated with the interventions. Report the
included studies and methods used to select or combine the data.

The data sources should be assessed based on their fitness for purpose, credibility,
and consistency. Describe the trade-offs among these criteria and provide justification
for the selected source(s). Incorporate the potential impact of the trade-offs in the
reference case probabilistic analysis or using scenario analysis.
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9.3. Researchers should evaluate and justify the validity of any surrogate end points used
for parameter estimation. Uncertainty in the association of the surrogate to the final
clinical outcome should be reflected in the reference case probabilistic analysis. This
uncertainty can also be explored through appropriate scenario analyses. The existence
of multiple potential surrogates should be reflected in the analysis of uncertainty. When
considering the use of biomarkers as surrogate end points, the researcher should
evaluate and justify the validity of the biomarker and the degree to which the biomarker
satisfies the criteria of a surrogate end point.

9.4. Appropriate methods for extrapolating estimated effectiveness parameters to longer-
term effects should be adopted. Uncertainty in the extrapolated estimates can be
considered in the reference case through a probabilistic analysis that incorporates
the correlation around the parameters within the survival function. Scenario analysis
exploring structural uncertainty should also be conducted.

10. Measurement and Valuation of Health

10.1. In the reference case, the QALY should be used as the method for capturing the value of
the effect of an intervention.

10.2. Health preferences (i.e., utilities) should reflect the health states in the model and be
conceptualized to address the decision problem.

10.3. Health preferences should reflect the general Canadian population.

10.4. In the reference case, researchers should use health preferences obtained from an
indirect method of measurement that is based on a generic classification system
(e.g., EuroQol 5-Dimensions questionnaire [EQ-5D], Health Utilities Index [HUI], Short Form
6-Dimensions [SF-6D]). Researchers must justify where an indirect method is not used.

10.5. The selection of data sources for health state utility values should be based on their
fitness for purpose, credibility, and consistency. Describe the trade-offs among these
criteria and provide justification for the selected sources.

11. Resource Use and Costs

11.1. In the reference case, researchers should systematically identify, measure, value, and
report all relevant resources based on the perspective of the publicly funded health care
payer. When a range of perspectives is relevant to the decision problem, researchers
should classify resources and their associated costs in categories according to each
perspective, reporting results separately for the reference case perspective and any
additional non-reference case perspectives.

11.2. Resource use and costs should be based on Canadian sources and reflect the
jurisdiction(s) of interest (as specified in the decision problem).

11.3. Where substantial variation exists in practice patterns or costs among or within
the jurisdiction(s) of interest specified in the decision problem, the researcher should
consider these sources of variation when conducting the evaluation.
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11.4. When valuing resources, researchers should select data sources that most closely
reflect the opportunity cost, given the perspective of the analysis. Fees and prices listed
in schedules and formularies of Canadian ministries of health are recommended as
unit-cost measures when considering the perspective of the public payer, as long as
they reflect actual payments. In other instances, total average costs (including capital
and allocated overhead costs) may be relevant. Where costs are directly calculated or
imputed, they should reflect the full economic cost borne by the decision-maker.

11.5. When a broader societal perspective is of interest to the decision-maker, the impact of
the intervention on time lost from paid and unpaid work by both patients and informal
caregivers as a result of illness, treatment, disability, or premature death should be
included in an additional non-reference case analysis.

12. Analysis

12.1. In the reference case, the expected values of costs and outcomes (as defined by the
publicly funded health care payer perspective) for each intervention should be estimated.

12.2. The economic evaluation should be assessed based on the incremental cost-
effectiveness ratio (ICER). Estimates of net monetary benefit may also be provided.

12.3. For analyses with more than two interventions, a sequential analysis of cost-
effectiveness should be conducted following standard rules for estimating ICERs,
including the exclusion of dominated interventions.

12.4. In the reference case, expected values of costs and outcomes should be derived through
probabilistic analysis, whereby all uncertain parameters are defined probabilistically:

12.4.1 In most cases, the probabilistic analysis will take the form of a
Monte Carlo simulation.

12.4.2 An appropriate form of probability distribution should be employed that is based
on standard rules that reflect the nature of each variable.

12.4.3 Correlation among parameters should be incorporated, as it can affect
both expected values and their degree of uncertainty.

13. Uncertainty

13.1. In the reference case, uncertainty regarding the value of each parameter should be
examined through probabilistic analysis.

13.2. Methodological uncertainty should be explored by comparing the reference case results
to those from a non-reference case analysis that deviates from the recommended
methods in order to examine the impact of methodological differences.

13.3. The impact of uncertainty on the estimated costs and outcomes for each intervention
should be presented using cost-effectiveness acceptability curves (CEACs) and cost-
effectiveness acceptability frontiers (CEAFs).
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13.4. When the decision problem includes the option of commissioning or conducting future
research, value-of-information analysis may be helpful to characterize the value of these
options and design future research and should be included in the reference case analysis.

13.5. Structural uncertainty should be addressed using scenario analysis. Probabilistic
analyses should be presented for each scenario.

14. Equity
14.1. In the reference case, all outcomes should be weighted equally, regardless of the
characteristics of people receiving, or affected by, the intervention in question.

14.2. In support of a social decision-making viewpoint, a full description of the relevant
populations should be provided, to allow for subsequent consideration of any distributional
or equity-related policy concerns by the decision-maker. Researchers should approach
any equity concerns by acknowledging the potential implications of both horizontal equity
(equal treatment of equals) and vertical equity (unequal treatment of unequals).

14.3. Any stratified analysis of subgroups motivated by vertical equity considerations should
be defined in the decision problem and, as such, fully explained, justified, and reported.
When justifying stratified analyses, particular attention should be paid to respecting
horizontal equity associated with any proposed vertical equity positions.

15. Reporting

15.1. The economic evaluation should be reported in a transparent and detailed manner
with enough information to enable the reader or user (e.g., decision-maker) to critically
assess the evaluation. Use a well-structured reporting format (Appendix 1).

15.2. A summary of the evaluation written in non-technical language should be included.

15.3. Results of the economic evaluation should be presented in graphical or visual form, in
addition to tabular presentation.

15.4. Details and/or documents describing quality assurance processes and results for the
economic evaluation should be provided. An electronic copy of the model should be
made available for review with accompanying documentation in adequate detail to
facilitate understanding of the model, what it does, and how it works.

15.5. Funding and reporting relationships for the evaluation should be described, and any
conflicts of interest disclosed.
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1. Decision Problem

Economic evaluations are designed to inform decisions. As such, they are distinct from
conventional research activities, which are designed to test hypotheses. A comprehensive
account of the decision problem that the economic evaluation will address is a necessary
prerequisite for designing an appropriate economic evaluation.

Specifying a decision problem entails identifying the perspective from which the problem is to
be addressed, and specifying the interventions (such as drug treatments, surgical procedures,
diagnostic tests) to be compared, as well as the measures (e.g., costs, outcomes) that will be
used to compare them.

In the context of economic evaluations, the measures that are used to evaluate the
interventions are “costs” and “outcomes.” The costs and outcomes to be included in the
evaluation depend on the perspective adopted by the decision-maker whom the evaluation
is intended to inform. The perspective for the evaluation should be specified by the intended
decision-maker(s). When an economic evaluation is undertaken to inform multiple decision-
makers, analyses from a series of increasingly inclusive perspectives may be appropriate.
Detailed consideration of the appropriate perspective is provided in the Perspective section.

The specification of the interventions being compared needs to be comprehensive,
providing clarity as to what will be provided, to whom and by whom, in what setting, and

for what purpose. A health care intervention may be more than just the technology for
which reimbursement is sought; variation in the other health care components associated
with the technology can and frequently will affect both costs and outcomes. The choice of
interventions for comparison should reflect the variety of interventions that are relevant to
the decision problem. For example, if the decision problem relates to reimbursement of a
new technology, then comparators should include interventions that could be substituted
for the new technology. When the decision problem relates more generally to the most
efficient practice with respect to a specific population, comparators should include all
currently available, relevant therapeutic options. In addition, when there is reason to believe
that current technologies are of poor or uncertain value compared with best supportive care,
best supportive care should be considered for inclusion as a comparator. This will highlight
to decision-makers whether a technology is benefiting inappropriately from being compared
with a historically adopted technology of poor value. The statement of the purpose of the
intervention should be sufficiently detailed to allow researchers to identify which outcome
measures need to be captured in the economic evaluation.

The decision problem should support the clear identification of the costs to be included in any
analysis. While costs incurred by the decision-maker should always be included, the decision-
maker’s objectives may lead it to consider a broader range of costs (accruing to other
budgets). These should be presented in disaggregated form and could include out-of-pocket
costs incurred by the patient (or household), costs falling on health care budgets outside of
the decision-maker’s area of responsibility, costs falling on non—health care public budgets
(such as social services, education, or judicial systems), and costs falling on private-sector
budgets (such as employment costs). The decision problem should identify the costs to be
included in the analysis, and this should be consistent with the stated perspective.
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For both costs and outcomes, the decision problem must specify the time horizon over which
they will be considered, as the estimated value of an intervention is likely to be sensitive to the
time horizon. This is of particular importance to interventions such as preventive treatments,
like vaccines, that continue to produce desired outcomes in the distant future. This may also
be important if long-term harms (e.g., adverse events) are considered an important aspect of
a technology.

Within the target population, the value of an intervention will often differ among subgroups.
Whether and how the value of the intervention varies by subgroup may be of interest to

the decision-maker. Where this is relevant, a decision problem should be specified for each
subgroup. This will ensure that any differences in the other components of the decision
problem are appropriately captured, or confirm the assumption that all other factors in the
decision problem are unaffected.

Itis good practice to specify the decision problem in consultation with clinicians, members of
the target population, and the decision-maker(s) to ensure that all relevant comparators are
included; the most relevant outcomes for each stakeholder are taken into account; and the
assessment is founded on a thorough understanding of all available evidence.

2. Types of Evaluations
Common forms of economic analysis are:

a) Cost-utility analysis (CUA): outcomes expressed as quality-adjusted life years (QALYSs).

b) Cost-effectiveness analysis (CEA): outcomes expressed in natural units (e.qg., life-years
gained, lives saved, or clinical event avoided or achieved).

c¢) Cost-minimization analysis (CMA): interventions being compared are considered
equivalent in terms of all relevant outcomes.

d) Cost-consequence analysis (CCA): costs and outcomes are presented in disaggregated form.

e) Cost-benefit analysis (CBA): outcomes expressed in monetary terms.

A CUA is the recommended type of economic evaluation and should be used in the reference
case analysis. The use of a generic outcome measure allows decision-makers to make
broad comparisons across different conditions and interventions. This feature facilitates the
allocation of resources based on maximizing health gains.

A CUA is not without limitations. For instance, the methods and instruments for measuring
health-related quality of life (HRQoL) and/or preferences can produce very different utilities
for the same health state.” While potential limitations may speak to the need for further
methodological advances, CUA remains the recommended reference case approach.

A CEA refers to an economic evaluation in which the outcomes are measured in natural
(health) units, such as life-years gained, lives saved, or clinical event avoided or achieved.
A disadvantage of a CEA is that the results can be compared only with the results of other
evaluations that have used the same outcome measure; it does not facilitate the broad
comparison of technologies and the allocation of resources across different conditions.
Furthermore, a CEA, by definition, offers only a partial description of the benefit profile of
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an intervention and is likely to omit some important aspects (e.g., preferences for clinical
outcomes). Even if convincing evidence is available to show that the important outcomes are
equivalent on virtually all measures, except for survival or quality of life, the CUA remains the
appropriate approach. This allows fair comparison to be made across all the technologies
being considered by using the same benefit measure. Results in terms of a CEA may be
reported in addition to those of the CUA.

In a CMA, the interventions being compared are considered equivalent in terms of all
important outcomes; thus, the lowest-cost intervention is considered the preferred
technology. A CMA can be regarded as an extension of a CUA or CEA where the outcomes are
demonstrated to be equivalent; therefore, only the costs associated with the interventions are
compared. The critical issue with the use of a CMA is that it does not facilitate consideration
of the uncertainty with respect to whether there are differences among the interventions

in terms of important outcomes (including adverse events). Uncertainty in differences in
outcome measures should be considered through probabilistic analysis within a CUA, again
facilitating the necessary comparison across all interventions.

In a CCA, the costs and outcomes of the interventions are listed separately in a disaggregated
format (e.g., intervention costs, hospital costs, clinical outcomes, and adverse events). A CCA
has particular value in aiding transparency and can be used to present results for analyses
conducted for different perspectives. This type of evaluation can also be useful for understanding
the wider implications of an intervention. It may be helpful to present results in this manner for
interventions involving public health, interventions with implications outside of health (e.g., crime,
social services, education) as well as interventions with implications for informal caregivers. A
CCA should be viewed as a complement to, and not a substitute for, a CUA.

In a CBA, costs and outcomes are valued in monetary terms, and the values are usually
obtained through a willingness-to-pay approach, such as contingent valuation or discrete choice
experiments. The difficulties with CBAs in a health context relate primarily to the challenges

of measuring health outcomes in monetary terms and the ethical concerns associated with
resource allocation decisions driven by willingness-to-pay data.® If there are important benefits
from an intervention that are not captured in the CUA, then these should be reported separately.
If such benefits can be valued in monetary terms, then a CBA might also be undertaken as

a non-reference case analysis. Full details would need to be provided on the derivation of
monetary values, which, in keeping with the social decision-making viewpoint adopted in these
Guidelines, should be determined by the socially legitimate higher authority that funds the health
care system and, consequently, be reflective of the monetary values of society.

3. Target Population

The cost-effectiveness of an intervention depends on the population for which it is being
evaluated. The decision problem for the study should specify the target population(s) for
which the interventions are to be used. Where applicable, this could include a description

of the patient population for which the treatment is approved by Health Canada, as well as
any anticipated off-label use of the product. The target population may include patients as
well as their informal caregivers (i.e., unpaid caregivers), or the evaluation may be focused
on the impact of an intervention (e.g., respite care) on informal caregivers. In other broader,
population-based interventions (e.g., immunization programs), the target population may be
the Canadian population at large.
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Based on the target population specified in the decision problem, researchers should consider
any potential spillover impacts beyond those individuals for whom the interventions are

being targeted. For example, an intervention aimed at patients may have spillover impacts

on informal caregivers due to changes in the level of care required by patients. Depending on
the target population(s) specified in the decision problem, any associated spillover beyond
the targeted population(s), in terms of either costs or effects, should be addressed in a
non-reference case analysis.

A description of the target population should be detailed and include pertinent information
on factors such as the health condition and its severity (e.g., not just angina, but Canadian
Cardiovascular Society grading of angina pectoris), the distribution of comorbid illnesses
likely to be present in the population, and the age and gender distribution of the population.

The economic evaluation should reflect the entire target population as defined by the decision
problem. Researchers should, however, examine any potential sources of heterogeneity that
may lead to differences in parameter-input values across distinct subgroups.®'® Note that
heterogeneity may result from differences in the natural history of the disease, effectiveness
of the interventions, health state preferences, or costs of the interventions. Heterogeneity may
result in different decisions with respect to cost-effectiveness among different subgroups.
The responsibility of the researcher, therefore, is to establish whether important heterogeneity
exits in parameter estimates. A stratified analysis will allow decision-makers to identify

any differential results across subgroups.

