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Economic evaluation provides a means of allocating finite healthcare
resources in an efficient manner. It can inform decision-making processes
at many levels, from national decision-making bodies, such as the NICE in
England and Wales, to decisions by local healthcare providers. A common
vehicle for the conduct of economic evaluation is the randomized controlled
trial. This paper provides an overview of the methodologies underpinning
economic evaluations based on randomized controlled trials. It covers
broad design issues, approaches to measuring resource inputs, approaches
to valuing resource inputs, approaches to the measurement and valuation
of outcomes, the analysis of data inputs, the comparative analysis of costs
and consequences, and methods for handling uncertainty and extrapolating
cost—effectiveness. The strengths and limitations of trial-based economic
evaluations in comparison with other designs are outlined.

Economic evaluation provides a framework for assessing the costs and con-
sequences of alternative programs or interventions 1]. Within the healthcare
context, it aims to identify the combination of human and material inputs that
maximize health benefits or other measures of social welfare [1]. Economic
evaluation has increasingly been used to inform healthcare decision-making
in the UK by bodies such as the NICE for England and Wales and the Scottish
Medicines Consortium for Scotland [2,3]. Similarly, economic evaluation has
increasingly been used to inform the regulatory and reimbursement decisions
of government agencies in other nations [45]. A common vehicle for the con-
duct of economic evaluation is the randomized controlled trial (RCT). Indeed,
many trial funders, such as the National Institute for Health Research Health
Technology Assessment Program in the United Kingdom, routinely require
assessments of cost-effectiveness to be incorporated into the design of RCTs.
This is reflected in the prevalence of trial-based economic evaluations reported
in the literature. Information extracted from the NHS Economic Evaluation
Database revealed that over 30% of economic evaluations published in recent
years were based on data from a single RCT, with this proportion increasing
noticeably over the lifetime of the database [101].

There are several arguments in favor of conducting economic evaluations
alongside RCTs. RCTs are generally commissioned because of a lack of existing
evidence on treatment effect, and so provide an early opportunity to produce
reliable estimates of cost-effectiveness. Trial-based economic evaluations tend
to have a low marginal cost compared with alternative study designs. Impor-
tantly, they provide access to a wealth of individual patient data to which a
wide range of statistical and econometric techniques examining relationships
between clinical and economic parameters of interest can be applied. Some

10.4155/CL1.12.121 © 2012 Future Science Ltd

Stavros Petrou

Warwick Medical School, University of Warwick,
Coventry, CV4 7AL, UK.

Tel.: +44 2476 151124

Fax: +44 2476 151586

E-mail: s.petrou@warwick.ac.uk

FUTUR>

SCIENCE

ISSN 2041-6792 1191



Review: Clinical Trial Methodology

Petrou

health economists counter that trial-based economic
evaluations tend to be limited by their truncated time
horizons, limited comparators, lack of relevance to
the decision context in a specific country, and fail-
ure to incorporate all relevant evidence, for example,
from other trials or observational studies [¢]. This has
manifested a rather sterile debate about the relative
merits of trial-based economic evaluations versus
economic evaluations using decision analytic mod-
eling, when in truth the two are often complements
rather than alternatives [7]. Indeed, trial-based eco-
nomic evaluations often require the application of
complex modeling techniques. This paper provides
an overview of the methodologies underpinning eco-
nomic evaluations based on RCTs.

Design of trial-based economic evaluations
Designing a rigorous trial-based economic evaluation
requires multidisciplinary input in much the same
way that the design of a robust RCT is not restricted
to the purview of one disciplinary group. Increas-
ingly, this requires coordination by an accredited
clinical trials unit. Indeed, the design requirements
of trial-based economic evaluations are increasingly
reflected in the standard operating procedures of
clinical trials units and within the broader gover-
nance structures of individual trials [s]. The research
instruments and procedures used to collect relevant
health economic data should ideally be pilot tested
for efficiency, clarity and ease of use. A good example
is provided by a recent analysis of computer-aided
self-exposure therapy for phobia or panic disorder
where researchers pilot-tested the economic data col-
lection instruments and procedures for subsequent
use [o]. Two pertinent issues that should be considered
at the design stage are, first, the implications of bas-
ing the economic evaluation on an explanatory rather
than a pragmatic trial and, second, the appropriate
sample size and statistical power for economic end
points.

