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How can we associate an economic 
evaluation with a clinical trial?

Abstract: Economic evaluations in Dentistry have been increasing 
in recent years. They are a relevant contribution if an economic issue 
exists. Knowing if a new intervention is an efficient way of allocating 
available (and scarce) resources (the concept of opportunity costs), a 
well-designed economic evaluation may be helpful. One option is to 
conduct a trial-based economic analysis, which extracts a considerable 
board of information from a trial. This approach produces a more 
controlled result since many sources of variations might be reduced. 
On the other hand, some aspects could not be predicted directly from 
the trial or even extrapolated. Thus, combining model-based analysis 
may be an idea. In this paper, we intended to discuss important aspects 
to be considered by researchers in further economic evaluations. This 
paper will be systematically divided into sessions related to the study 
design as time horizon and perspective, health effects, costs, and 
data analysis. In the end, we expect the reader could be able to plan a 
trial-based economic evaluation, which should be a careful, meticulous, 
quite laborious and especially transparent process.

Keywords: Cost-Benefit Analysis; Clinical Trials as Topic; Dentistry.

Introduction

On the one hand, the evidence-based practice advocates such type 
of practice will opt for most efficacious interventions to maximize the 
quantity and quality of life of patients (i.e., optimize the effect of a tested 
approach).1 On the other hand, we cannot assure the evidence-based 
practice will necessarily represent the best way to allocate financial 
resources. Some believe evidence-based practices are a way to cut the 
costs of health care 1. In general, others agree that such type of practice 
tends to mostly increase costs of health care instead of reducing it.1 Solving 
this duality points to the actual relevance of economic evaluations related 
to health care. Therefore, economic evaluations are a way of merging 
two conceptually different worlds: clinicians’ (effectiveness world) and 
economists’ world (efficiency world).

Efficiency is essentially related to some economic principles, not 
generally usual to health care providers, such as scarcity, for example. 
Health is a scarce resource, as well as financial resources. Thus, making 
choices must involve decision-making about how the available resources 
could be shared.2 Another important principle is the opportunity costs. 
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How can we associate an economic evaluation with a clinical trial?

As resources are scarce, when a new evidence-based 
strategy is available and needs to be implemented, 
resources previously allocated to another purpose 
should be reallocated and redirected to this new 
strategy. That is why efficient resource allocation must 
be required. In other words, the benefits of a certain 
choice should exceed the benefits of any alternative.2

When a new effective evidence-based strategy is 
available, its implementation cost should be estimated. 
Then, besides the effect that the strategy can result, 
providers or health systems should evaluate how 
the resources should be dimensioned to make such 
implementation possible and if it is an efficient way 
to allocate resources. However, as clinicians or health 
care providers, we usually do not think about that, 
leaving it more to the economists’ field.

The attempt to merge these two different worlds is 
not always a simple task. While one argues, “…health 
economists, while seeking to colonize the clinical mind 
may have lost their disciplinary head…”,3 another 
contributes “Economics provides useful (but not simple) 
methods to help sort out resource allocation to optimize 
benefits...”.4 Based on the economic principles exposed 
above, which should guide economic evaluations, we 
invite the readers to reflect if the papers published and 
related to the health economic field are looking for the 
most efficient way of allocating resources. In other 
words, are researchers motivated to investigate if a 
new treatment is a better way of allocating resources 
than a standard or conventional option? Or was 
the economic evaluation automatically included in 
the trial? Are these studies satisfying the economic 
principles that should guide economic evaluations? 
Are they contributing to including or not the evidence-
based practice in real life? We hope that, by reading 
this paper, readers may judge the efficient ways of 
allocating resources for health care. Besides, when 
planning economic evaluations that they could be 
able to contribute to this knowledge for clinicians, 
providers, and payers.

Planning and Implementation

To assert or answer about efficient resource 
allocation considering a health care strategy 
(e.g., some dental treatment or diagnostic approach), 

economic evaluations should be designed combining 
simultaneously two different outcomes: the health 
effects, health statuses, or consequences related to the 
tested strategies (outputs) along with costs (inputs). 
Evaluations considering only costs or only effects are 
defined as partial evaluations.5 They are not sufficient 
to provide evidence for decision-making since they 
do not permit the comparison of inputs and outputs 
related to the tested alternatives.

Economic evaluations may be divided into 
trial-based and model-based evaluations. Both strategies 
present the pros and cons. They should be weighed 
considering the answer you expect and also limitations 
related to each methodology. In this paper, we will 
discuss the trial-based strategy. In this case, the trial 
could be designed specifically for economic evaluation, 
but it is not the most common situation. Very often, in 
a trial designed to evaluate other primary endpoints, 
if the question about efficiency in resource allocation 
is valid, the piggyback approach is the strategy used 
to implement trial-based economic evaluations.