A stratified analysis requires the population to be parsed into smaller, more homogeneous
subgroups, with an analysis conducted for each distinct subgroup.''? Subgroups may be
defined by baseline demographics (e.g., age, gender, socioeconomic status), disease severity,
disease stage, comorbidities, risk factors, treatment-related factors (e.g., community or
hospital setting), geographic location, usual adherence rates, or typical patterns of treatment.
As far as available data allow, subgroup analyses should be based on mutually exclusive
categories that combine all characteristics found to be heterogeneous with respect to a given
parameter. For example, if disease severity depends on whether a patient has diabetes (yes/
no) and is a smoker (yes/no), there would be four mutually exclusive subgroups. When data
are unavailable, or considered unreliable, estimates for the broader target population should
be used, although any limitations of this approach should be stated.

A stratified analysis requires the use of parameter estimates pertinent to each subgroup

under consideration. Researchers must consider whether the data provide robust evidence of
differences across subgroups. This is especially important in order to avoid the potential for post-
hoc data dredging. To avoid this, the assessment of the face validity of differences in data inputs
based on specific characteristics is recommended (further discussed in the Modelling section).

When a stratified analysis is conducted, but a decision-maker cannot implement decisions by
subgroups, rather than calculating the mean result (i.e., the ICER) over the entire population,
the appropriate estimate of the overall result is determined by weighting the estimates for
each subgroup by their respective prevalence.
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4. Comparators

Economic evaluations involve the comparison of two or more interventions; these
interventions are referred to as comparators. This section describes how to identify, select,
and describe the comparators within an economic evaluation.

Identification of Comparators

The comparators should be directly related to and stated as part of the decision problem.
Comparators should be identified based on the components defined by the decision problem.
It is crucial to identify all appropriate comparators for the analysis, as the choice will be
important in determining the cost-effectiveness of the intervention and the relevance of the
study to decision-makers. All interventions currently used and potentially displaced should

be identified, in addition to interventions likely to be available in the near future. Researchers
should consider the complete clinical or care pathway for the condition as it relates to the
decision problem and a broad range of possible comparators, including individual interventions
as well as management or intervention strategies. The identification of comparators

should not be limited to a specific type or class of interventions (e.g., when considering a
biopharmaceutical, determine whether a non-pharmaceutical intervention such as medical
management might be currently among the options used in the management of patients).

The inclusion of best supportive care should be assessed for its appropriateness as a
comparator where there is reason to believe that current technologies are of poor or uncertain
value in comparison with best supportive care. This will allow decision-makers to note
whether a technology appears more cost-effective as a result of being compared with a
historically accepted technology of poor value.

Selection of Comparators

Based on a comprehensive list of identified comparators, a starting point for selecting the
appropriate comparators for the analysis is to determine what represents current care, or which
technologies are likely to be displaced by the intervention(s) under investigation. These should be
technologies that the decision-maker is currently funding and are commonly used. In addition,
consideration of best supportive care should be assessed when new technologies have not been
fully adopted by the decision-maker(s), or newer technologies represent uncertain (or poor) value.
The selection of comparators should be conceptually driven and should not be determined by the
availability of data. Justification for the chosen comparators should be provided.

In some cases, comparators may be management strategies (e.g., codependent technologies,
adjunctive use of interventions — given to maximize the effectiveness of the primary

therapy) rather than individual interventions (i.e., a single drug or device). When dealing with
management strategies, researchers should ensure that uncertainty in the data informing all
parts of the strategy is appropriately characterized. For example, if the management strategy
consists of both a test and a treatment component, researchers should account for the

costs and effects of both false-positive and false-negative test results. Where interventions
are used concomitantly, consideration should be given to the possible combinations. Where
interventions are used sequentially (e.g., as a result of treatment failure or intolerance, testing
algorithms), consideration should be given to the sequence, as the results of the analysis may
be sensitive to alternative sequence pathways.™ Where treatment is based on events along
the pathway, consideration should be given to the sequence of events. Uncertainty related to
the choice and sequence of comparators should be explored using scenario analyses.
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Selecting comparators may be complicated when there are a number of appropriate
comparators identified, or where comparators vary among the jurisdictions for which the analysis
is being conducted. In these cases, all comparators should be considered and the choice to
remove any comparator(s) from the decision problem clearly justified. Should there be a paucity
of clinical evidence to support the evaluation of comparators, this should be addressed in
scenario analyses or discussed with respect to potential implications for decision-making.

Description of Comparators

Comparators should be clearly described to allow for the identification of all relevant costs
and outcomes. This should include a description of how interventions differ (e.g., dosing,
route and frequency of administration, use in combination with other interventions, use in
sequence with other interventions, placement along the clinical or care pathway, and any
relevant starting and/or stopping rules).

Where comparators are management strategies (e.g., codependent technologies,
adjunctive use of interventions), the researcher must distinguish among situations where
the intervention is an additional element in the strategy, a different treatment sequence, or
an alternative that would replace another element in the strategy if the intervention were
adopted. Strategies should be explained (e.g., when, under what circumstances, and for
whom), and the elements of the alternative strategies defined.

5. Perspective

The perspective chosen for the economic evaluation should be directly related to, and stated

as part of, the decision problem. The costs and outcomes included in the analysis would then
be defined by the selected perspective, as detailed in Table 1. In the reference case, the publicly
funded health care payer perspective should be adopted (see Appendix 2) and the included
costs should be those incurred by the Canadian public payer, and the included outcomes should
reflect all meaningful health effects for patients and their informal caregivers.

Having identified the target population, any spillover costs or effects that fall outside the
target population should be incorporated in a non-reference case analysis (see Target
Population). That is, if patients are the target population, then the impact of including any
meaningful health effects for informal caregivers would be assessed using a non-reference
case analysis. When incorporating costs or effects associated with either patients or informal
caregivers, researchers should be mindful of the potential for double-counting and avoid
situations where the same elements are valued as part of both the incremental costs and
outcomes (e.g., time sacrifices being considered in changes in health outcomes).’1®

Any relevant non-health effects for either patients or informal caregivers would fall outside the
perspective of the publicly funded health care payer and should be examined in non-reference
case analyses. When exploring a payer perspective, the researcher should clearly define the
payer, and the relevant costs and outcomes that will be included in the analysis.

Where the perspective is that of the private payer, particular attention should be placed on
determining any proportion of health care services that may be covered by the public payer.

For example, a standard hospital stay may be covered by the public payer, but an upgrade

to a private room may be paid for by the private payer; or if individuals with public drug plan
coverage have to pay an annual deductible prior to receiving drug coverage, this deductible may
be covered by private payers in cases in which individuals are covered by both private and public
plans. Private insurers may also cover a number of services not paid for by the public payer
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Table 1: Examples of Different Costs and Outcomes by Perspective

Referen
elerence Non-Reference Case
Case
Public : Broader Examples
Private .
Health Care 5 Government | Societal
Payer
Payer? Payer
Types of Costs
Costs to publicly funded o Drugs, medical devices, procedures
health care payer o Equipment, facilities, overhead

o Health care providers

o Hospital services

‘/ \/ ‘/ o Diagnostic, investigational, and screening services

o Informal caregivers’ health care costs

o Rehabilitation in a facility or at home®

o Community-based services, such as home care, social

support®
o Long-term care in nursing homes®
Costs to private insurer o Drugs, medical devices (falling outside of public payer)

o Aids and appliances
o Alternative care (e.g., chiropractic services, massage

v v therapy, homeopathy)
o Rehabilitation in a facility or at homec

o Community-based services, such as home care, social

support®
o Long-term care in nursing homes®
Costs to government o Social services, such as home help, meals on wheels®
payer (beyond health v v o Affordable housing
care) o Education
Costs to patients and o Out-of-pocket payments (e.g., copayments for drugs,
informal caregivers dental, assistive devices)
v o Cost of travel, paid caregivers

o Premiums paid to private insurers

o Patient’s time spent for travel and receiving treatment

Productivity costs o Lost productivity due to reduced working capacity, or

short-term or long-term absence from work

v o Lost time at unpaid work (e.g., housework) by patient
and family caring for the patient

o Costs to employer to hire and train replacement worker

Types of Outcomes

Health effects relevant o Health-related quality of life

to patients and v v Ve v o Life-years gained

informal caregivers o Clinical morbidity

Non-health effects o Information available to patients
relevant to patients and v v o Reduction in criminal behaviour
informal caregivers o Better educational achievements

2 Any spillover impacts should be handled in a non-reference case analysis.
b Researchers should consult the private payer to determine costs and outcomes of relevance.
°Some of these costs may be incurred by the publicly funded health care payer, depending on the precise nature of these costs and the relevant jurisdiction.
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(e.g., alternative health services, such as chiropractic services, acupuncture, massage therapy,
and dental services). Where the perspective is that of the broader government payer, in which
not only health services are considered, the costs and effects of government programs and
services beyond health care, such as affordable housing or education, may be relevant.

Where there are multiple decision-makers and, therefore, multiple decision problems, the
perspective should be presented for each decision problem, which may require considering
multiple perspectives. This may occur where the intervention(s) under investigation are paid
for by different payers or a combination of payers.

Perspectives other than that considered in the reference case analysis may also be of interest
if they are expected to have an impact on the results. The alternative perspectives and their
relevance to the decision problem should be noted and should be included in additional
non-reference case analyses. The costs and outcomes associated with different perspectives
should be reported separately. Where quantification is difficult, the likely magnitude of such
costs and outcomes and their impact on the results of the analysis should be discussed and
disaggregated results may be presented as part of the analysis. An example of a case in which
other perspectives may be considered is when the decision problem is from the perspective

of the publicly funded health care payer, but the intervention permits patients to return to work
sooner, which may shift costs away from patients and their informal caregivers. In such cases,
a societal perspective may be evaluated in a non-reference case analysis that allows for the full
consideration of all costs and outcomes associated with the evaluation of the intervention.

6. Time Horizon

In the reference case, the time horizon should be long enough to capture all potential
differences in costs and outcomes associated with the interventions being compared.’'” The
same time horizon must be applied to costs and outcomes for analytical consistency.

The time horizon of the analysis should be conceptually driven, based on the natural history
of the condition or anticipated impact of the intervention (e.g., public health promotion),

and must reflect all states of the health condition. A longer-term analysis allows for the
exploration of uncertainty; this does not, however, imply that primary data must be collected
from patients or affected populations over such a period. When modelling chronic conditions,
or when the interventions have differential effects on mortality, a lifetime horizon is most
appropriate. For decision problems involving the dynamic evolution of the target population
(i.e., individuals enter and exit the population over time), the time horizon may extend beyond
the lifetime of a single cohort and should relate to the maximum expected lifetime of future
patients (e.g., vaccination programs). Shorter time horizons might be considered where
there are no meaningful differences in the long-term costs and outcomes of interventions
(e.g., convergence of clinical pathways for the remainder of patients’ lifetimes), or the
condition affects the individual only over a defined period (e.g., acute illnesses). In these
cases, justification should be provided for the duration of the time horizon selected.

In some cases, multiple time horizons might be appropriate to consider how the cost-
effectiveness of interventions differs in various phases of the condition, as well as in the
overall condition. When there is uncertainty in the choice of time horizon, the implications

of this should be assessed by comparing the results based on the time horizon used in the
reference and non-reference case analyses. This is of special relevance in instances when the
majority of QALY gains from therapy occur long after treatment has been curtailed.
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7. Discounting

Economic evaluations that involve costs and outcomes that occur beyond one year require
the application of a discount rate that reflects society’s preferences over time (i.e., the social
discount rate). Economic efficiency necessitates that the social discount rate measure the
marginal social opportunity cost of resources allocated to government investment, which
may be approximated by the real rate of interest on government bonds.>®

In keeping with the social decision-making viewpoint adopted in these Guidelines, this rate
should reflect the real rate of interest on government bonds faced by the higher authority (i.e.,
the level of government) that funds the health care system. In Canada, health care is funded
primarily by the provincial, territorial, and federal governments. Therefore, both provincial

and federal government bonds may be considered as sources for estimating the real rate of
interest. Taking into account the proportion of public health care spending by the provinces
and territories relative to the federal government’™?° and the observed uniformity between the
historical returns of provincial and Canadian federal bonds,” the recommended discount rate
for the reference case is based on provincial bond rates.?

It is therefore recommended that costs occurring beyond one year be discounted using the
real rate of interest on provincial government bonds. Assuming that decision-makers are
likely to face exogenous budget constraints,® outcomes should be discounted using the same
real rate of interest on provincial bonds, minus the growth rate of the cost-effectiveness
threshold (i.e., the estimated health expected to be forgone as a result of any new costs that
must be accommodated within a budget-constrained system).® In practice, however, given
the uncertainty in the value of the cost-effectiveness threshold and how it is anticipated

to change over time, these Guidelines recommend that researchers discount costs and
outcomes at the same rate.

The recommended rate for the reference case is set at 1.5% per year for both costs and
outcomes, reflecting recent empirical evidence on the long-term cost of borrowing for
Canadian provinces.® The discount rate is expressed in real (i.e., constant, inflation-adjusted)
terms, which is consistent with valuing resources in real dollars. Nominal provincial bond
rates were adjusted for inflation using the Bank of Canada's target inflation rate (currently 2%
per year),”*?* and a weighted average of the real provincial bond rates was calculated based
on the relative proportion of the population represented by each province.?

In principle, the appropriate discount rate to use depends upon the inter-temporal distribution
of costs and outcomes over the time horizon of the analysis. In the absence of robust
empirical evidence on this distribution, the Guideline recommendation is based on the

real long-term cost of borrowing. The potential impact of applying non-constant discount
rates (i.e., rates that vary according to when the costs and outcomes are accrued) may be
investigated in a non-reference case analysis. When deciding whether to explore the use

of non-constant discount rates, the researcher should be guided by the magnitude of the
observed differences between short-term rates (i.e., less than 10 years) and long-term rates
(i.e., greater than or equal to 10 years), as well as the degree of divergence in the timing of
costs and outcomes for the interventions being compared. The smaller the differences, the
less impact non-constant discounting will have on the results.?®
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In order to incorporate potential uncertainty and to assess the sensitivity of the results

to changes in the discount rate, a non-reference case analysis using a rate of 0% should

be conducted to show the impact of discounting. In addition, a 3% discount rate (double
the recommended reference case rate) should be used as an upper bound. If desired, an
additional non-reference case analysis based on a discount rate of 5% may be conducted to
allow for comparison with previous analyses.

8. Modelling

This section is intended to identify the key considerations that should guide the model-
development process. This is not intended to be a step-by-step guide to building a model,
researchers should consult modelling guidelines and adhere to good modelling practices
when constructing models for use in economic evaluations.?”=3

Model Conceptualization

Modelling in the context of health economic evaluations provides an important framework for
synthesizing available data and assumptions from multiple sources to generate estimates of
the expected costs and outcomes for the interventions of interest. A decision-analytic model
uses mathematical relationships to define a series of possible consequences that would
result from the set of interventions being evaluated.®

The conceptualization of the model is a critical component of the model-development
process. This process involves the development of a model structure that is defined by
specific states or events and the relationships among them that together constitute the
clinical or care pathway for the condition of interest and the interventions being compared.
Depending on the condition and the interventions being modelled, the clinical or care pathway
will vary and could include, for example, doctor’s visits, hospitalizations, screening, or certain
risk factors, as well as various health states. The conceptualization of the model should
incorporate the potential for changes along the clinical or care pathway (e.g., reflecting
changes in how individuals might progress or regress among health states), and the model
should be structured in a way that can accommodate these changes.