The pragmatic trial offers analysts an opportunity
to evaluate the cost-effectiveness of a healthcare pro-
gram or intervention under real-world conditions.
This typically results in enrolling patients represen-
tative of the general clinical caseload from represen-
tative settings, comparing the intervention of inter-
est with current practice, and following up patients
under routine conditions. Where the economic, eval-
uation is based on a less naturalistic trial design - for
example, an explanatory trial designed primarily to
address safety and efficacy questions - efforts should
be made to increase the generalizability of the study
findings. This might be achieved by, for example,
relaxing stringent inclusion criteria [10], factoring
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out the effects of protocol-driven costs in the final
calculus [11] or by agreeing on the incorporation of a
separate ‘usual-care’ arm into the trial [12].

Methods for estimating the appropriate sample
size and statistical power for economic end points
in RCTs have been developed on the basis of Fieller’s
theorem (a statistical approach that allows the cal-
culation of a confidence interval for the ratio of two
means), the nonparametric bootstrap (the practice
of estimating properties of an estimator [such as
its variance] by measuring those properties when
sampling with replacement from the observed data)
and Bayes’ theorem (an approach that incorporates
prior knowledge on parameters through specifica-
tion of prior distributions at the design and analysis
stage) [13]. Notably, however, sample size and statisti-
cal power calculations for RCTs have typically been
based on the primary clinical outcomes alone. This
is due, in part, to the complexities surrounding the
estimation of the joint distribution of the difference
in costs and consequences between the trial arms. It
may also be due to the generally larger sample size
requirements for satisfying economic end points,
because of the large variability in healthcare resource
use and cost measures [14]. The latter issue may mean
that it is neither financially nor ethically feasible to
conduct RCTs large enough to detect statistically
significant differences in economic end points. In
the absence of formal samples sizes for trial-based
economic evaluations, health economists generally
focus on estimation rather than hypothesis testing
of economic end points [14]. This offers an advan-
tage in that many health economists consider the
traditional rules of statistical inference surround-
ing a single parameter, such as clinical effectiveness
or cost, to be arbitrary, and may result in inferior
healthcare outcomes compared with basing deci-
sions on expected cost-effectiveness [1s].

Measurement & valuation of data inputs

= Measurement of resource use

Trial-based economic evaluations entail the col-
lection of patient-level resource utilization data,
for example, duration of hospital stays and types
and quantities of community services, over the
follow-up period of the trial. The perspective of the
analysis affects the categories of resource use that
are included in the study. The perspective of an eco-
nomic evaluation usually falls into one of the fol-
lowing three categories: healthcare system, public
sector or societal. The perspective adopted by an
economic evaluation should ideally be informed by
national methodological guidance (in England and
Wales, for example, NICE recommends including
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NHS and personal social services as a minimum
[2]), as well as consideration of the clinical context
of the evaluation and an assessment of where the
foregone benefits are likely to fall 116]. Programs or
interventions in some contexts are likely to result
in resource consequences beyond the health sector.
Many neonatal interventions, for example, are likely
to have resource consequences for several sectors of
the economy, as well as for individuals. Low-birth-
weight babies being studied within a trial context
may require support from social service departments
upon their discharge from hospital. The parents of
sick neonates may have to forego other productive
activities (paid or unpaid work) in order to spend
time with them; their transport costs to and from
the neonatal unit may be considerable, and care for
other children may have to be arranged. In contexts
such as this, there would be considerable value in
also adopting a broader societal perspective, at least
as part of a sensitivity analysis.

The main items of resource utilization can nor-
mally be incorporated into the trial case report forms
with little additional burden to the trial. However,
trial-based economic evaluations sometimes require
collection of additional resource-use data from other
sources, for example, medical records, interviews
with health professionals or separate patient ques-
tionnaires and diaries [17]. A recent trial-based eco-
nomic evaluation of acupuncture care as an adjunct
to exercise-based physical therapy for osteoarthritis
of the knee largely relied on self-reported resource
utilization in postal questionnaires completed at 6
weeks, and 6 and 12 months post randomization [18].