As trial-based economic analysis extracts a 
considerable board of information from a trial, a 
more controlled result could be expected, and many 
sources of variations might be limited. On the other 
hand, if a single trial was used to base an economic 
evaluation on, its power of generalizability and 
extrapolation is known to be reduced, and one should 
be careful when making decisions based only on its 
results.6 As the evidence produced by a single trial 
must be placed in a broader framework for decision 
analysis, sometimes studies provide a combination 
of trial and model-based strategies to make a broader 
economic analysis and inform the decision-making 
process more accurately. Another possibility would be 
designing a more pragmatic clinical trial, improving 
the power of finding generalizability.

To improve the comprehension of those aspects 
that should be considered when planning a trial-based 
economic evaluation, we will systematically divide 
the session into topics: time horizon and perspective, 
health effects, costs, and data analysis.

Time horizon and perspective
When designing an economic evaluation, some 

definitions are supposed to be done a priori, as the 
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perspective and the time horizon to be used. Perspective 
could be compared to the lens you decide to use to 
investigate the situation. It could be defined as patients’, 
providers’, payers’, health care systems’, or societal (the 
latter combining all actors and circumstances involved in 
the process) perspectives. While the patients’ perspective 
is the most proximal one, societal is the most distal 
perspective (Figure 1a). The perspective determines both 
the type of effects and costs that should be considered 
in the analysis. It is reasonable that more distal the 
perspective, more complex the analysis.

Another aspect to consider is the time horizon. If 
the perspective could be compared to the format of a 
lens, allowing us to see a broader or more restricted 
field, the time horizon would be how far these lenses 
could reach (Figure 1). The time horizon is strongly 
related to the effects or health statuses that are 
supposed to be considered in the evaluation (Figure 1b). 
It is also related to the motivation for the evaluation. 
Once a perspective and time horizon have been 
defined, the range of resources can be identified. The 
aspects mentioned above could interfere significantly 
with the findings of such evaluation and may change 
the idea disseminated at the end.

Health effects
Outcomes pertinent to economic evaluations 

should be, first, chosen and then collected. When 
planning a trial-based economic evaluation, it is 
important to consider which outcomes could be 
measured and used as effects in this analysis. Firstly, 
this decision should be linked to feasible (available) 
endpoints to be collected (or even already collected) 
in the trial. Secondly, these endpoints should also be 
linked to the analysis that the researcher intends to 
do. Depending on the outcomes defined, a different 
type of analysis may be necessary (Figure 2).

Different types of economic evaluations are known, 
e.g., cost-effectiveness analysis (CEA), cost-utility 
analysis (CUA), cost-benefit analysis (CBA), among 
others (Figure 2). It is crucial to weigh the pros and 
cons related to each analysis. The health effect set 
as the outcome should be determined considering 
the economic question one wants to answer. In the 
following paragraphs, we will discuss some aspects 
related to different types of analyses and related 

endpoints. To facilitate the process, we draw the box 
below to summarize these relevant points (Figure 2).

The most frequent type of economic analysis in 
Dentistry is CEA. In this analysis, a health effect 
is considered as the output (Figure 2). This effect is 
usually related to the condition and area studied in 
Dentistry. The usefulness of the economic evaluation 
for guiding future decisions depends on the robustness 
of the outcome (endpoint).Contrariwise, some economic 
analyses have still been based on intermediary or 
surrogate outcomes,7 even given their limited power 
of extrapolation to decisions directed to the society. 
The use of appropriately validated surrogate endpoints 
should be considered carefully, and researchers should 
judge if they represent a way of speeding up access to 
an important asset for patients in healthcare contexts.8

Although CEA is a common option in Dentistry 
and it guarantees a good answer regarding the 
intervention alternatives by themselves, such type 
of strategy usually brings a professional-centered 
or a problem-centered outcomes, which not always 
have the same weigh as when judged by users, 
patients. Moreover, when resource allocation is the 
deal, cost-effectiveness analysis may present some 
limitations. The comparison between alternatives 
for intervening in different conditions/diseases 
may not be a simple task. This problem can be easily 
understood if we suppose an example. As a manager 
in a health system, you have some extra dollars in 
your budget to spend on a new dental strategy to be 
implemented in a municipality. Then, you receive 
the information that a therapy A, to prevent caries, 
costs an additional 1,000 dollars per cavity avoided 
compared to the standard care for caries prevention.