The model structure must be clinically relevant, and close collaboration with and input from
those able to provide clinical expert judgment is necessary. The model must be consistent
with the current knowledge of the biology of the health condition, the causal relationships
among variables that constitute the clinical or care pathway, and the expected effects of
the interventions.®* In addition, the model must be conceptualized to address the decision
problem, including the setting(s) in which the interventions are to be compared, the
perspective of the evaluation, the costs and outcomes to be considered, the jurisdiction of
interest, and the time horizon of the evaluation.

The process of model conceptualization should not be dictated by the availability of data. In
practice, however, the availability of data may constrain the options in model development,
and the model structure will need to be revisited accordingly and modified within an iterative
process. Where there are well-constructed, validated models that appropriately capture the
clinical or care pathway and reflect all of the components of the decision problem, researchers
should consider these models when trying to conceptualize their own model structure. This
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could involve contacting and potentially collaborating with researchers who have developed
previous models, or simply attempting to make similar structural assumptions, or, where

they remain relevant, using similar natural history data to populate the model. Researchers’
awareness of comparable models and their relative similarities, differences, strengths, and
weaknesses should help to avoid duplication of efforts to address the same decision problem,
and may provide a basis for model validation (as subsequently described).

Determining what constitutes an adequate level of detail in terms of the required states or
events and the clinical or care pathway is one of the most difficult challenges a researcher
faces when conceptualizing a decision model.2® The model need not reflect every possible
aspect associated with the health condition or pathway, but should be detailed enough to
capture those factors that are likely to result in differences in costs or outcomes among the
interventions being compared. That is, the model should be conceptualized in such a way that
it provides a representation of reality that captures the elements and relationships that are
essential to address the decision problem,®® but should not be more complex than is required.

Modelling Techniques

There are many decision-modelling techniques available to researchers when conducting
economic evaluations, including decision trees,” cohort-level state-transition models

(i.e., Markov models),” patient-level state-transition models (i.e., microsimulations or first-
order Monte Carlo simulations),?®?° system dynamic models,?#3'¢ discrete event simulation
models,?°3 and agent-based models.?®3'% A number of papers provide guidance on the
selection of appropriate modelling techniques.?8357.38

Most decision problems can be addressed with a wide variety of modelling techniques.

The choice of model type should be related to the characteristics of the decision problem,
with justification provided regarding the choice of modelling approach. For any type of
modelling approach chosen, the model must be methodologically sound and transparent, and
researchers are encouraged to follow good modelling practice guidelines.?” When choosing
among various techniques, the researcher should seek to identify a modelling technique that
addresses the decision problem and that appropriately reflects the conceptualization of the
clinical or care pathway for the health condition and the interventions being compared.®

Researchers should think about the decision problem and whether the model is intended to
address a single question, on one occasion, or if the model will be used on an ongoing basis to
address multiple questions.®® Researchers should also consider requirements for addressing

the decision problem, such as the potential heterogeneity or dynamic evolution of the target
population.“> Whether to model time as being continuous (i.e., using exact times) or discrete (i.e.,
using defined time intervals) would be another consideration. Researchers should also anticipate
the likelihood of interaction among individuals, or the possible impact of the intervention on

the spread of the condition. The decision problem may also require the ability to incorporate
competition for constrained resources and the development of waiting lists or queues.

Incorporating Parameter Estimates

Regardless of the chosen modelling technique, data are required to inform the various states
and events and the movement along the clinical or care pathway. The conceptualization and
incorporation of data into the model will vary depending on how the model is specified for the
different modelling techniques.
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Natural History

Economic evaluations will often require estimates of both relative clinical effects of
interventions (Effectiveness section) and information on the outcomes at baseline (i.e.,
the start of the analysis time horizon).?4" Outcomes at baseline reflect the natural history
of the health condition, while the effects of interventions are typically reported relative to a
comparator such as current care.#'#? There are a number of ways of selecting parameter
estimates for the baseline natural history, which will depend on the decision problem.44?

Where the baseline outcomes and the relative effects data are estimated from the same source
(e.g., studies in a network meta-analysis), the researcher should consider whether the data

are sufficiently representative of the target population (see Target Population section) under
current circumstances, and justify the fitness of the data for the purposes of the evaluation.*
The baseline data, in particular, should be as specific as possible to the Canadian context.
Consequently, where there exist baseline natural history data that are independent of the relative
effects data (e.g., from administrative databases or observational cohort studies) and these data
are more representative of the Canadian context than those used to estimate the relative effects,
it may be reasonable to use only those data in the estimation of the baseline outcomes.*'#?

In all cases, researchers should define what constitutes relevant data based on the decision
problem and then seek to identify data sources using a comprehensive and transparent
approach that can be replicated by others. The researcher should then determine whether

a synthesis of the data sources is appropriate or possible. Where a synthesis cannot be
conducted, the researcher should employ judgment in assessing the individual sources in terms
of their relative fitness for purpose, credibility, and consistency in order to determine which data
source represents the best trade-off among these criteria (see Effectiveness section).

When informing and incorporating parameter estimates for natural history, probability
distributions should be derived and the associated uncertainty propagated through the model.
Where more than one data source is judged to be appropriate, this should be reflected in the
reference case probabilistic analysis or using scenario analyses that consider the alternative
sources for the estimates. Where Canadian data are lacking, and there is reason to believe
that the available data may differ substantially from what would likely be observed in the
jurisdiction of interest, this should also be incorporated into the analysis of uncertainty by
examining the impact of different scenarios. These scenarios should consider alternative
estimates that may be more representative of the Canadian context. The sources of the
alternative estimates (e.g., expert elicitation) must be described and justified.

Incomplete natural history data or inconclusive knowledge about the underlying condition will
lead to structural uncertainty within the model. In such cases, the limitations of the natural
history data should be acknowledged and addressed by building more than one plausible
framework and examining the impact of the alternative model structures using scenario
analysis. Where the results of the analyses vary in ways that are substantive enough to
potentially have an impact on the cost-effectiveness, the reasons for these differences should
be identified and critically examined and, on the basis of this, researchers should recommend
a particular model structure (see Uncertainty section).
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Incorporating Effectiveness Estimates

The incorporation into the model of parameter estimates for effectiveness, in addition to
baseline natural history information, defines the movement along the clinical or care pathway
of the model. Estimates of relative effect can be combined with baseline natural history

data to derive the movement through the model for each intervention.®*#! Researchers may
also refer to Cooper et al.*? regarding methods for deriving absolute estimates for effect
probabilities based on combining estimates of relative effects and baseline data. Measures of
effect are not limited to binary outcomes and can include other types of outcome scales (e.g.,
change in HRQoL). If the effectiveness of the intervention changes over time, this should also
be captured in the model.

Incorporating Harms Estimates

Researchers should be explicit about how the adverse events included in the economic
evaluation were identified, and what methods were used to incorporate them. Where adverse
events have a negligible impact on health effects, or no impact on costs and resources, it

is often appropriate to exclude these events from the model. Where adverse events are not
included, a clear justification must be provided.

Adverse events should be incorporated into the model by combining both the health condition
and the associated adverse effects. In the case of utilities, the utility for a specific health state
can then be adjusted by applying a disutility for an adverse event to allow the utility for the
health state with an adverse event to be estimated.*

If effects are transitory (i.e., short-term), they should be incorporated through appropriate
refinement of the states or events within the model. Where data are available on the
prevalence, costs, and disutility associated with each adverse event by intervention, this
facilitates greater transparency.

Outcomes (and Health Costs) Not Attributable to the Intervention(s) or Condition of Interest

There is some debate regarding the relevance of including clinical outcomes and health-
related costs that originate not with the intervention(s) or condition of interest, but may be
realized as a result of the impact of the intervention on an individual's health. Specifically,
interventions that extend life may result in individuals experiencing future clinical events or
costs associated with aging or other health conditions that are incurred as a result of their
lives being extended. Where health effects are projected over the individual's lifetime, costs
should be similarly projected.? The modelling of projected outcomes and costs remains an
area of ongoing research and debate.* In the meantime, researchers may consider a scenario
analysis that incorporates modelling assumptions that project potential future health-related
costs and effects that are not directly attributable to the intervention(s) or condition of
interest, but are likely to occur over the time horizon.

Expert Elicitation

In the absence of sufficient data for informing parameter estimates, the elicitation of
quantitative input from relevant experts may be useful. For the purposes of these Guidelines,
the formal elicitation of quantitative input from relevant experts regarding the magnitude of
a given parameter and its uncertainty (i.e., expert elicitation) is distinguished from obtaining
expert judgment on issues such as the structure of the model, the face validity of the results,
or the potential relevance of clinical events.
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Expert elicitation involves key steps that researchers should implement and clearly describe.
These include determining the information to be elicited, identifying a representative sample
of experts, applying specific elicitation methods (reflecting uncertainty in parameter estimates
between and within experts), and synthesizing the elicited information across experts.

For details regarding these steps, researchers are referred elsewhere >4 When identifying
experts, researchers should justify their choice based on the parameter information being
sought, the perspective of the analysis, and the demonstrated expertise of the individual.

It is recommended that researchers continue to focus on identifying appropriate data sources
for informing parameter estimates and, as elicitation methods continue to evolve, consider
expert elicitation as a potential source of data for filling in gaps in the available information.

Calibration

Model calibration methods involve the estimation of unknown model parameters by achieving
agreement between the model outputs and other sources of data that are external to the model
and not used to parameterize the model.’#¢ Calibration provides a method for estimating
model parameters when available data are insufficient. Calibration should be distinguished
from other sources of parameter estimation, which involve separate processes from the model
itself and do not consider the overall similarity of the model outputs to the external data.

The use of calibration for informing parameter inputs is not routine and, as methods evolve,
researchers should continue to focus on identifying appropriate data sources for informing
parameter estimates, where calibration may be used to fill in gaps in the existing evidence base.

Validation

Models should be formally validated in order to judge their accuracy. Validation involves testing
the model to confirm that it does what it is expected to do. Validation as a concept should
apply to particular settings and not to the model itself;* therefore, researchers should assess
model validity in the context of the specific setting being addressed in the decision problem.

Researchers should evaluate face validity during model conceptualization in order to ensure
the validity of the model. The assessment of face validity is mostly qualitative in nature and
is intended to assess whether the model structure, assumptions, and parameters accurately
reflect the clinical or care pathway of interest and the potential impact of the interventions.
This should be informed based on the expert judgment of those with content expertise 4
and done early and iteratively throughout the analysis.

Formal internal validation of the model should be performed as a quality assurance measure
for all mathematical calculations and parameter estimates.*® This process should be
undertaken by researchers who are not directly involved in model development. It should
include testing the mathematical logic of the model and checking for errors. This involves
verifying both the individual equations and their implementation in the code,* and ensuring
that the parameters accurately reflect the sources used. Coding accuracy can be validated
by techniques such as double programming (i.e., the independent programming of sections
of a model by two programmers), testing extreme or zero values, and examining the results
of scenarios that lead to known results.®3%5! Counterintuitive results of the internal validation
may reflect either errors or new insights, and must be explored and explained.
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If there are other models addressing the same or similar decision problems, the researcher
should assess the degree of similarity among the model results (i.e., cross-validation).3352%
However, the meaningfulness of this type of validation depends on the degree of similarity
of the model structures, methods, and data sources. A high degree of dependency among
models will reduce the value of cross-validation.®

External validation of the model, with actual data, should be undertaken to determine
whether the model estimates are consistent with other reliable and preferably independent
data sources (i.e., data not used to populate the model), such as natural history or mortality
data. This is achieved by running the model to simulate outcomes and examining how

well the model results correspond with the independent data sources.® The researcher
should consider and provide explanations for any significant inconsistencies. Where there is
discordance, researchers should justify which data source represents the best trade-off in
terms of fitness for purpose, credibility, and consistency, and this data source should dictate
the specification of the final model. If the objective of the analysis is to make projections
about the future, the validity of the model and the associated projections should be assessed
as data become available.

Validation processes should be documented and provided as part of the technical description
of the model. These processes should be reported in sufficient detail to enable a clear
understanding of how the model has been validated such that someone using or reviewing
the model can have confidence in the results.

Transparency

Transparency and clarity of presentation are necessary to allow the model to be critically
appraised and reproduced. Researchers should provide detailed information on how the
model structure was developed. Diagrammatic representation of the model structure is highly
recommended to facilitate the understanding of the model structure and function, and to
highlight the most important assumptions.?*' A detailed description explaining the flow of
data through the model is recommended.

Technical transparency requires documentation that describes the model in sufficient detail,
including its structure and all components, to enable those with the necessary expertise and
resources to reproduce the model.®® Additionally, the model structure, including the assumptions
and any subjective judgments, should be justified in sufficient detail so as to enable the decision-
maker to evaluate its acceptability. The choice of data sources and of methods for analyzing
data inputs, and the subsequent incorporation of data into the model can have a bearing on

the results of the evaluation and therefore must be clearly stated and justified. All steps in the
analysis should be presented in a disaggregated manner before being aggregated into the
cost-effectiveness results. The researcher should also report any known limitations of the model.

9. Effectiveness

Efficacy refers to the performance of a health intervention under controlled, optimal
circumstances, often in the context of randomized controlled trials (RCTs), while effectiveness
refers to the performance of an intervention in the real world (i.e., routine clinical practice).”
Decision-makers are generally concerned with the impact of interventions on patients treated
in routine practice. In the reference case analysis, this would entail the need for clinically
meaningful outcomes to inform the duration and quality of life.
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A key issue is the extent to which the data obtained from an RCT reflect the effectiveness
likely to be achieved in a real-world setting (i.e., the external validity of the trial). For the
evaluation to be relevant to the decision-maker, the effects and costs in an economic
evaluation should reflect the effectiveness of the intervention rather than its efficacy. When
seeking to derive estimates of effectiveness from efficacy data researchers should identify
the factors that may differ between the real-world setting and the trial environment (e.g.,
adherence, implementation). Critical to making a judgment about incorporating real-world
factors into the analysis is the strength of the available data linking potential intervention
effect-modifying factors with important patient outcomes. Researchers should present these
linkages in a transparent manner and provide justification.

Health interventions should also be assessed in terms of the potential for harms (adverse
events). It is important to consider the adverse events associated with the interventions being
compared in the economic evaluation, as they may affect the expected costs and outcomes.
In particular, depending on their nature, frequency, duration, and severity, adverse events

may have an impact on patients’ adherence, mortality, morbidity, preferences (utilities), or
resource use. Researchers should focus on harms that are clinically meaningful and therefore
likely to have an impact in routine clinical practice on the expected costs and effects of the
interventions being compared.