A particular problem that arises when asking
patients or carers to complete resource-use question-
naires is deciding on the optimum recall period. Two
types of recall error can be distinguished; simply
forgetting an entire episode or incorrectly recalling
when it occurred. If a study requires information for
a specific period of time, for example if there is rea-
son to believe that an intervention may influence the
number of GP visits immediately following a hospital
procedure, then a shorter recall period of a few weeks
could be reasonable. However, if a study is trying to
develop a picture of resource use over a much longer
period, such as 6 months, then using a short recall
period to provide a snapshot of typical resource use
may be insufficient and misleading. Analysts there-
fore have to contend with a trade-off between recall
bias and complete sampling information [g].

= Valuation of resource use

The total cost for an individual patient participating
in a trial can be expressed as:
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Cz = / Qij :UC;

where C, represents the cost for patient i, Q, rep-
resents the quantity of resource item j by patient i,
and UC, represents the unit cost of resource item j.
This requires the estimation of unit costs for each
element of resource use consumed by the patient.
Theoretically, unit costs should be based on the eco-
nomic notion of opportunity cost, which represents
the value of the resource in its most highly valued
alternative use [1]. In the absence of competitive
health markets, however, nationally representative
healthcare tariffs, such as the Payment by Results
tariffs [102], NHS reference costs for clinically similar
treatments [103] and the compendia of unit costs cov-
ering hospital and community health and social care
services [104], in England, are assumed to approximate
to opportunity costs. In jurisdictions with systems
of billing and fee-for-service payment of providers,
market prices are deflated using cost-to-charge ratios
to more accurately reflect opportunity costs [20]. There
may be circumstances where unit-cost estimates for
health resources are not readily available and have to
be generated from first principles at the trial centers
using accounting studies. These accounting studies
may themselves use a number of methods including
time and motion studies, diary methods, work sam-
pling, interviews with key caregivers, case note ana-
lysis and analyses of patient-activity databases. Note
that in trial-based economic evaluations, unit costs
for each resource item (UCJ.) tend to be standard-
ized across patients and trial participating centers.
Use of unstandardized unit costs may be considered
appropriate when the relative prices of factors that
contribute towards costs, such as labor and equip-
ment, vary between trial centers [21] and, in the case
of multinational trials, between countries [22]. All
costs should be valued at the same price date with
healthcare-specific inflation indices available for
the task [104]. Economic evaluations based on mul-
tinational trials should, where appropriate, convert
costs into a common currency. Purchasing power
parity adjustments are recommended for such con-
versions [105]. There may be circumstances, however,
where country-specific unit costs are appropriately
attached to country-specific resource-use values and
the resulting economic estimates reported separately
for each country.

= Measurement & valuation of outcomes

Outcome measures incorporated into trial-based
economic evaluations range from biomedical mark-
ers for final health end points, for example, bone-
mineral density as a maker for fracture outcomes, to
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intermediate health outcomes, for example, hospi-
tal episodes avoided, to more final health outcomes,
for example, life years gained (10]. However, many
health economists, and indeed for many reimburse-
ment agencies, recommend the quality-adjusted
life year (QALY) as the primary measure of health
consequence for trial-based economic evaluations.
The QALY is a preference-based measure of health
outcome that combines length of life and health-
related quality of life in a single metric [23]. For reim-
bursement agencies, the QALY has the advantage
of allowing cost-effectiveness comparisons to be
made across different healthcare interventions for
disparate health conditions. For health economists,
it offers an additional advantage in that the tech-
niques used to derive the health-related quality of
life component of the QALY generate values that
reflect, to varying degrees, people’s preferences for
health outcomes. It is worth noting, however, that
less than 25% of economic evaluations included in
the NHS Economic Evaluation Database have mea-
sured outcomes in terms of QALYS [101].