On the other hand, therapy B, to treat periodontal 
disease, costs the same, but per reduction in periodontal 
pockets. What should I choose as a health system 
manager? What is the most efficient way to allocate 
the extra budget? This question is certainly difficult 
to answer because you are working with different 
diseases and different outcomes, making a direct 
comparison between them very tricky.

In this sense, CUA may be a useful option. 
Economic evaluations like that use a generic measure 
for health gain. One of the most used measures 
is Quality-Adjusted Life-Years (QALY). To obtain 
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this general measure of health effect, patients 
and/or society must qualify the health status or 
conditions related to a certain disease according to 
their preference.9 These weights attributed to each 
condition are known as utility, which varies from 
0 (dead or worst health condition) to 1 (healthy). 
When different interventions are tested, and the 
health status or the condition are measured after 
that, researchers can calculate the QALY considering 
the utility value of that health status and the time 
spent in it (Figure 2). Usually, results are expressed 

as cost per health years gained or cost per QALY 
gained by choosing one strategy instead of the other 
one (Figure 2). Considering the example above about 
the health system manager, you could assess, using 
the cost-utility analysis, how much we would spend 
per QALY to implement the new strategy for caries 
prevention or periodontal pocket reduction and, 
therefore, decide about the most advantageous way 
for allocating the resources as mentioned above.

On the other hand, the use of QALYs in CUA is not 
fully accepted by health economists.10 Depending on 

Figure 1. (a) Different perspectives of an economic evaluation. (b) Effect of time-horizon on possible health effects to be collected.
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different conditions and scenarios, we doubt about 
QALYs comparability.11 Due to that, some alternatives 
have been proposed to QALY, for example, the Health 
Years Equivalent (HYE).12 HYE permits to acknowledge 
the time aspect in the patients’ health, avoiding, for 
instance, a “timeless” weight attributed to utility 
values when using QALY.13

Although CUAs are the most published economic 
analyses in health sciences nowadays, this strategy has 
been more widely used in Dentistry recently. Some 
authors have investigated the patients’ preferences 
and converted them into QALYs14 or assessing the 
HYEs.15 HYEs and QALYs produced different scores 
for CUAs, even when chronic statuses related to 
dental treatment were considered.15

Other authors have created an adapted QALY 
measure to be used in Dentistry, the Quality-Adjusted 
Tooth-Year (QATY)16,17 For the QATY, the tooth is 

considered as the health unit (instead of the patient). In 
this case, the tooth loss would be classified as the worst 
score (utility score = 0). Finally, utility estimates based on 
the oral-health quality of life scores have been proposed 
more recently as a manner to incorporate quality of life 
outcomes as patients’ preference in CUA.17,18 Despite not 
ideal, these purposes may offer (even temporarily) utility 
values to be used in economic evaluations, guaranteeing 
approximate comparability of dental or oral injuries to 
other ones. On the other hand, most dental problems 
are not related to high morbidity conditions. That is 
why most questionnaires usually used to estimate 
utility values are not capable of discriminating the 
impact and the value of a dental problem.19 Oral-health 
related quality of life questionnaires could be more 
helpful in this sense.18

Another manner of comparing interventions in 
terms of decision-making is CBA. Its advantage is 

Figure 2. Different types of economic evaluations and different effects supposed to be measured when conducting them.
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the valuation of consequences related to the tested 
interventions using monetary units. Its use for health 
is still modest (even more in Dentistry). The monetary 
valuation of different effects of interventions allows 
a direct link to the decision-making process. For that, 
individuals/society should express their potential 
willingness-to-pay (WTP) for health benefits or effects 
(Figure 1). When WTP values are not available, parallel 
well-designed studies20 are supposed to be planned 
to obtain these values and permit performing such 
type of analysis.21 Therefore, the CBA may produce 
an interesting answer for the economic question, but 
it may demand an additional effort. The WTP should 
be calculated depending on the perspective set for 
economic evaluation. In Dentistry, one example of 
using WTP is related to the use of anesthetic gel to 
be used in periodontal sessions.22

When planning a trial to be associated with 
economic evaluation, appropriate endpoints (health 
effects) should be chosen. If necessary, separate surveys 
should be undertaken to collect extra information 
supposed to be required in them. Finally, the economic 
analysis plan must contemplate the strategy intended 
to be used in the evaluations. The different strategies 
for health economic analyses are tools to assess what 
you need to answer the economic question.