Types of Parameter Estimates

Parameter estimates for effectiveness and harms can take different forms. In conceptualizing
the clinical or care pathway (see Modelling section), economic models will often incorporate
estimates of relative effects such as the relative risk, odds ratio, or risk difference. Relative
estimates of effectiveness or harms can also be estimated in terms of hazard ratios based
on time-to-event data and derived from parametric or non-parametric survival analyses.*

The use of reported hazard ratios to inform parameter estimates in an economic evaluation
often requires the assumption that the relative effect was constant over the duration of the
study data. Researchers should consider whether this represents a reasonable approximation
of the likely behaviour of the relative intervention effects in the context of their analysis.

When assessing the reasonableness of this approximation, other variables that change with
time and their possible impact on the hazard ratio should also be considered. Of critical
importance is the degree to which any such simplification may be at odds with the real world,
and the implications this may have in terms of producing potentially misleading results.

In situations where the estimation of a comparative effect is not practical, or where

strong therapy preferences (i.e., lack of equipoise) render a comparative study unethical,
researchers will have to rely on data measured in absolute terms (i.e., separate estimates

for each intervention of interest) rather than relative terms. This could occur in cases where
a researcher requires information on the risk of an adverse event, or the effectiveness of an
intervention in the face of rapid and fatal disease progression.>” Similarly, when an evaluation
is focused on the acquisition of a new technology (e.g., magnetic resonance imaging
machine, computed tomography scanner) where no comparative technology was previously
available, the effect of interest may be expressed in absolute terms; for example, as the
number of cases identified.

Data in absolute terms may also be presented as rates. The terms “probabilities” and “rates”
are often used interchangeably. When seeking to inform probability estimates in a decision

model, an instantaneous event rate must be converted to a probability over a specific period
of time.?3+% |n the absence of data to establish this empirically, the conversion requires that
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researchers are able to assume that the rate is constant over the time period of interest >34
Probabilities may be used, for example, to describe how individuals transition among health
states or when considering the accuracy of a diagnostic test (i.e., sensitivity, specificity).

Data Sources and Assessment

Potential sources for informing parameter estimates for effectiveness (e.g., clinical effects,
detection, harms) could include RCTs, observational studies, administrative databases, non-
comparative studies, or expert input. Based on the decision problem, the researcher should
define the relevant data (e.g., reflecting the target population, comparators, and jurisdiction
of interest) for the economic evaluation. A search for information on clinical effectiveness
and harms should be conducted, as defined by the decision problem. The search should be
undertaken in a way that is both comprehensive and can be replicated by others.

When assessing data sources, the researcher should consider the context of the evaluation. It
is important that the data used to inform the parameters are relevant to the decision problem
and consequently fit for purpose. Assessing fitness for purpose involves the examination

of differences between the data source and the decision problem being addressed. This
would involve consideration of issues such as the types of patients likely to receive a certain
intervention or to experience a specific adverse event, as well as differences in the dose or
delivery method of the intervention or differences in the standard of care being used. If a
previous search or review has already been undertaken, its fitness for addressing the decision
problem can be assessed in terms of its scope and inclusion and/or exclusion criteria.
Similarly, the fitness for purpose of an existing meta-analysis or network meta-analysis should
also be assessed in terms of its scope and inclusion and/or exclusion criteria and how they
relate to the decision problem.*?

The credibility of parameter estimates (defined, for the purposes of these Guidelines, as

a perceived lack of bias, where bias refers to the systematic deviation of the estimated

value from the true underlying value) must also be considered. When assessing credibility,
researchers should determine whether the methodological rigour of the data source is such
that it provides a believable estimate of the true value. This would involve consideration of the
extent of baseline imbalances in patient characteristics between study arms, as well as other
potential sources of bias such as performance and detection bias.

Another criterion that researchers should consider when assessing a data source is that

of consistency with data used elsewhere in the model.* The assessment of consistency
depends on the fitness for purpose and credibility of the data sources used to estimate the
various parameters, but it also involves considerations such as how the data for a particular
source are collected and measured relative to the other parameters.

Parameter Estimation

When estimating effectiveness and harms parameters for an economic evaluation,
researchers should ideally synthesize data from all available sources using methods that
take account of potential differences in the fitness for purpose, credibility, and consistency
among the various sources,?%* thus reflecting the totality of available information. Probability
distributions for effectiveness and harms should be derived, and the associated uncertainty
propagated through the model (Uncertainty and Modelling sections).
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The development of methodological approaches capable of synthesizing evidence from all
available sources remains an area of ongoing research. In the absence of appropriate methods
for combining all of the available data sources, researchers may instead focus on synthesizing
data from sources that are assessed to be fit for purpose, credible, and consistent using
meta-analytic or network meta-analytic methods. In the context of an economic evaluation
designed to inform health care decision-making, the decision problem may involve more than
two comparators, or two comparators that have never been compared directly; consequently, a
network meta-analysis that allows for the simultaneous comparison of multiple interventions
as well as the incorporation of data based on indirect comparisons may be preferred to the
standard pairwise meta-analysis framework. In situations involving a relevant previously
conducted review or synthesis, researchers may seek to update the existing data source

with additional studies; as with other data sources, this too should be done based on a
consideration of the additional studies’ fitness for purpose, credibility, and consistency. This
could involve combining new studies with the summary estimate from a prior synthesis, or
including estimates from the individual studies to update the prior synthesis.

Where only a single data source is identified, or where concerns exist regarding differences
among the data sources such that it would be inappropriate to synthesize the information,

the individual source(s) should be assessed in terms of their respective fitness for purpose,
credibility, and consistency with data used elsewhere in the model. When selecting a data
source from among multiple sources, researchers should employ judgment regarding which
data source represents the best trade-off among these criteria. For example, when informing
decisions at the population level, comparing data from a non-randomized observational study
or administrative database with data from an RCT featuring an idealized environment, truncated
horizon, or restrictive inclusion and exclusion criteria may require that a trade-off be made in
terms of the relative fitness for purpose and credibility of the respective data sources. Similarly,
researchers may have concerns about the credibility of parameter estimates for effectiveness
or harms from a non-comparative single arm study, although the characteristics of the patients
in the study may be consistent with the sources used to estimate other parameters in the
model. A trade-off between this study and a methodologically sound expert elicitation study of
physician input that may be considered credible but not fit for purpose, if the decision problem
requires estimates of patient-reported adverse events, may then be required. The judgment

of which data source represents the best trade-off among the criteria of fitness for purpose,
credibility, and consistency and the resulting choices regarding the data sources and associated
parameter estimates must be described in detail and justified in the economic evaluation report.

The potential implications of these trade-offs should be considered in the context of the
reference case probabilistic analysis, or using scenario analysis. That is, an estimate that is
deemed to be credible, but for which there are concerns regarding its fitness for the purpose
of the evaluation (e.g., efficacy estimates), may be accounted for in the probabilistic analysis
by shifting the effect and interval estimate accordingly. The magnitude of the estimated
impact of the lack of fitness on the parameter estimate may be informed by experts (ideally
through expert elicitation) or empirical data.®? The interval around the estimated value should
be widened to reflect the degree of uncertainty associated with the magnitude of the affect.
Alternatively, the data source judged to represent the best trade-off among the criteria may be
used in the initial reference case analysis and the sensitivity of the results to other potential
sources of estimates investigated in subsequent scenario analyses.
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In situations where researchers are faced with limited information for informing parameter
estimates, the analysis of uncertainty will play a particularly important role. The implications
of sparse data and the associated uncertainty should be reflected in the width and shape

of the distributions used in the reference case probabilistic analysis, and assessed through
scenario analyses incorporating alternative structural assumptions or sources of estimates.
For a discussion of some of the challenges of synthesizing sparse data (e.g., handling study
groups with zero events), researchers are referred to Cooper et al.*

Other Key Considerations
Surrogate Outcomes and Biomarkers

A surrogate outcome is used in clinical trials as a substitute for the direct measurement of
patients’ preferences, function, and survival.®® In the absence of data on the parameter of
interest, the surrogate outcome is intended to predict the effectiveness or harms associated
with the interventions being compared.®®

Researchers should evaluate and justify the validity of surrogate outcomes used to estimate
parameters in the economic evaluation.® When selecting a single data source from among
multiple sources reporting different candidate surrogates, these surrogates should be assessed
in terms of the previously defined criteria of fitness for purpose, credibility, and consistency.

As before, researchers should employ judgment regarding which data source (i.e., candidate
surrogate) represents the best trade-off among these criteria in terms of informing the parameter
estimation for the economic evaluation. In the reference case, the true association between the
surrogate and the final outcome should be treated as unknown and this uncertainty reflected in
the probabilistic analysis. Uncertainty in the association of the surrogate with the final outcome
can also be explored through appropriate scenario analyses. Where multiple potential valid
surrogates exist, this should also be reflected in the analysis of uncertainty.

While researchers may refer to biomarkers to support the analysis of subgroups that are more
likely to benefit from a given intervention (see Target Population section), their usefulness as
valid surrogate outcomes can be more challenging to justify. As a result, a biomarker capable of
distinguishing between patients who are more or less likely to benefit from a given intervention
may not necessarily have value as a valid surrogate outcome to measure effectiveness.®® To
ensure the intervention has the expected effect, the researcher should evaluate and provide
justification for the validity of the biomarker and the degree to which the biomarker satisfies the
criteria for a surrogate outcome. This would involve consideration of whether substantive data
are supported by a clear mechanistic rationale, and whether the data provide strong evidence
that an effect on the surrogate is predictive of an effect on final outcomes.®®

A determination of the appropriateness of the approach used to translate the surrogate outcome
to the final outcome will ultimately require the availability of suitable real-world data sources in
order to verify the results. In the meantime, researchers should adhere to the preceding guidance
to minimize the chance of producing misleading results. Where the value of collecting additional
real-world information is of interest to the decision-maker, this should be explored in the reference
case analysis of uncertainty using value-of-information analysis (see Uncertainty section).
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Extrapolation

Depending on the nature of the data available to inform parameter estimates and the

extent to which they are censored (i.e., the time at which the event of interest occurs is not
observed), extrapolation may be required to derive estimates for long-term effects (e.g.,
where only short-term data relating to effectiveness are available). Extrapolation of long-term
effects requires both estimation of the long-term natural history of the condition and the
effectiveness of the intervention beyond the time horizon for which data are available.

Time-to-event (also referred to as survival) analysis using parametric models can be used

to extrapolate from shorter-term parameter estimates to longer-term effects.®” Systematic
approaches to survival analysis based on individual-level data have been developed. These
analyses should follow the Survival Model Selection Process Algorithm developed by the Decision
Support Unit commissioned by the National Institute for Health and Care Excellence (NICE).%

Two issues of central importance when considering the appropriateness of an extrapolation
method relate to assumptions regarding the effects of treatment beyond the observed data
and the effects of treatment beyond the treatment period. Researchers should report and
justify the percentage of the estimated effect that occurs beyond the observed data. This

can be measured as simply the ratio of the estimated incremental QALYs over the period of
time that clinical effectiveness data are available to the estimated incremental QALYs over the
entire time horizon of the model. Researchers should also report and justify the percentage of
the estimated incremental benefit that is accumulated after treatment is stopped. This can be
measured as simply the ratio of incremental QALY gains during the period on treatment to the
estimated incremental QALYs over the entire time horizon of the model. Considering whether
both these values are clinically realistic will help researchers to assess the suitability of the
extrapolation methods. Expert judgment may be helpful in this regard.

In all situations, the researcher must describe the strength of the evidence for extrapolating
parameter estimates. Where researchers have access to patient-level data, they should adopt
appropriate techniques as defined by the Survival Model Selection Process Algorithm.®®
Researchers must justify all the approaches and assumptions used. A full consideration of
parameter uncertainty can be incorporated through a probabilistic analysis incorporating
correlation with respect to the parameters within the survival function. Scenario analysis
exploring structural uncertainty should be conducted using alternative plausible parametric
forms, as well as comparing results with and without an assumption of proportional hazards
in order to assess how well the distributions fit the observed data.

Where researchers have access only to summary-level data, they may consider the use of
methods to recreate patient-level data, %’ rather than relying on summary measures. For
methods related to the synthesis of time-to-event (survival) data based on either summary or
individual participant data, researchers are referred to Cooper et al.*?

The duration and magnitude of the clinical effect beyond the study is often a critical judgment
to make regarding extrapolation. Justifying the plausibility of the extrapolation may involve
reference to external data sources, biology or clinical expert judgment.®” In the reference case,
the researcher must consider the best estimate of the duration and magnitude of clinical
effect beyond the period for which data are available. It is not acceptable to assume that the
relative effectiveness will be maintained for the duration of the intervention without adequate
justification. In all situations, scenario analyses should be conducted that consider alternative
assumptions relating to the waning of effectiveness. Although not an exhaustive list,
reasonable alternatives to consider include assuming that the intervention effect continues
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only for the duration for which data are available; that effectiveness declines over time; and
that effectiveness continues for the duration of the intervention. With respect to the second of
the three options, researchers may consider that the relative reductions in the risk of events
may be reduced after a specific time point, either stabilizing at the reduced effectiveness or
declining over time until the intervention is no longer effective. Particular care should be taken
when extrapolation is required for parameter estimates obtained early in a technology’s life
cycle.”! This is due to the potentially substantial extrapolation required to estimate the mean
time-to-event over the entire life cycle of the technology.

Novel Trial Designs

Adaptive trial designs are the most commonly used novel approaches. An adaptive study
design is one in which the statistical methodology allows for modification of design elements
(e.g., sample size, randomization ratio, number of treatment groups) and an interim analysis
with full control of the type | error rate.”? As part of the researcher’s identification of data
sources, the designs of clinical trials should be assessed to identify any features that may
affect the use or interpretation of the data (considering fitness for purpose, credibility and
consistency). Given the evolving nature of such study designs, it is recommended that where
other data sources exist, these should be used to inform parameter estimates in the reference
case and the impact of information from novel designs considered in scenario analyses.

10. Measurement and Valuation of Health

HRQoL is a multidimensional measure of the effect of a health condition or intervention

on an individual's overall well-being, encompassing physical and occupational function,
psychological state, social interaction and somatic sensation.” Many methods have been
developed to measure HRQoL or aspects of it; however, preference-based measures, which
provide a single, overall summary score that numerically reflects the value of a given HRQoL
state, are the only approaches suitable for use in a CUA.

Within these Guidelines, the terms “preference” and “utility” are generally treated as synonymous
when referring to measures of HRQoL. Technically, however, “utilities” refer specifically to
preferences obtained by methods that involve choices made under uncertainty (i.e., standard
gamble approach).? For the purposes of these Guidelines, the term “utilities” is broadly applied
to describe the numeric weight that quantifies the value of specific HRQoL states. These
“utilities” are based on preferences for a particular health state, where a higher “utility” equates
to a more preferable health state and a better HRQoL.”* A utility of 1 represents perfect health,
while a utility of O represents dead or a health state equivalent to being dead. Utilities less than
0 are possible for health states that are considered worse than dead. By definition, utilities are
based on a cardinal scale (i.e., interval) such that changes can be compared (i.e., increases in
utilities and the magnitude of the increases are reflective of preferences).