In order to estimate QALYs over the time hori-
zon of a trial, either a multi-attribute utility mea-
sure or a direct preference elicitation technique is
completed by patients at different time points. The
preference-based health-related quality of life scores
(or utility scores) that they generate are combined
with survival data to generate QALY profiles. Multi-
attribute utility measures are essentially generic
health-related quality of life instruments with pre-
existing preference weights that can be attached to
each permutation of responses. The most commonly
used multi-attribute utility measures are the EQ-5D
[24], Health Utilities Index [25], SF-6D [26], Quality of
Well-Being Scale [»;] and Assessment of Quality of
Life [28). The underpinning preference weights for
these measures are generally drawn from surveys
of the general population. The alternative approach
of using a direct preference elicitation technique,
such as the standard gamble approach or time trade-
off approach [29], is more expensive and time con-
suming and relies on patients to not only describe
their health status, but also to value it using a
complex scaling technique. For both approaches,
the frequency and timing of assessments should
be influenced by the disease severity of the study
population, study duration, timing of trial visits
and patient burden [30]. Proxy measurements may
be considered when patients are either too ill or do
not have the cognitive competencies to complete the
measures [31].

There are several circumstances where the
QALY metric itself is too restrictive and does not
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capture the main outcomes of interest within a
trial. In response to this, researchers are develop-
ing instruments based on Armatya Sen’s Capabil-
ity Theory that try to measure broader outcomes
such as attachment, security, enjoyment, role and
control for incorporation within a trial-based eco-
nomic evaluation framework [32]. Discrete choice
experiments have also been developed that describe
healthcare interventions in terms of their attributes,
including health outcomes, nonhealth outcomes
and process attributes [33], although their incorp-
oration into trial-based economic evaluations is still
at an embryonic stage.

Analysis of data inputs

Where trials require the measurement and valuation
of costs and outcomes over several years of patient
follow up, the costs and outcomes that occur after
the first year of follow up are typically reduced by
a discount factor to their equivalent present values.
The discounted amounts, the equivalent present val-
ues, are totalled allowing all interventions to be fairly
compared on the basis of their present values. The
discount rates applied within trial-based economic
evaluations have varied markedly across jurisdic-
tions and over time. NICE has recommended that
economic evaluations conducted in England and
Wales should discount both costs and outcomes
at an annual rate of 3.5% [2]. There is recognition,
however, that the discounting of health outcomes is
controversial. Furthermore, the empirical evidence
on whether individuals discount future health in
practice is disputed [34]. In the light of this, sensitiv-
ity analyses that apply differential discount rates to
costs and outcomes are acceptable [2].

Further analyzing of data inputs into a trial-
based economic evaluation are often required before
estimation of cost-effectiveness can be made. For
example it is not unusual for cost data inputs to
be truncated at zero and right skewed due to the
impossibility of incurring costs less than zero and
the small numbers of high resource-use patients.
This means that cost data do not usually conform
to the assumptions of standard statistical tests for
comparing differences in arithmetic means (the
crucial cost variable for policy makers). Popular
methods for dealing with this problem include
using the nonparametric bootstrap method as the
primary statistical test for making inferences about
arithmetic means or generalized linear models to
directly model the mean of the cost distribution [3s].
Nevertheless, there are circumstances, particularly
in very large samples where the near-normality of
sample means is assured, where simple approaches
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for analyzing cost data may be sufficient [36]. For
QALYs, adjustments are often made to account for
baseline differences in health status between the
trial groups [37].

Another analytical challenge is how to deal
with missing data that arises for some variables or
patients. A recent paper by Sterne and colleagues
highlights three missing data mechanisms:

m Missing completely at random - where missing
data bear no relation to the value of any other
factor in the study population;

m Missing at random - where missing data are cor-
related in an observable way with the mechanism
that generates the outcome;

m Not missing at random - where missing values
depend on unobserved variables [3s].

The authors’ summary of different approaches
for handling missing data, including multiple
imputations, can be applied to the data inputs for
economic evaluation [38]. Censoring represents a
particular form of missing data and arises where
information on the costs and outcomes of some
patients is truncated and not available for the full
follow-up period of the trial. In the past, this prob-
lem was frequently ignored, or analysts deployed
simple methods such as complete case analysis and
available case analysis. Recently, the Kaplan Meier
Sample Average estimator (an estimator that meas-
ures the survival function by computing the prob-
abilities of occurrence of events at a certain point of
time and multiplying these successive probabilities
by any earlier computed probabilities to get the final
estimate) and the Inverse Probability Weighting
estimator (an estimator that in addition accounts
for attrition through covariate adjustment) have
become popular methods for dealing with censored
data [36].