Costs
Differently from the health effects (usually collected 

in efficacy or effectiveness trials), to nest an economic 
evaluation in a trial, it is also important to collect 
costs related to health care strategies or interventions. 
In this sense, two main questions may be raised: 
a) Which costs should be considered? b) How should 
these costs be measured or estimated? This section 
aims to clarify these points.

It is important to mention that resources are not 
just financial. An in-depth analysis is necessary to 
identify all resources related to the perspective defined 
(Figure 3a). A certain item could have a value from 
a perspective but not from another (Figure 3b). For 
example, under a societal point-of-view, it is expected 
to include not only costs to provide the treatment but 
also costs derived from receiving the treatment, e.g., 
loss of productivity, time spent, and transportation 
expenses, among others (Figure 3b).

You can consider as a direct resource, the hour/cost 
of a professional or a team/staff, materials, equipment 
(acquisition, maintenance, and depreciation), power 
supplies, and accommodation. The indirect cost 
may be divided into the cost associated with the 
procedure or associated with the patient. The effort 
that your patient must do to receive that service, for 
example, productivity loss, commuting costs, among 
others are considered indirect costs. The indirect cost 
associated with the procedure may be the need for 
other services: specialized services, hospital, and 
prosthetic laboratory, for example (Figure 3a). At 
this stage, it is possible and interesting to organize 
the list of resources on a board, e.g., a decision tree 
or a flowchart, to understand the invested resources.

The following step consists in defining how these 
resources will be valued. Firstly, in trial planning, 
this step is crucial to determine which cost-related 
variables should be measured along with the trial 
and when data collection should be done. Different 
formats are acceptable since the information could 
be collected accurately and efficiently. Then, a value 
should be attributed to each one of the resources 
(types of cost defined a priori). For some resources, 
e.g., materials, the quantities may be measured, 
and the market price collected. In other cases, e.g., 
non-market resources, prices do not always reflect 
the value of resources. Then, the valuation should 
consider credible references related to the scenario, 
perspective, and time horizon chosen. That is why, 
even at a protocol phase, a detailed and consistent 
description of the type of costs and strategies to 
their valuation are required. As an example, in 
their protocol, Ladewig et al.23 brought a detailed 
description of cost valuation performed alongside a 
trial comparing different strategies for the restoration 
of primary molars.

Possible sources to collect useful information 
when valuing resources in economic evaluations are 
governmental or official local databases, scientific 
literature, or pilot study data. For example, to evaluate 
the professional cost, one can consider the local 
minimum wage for the specific professional class as 
a local monetary scale.23 Besides, if this information 
does not exist, information about the useful clinical 
hour value might be collected among a group of 
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professionals, and an average cost could be considered. 
The perspective would also be important to determine 
how the cost would be valued.

One advantage of collecting data for economic 
evaluation alongside a trial is the possibility of 
registering the real costs related to the tested 
strategies more accurately. Some variables could 

be measured directly (e.g., materials) and others are 
time- (e.g., accommodation, equipment depreciation, 
professional costs) or session-related (e.g., transportation 
cost, absence to work). These features will guide data 
collection related to each variable of interest. On the 
other hand, necessary data may not be available, and 
estimation or imputation may be good strategies to 
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avoid missing data. Missing data are not desirable 
in trial-based economic evaluations24 since they can 
mask important aspects of tested interventions.

In a hypothetic trial to test different strategies 
for caries prevention, one strategy requires annual 
visits, while the other demands biannual visits. 
However, a significant number of patients (that are 
supposed to) did not comply with the follow-up 
visits to be supervised every 6 months. If you did 
not consider the cost of these biannual visits, you 
would underestimate the cost of the biannual strategy. 
Maybe, the system did not spend money to actually 
“treat” this non-compliant patient, but the entire 
structure to maintain the program would be ready. 
In these cases, among other possibilities, you could 
input data about costs from other follow-up visits 
or based on similar patients in the same follow-up 
visit. Similar strategies could be adopted in cases of 
trials in which not all variables could be collected 
due to implementation issues (e.g., pragmatic trials) 
or design particularities (e.g., placebo-controlled trials 
in which the time spent only for active intervention 
is not available or trials in which after the event is 
registered, patients are redirected, and the costs 
cannot be measured directly).