Given the social decision-making viewpoint adopted in these Guidelines, estimated utilities
that reflect the preferences of the general population should be used in the reference case
(refer to Introduction). As it has been shown that preferences can differ among individuals
from different countries,’”® ideally, preferences that are representative of the Canadian general
population should be used. Where there may be variation in preferences within or across
jurisdictions (e.g., provinces or regions), and researchers have access to information specific
to the provinces or regions of interest, these preferences should be considered.
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Data Sources

As part of conceptualizing the model (see Modelling section) researchers should identify
health states for which utilities will be required. Parameter estimates for utilities may

be obtained from either direct or indirect methods of measurement. Direct methods of
measurement refer to methods that enable the direct translation of preferences onto a utility
scale, while indirect methods require a conversion scale to derive utilities. The most common
direct methods include time-trade-off, standard gamble, and discrete choice experiments.
Direct approaches are complex to design and implement and, unless individuals’ own health
states are being measured, likely to result in estimates that are highly dependent on the
validity of the descriptions of the health states.”s””

Given the complexity and cost associated with directly measuring health utilities,

pre-scored multi-attribute health status classification systems have been developed.? These
classification systems can be generic (i.e., not focused on the health impacts of a specific
condition) or condition-specific. The most common generic classification systems include the
EQ-5D, the HUI, and the SF-6D.”88% While the various classification systems are unique, each
one consists of a series of domains (e.g., mobility, self-care, physical activity, social activity)
and each domain has a defined number of levels that correlate with a level of impairment.”
To translate scores from an indirect preference-based measure to a meaningful utility score,
established preference sets (algorithms) are used. These sets are generated by using direct
preference measures (e.g., time-trade-off, standard gamble) for a sample of unique health
conditions within the classification system to elicit preferences from members of the general
population. Preferences for all health states described by the instrument are then predicted
based on these findings. When seeking to interpret the meaning of these preferences,
researchers should be aware that while they may reflect the general public's preferences for
a health state, they may not necessarily reflect the preferences of a particular individual in

a health state. Examples of Canadian-specific preference sets include the EQ-5D, which has
been measured using the time-trade-off technique and a discrete choice experiment for both
the EQ-5D-3L and EQ-5D-5L (three-level and five-level versions, respectively),?'#? and the HUI
Mark 2 and Mark 3, which have been measured using a combination of the standard gamble
and visual analogue scale from a sample of adults from Hamilton, Ontario.?

To use an indirect generic instrument, depending on the version (self-administered or interviewer-
administered), individuals or interviewers classify the health state by completing the questionnaire
to determine the level of functioning on each domain. The scoring function is then applied to the
health state in order to compute the associated utility. Where the scoring function is derived from
a random sample of the general population, the resulting utility would represent an estimate of the
mean utility for the health state based on a random sample from the general population.

Based on their ease of use, comparability, and interpretability, it is recommended that, in the
reference case, researchers use utilities from an indirect method of measurement that is based
on a generic classification system. The selection of a particular indirect generic method should
be based on its fitness in terms of reflecting the health states of interest and their associated
attributes, and in terms of capturing potentially important changes within and among states.
The researcher should also assess the credibility of the instrument in terms of whether it
represents an established instrument with demonstrated psychometric properties including
feasibility, reliability, and validity.®® Consistency with respect to the data used for estimating
utility values is strongly recommmended; in particular, it is recommended that utility data from the
same instrument and population be used to estimate all the utilities in an economic evaluation.
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When considering Canadian-specific preference sets, researchers must weigh their fitness for
purpose against any issues of credibility and consistency with the data used to inform other
parameter estimates, to ensure that the specific instrument addresses the decision problem.

There may be instances where utilities for the applicable health states have already been
estimated based on indirect generic methods of measurement. These may have been gathered
as part of routine data sets, published in the literature, or collected alongside a study. In such
cases, these utilities should be critically assessed according to the previously discussed
criteria of fitness for purpose, credibility, and consistency, to ensure that they reflect the health
states of interest in the model and that the preferences reflect those of the general population.
When searching for utilities, it is important that the search methods are comprehensive and
presented in a transparent manner such that they can be replicated by others (i.e., similar to
the approach for searching for data on clinical effects, as detailed in the Effectiveness section).

Often, there will be multiple utility estimates for a given health state.? Although meta-analysis
has been used to combine utility estimates,®* methodologies for the synthesis of health

utilities continue to evolve and should be revisited as advancements in the understanding and
application of these methods are made.* Similar to the selection of other data inputs, when
selecting utility estimates from among multiple indirect generic measures, researchers should
employ judgment regarding which data source represents the best estimate, weighing trade-offs
among the criteria of fitness for purpose, credibility, and consistency. Based on a consideration
of these criteria, the researcher must justify the selection of the utilities used in the reference
case analysis. Regardless of the data source(s) used to inform utility estimates, probability
distributions for each utility value should be derived and the associated uncertainty propagated
through the model. The potential implications of any trade-offs among utility estimates should be
considered in the context of the probabilistic analysis or using scenario analysis.

In circumstances where data from an indirect generic utility measure may not be optimal

— for example, where they may not capture changes in health attributes of importance to a
specific condition®® — researchers should justify the lack of suitability of these measures for
addressing the decision problem. Consideration of the use of a disease- or condition-specific
outcome measure should involve the evaluation of its measurement properties, including
content validity, construct validity, reliability, and responsiveness relative to a generic
measure.®® Researchers must ensure that the disease- or condition-specific measure provides
a preference-based measure of health status. In order to assess the implications of using a
disease- or condition-specific alternative, a comparison between the results of the reference
case analysis based on an indirect generic utility measure relative to a non-reference case
analysis based on an indirect disease- or condition-specific measure should be undertaken.

In the context of the social decision-making viewpoint adopted in these Guidelines, the
valuation of health state utilities should be based on the preferences of the general
population. When there is, however, a concern that general population preferences may not
fully represent the experiences or outcomes of those who are affected by the intervention
(both in terms of new interventions to be funded, and those that would potentially be
defunded), alternative sources of preferences may be considered. Preferences other than
those of the general population would constitute a non-reference case analysis. Justification
for the use of preferences other than those of the general population, as well as the methods
for measuring and valuing the utilities should be provided and clearly described so that the
implications can be assessed relative to the reference case results. This would be particularly
important when outcomes of the analysis are sensitive to preference weights.
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Statistical mapping functions have been used to convert from one measure to another

(e.g., HUI to EQ-5D) in an effort to maintain consistency, but mapping as a means of deriving
health utilities is not recommended. “Mapping” refers to the development of algorithm(s) to
predict health utilities using data on other indicators, or measures of health.” The key concern
is the explanatory power that exists between the new “target” HRQoL and the “source” HRQoL
measures. Utilities may be more highly correlated when mapping is conducted between two
generic preference-based measures, compared with an exercise between specific and generic
measures, which may be the result of lower degrees of overlap between the dimensions of
HRQoL captured by specific and generic measures.®® As such, the predictive value can vary
dramatically depending on the instruments being mapped, the algorithm used, and the severity
of the health states included and, therefore, mapping is unlikely to successfully capture the
utility relationship.®® To add to the complexity, there also exist several mapping algorithms to
convert between the same HRQol measurement tools, resulting in different estimates.®®> When
there is no alternative but mapping to obtain utility estimates, empirical data are required. The
mapping should be undertaken using a validated algorithm. The full uncertainty in the mapped
estimates, reflecting parameter uncertainty in the source algorithm, parameter uncertainty in
the mapping algorithm, and uncertainty regarding which HRQoL states are represented in the
clinical health states included in the model, should be incorporated into the evaluation.

Combining Health Utilities

Economic models may involve states of health defined by a combination of health states
(i.e., joint health states). Ideally, utilities may be obtained for these joint health states.
However, it is often not possible to identify utilities that fully reflect the combination of health
states. Three standard approaches to combining health utility information are the additive,
multiplicative, and minimum methods.*® These methods, however, have not been validated.®

The additive approach involves taking the utility for a single health state and applying the
marginal disutility for each additional state. Marginal disutility refers to the difference in utility
between patients in a specific state of health and those not in that health state. Use of this
approach relies on the assumption that there are no interactions among the health states.
The multiplicative approach multiplies individual health state utilities to derive a single health
utility. This approach assumes that the individual utility for each of the states applies, and that
the result of being in multiple health states is a joint health state with lower utility than any

of the individual states. The minimum approach involves assessing the utilities for individual
health states and using the lowest utility to represent the joint health state.*

Each of these approaches approximates a joint utility, but none is free of bias or necessarily
captures the true value. Further research is required to strengthen and validate these
methods, as well as to explore other emerging methods.**“? Given the uncertainty with these
approaches, researchers should justify the approach undertaken and adopt appropriate
scenario analyses to assess the impact of alternative plausible assumptions.

Health States That Are Challenging to Estimate

There may be health states for which the estimation of utilities is particularly challenging, due
to both limited data and the lack of consensus on methods (e.g., health states for individuals
with disabilities, states affecting vulnerable populations, temporary health states, states with
spillover effects on informal caregivers).'*15°3 Given the dearth of information with which to
estimate utilities for such health states, the analysis of uncertainty will be especially important.
Researchers should categorize uncertainty in their estimates in terms of both parameter and
methodological uncertainty. Parameter uncertainty stemming from a lack of data should be
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handled in the reference case using probabilistic analysis that incorporates increases in the width
of the interval estimates. Sources of methodological uncertainty (i.e., the use of methods that
deviate from those recommended in the reference case) should be addressed through additional
non-reference case analyses that accompany and can be compared to the reference case.

Quality-Adjusted Life-Years

A QALY is the recommended outcome to capture health effects when conducting a CUA.
The QALY takes into account the impact of interventions on both length of life (e.g., life-years
gained) and quality of life.

The QALY is calculated by multiplying the number of life-years within a given health state
with a utility that reflects the HRQoL in that state, aggregated over the various health states
encountered over the course of the analysis. For transparency, the utility weights and
discounted time in each health state should be reported in a disaggregated manner before
being combined to calculate the QALY, as detailed in the Reporting section.

The incorporation of utilities into health effects allows preferences for health states and
effectiveness measures to be brought together into a single metric. This single metric reflects the
valuation for different health effects and enables comparisons across health care interventions.

Valuing Non-Health Effects

Where the decision problem requires a perspective other than that of the publicly funded
health care payer (e.g., broader government payer, societal), the evaluation may involve the
consideration of non-health effects (see Perspective section, Table 1). Non-health effects
should be accommodated using a CCA to complement the health effects captured in a CUA.
The incorporation of non-health effects could also be achieved by conducting a non-reference
case CBA. Other instruments, such as time-trade-off or standard gamble, could also be used.
In the context of the social decision-making viewpoint underpinning these Guidelines, the
value of non-health effects (e.g., criminal activity, levels of education) should be based on
being traded off against health in order to be incorporated into the economic evaluation. As
noted in the section on Types of Evaluations, these valuations should reflect those of society.

11. Resource Use and Costs

This section is intended to guide the identification, measurement, and valuation of resource use
and costs that are typically required for model-based economic evaluations. The information
contained in this section should be used in conjunction with the CADTH document Guidance
Document for the Costing of Health Care Resources in the Canadian Setting: Second Edition.*®

Resource Identification

The researcher should identify all activities and resources that are likely to occur within the
context of the decision problem (e.g., accounting for the target population, perspective, and
time horizon). The conceptualization of the clinical or care pathway for the health condition
will provide the basis for identifying relevant resources. The structure of the pathway will
dictate how resource use and the associated costs are included in the model (e.g., whether
they are determined by health state or event). Researchers must consider all resources
that occur along the pathway and that are attributable to the interventions of interest. For
instance, future resource use should be included where it is understood that the clinical

or care pathway includes resource-intensive health states, or events that occur over long
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periods. When considering multiple perspectives as part of addressing the decision problem,
researchers should identify all relevant resources incurred by the different perspectives, and
present them in a disaggregated manner based on the reference case perspective and any
additional non-reference case perspectives.?’%

The associated resources may differ, depending on the type of intervention being

evaluated (e.g., whether the intervention is intended to prevent, diagnose, or treat). When

the intervention is being defined, resources associated with implementation, operation,
maintenance and repair, staffing, training, and overhead should be identified and included

in the analysis.2 For example, when considering a new intervention that has infrastructure
requirements associated with its use (such as building requirements), requires that staff

are trained prior to use (or they have a set retraining schedule or learning curve to become
proficient), has a specific maintenance schedule to ensure performance, and/or requires a
specified dose-titration schedule to achieve therapeutic doses, these should be considered in
the identification of resources associated with the intervention. The impact of a new program
on existing infrastructure should also be taken into account where the scale or scope of the
program has implications; for example, in terms of capacity issues.

Resource items may be excluded where there is identical use among the interventions

being evaluated over the time horizon of the analysis,® but researchers must justify this
assumption. Resource use associated with an event that is deemed irrelevant to the
intervention being evaluated (i.e., there is no causal association between the outcome(s) of
interest and the event, such that the resource use or event would have occurred regardless

of whether the intervention is used; for example, use of acne medication and breaking a

leg while playing sports) need not be included. The distinction between what constitutes a
relevant and an irrelevant event requires careful consideration. This may be particularly true in
the context of chronic health conditions in which the presence and treatment of the chronic
condition may decrease the likelihood of receiving treatment for other disorders.™

One option for determining which clinical events are relevant is through an adjudication
committee (blinded to treatment assignment). This would allow the researcher to remove
irrelevant events in an unbiased manner. Another option would be to conduct a scenario
analysis to assess the impact on the cost and effect results of including all events compared
with including only those events deemed relevant. Where the results of these analyses are the
same, the excluded events would be irrelevant.

Resource Measurement

Resource use should be measured and quantified in as disaggregated a form as necessary for
the economic evaluation. The required level of precision for quantifying resource use will guide
the resource inputs for the economic evaluation. Where greater precision is required, individual-
level costing may be appropriate; however, where resource use is unlikely to vary based on
individual characteristics, resource quantities measured by event or case may be sufficient.?

When informing parameter estimates for resource use, similar to estimating other model
inputs (e.g., effectiveness or harms), researchers should first define what constitutes relevant
data, based on the decision problem. In the context of resource use, the jurisdiction of
interest will be of particular importance when seeking to identify potential data sources.? As
such, a search for information on resource use may be more narrowly defined compared
with a search for information on other model parameters (e.g., clinical effectiveness), but
researchers must still adopt a transparent and justified search approach.
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Given the importance of using resource estimates that reflect the jurisdiction(s) defined in the
decision problem (e.g., as a result of concerns regarding the generalizability of the information
between and within jurisdictions), the synthesis of resource use data from different locations
is not recommended, although the synthesis of data from a single location would be an
option. Researchers should consider the potential for variations in resource use both between
and within jurisdictions.

When faced with resource use data that reflect different locations, researchers should select
a single data source based on an assessment of the relative trade-offs among the various
sources. These trade-offs should be assessed in terms of the previously identified criteria of
fitness for purpose, credibility, and consistency. Fitness for purpose should be weighed more
heavily to ensure the data reflect the jurisdiction(s) of interest.