Comparative analysis of costs & consequences

Economic evaluation synthesizes evidence on costs
and consequences within an explicit framework,
enabling decision makers to assess whether a new
healthcare program or intervention offers good
‘value for money’. Data on either costs or conse-
quences, when viewed in isolation, do not provide
decision makers with the information required for
‘value-for-money’ assessments. The simplest form
of trial-based economic evaluation is cost-minimi-
zation analysis, which seeks to establish the least
costly method of achieving given outcomes. It is only
appropriate if all outcomes are found to be identical,
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and the underpinning trial is sized around a safety
or equivalence hypothesis [39]. In cost-minimization
analysis, the decision rule for decision makers is
straightforward. If health effects are equivalent, then
the cheaper programme or intervention is preferable.
Theoretically, trial-based economic evaluations can
also take the form of cost-benefit analyses where
the consequences of programs or interventions are
measured and valued in monetary units, either by
asking relevant individuals how much they would be
willing to pay to obtain the observed consequences
of the programme or intervention (contingent valu-
ation), or by asking relevant individuals how much
they would be willing to trade between observed
health outcomes, nonhealth outcomes and process
attributes and subsequently converting responses to
willing to pay estimates for unit changes in attributes
(discrete choice experiments). As with cost-minimi-
zation analysis, the decision rule for decision-mak-
ers is straightforward. If the monetary valuation
of the consequences of the healthcare program or
intervention exceeds its net costs, then the program
or intervention should be provided since there is a
net gain to society. Most trial-based economic evalu-
ations, however, take the form of cost-effectiveness
analyses (where consequences are measured in natu-
ral or physical units) or cost-utility analysis (where
consequences are measured in terms of preference-
based metrics such as QALYs). Here, the decision
rule becomes rather more complex, since costs and
consequences are expressed in different metrics.

For trial-based economic evaluations that take
the form of cost-effectiveness analyses or cost util-
ity analyses, costs and consequences can be averaged
across all patients in the treatment (t) or the control
(c) group to obtain mean cost (C) and mean effect
(E) for each arm of the trial. The results are typically
reported in terms of an incremental cost-effective-
ness ratio (ICER), which is the difference in costs
divided by the difference in effects:

_C-C._DC
R 8 1

The difference in costs and the difference in effects
between the trial groups can also be depicted on the
cost-effectiveness plane (Figure 1) [10,35]. Incremental
effectiveness (relative to the comparator) is shown
on the X-axis, while the Y-axis shows the incremen-
tal cost, and the origin of the graph (C) represents
the point of comparison or control. In comparison
with this central point, the intervention of interest
can therefore be more effective or less effective, and
can be more costly or less costly, and these com-
binations are represented by the four quadrants of

Clin. Invest. (2012) 2(12)
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Figure 1. The cost-effectiveness plane.
ICER: Incremental Cost-Effectiveness Ratio.
Reproduced with permission from [35] Oxford University Press (2010).
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the figure. If the new intervention is found to be
less costly and more effective, the ICER will fall in
the south-east quadrant and decision makers will
have no difficulty opting to adopt it (assuming, at
this stage, that no uncertainty surrounds the ICER);
the new intervention can be said to dominate the
comparator. If it turns out to be less effective and
more costly, the ICER will fall in the north-west
quadrant and a decision to reject can equally read-
ily be made; in this case the new intervention is
dominated by the comparator. More interesting
and typically more common situations arise in the
north-east and south-west quadrants, where the new
intervention is more effective but also more costly
(the north-east quadrant), or is less effective but also
less costly (the south-west quadrant). In these areas
of the figure, there is a trade-off between effect and
cost: additional health benefit can be obtained but
at higher cost (north east), or savings can be made
but only by surrendering some health benefit (south
west). In order to assess whether these trade-offs
are acceptable, a maximum acceptable ICER or a
maximum willingness to pay for a unit of effect (1) is
required. The dashed diagonal line running through
Figure 1 depicts one possible maximum willingness
to pay for a unit of effect (). ICERs falling to the
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right of this line would be considered cost-effective,
whilst ICERs falling to the left would not. Note that
a steeper diagonal line reflects a greater willingness
to pay by decision makers for a unit of effect. There
are a number of revealed and stated preference tech-
niques for estimating the value of A [35]. In many
jurisdictions, however, the decision rules surround-
ing the value of A have evolved historically and with
little scientific basis [40,41].