Figure 4 shows an example of a trial-based 
economic evaluation conducted by our research 
group comparing different interventions for caries 
lesions control using glass ionomer cement. We 
simulated a circumstance in which the actual costs 
of the procedure were not available in a long-term 
analysis, but the events are known. Considering 
the baseline costs of both interventions and the 
need for re-intervention during 1 year (events), a 
group of experts and clinicians estimated the costs 
of re-interventions for each group.25 To validate our 
estimation method, we measured and compared the 
real costs after 1 year (including re-interventions) to 
the estimated costs. We observed they were quite 
similar. We believe estimation, as proposed, could 
be a useful strategy, but it should be an incredibly 
careful and transparent process.

Analysis
Economic analyses demand a data analysis plan. 

This plan should be established a priori, preferably 

when the data is still blinded. It is recommended, as 
the best practice, that the analysis plan is published 
before completing the trial.24

In the economic analysis plan, researchers should 
predict which kind of statistical analyses will be 
conducted after data collection, including the strategies 
used (e.g., type of strategy), data treatment (e.g., missing 
data), time preference (e.g., discounting), exploration 
of other possible scenarios (sensitivity analyses) and 
also, uncertainty. Additionally, subgroup analyses 
should be planned, if necessary.

Even extracting data from a trial, data should be 
managed to allow plotting a cost-effectiveness plane 
(Figure 6). This plane is a graphic representation of 
the economic evaluation, since the outcomes explored 
are plotted in the axis (X: effects, Y: costs). Usually, the 
incremental approach is used. Then, the combination 
of incremental costs over incremental effects (the 
extra amount we are paying to have an extra effect) 
may be analyzed.

The position of this combination on the four 
quadrants in the plane may lead to the interpretation 
of what happens when the alternative treatment is 
applied instead of the standard one (Figure 6). The 
best option would be the southeast quadrant (most 
effective, less costly), but, in the northeast quadrant, 
the alternative would also be acceptable depending on 
decision rules (e.g., WHO, NICE thresholds26,27) or also 
other possible decision-making strategies28). In this 
plane, it is also explored the uncertainty related to the 

Figure 4. Comparison of estimated (simulating the absence 
of long-term cost data) and real cost values in a trial-based 
economic evaluation.
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Figure 5. Cost-effectiveness plane – simulated points to explore uncertainties around the central values of incremental costs 
(delta cost) and effects (delta effect). Percentage values in the quadrant represent the probability of the new intervention is in that 
determined area of the plane (Quadrants: NE-North-East; NW: North-West; SE: South-East; SW: South-West).
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Figure 6. Schematic process summarizing important points from the idea to the protocol, according to ISPOR Good Research 
Practices Taskforce for economic evaluation.

Designing Trial

• Type of trial (effectiveness/pragmatic vs. efficacy 
trials, simple vs. multicenter trials)

• Appropriate follow-up to capture expected and 
adverse effects, complications resource use, costs

• Effects and costs to be collected and measured 
(when? how?)

• Sample size and power calculation

Collecting Data

• Collecting information about resources that could 
influence on costs (related to the intervention or not) 

• Integration between clinical and economic data 
• Consent forms to collecting economic data (pre 

and pos-trial)
• Collect other data necessary to further analyses 

(e.g. preference states, WTP)

Reporting Results

• Trial description (measurements inside and outside 
the trial)

• Results descriptions and comparisons 
• Missing data, imputations
• Uncertainty exploration
• Possible projections (beyond the trial time horizon)
• Graphical displays

Analyzing Data

• Intention-to-treat analysis
• Showing the effect of intervention
• Using incremental analyses 
• Managing missing data (e.g. imputations)
• Exploring uncertainties
• Using subgroup analysis (a priori definition, 

strategies to define them)
• Identifying and Addressing Threats to External 

Validity/Generalizability (representativeness, 
similarity to clinical practice, enhanced behaviors)
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decision. In Figure 6, uncertainty can be evidenced by 
plots obtained from a simulation (x10,000) based on 
data collected from a trial.29 Depending on how these 
points are distributed among the quadrants, we can 
estimate the uncertainty surrounding the decision. 
For example, in this case, the decision is extremely 
uncertain (quite similar proportions in each quadrant), 
presenting a slight trend to be more concentrated in 
the northwest quadrant (less effective, more costly). 
Exploring the uncertainty guides decisions related to 
the adoption of the new alternatives (usually guided 
by a lower level of uncertainty) and to assess the 

need of further evidence and the potential value of 
acquiring additional evidence to guide decisions in 
the future.

Final considerations
Writing a protocol for a trial in which you intend 

to attach an economic evaluation should be a careful, 
meticulous, quite laborious and especially transparent 
process. Figure 6 summarizes the main points an 
investigator should consider when conducting and 
reporting a trial-based economic evaluation according 
to the ISPOR Good Research Practices Taskforce.24
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