Administrative databases represent a potentially valuable source of information for informing
estimates of resource use.’”" These databases provide real-world information on resource
use specific to jurisdictions.’7% When information for individuals is linked across various
databases, they may also offer insight into quantifying resource use beyond those resources
directly relevant to the intervention(s) or condition of interest. In particular, administrative
data may be useful in estimating resource utilization over time for defined patient cohorts.
To the extent that administrative databases capture the impact of actual practice within

a jurisdiction, they also have the potential to serve as a way of updating the results of
model-based evaluations based on real-world observations. Despite strengths, administrative
databases are not necessarily designed to address the specific decision problem, and
researchers should exercise the usual caution in ensuring that the data are fit for purpose,
credible, and consistent with sources used for estimating other parameters in the model.

Where information is collected in a study, researchers should be mindful of protocol-driven
resource use.'® This may be assessed by considering relevant Canadian clinical practice
patterns. Where resource use from the clinical studies is driven largely by the protocol and
does not appear to reflect Canadian practices,?'°1%” or does not reflect the target population,
researchers should seek alternative sources of information.

Researchers should also be careful to avoid double counting when measuring resources; for
example, avoiding situations where resource use is estimated separately as well as being
bundled together in a single case-mix estimate (e.g., medical devices). In such situations,
researchers must be careful to avoid overestimating the use ascribed to a particular resource.

When incorporating resource use into an economic evaluation, researchers should estimate
the mean value as well as the associated uncertainty (i.e., probability distribution) (see
Uncertainty section). Where more than one data source is judged to be appropriate, the
potential implications of trade-offs among the sources in terms of fitness for purpose,
credibility, and consistency should be reflected in the analysis of uncertainty. Furthermore,
where there is a lack of data that are sufficiently relevant to the jurisdiction(s), resulting in
researchers having to rely on assumptions or methods of adjustment (e.g., simple adjustment
procedures based on differences in factors such as practice patterns and settings'®®), these
should be clearly explained and justified and assessed in the reference case probabilistic
analysis, or using scenario analyses to explore the impact of alternative assumptions.

CADTH METHODS AND GUIDELINES: Guidelines for the Economic Evaluation of Health Technologies: Canada (4th Edition) 50



CADTH

Resource Valuation

One concept central to health economics is that of opportunity cost. From a theoretical
perspective, the proper price for a resource should be determined by its opportunity cost

(i.e., the value of the resource’s best alternative use).??19113 The determination of opportunity
cost will depend on the perspective of the analysis as defined by the decision problem.

In theory, the price of a resource reflects the opportunity cost; however, in practice, fees or
charges paid directly within the Canadian health care system for services may be used to
approximate the opportunity cost when conducting an analysis from the perspective of the
Canadian public payer.®® When referring to fee schedules, researchers should be mindful of
situations where the listed fees or charges are not followed in actual practice. For example, in
psychology and other non—medical doctor disciplines, as well as in the case of nursing home
care, the stated fees may not reflect the actual payments and, consequently, they will not be a
good measure of the cost. In such situations, researchers should investigate alternative data
sources. Researchers should also consider the possibility of a copayment where resources
are valued from the perspective of the public payer. Copayments covered out of pocket by

an individual, or by a private insurer should be excluded from the estimated payments of

the public payer. A copayment can have implications for the effectiveness of an intervention
(e.g., in terms of adherence, compliance to therapy), as such, potential implications on
effectiveness should be considered.

When a perspective broader than that of the public payer is adopted, fees or charges other
than those paid directly by the public payer should be considered. For example, when
conducting an evaluation from the perspective of a private payer, costs beyond those paid for
by the public payer must be included. From a societal perspective, incorporating individual
out-of-pocket costs, charges, and fees that reflect actual payments by an individual (e.g.,
copayments) would be applicable. The researcher must consider the perspective(s) (see
Perspective section) when selecting and justifying the choice of data sources.

Similar to the selection of data sources for resource use estimates, researchers should

select data for costs based on an assessment of the respective trade-offs among the
available sources, considering fitness for purpose, credibility, and consistency. Like resource
use, concerns regarding the generalizability of costs both between and within jurisdictions
require that particular emphasis be placed on the fitness of the data for estimating costs
relevant to the jurisdiction defined in the decision problem. Consequently, the use of costs
from international sources is not recommended. When Canadian costs are not available, the
researcher may consult experts and/or current available fees or charges for similar existing or
new technologies to estimate the costs, and look to international sources as a guide (e.g., in
terms of estimating the costs of one drug relative to another). Where an economic evaluation
is conducted to support a decision at a regional level, region-specific sources should be used.
For an analysis from a pan-Canadian perspective, Canada-wide sources should be used.
Where this information is not available, a weighted average of costs (costs from jurisdictions
weighted by the proportion of use in Canada represented by the jurisdiction) or costs from

a representative jurisdiction may be used. Uncertainty in the estimated value should be
incorporated into the reference case probabilistic analysis. The sensitivity of the results to
alternative sources for the estimates should be tested extensively using a scenario analysis.®

When estimating costs from a study or administrative database, mean values should be used
and the associated uncertainty reflected in the estimates (i.e., probability distributions). As
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with survival data, mean costs estimated in the presence of censoring should be adjusted
accordingly.’™ The use of administrative data makes it more tractable to estimate ongoing
health care costs, including the cost of death, for any disease and any combination of covariates.
Research as well as the continued development of administrative data sources for estimating
total health care costs will further facilitate the inclusion of these costs in economic models.

When estimating costs based on resource use and unit costs, researchers should consider the
time period for which the unit-cost data are available. Where unit costs are available only for
a previous time period, costs should be assessed to ensure they reflect current practice, and
they should be updated to the current year. As there are no price indices in Canada for hospital
or physician services, a general price index such as the Consumer Price Index can be used.®

The appropriate valuation of resources also requires that researchers consider the relationship
between the quantity of resources used and the unit-cost estimates, and how they may change
over time. That is, whether the relationship between efficiencies obtained through experience
or lower doses can be expressed as potential cost savings should be considered. Any
assumptions and the approach undertaken should be justified. Where applicable, assumptions
and methods used for allocating overhead costs, shared labour costs, and administrative costs
should also be clearly described and justified. The impact of possible alternative assumptions
and/or approaches should be assessed using scenario analysis.

Patient and Caregiver Time

Should the decision problem reflect a broader societal perspective, it may be relevant to
include the impact on patient and/or caregiver time''® (e.g., the condition may result in

the patient or informal caregiver giving up activities that would otherwise be undertaken,
involving both costs and time implications)''® in a non-reference case analysis. The costs of
lost time may reflect the individual's inability to participate in paid labour (e.g., absenteeism,
presenteeism) or unpaid labour (e.g., informal caregiving) as a result of iliness, treatment,
disability, or premature death.'™® Researchers should be careful not to double-count the costs
as lost time from both paid and unpaid labour.

There has been debate about the appropriate approach for estimating lost time in an
economic evaluation. The two primary approaches for valuing lost time from paid work are
the human capital approach and the friction cost approach.?1117:123

The human capital approach is the simplest approach for valuing lost time from paid work.
In this approach, the value of lost time is derived by multiplying the amount of time off work
by the lost compensation rate (age- and sex-adjusted),"® plus fringe benefits (e.g., pension
benefits; health and life insurance). The human capital approach assumes there is (near) full
employment; however, this may overestimate the value of lost production.’

In the friction cost approach, it is assumed that when a person is away from work, he or she is
eventually replaced with a previously unemployed person, so that the productivity loss to society
is limited to the time before the person is replaced (i.e., the friction period).'?>'?’ In the friction cost
approach, lost productivity due to premature death should not extend beyond the friction period.
For short-term absences from work, the patient or informal caregiver's lost production may be
partly restored when he or she returns to work, or by the company’s internal labour resources.

When the time lost from paid work is short, the estimates from the two methods may not
be different. For longer periods, the friction cost approach will result in a lower cost estimate
compared with the human capital approach.?
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As the focus of the societal perspective is on lost productivity, the friction cost approach is
the recommended method when estimating productivity losses due to absence from paid
work. Any other approaches may be considered in additional non-reference case analyses
and the results compared among the analyses.

Productivity may be lost even though the patient or informal caregiver remains at work

(i.e., presenteeism).? Depending on the nature of the health condition being studied in the
evaluation, presenteeism may account for a large proportion of the productivity losses

(e.g., mood disorders, migraines).?'"® Questionnaires have been developed to help estimate
lost productivity due to presenteeism, absenteeism, and unpaid work,"® but there is no
consensus as to the best instrument,’® and the ideal instrument may vary depending on the
application. When appraising a work productivity instrument for use in an evaluation, some
general criteria to consider relate to the purpose, perspective, population, psychometrics, and
practicality of the instrument relative to the requirements of the evaluation.™®

Two methods have been proposed to place a value on a patient’s or caregiver's lost time
from unpaid work: the opportunity cost approach, and the replacement cost approach.*®®

The former approach is based on forgone wage, while the latter approach assesses the cost
of purchasing the resource (worker) to undertake a service (e.g., housekeeping) that was
forgone by the informal caregiver or patient.”® The opportunity cost method is recommended
to estimate productivity costs related to unpaid labour, as this approach values time spent
on unpaid work based on the value of spending this time in an alternative capacity (e.g., paid
work) rather than relying on the value of a market substitute (e.g., hired housekeeper). When
determining the opportunity cost, researchers should seek direction from the decision-maker
as to their preferred estimate of opportunity cost (e.g., average Canadian wage rate).
Researchers should be aware of and transparent about any equity implications, but ultimately
the estimated opportunity cost should reflect the decision-maker’s equity position.

It is recommended that lost leisure time be excluded as a cost in evaluations.'?3" Lost leisure
time would be partly captured by the QALY, as part of the preference for a state of health.
Individuals participating in exercises measuring preferences should be told to value changes
to leisure time (and to assume that health care costs and income losses are fully reimbursed
and/or compensated).

12. Analysis

This section relates to how data inputs obtained to populate the economic model (e.g., clinical
effects, harms, resource use, utilities) should be analyzed in terms of estimating outputs for
expected costs, outcomes, and ICERs.

Probabilistic Analysis

The final results should be based on expected costs and expected outcomes. These should
be estimated through a probabilistic analysis, which will provide less biased estimates of
costs and outcomes than a deterministic analysis (see Uncertainty section for further details).
Probabilistic analysis requires data parameters to be represented by statistical distributions
rather than point estimates. This allows for the characterization of the underlying uncertainty
(due to uncertainty in the evidence base) regarding the estimated costs and outcomes for the
parameters included in the CUA.

The principal argument in favour of adopting probabilistic techniques for the reference
case analysis is the potential for deterministic analyses to lead to non-optimal decisions
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because of non-linear relationships between the input variables and outputs.’? Given the
characteristics of decision-analytic models in health care, especially Markov models, there

is potential for discordance between the results of probabilistic models and deterministic
models.™ Deterministic analysis, in which the researcher considers only the expected values
of individual data elements, will often give incorrect estimates of costs and outcomes.
Probabilistic analysis, which incorporates the likelihood of each parameter taking different
values, provides a less biased estimate of costs and outcomes.

In most cases, probabilistic analysis will take the form of a Monte Carlo simulation. A Monte
Carlo simulation is a suitable technique for conducting an analysis to determine the propagation
of uncertainty from input parameters to outcomes.’* Within a Monte Carlo simulation, costs
and outcomes for each intervention are obtained by rerunning the model employing random
values for each input parameter: each set of input values and the associated costs and
outcomes are referred to as a replication. This step is repeated a number of times, and the
expected values of costs and outcomes are estimated as the mean of the values obtained
from all replications. The number of replications should be sufficiently large that the expected
values for costs and outcomes are stable (i.e., are unlikely to change substantially with a
greater number of replications) as they are not subject to substantial Monte Carlo error. In most
cases, a minimum of 5,000 replications will be required, but researchers should investigate to
determine whether larger numbers are necessary for stability.

The values for each input parameter are drawn randomly from a probability distribution
specified for each parameter. Thus, to conduct a Monte Carlo simulation, it is necessary

to specify a probability distribution for each input parameter for which there is uncertainty;
typically, this will relate to parameters that were obtained from sample data or from expert
elicitation. Alternatively, where the data analysis and propagation of uncertainty are conducted
using a Bayesian approach, parameter uncertainty is sampled from a Bayesian posterior
distribution combining a prior distribution and a likelihood function. In that way, the probability
distribution can incorporate information from both the sample data (likelihood function) and

the expert elicitation (prior distribution).’*> Probability distributions are unlikely to be required

for data inputs such as general population mortality rates, which reflect baseline rates and are
effectively treated as known quantities. Probability distributions provide the potential range of
values for an input parameter and the corresponding likelihood of each value. Given the focus of
analysis on parameter uncertainty, the range reflects the potential mean values of the parameter
for the population of interest, not the potential values for an individual.’®

Individual patient simulation models require incorporation of both patient variability and the
underlying population uncertainty. Individual patient variability is captured by the standard
deviation. However, with such models, it is necessary to conduct a probabilistic analysis,
where the uncertainty at the population level is appropriately characterized by standard errors.

The choice of the form of the distribution should reflect the nature of the input parameter

and should follow standard statistical methods.** It is essential that the choice of distribution
recognizes the bounds of values for each parameter; that is, utilities cannot exceed 1, costs
cannot be less than 0, and transition probabilities must be bound by 0 and 1. Beta distributions
are the natural distribution for transition probabilities; in certain instances, a Dirichlet distribution
(the multinomial equivalent to beta) may be required. Gamma or log-normal distributions can
be used for data that are skewed right, such as costs and disutilities. Log-normal distributions
can be used for relative effects. Distributions such as triangular and uniform distributions that
impose artificial bounds on parameter estimates should not be used.®
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The degree of uncertainty for each input parameter should be based on the mean and
standard error from the relevant data source. If data on the degree of uncertainty are
unavailable, a conservative approach should be adopted whereby an estimate of the standard
error is assumed that allows for plausible parameter values. When data on the degree of
uncertainty are unavailable, the researcher must provide details on how uncertainty was
handled and provide a justification for the approach adopted, including the plausibility of the
parameter values being considered. The lack of sufficient data is not a justification for failing
to incorporate the impact of uncertainty with respect to a given parameter. Expert elicitation is
an acceptable strategy for dealing with uncertainty in the absence of sufficient data.’

Correlation among parameters should be considered, as it can affect both expected

values and their degree of uncertainty.3* When regression analysis is used to define input
parameter values, it is necessary to incorporate the correlation among coefficients through
the use of the Cholesky decomposition of the covariance matrix.®* Such methods should

also be considered carefully when there are other instances where correlation among input
parameters may be high. When evidence synthesis results need to be incorporated into a
probabilistic analysis, four alternative approaches that will correctly propagate the uncertainty
and correlation structure have been identified.®

The assumptions regarding the uncertainty with respect to parameter values, the form
of probability distributions, the number of Monte Carlo replications, and the consideration of
correlation should be stated and justified.

Estimated Values

The results should be reported as ICERs (i.e., the difference in expected costs between two
interventions divided by the difference in expected outcomes). The net monetary benefit
measure may be used as an additional (but not alternative) measure to the ICER.™ It should

be noted that when interpreting ICERSs, it is not always the case that the intervention with the
lowest ICER is the most cost-effective and when evaluating multiple comparators, net monetary
benefit may be particularly helpful in terms of aiding interpretation of the cost-effectiveness
results. When calculating net monetary benefit, the cost-effectiveness threshold should be
stated for each net benefit estimate, and based on that specified by the decision-maker.