Handling uncertainty

A number of different types of uncertainty can arise
in trial-based economic evaluations. Sampling (or
stochastic) uncertainty depends on variation in both
the numerator (incremental cost) and the denomina-
tor (incremental effectiveness) of the ICER. A com-
mon method for estimating confidence intervals
for the ICER is the nonparametric bootstrap, which
resamples with replacement cost-effect pairs from
the trial data under the assumption that the trial
population is a valid representation of the underly-
ing population of interest [42]. The bootstrap repli-
cates are plotted on the cost-effectiveness plane as a
scatter of points representing sampling uncertainty.
However, there are several circumstances where a
meaningful ordering of the bootstrapped replicates,
required to make the confidence interval surround-
ing the ICER interpretable, is very difficult. For
example, a negative ICER might represent improved
outcomes and lower costs (south-east quadrant of
the cost-effectiveness plane) or worse outcomes and
higher costs (north-west quadrant), two qualitatively
different scenarios. One way of handling this prob-
lem is to place both costs and effects on a linear scale,
either net monetary benefit, defined as AE x A - AC,
or net health benefit, defined as AE — AC/A [43,44].
Here, analysts need not worry about ambiguous
interpretations of positive or negative ICERs; larger
net monetary benefits or net health benefits are
unambiguously better and smaller are unambigu-
ously worse. Decision uncertainty can be dealt with
by constructing a cost-effectiveness acceptability
curve , which shows the probability that the new
intervention is cost-effective across a range of values
of A [4s]. For each value of A, the cost-effectiveness
acceptability curve shows the proportion of boot-
strap replicates that fall to the right of the diagonal
line running through the cost-effectiveness plane.
Heterogeneity may be important if particular groups
that differ with respect to observed or unobserved
characteristics, such as age or sex, differ systemati-
cally in ways that affect the results of the economic
evaluation; for example, through their treatment
costs or their capacity to benefit from an intervention
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l46]. If heterogeneity is important, efforts should be
made to report differences in costs, outcomes or
cost-effectiveness that can be explained by varia-
tions between subgroups of patients. Simply dividing
the study population into different subgroups and
estimating costs, outcomes or cost-effectiveness for
each of those subgroups may reduce the power to
detect significant differences between groups. For
trial-based economic evaluations, regression model-
ing of the data may disentangle differences in costs,
outcomes or cost-effectiveness that can be explained
by variations between subgroups of patients. The
study by Mihaylova et al. provides a template (46].
Recognizing the absence of evidence of heteroge-
neity in treatment effect across subgroups in the
Heart Protection Study, these authors applied the
same trial-wide relative-risk reduction to different
subgroups defined in terms of absolute-risk levels
at baseline, resulting in large but reliable differences
in cost-effectiveness. Finally, methodological uncer-
tainty, the uncertainty surrounding the value of key
parameters in the economic evaluation, for example
the discount rate, can be dealt with using sensitivity
analysis.

Extrapolation of cost—effectiveness

There are several circumstances where cost-effec-
tiveness observed within a trial is substantially
different to what would have been observed with
continued patient follow up. Consequently, extrap-
olation of cost-effectiveness over an extended time
horizon, often a lifetime horizon, is generally con-
sidered important. Simple extrapolation methods
are sometimes used, such as adding remaining life
expectancy at the end of a trial using life-table data.
However, unbiased estimation of long-term cost-
effectiveness may require complex modeling of epi-
demiological, clinical and economic variables. The
individual-level data available within trials often
permit the construction of these complex models
that allow estimates of lifetime costs, utilities and
cost-effectiveness to be made. A good example is
provided by the long-term economic evaluation
based on the UK Prospective Diabetes Study (471.