When there are more than two interventions being compared, the expected costs and
outcomes of the interventions and the relevant incremental ratios should be calculated
sequentially.’ In the reference case, a sequential analysis involves calculating the ICER

for a less costly comparator compared with the next most costly comparator, excluding all
comparators that are either dominated or subject to extended dominance. This approach
requires the identification of interventions that lie on the cost-effectiveness frontier and those
that do not (i.e., those that are subject to dominance or extended dominance).

An intervention is dominated when it is more costly and less effective than at least one other
intervention. An intervention is subject to extended dominance when it would never be the
optimal intervention regardless of the cost-effectiveness threshold. Extended dominance
occurs when the ICER for a given intervention compared with a lower-cost alternative is
higher than the ICER for the comparison of a higher-cost intervention with the same lower-
cost alternative. This is illustrated in Table 2. Intervention B is subject to extended dominance,
as there is no threshold value for a QALY where it will be preferred to both intervention A

and C. Note that the ICER for intervention B versus intervention A is higher than the ICER for
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Table 2: Comparison of Incremental Cost-Effectiveness Ratios by Intervention
Incremental Cost per QALY Gained (ICER)

Versus Intervention A | Sequential ICER

Intervention A $3,000 4

Intervention B $4,500 4.1 $15,000 Subject to extended dominance through
interventions A and C

Intervention C $5,000 5 $2,000 $2,000

ICER = incremental cost-effectiveness ratio; QALY = quality-adjusted life-year.

Table 3: Example of Analysis of Dominance by Intervention
Incremental Cost per QALY Gained (ICER)

Versus Sequential ICER

Alternative A

Intervention A $3,000 4

Intervention C $5,000 5 $2,000 $2,000

Intervention E $8,000 6 $2,500 $3,000

Intervention F $12,000 6.05 $4,390 $80,000

Intervention B $4,500 4.1 $15,000 Subject to extended dominance through interventions
AandC

Intervention D $7,900 4.3 $16,333 Dominated by intervention C. Subject to extended
dominance through interventions A and E and
interventions A and F

Intervention G $50,000 6.01 $23,383 Dominated by intervention F

ICER = incremental cost-effectiveness ratio; QALY = quality-adjusted life-year.

intervention C versus intervention A. Where the decision-maker’s threshold value is greater
than $2,000, intervention C would represent the most cost-effective intervention among the
three comparators (all else being equal). In that way, the sequential ICER of $2,000 can be
viewed as a critical value where for threshold values greater than $2,000, intervention C would
be the most cost-effective intervention, and for values less than $2,000, intervention A would
be the most cost-effective. (See Table 2.)

An appropriate approach for the presentation of a sequential analysis is to report each of the
interventions on the cost-effectiveness frontier in a table in increasing order of cost. The ICER
for each intervention is then calculated as the ratio of the incremental costs to incremental
outcomes when compared with the intervention on the frontier, which is placed above it in
terms of having lower costs. A frequently adopted approach is to provide the ICER for each
therapy only compared with the least costly alternative; this, however, may only be presented
in addition to a sequential analysis of the ICERs.

Interventions not on the cost-effectiveness frontier should then be listed in the table with a
description of how they are subject to dominance or extended dominance. An example is
provided to illustrate this method (see Table 3). In this example, there are three critical values
for the cost-effectiveness threshold (i.e., $2,000, $3,000, and $80,000) around which the
relative cost-effectiveness of the various interventions changes.
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All expected costs and expected outcomes should be reported separately for each subgroup
identified within the target population, with sequential analyses conducted for each stratum. If
the decision problem requires an overall estimate, researchers can provide an estimate for the
entire target population through weighting the results by subgroup.

13. Uncertainty

Economic evaluations are undertaken to inform decision-makers about the expected costs
and outcomes of alternative courses of action. It is important that decision-makers be
provided with accessible information on any uncertainty regarding the results. As such,
researchers should take a systematic and consistent approach to the specification and
analysis of uncertainty in economic evaluations. Three categories of uncertainty need to be
explicitly addressed: methodological, parameter, and structural #3241

Methodological uncertainty is concerned with unresolved questions about methods; for
example, the appropriate discount rate to apply to costs and outcomes, and what utility
algorithm should be used to construct QALY estimates. Parameter uncertainty is concerned
with the extent to which the estimated value reflects the “true” value for each parameter in
the analysis. Structural uncertainty considers whether all the relevant aspects of the health
condition and intervention(s) are adequately captured by the chosen model structure.

In common with other good-practice guidance for economic evaluation, these Guidelines
recommend that sources of methodological uncertainty be addressed by comparing the
results of a reference case analysis to those from a non-reference case analysis. While the
methods of economic evaluation have developed substantially over the last two decades,
there are still areas where there is no consensus regarding the correct technical approach.
The reference case specifies a set of methods to be used for all evaluations that promote
uniformity and transparency, and enable the comparison of results for different technologies
and different decisions. The guideline statements specify the content of the reference case
with regard to statements about the decision problem, types of evaluations, target population,
comparators, perspective, time horizon, discounting, measurement and valuation of health,
resource use and costs, analysis, uncertainty, and equity.

Non-reference case analyses can accompany the reference case and be provided to decision-
makers, but the impact of departing from the reference case should be explicitly stated. For
example, uncertainty regarding the appropriate discount rate might be addressed through

the comparison of a non-reference case analysis that includes a rate that differs from that
recommended in the reference case analysis. Any non-reference case analyses should still
use a probabilistic analysis to provide decision-makers with unbiased estimates of the costs
and outcomes of the technologies being evaluated.

Parameter uncertainty should be addressed using a probabilistic analysis; that is, the
uncertainty about the true value of parameters included in the economic evaluation

(inputs) should be expressed using probability distributions, and the uncertainty should be
propagated through the analysis, in order to quantify the resulting uncertainty in the outputs
(expected costs and outcomes) using simulation methods. Whenever possible, the analysis
of parameter uncertainty should take account of any correlation between parameters in
order to avoid understating or overstating the true uncertainty in the costs and outcomes
(see Analysis section). Similar to the approach discussed in the Analysis section, parameter
uncertainty can also involve consideration of the critical values that could alter the decision
as to whether an intervention is cost-effective. In this case, the critical values would refer to
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parameter values that, for a given cost-effectiveness threshold, may change the decision.
In addition to identifying critical parameter values, researchers should also give thought to
the likelihood of the parameters taking on these values. Expert judgment may be helpful in
making such assessments.

As the correct estimation of expected costs and outcomes requires the use of probabilistic
analysis, the analysis of parameter uncertainty is undertaken concurrently with the estimation
of the expected values. Hence, the term “probabilistic sensitivity analysis” is redundant.
Deterministic analyses of parameter uncertainty (i.e., one-way, multi-way, or threshold
analyses) are not recommended, as they will be misleading when models are non-linear,

and in the presence of correlated parameters. The impact of changes in deterministic
parameters (e.g., prices of new drugs) that do not have associated uncertainty, but rather

are assumed to be known, should be assessed using scenario analysis. A comparison of the
cost-effectiveness results (given values of the cost-effectiveness threshold) for the various
scenarios could help to identify critical values for deterministic parameters.

Decision uncertainty (i.e., the risk of making the wrong decision) should be summarized using
CEACs. As the assessment of the value of a technology should use the expected value of the
incremental costs and outcomes, CEAFs should be included for evaluations with more than
two technologies. Scatter plots on the cost-effectiveness plane may be provided but, because
difficulty in their interpretation, these are not part of the reference case. Similarly, confidence
ellipses on the cost-effectiveness plane are not recommended, as they add no further
information compared with that provided by CEACs or CEAFs.

To enable the development of additional research to inform future decisions, decision-makers
increasingly consider reimbursement options that combine some degree of adoption of a
technology into the health system. There are a wide range of nomenclatures for such schemes,
including coverage with evidence development, risk-sharing, and access with evidence
development. An important differentiation in this area is between those schemes that make the
technology available to all patients (irrespective of engagement with the research process), and
those that make the technology available only to patients contributing data to the research.

When the decision problem includes consideration of further research to inform future
decisions, a value-of-information analysis should be undertaken as part of the reference
case. This should involve consideration of the critical values that could alter the decision

as to whether an intervention is cost-effective. To identify these critical values and correctly
quantify the impact of a parameter taking a specific value (on both the probability of an
intervention being cost-effective and the expected net benefit), recent methodological work
suggests that a two-stage expected value of perfect parameter information'? analysis

may be useful.’*® When decision-makers are interested in assessing the value of collecting
additional information to reduce uncertainty in specific parameters, consideration may be
given to plotting one-way probabilistic analysis graphs for these parameters.’* Given that
one-way probabilistic analysis represents an emerging method, its role should be viewed as
supplemental (outside the reference case recommendations).

The expected value of perfect parameter information should be provided for all parameters
identified as being critical to the decision in order to support the decision-maker's consideration
of the contribution of each parameter or, where appropriate, groups of parameters (e.g., when
parameters are correlated) to the total decision uncertainty. The population expected value

of perfect parameter information should also be provided, reflecting both the likely size of the
population and the lifetime of the intervention. Value-of-sample information and net-benefit-
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of-sampling analyses will support decision-makers’ assessments of the return on investment
of further research when specific parameters or groups of parameters are identified as being
responsible for a substantial portion of the total decision uncertainty.

Structural uncertainty is concerned with those components of the decision problem that are
not captured by the parameters (e.g., the clinical pathway with and without treatment, model
structure, time dependency, and the functional forms chosen for model inputs, such as time-to-
event parameters). While some forms of structural uncertainty can be expressed as parameter
uncertainty, this is not always possible. In such circumstances, structural uncertainty should
be addressed through scenario analyses (i.e., one complete analysis should be provided for
each alternative approach); for example, one analysis using a Gompertz curve and a second
using a Weibull curve for survival data. In all other respects, these analyses should remain
unchanged to allow the decision-maker to assess the impact of the alternative structural
approaches on the results. For the purposes of informing decision-makers, researchers should
identify a recommended structural approach for the reference case.

14. Equity

A starting place for all economic evaluations should be to acknowledge and respect both
horizontal and vertical equity. The former requires that people with like characteristics (of ethical
relevance) be treated the same, while the latter allows for people with different characteristics
(of ethical relevance) to be treated differently.'*4% Given the social decision-making viewpoint
of these Guidelines, respecting both vertical and horizontal equity is essential. For any given
vertical equity position adopted by the researcher or decision-maker where, for example,
subgroup analyses might be considered, it is essential that horizontal equity be respected.

The use of QALYs is compatible with the aim of maximizing the value of health effects, where
the value of health effects is independent of the characteristics of the individual who receives
those effects, the condition being treated, and the technology that produces them. However, it
is widely recognized that this is unlikely to be the sole goal of either the health care decision-
maker or the populations they serve. Addressing health disparities and concerns for equity
represent examples of additional policy objectives.

Equity is taken here to refer generally to notions of fairness, and can be considered in terms
of health and health care.'4 Common to most definitions of health equity is the idea that
some health or health care disparities (or inequalities) are unfair. In the context of health,
equity is concerned with judgments about the fairness of the distribution of health outcomes
and experiences in a population. When thinking about health care, the equity concern relates
to the fair allocation of resources (in the form of interventions, technologies, etc.) among
individuals or groups.

In economic evaluations in health care, the primary equity focus has traditionally been on
health outcomes; the dominant practice being implicitly to assign equal social value to a unit
of health improvement, irrespective of who receives the benefit. For example, in the context of
a CUA, QALYs gained by socially disadvantaged groups are assumed to have exactly the same
social value as those of advantaged groups: a QALY for a woman, an Indigenous person,

a poor person, or a sick person counts the same as those of men, non-Indigenous people,
wealthy people, and healthy people.
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This assumption can be relaxed. Concerns relating to the unfair distribution of health outcomes
can, in theory, be addressed by using differential weighting of outcomes, with health gains for
the disadvantaged being given a higher value.™ The consequence of this is, of course, that
interventions targeting disadvantaged groups will, all else being equal, look more cost-effective.

Much work has been undertaken internationally to understand social views on what
constitutes ethically relevant personal characteristics in the health care context. Candidate
equity characteristics include age, gender, socioeconomic status, availability of alternative
therapies, and prevalence of the condition. For example, the “Fair Innings” argument,
originally presented by Alan Williams,™ posited “lifetime experience of health” as a personal
characteristic by which to differentiate beneficiaries of health care interventions. That is,
those who have already experienced a fulsome and health-filled life should not necessarily, at
that point, be given further advantage; rather, health gains made early in life, or made by those
who have suffered poor health, should be valued more highly.

In the context of equity weights, Wailoo et al.’™ remind us of the founding principle of
economic evaluation — namely, opportunity cost, which necessitates consideration of the
characteristics of both those who stand to gain and those who stand to lose.™ If explicit
consideration is given only to the equity characteristics of patients receiving the new
intervention, then the implicit assumption is that those who bear the opportunity cost have no
special characteristics and their health is valued less than the average. Another key point here
relates to the identifiability of those who stand to lose. Unless those on whom the opportunity
cost falls can be identified, it cannot be determined if the value of the health produced from
the expenditure of the health system budget is increased, decreased, or unaffected. Hence, in
adopting equity weights for the identified beneficiaries alone, we cannot be confident that we
are acting in line with the equity principles that society regards as valuable.

The potential benefits, harms, and costs associated with a health technology are

often unevenly distributed across the population. This may be due to differences in treatment
effects; risks or incidences of conditions; access to health care; or technology uptake in
population groups. When the intervention can be provided selectively to certain subgroups,
then cost-effectiveness information can be presented for each subgroup. Any stratified
analysis of subgroups motivated by vertical equity considerations must be explained and
justified. Further, such subgroup analyses must be consistent with CADTH's Guidelines

on Target Population. If costs and outcomes differ among subgroups defined in terms of
equity-related characteristics, this should be reported, allowing decision-makers to assess the
distributional impacts of the investment in question.

Further, groups that are likely to be disadvantaged by the adoption and implementation of the
intervention should also be identified, where possible. This may occur, for example, when a
change in clinical practice requires that patients be cared for at home rather than at hospital,
thereby shifting costs and burdens to patients and informal caregivers.

Given that many decision-makers are concerned about equity, economic evaluations should
be presented in a manner that supports equity concerns being reflected in decision-making.’*
Hence, although the reference case analysis should weight all outcomes equally (regardless
of the characteristics of people receiving the health benefit), analyses should be presented in
a disaggregated manner, with full descriptions of the relevant patient populations, to allow for
consideration of any subsequent distributional and equity-related policy concerns.
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15. Reporting

The reporting of the economic evaluation should be clear and detailed, and the analysis
and results should be presented in a transparent manner. Researchers should provide
enough information to enable the reader or user (e.g., decision-maker) to critically assess
the evaluation, including how each element of the economic evaluation, as outlined in
these Guidelines, has been handled. The format of the economic evaluation should be well
structured and easy to follow. To enhance clarity and facilitate the comparison of economic
evaluations, researchers can use the structured reporting format in Appendix 1.

An executive summary should be included at the beginning of the evaluation and written in
a manner that is easily understood by a reader without a technical background. Wherever
possible, researchers should use plain language, and define jargon or technical terms that
may be unfamiliar to the reader or user.