Future perspective

Economic evaluation provides a means of allocating
finite healthcare resources in an efficient manner. It
can inform the decision-making processes at many
levels, from national decision-making bodies, such
as NICE, to decisions by local healthcare providers.
A number of methodological advances in economic
evaluation have been made in the last two decades
surrounding sample size estimation, methods for
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collecting data inputs, methods for valuation of
health benefits, analysis of skewed, missing or cen-
sored data, ascertainment of the maximum willing-
ness to pay for health benefits, handling of different
forms of uncertainty and extrapolation of survival
and health-related quality of life gains beyond the
period of observation.

However, it is also important to mention some of
the controversies surrounding economic evaluation
that remain. Although health economists agree about
the objectives of economic evaluation, they disagree
about a number of methodological issues. For exam-
ple, some health economists argue that cost-benefit
analysis is the optimal form of economic evaluation
because of its foundation in welfare economic theory,
whilst others promote cost-utility analysis because
of its broader acceptance by the research commu-
nity. Some health economists argue that economic
evaluation of health interventions should be limited
to a healthcare system perspective, whilst others pro-
mote a broader societal perspective. There are also a
number of methodological concerns that are com-
mon to economic evaluations based on RCTs: a sin-
gle RCT might not compare all the relevant options
available, might not provide evidence on all relevant
inputs into an economic evaluation, might not be
conducted over a long enough time horizon to cap-
ture differences in economic outcomes or even meas-
ure those outcomes, or might not provide evidence
specific to a particular setting or patient group [¢]. In
addition, reliance on a single RCT as a vehicle for an
economic evaluation may mean ignoring evidence
from other trials, meta-analyses, and observational
studies. Under these circumstances, an alternative
framework for the conduct of economic evaluation
is provided by decision analytic modeling.

Nevertheless, trial-based economic evaluations
are likely to continue to provide an important
strand of evidence that facilitates evidence-based
decision-making. Trial-based economic evalua-
tions will continue to offer a number of strengths
and unique opportunities. In addition to producing
unbiased estimates of effect, trials make available
to researchers a wealth of data on individual par-
ticipants: their characteristics and history at entry;
their risk factors at entry and often over time; the
frequency, timing and sequence of end points; the
reliable clinical ascertainment of these end points;
patient treatments, co-medications and adherence;
their resource use; and their health-related quality
of life. Since these are available for the same indi-
viduals over time, the full structure of covariance
can be estimated.

Moreover, a strong move in recent years towards
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m Economic evaluation provides a framework for assessing the costs and consequences of alternative healthcare programs or

® A common vehicle for the conduct of economic evaluation is the randomized controlled trial.

Design of trial-based economic evaluations
= Designing a rigorous trial-based economic evaluation requires multidisciplinary input. An accredited clinical trials unit should be

m Sample-size calculations for randomized clinical trials should consider economic end points.

m The main items of resource utilization can normally be incorporated into trial case report forms with little additional burden to
the trial. However, these data may have to be supplemented with data from other sources.
m Trade-off between recall bias and complete sampling information are common for resource utilization data.

m The valuation of resource inputs should be underpinned by rigorous accounting procedures.
m Analysts should consider approaches to outcomes measurement that are rooted in economic theory.
m Advanced statistical or econometric approaches may be required to handle skewed, missing and censored data inputs into

Comparative analysis of costs & consequences
m Trial-based economic evaluation aim to assess the incremental cost-effectiveness of a new health care program or intervention,
and where the incremental cost—effectiveness ratio lies on the cost—effectiveness plane.

m Attempts should be made to address the uncertainty that can arise in trial-based economic evaluations, including sampling (or
stochastic) uncertainty, decision uncertainty, heterogeneity and methodological uncertainty.

m Extrapolation of cost-effectiveness beyond the follow-up period of the trial is often required.

m Trial-based economic evaluations are complements to, rather than substitutes for, economic evaluations that use decision

the use of randomized studies in other
areas such as development economics
is worth noting (48], although here, as
in health economics, it is clear that it
is not appropriate in all circumstances
and needs to be seen alongside other
designs [49]. Lack of space precludes a
description of reporting guidelines for
economic evaluation. The development
of new reporting guidelines for health
economic evaluation is the current line
of enquiry for an International Society
for Pharmacoeconomics and Outcomes
Research task force that hopes to publish
its results in the form of a new checklist
in 2013.
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