Elements of the Economic Evaluation

A decision problem should be clearly stated at the outset of the evaluation. This will detail the
interventions being considered, the context in which the interventions are being assessed, the
perspective(s), the costs and outcomes being considered, the time horizon, and the target
population of interest.

Researchers should report how each of the elements of the economic evaluation have been
conducted. Where the methods differ from the recommended reference case analysis,
justification should be provided and the results reported as a non-reference case analysis that
accompanies the reference case.

All cost and effect items contributing to the economic evaluation should be presented in a
disaggregated manner before being aggregated. This should also be done for all scenario and
non-references case analyses. To facilitate understanding, researchers are encouraged to
present the results of the analysis in graphical (or visual) and tabular forms, as detailed in the
Analysis and Uncertainty sections. All tables and graphics should be appropriately discussed
and not used to replace a written description or interpretation of the results. The impact of
methodological, parameter, and structural uncertainty on the results should also be reported.

Quality Assurance

Researchers should ensure the methodological rigour of the process underlying the economic
evaluation, and provide adequate justification for any assumptions. This can be achieved

by thoroughly documenting the decisions and choices made throughout the evaluation in a
technical appendix, which will ensure transparency and rigour in the process. Model testing
and validation processes should also be detailed. A description of the statistical analysis

(i.e., data sources, methods, and results) should also be made available.

Documents specific to the quality assurance process should be made available. An operable
(i.e., unlocked) electronic copy of the model with an adequate user interface and sufficient
accompanying information to facilitate understanding of the model, what it does, and how it
works should be made available to decision-makers upon request (under conditions of strict
confidentiality and protection of property rights), both for review and to permit an analysis of
uncertainty to be undertaken using the decision-maker's data and assumptions.
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Disclosure of Relationships

Funding and reporting arrangements should be stated as part of the economic evaluation, or
in a letter of authorship accompanying the evaluation. The disclosure should include a list of
all key participants in the study and their contributions. It should also list the sponsor of the
study and indicate whether the sponsor had any review or editing rights regarding either the
analysis or the reporting of the evaluation.

Declarations of any conflicts of interest (financial or otherwise) by the researchers, or a
declaration that no conflicts exist, should accompany the evaluation. Guidelines for the
declaration of conflicts of interest and a declaration template can be found in the Guidelines
for Authors of CADTH Health Technology Reports.'*
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Appendix 1: Standard Reporting Format

A structured reporting format for the preparation of economic evaluations ensures that
studies are thoroughly presented and organized consistently to facilitate review and
comparison by decision-makers.

It is suggested that economic evaluations follow this format as much as possible,

although, in some instances, deviation from the format may be appropriate. For example,
the report sections could be reordered or certain sections excluded if they are irrelevant

to the evaluation. The study should be presented in a clear and transparent manner, with
enough information provided to enable the audience to critically evaluate the validity of the
analysis. The Executive Summary and Conclusion sections should be written so they can be
understood by a non-technical reader.

Other reporting tools and formats have been published®'s" and may be used as an alternative.

Preface
« List of authors, affiliations, and a description of contributions
+ Acknowledgements

« Disclosure of funding and reporting relationships, study sponsor, contractual
arrangements, autonomy of researchers, and publication rights; declaration of conflicts of
interest (guidelines and a declaration template can be found in the Guidelines for Authors
of CADTH Health Technology Reports.™

Executive Summary
The Executive Summary should be no more than three pages long and written in
non-technical language. It should include the following sections:
- Issue: a statement about the policy or economic issue, or reason for evaluating the technology
+ Objectives and Decision Problem
+ Methods
+ Results: a numerical and narrative summary of the findings
+ Discussion: study limitations, relevance of findings, health services impact

+ Conclusions: state the bottom-line findings of the evaluation, uncertainty about the results,
and caveats

Table of Contents
Abbreviations
Glossary

Objectives

Description of Issue(s) Addressed in the Economic Evaluation
+ Set the scene for the reader, and include reasons for the analysis (e.g., policy issues,
funding or costs implications, issues of competing technologies).

CADTH METHODS AND GUIDELINES: Guidelines for the Economic Evaluation of Health Technologies: Canada (4th Edition) 63



CADTH

Statement of Decision Problem
+ Define the decision problem, state it in an answerable form, and make it relevant for the
target audience.

« Define the target population(s) and comparators.
+ State the perspective and any non-reference case perspectives.

- Identify the primary target audience and possible secondary audiences.

Background
General Comments on Condition
+ State the condition and population group(s) being studied.
- List the etiology, pathology, diagnosis, risk factors, and prognosis (if relevant).
- Describe the epidemiological (i.e., incidence or prevalence) burden of the condition in Canada.
+ Describe the economic impact and burden of the condition in Canada.

+ Describe the current clinical practice for the condition in Canada. Refer to clinical practice
guidelines (if relevant). Include a description or comparison of interventions for the indication.

Technology Description
For drugs, state the brand and generic names, dosage form, route of administration,
recommended dosage, duration of treatment, therapeutic classification, and mechanism of action.
+ For non-drug technologies, state basic features, underlying theory or concept.
- List advantages and disadvantages (e.g., relating to clinical use).
+ State the adverse events, contraindications, cautions, and warnings.
- Describe the setting for the technology if relevant (e.g., hospital-based).
+ Give the unit costs of the comparators.

Regulatory Status
- List the approved indication(s) in Canada that are the topic of the study,
including applicable population and subgroups, and date of approval.

- List any additional approved indication(s) in Canada.
+ Include the regulatory status and approved indications in other countries.

Review of Economic Evidence

+ Discuss existing economic studies that address the same technology and similar decision
problem.

+ Where validated economic models have been developed that address similar decision
problems, indicate whether the approach can be used to address the current decision
problem.
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Methods

As outlined in these Guidelines, report how each element of the economic evaluation has been
handled.

Type of Economic Evaluation
- Describe the cost-utility analysis (CUA).

+ Provide justification if another type of evaluation was conducted.

Target Population
« Describe target population(s) and the care setting for the intervention or expected use.
+ Describe and justify the basis for the stratification of the target population. State whether

there are a priori identifiable subgroups for which differential results might be expected
(e.g., based on effectiveness, preferences and utilities, or costs).

- If no subgroup analyses were conducted, provide justification for why they were
not required.

Comparators
- Describe and justify selected interventions; relate choice of comparators to the study
population, and the local context or practice.

Perspective
- State and justify the perspective(s) used in the analysis (e.g., public payer, societal).
+ Where additional non-reference case perspectives are considered, indicate how they
address the decision problem.

- Describe how other types of variability (e.g., variation in costs or practice patterns) were
analyzed, and provide justification.

Time Horizon
+ Indicate the time horizon(s) used in the analysis, and provide justification.

Discount Rate
+ Indicate the discount rates used for costs and outcomes, and provide justification.

Modelling
a) Modelling Considerations

- Describe the model structure: description of the scope, structure, and assumptions made
(with justification); inclusion of a model diagram is recommended.

+ Describe how the model was validated. This can involve validating different aspects of
the model (e.g., model structure, data and assumptions, model coding), and the use of
different validation methods (e.g., comparison with other models). Results from validation
exercises can be attached as appendices.
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b) Data Considerations
- List data sources and justify assumptions. This may include details about epidemiological
factors, such as prevalence or incidence of the condition.
+ Describe any statistical analyses.

Effectiveness
a) Evidence of Efficacy and Effectiveness

- Give details about the evidence on efficacy and how this relates to the estimates of
effectiveness used in the analysis (if lengthy, place in an appendix).

- For clinical studies, report on PICOS (participants, intervention, comparator or control,
outcomes, and study design).

+ Describe adverse events, where important and relevant.

- Indicate sources of information (e.g., trials, a meta-analysis or network meta-analysis,
literature).

b) Modelling Effectiveness

- Identify factors that are likely to have an impact on effectiveness (e.g., adherence,
diagnostic accuracy), and describe how these were factored into the analysis. Explain
causal relationships and techniques used to model or extrapolate parameter estimates
(e.g., short-term to long-term outcomes, surrogate to final outcomes). Describe the
strength of the evidence for the relationships and links.

Measurement and Valuation of Outcomes
- Identify, measure, and value all relevant outcomes, including important adverse events, for
each intervention.

+ Give the sources of information, assumptions, and justification.

+ Indicate the health-related quality-of-life measurement used and include justification (a
copy of the instrument may be included in an appendix). Describe the methods for eliciting
preferences and the population measured.

« Include other outcomes that were considered but rejected (with rationale).

Resource Use and Costs
+ Identify, measure, and value all resources included in the analysis.

+ Report the costing methods used (e.g., patient level).

- Classify resources into categories relevant to the perspective (e.g., relevant agencies
comprising the public payer).

+ Report resource quantities and unit costs separately.

+ Report the method used for costing lost time, including productivity losses. Identify, measure,
and value lost time. Provide justification when time costs are not considered.

+ Report all sources of information, data, and assumptions.
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Uncertainty
« Identify sources of uncertainty in the analysis.

- Clearly delineate the reference case analysis from non-reference case analyses.

+ Provide sources and justification for the probability distributions used in probabilistic
analyses. State the number of Monte Carlo iterations.

« For scenario analyses, state the values and assumptions tested; provide sources and
justification for each.

Equity
- State equity assumptions (e.g., all quality-adjusted life-years [QALYs] are equal).

« Identify the equity-relevant characteristics of the main subgroups that may benefit, or be
adversely affected by, the technology, and describe how they were analyzed.

Results

Study Parameters
- Report and justify the sources of information used for input parameters.

+ Report the probability distributions for all parameters.

- Provide the input values for study parameters with reference to the sources of information

in atable.
« List all assumptions.

Analysis and Results
+ Present all analyses in a step-by-step fashion so the calculations can be replicated, if
desired. This includes outcomes, costs, and quality of life by comparator.

- Present the analysis first in a disaggregated fashion, showing all components separately.

If relevant, show separately the analysis of different time horizons and types of economic

evaluations performed.
- Show undiscounted totals (gross and net) before aggregation and discounting.
+ Report aggregate costs and outcomes over the time horizon by perspective.

+ Show the components of the incremental cost-effectiveness ratio (ICER) numerator (mean

costs of each intervention), and denominator (mean outcomes of each intervention).

- For outcomes, express in natural units first, then translate into alternative units such as
QALYs or monetary benefits.

+ Provide tables of results in appendices; a visual display of results is encouraged.
- Results should be reported in this manner for all relevant subgroups.

Results of Scenario Analyses
+ Report the results for scenarios analyzed.

+ Describe the interpretation of the results in relation to the reference case.

- Indicate the results of analyses for types of variability (e.g., variation in costs or practice
patterns).
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Model Validation
+ Provide details on the process for validating the model.
- Where details of the exercise are relevant for inclusion, consider including this as an
appendix to the economic evaluation.

+ Where other economic studies have been reviewed, compare the methods and results of
these studies with the present study.

Discussion

Summary of Results
« Critically appraise and interpret the main findings of the analysis in the context
of all reasonable interventions.

+ Address the intervention’s place in practice, based on the evidence.
+ Discuss the uncertainty of the results and the key drivers of results.
+ Discuss the trade-off between outcomes and costs.

Study Limitations
+ Discuss key limitations and issues concerning the analysis, including methodological
limitations and issues, validity of assumptions, strength of the data, and relationships
or links used in the model. Describe whether the data and methods used may bias the
analysis in favour of any intervention.

Generalizability
+ Comment on the generalizability or relevance of results, and the validity of the data and
model for the relevant jurisdictions and populations.

- Comment on regional differences in terms of disease epidemiology, population
characteristics, clinical practice patterns, resource-use patterns, unit costs, and other
factors of relevance. Where differences exist, discuss the impact on the results (expected
direction and magnitude), and the conclusions.

Equity Considerations
- Indicate the distributional considerations (e.g., primary beneficiaries and those adversely
affected).

- List other ethical and equity implications or issues; for example, are there likely to be
variations in patients’ access to the intervention due to geographic location or patient
characteristics? Does the technology address the unmet needs of certain disadvantaged
groups (e.g., telehealth for those in remote locations)? Is the technology responsive to those
with greatest need and for whom there is no alternative treatment (e.g., “rule of rescue”)?

Future Research
- Identify knowledge gaps and areas for further research that are relevant to Canada.

Conclusions
- Address the decision problem(s).

+ Summarize the main findings of the study: aggregate impact, uncertainty about the results,
appropriate uses for the intervention (e.g., population subgroups), and any caveats.
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References

Appendices

+ Depending on practical considerations and amount of material, include the following in the
appendices: a table of data sources; data collection forms, questionnaires, and instruments;
a diagram of the model structure; step-by-step details of analyses, including intermediate
results; tables of results; and visual presentations of results (e.g., figures, graphs).
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Appendix 2: Reference Case

Table 4 presents the recommended guidance for the reference case analysis. There may
be situations where the analysis will differ from that presented below. Researchers should
identify any such discrepancies and provide justification based on the decision problem for
any additional non-reference case analyses.

Table 4: Recommended Guidance for Reference Case Analysis

Section | Guidance

Decision Problem

Specify the interventions, setting, perspective, costs, outcomes, time horizon and target population for
the evaluation.

Types of Evaluations

Conduct a cost-utility analysis (CUA) capturing health outcomes in terms of quality-adjusted life-years
(QALYs).

Target Population

Identify the population(s) for which the interventions are to be used.
Conduct stratified analysis where distinct subgroups are identified.

Comparators

Compare all relevant interventions, including “current care” (i.e., the intervention(s) presently used in a
Canadian context).

Perspective

Adopt a publicly funded health care payer perspective.

Time Horizon

Select a time horizon that is long enough to capture all relevant differences in the future costs and
outcomes associated with the interventions being compared.

Discounting

Discount costs and outcomes at a rate of 1.5% per year.

Measurement and
Valuation of Health

Identify, measure, and value all relevant health outcomes based on the perspective of the publicly
funded health care payer.

Use health preferences that reflect the general Canadian population.

Obtain health preferences from an indirect method of measurement that is based on a generic
classification system.

Resource Use and Costs

Identify, measure, and value all relevant resources and costs based on the perspective of the publicly
funded health care payer.

Estimate Canadian resources and costs using data that reflect the jurisdiction(s) of interest.

Analysis

Derive expected values of costs and outcomes for each intervention through probabilistic analysis,
incorporating potential correlation among parameters.

Where distinct subgroups are identified within the target population, conduct a stratified analysis and
present results for each subgroup.

Calculate incremental cost-effectiveness ratios (ICERS).
For evaluations with more than 2 interventions, calculate ICERs sequentially.

Uncertainty

Address methodological uncertainty by comparing the reference case results to those from a non-
reference case analysis.

Summarize decision uncertainty, using such items as cost-effectiveness acceptability curves (CEACs)
and cost-effectiveness acceptability frontiers (CEAFs).

Use scenario analysis to address structural uncertainty.

When a value-of-information analysis is undertaken, summarize the value of additional information
using the expected value of perfect parameter information and the population expected value of
perfect parameter information.

Equity

Weight all outcomes equally regardless of the characteristics of people receiving, or affected by the
intervention in question.
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