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Increasing the generalizability of
economic evaluations:
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analysis, and reporting of studies
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Objectives: Health technology assessment (HTA) is increasingly an international activity,
and HTA agencies collaborate to avoid unnecessary duplication of effort. However, the
sharing of the results from HTAs raises questions about their generalizability; namely, are
the results of an HTA undertaken in one country relevant to another?
Methods: This study presents recommendations for increasing the generalizability of
economic evaluations. They represent an important component of HTAs and are
commonly thought to have limited generalizability.
Results: Recommendations are given for studies using patient-level data (i.e., evaluations
conducted alongside clinical trials) and for studies using decision analytic modeling.
Conclusions: If implemented, the recommendations would increase the value for
investments in HTA.
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Health technology assessment (HTA) is increasingly an in-
ternational activity, and many jurisdictions have established
HTA agencies. The various agencies collaborate extensively,
both informally and formally, through the International As-
sociation of Health Technology Agencies (INAHTA). This
collaboration includes discussions about the prioritization
of topics to avoid unnecessary duplication of effort, shar-
ing of resources and expertise, as well as exchanging the
results of particular assessments. The sharing of the results
of HTAs raises issues about their generalizability. That is,
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are the results of an HTA undertaken in one country relevant
to another? Also, within a large country, do the results of a
given HTA apply in all regions?

Undoubtedly, particular HTAs are of most use in the
setting where they are conducted and could probably not be
used without adaptation in another location. However, the
value from investments in HTA would be greatly increased
if studies could be made more generalizable. This strategy
would facilitate closer collaboration between agencies and
would be of particular benefit to smaller countries, which
may not have the resources to conduct HTAs on a wide range
of topics.

Several components of HTAs could be considered to be
fairly generalizable. For example, the data from clinical tri-
als are normally assumed to be generalizable with respect
to setting (i.e., homogeneous among settings studied in the
trial and relevant to other settings beyond those studied in
the trial). On the other hand, data from economic evalua-
tions are normally considered not to be generalizable, due
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to factors, varying from place to place, that might alter the
cost-effectiveness results (7). These factors include differ-
ences in the availability of health-care resources, clinical
practice patterns, and relative prices. For example, a new
health technology that potentially reduces the need for or
length of hospitalizations, is likely to be more cost-effective
in settings where there is adequate availability of community
care. Differences in clinical practice patterns can themselves
lead to differences in utilization of important resource items
such as hospitalizations or the length of hospital stay. Also,
the prices of major cost-drivers such as drugs can lead to
changes in the relative cost-effectiveness of treatment regi-
mens.

To some extent, issues of generalizability in economic
evaluations can be addressed by using data from different
locations. For example, a decision analytic model can be
populated by data (i.e., unit costs or prices) from a range of
settings. However, this may only help up to a point, as there
may be situations where differences between settings may
suggest a different model structure. In trial-based economic
evaluations, where patient-level data on resource use, quality
of life, and (possibly) utilities, unit costs or prices are col-
lected as part of the trial protocol; the problems of lack of
generalizability are often more serious and intractable. For
example, where resource use varies by setting due to (say)
different practice patterns, the pooled result from the trial
(for resource use) may not apply to any individual location.
This may make it quite difficult to deliver relevant data to
decision-makers in a wide range of settings.

Recent reviews of the literature indicate that existing
economic studies vary in the extent to which issues of gen-
eralizability are recognized and explored. For example, in
some trial-based economic evaluations, the pooled resource
use data are applied to all countries, without consideration
of whether there are important differences in the impact of
treatment on resource use from country to country. Simi-
larly, in some modeling studies, the same data may be used
to populate the model for more than one country (e.g., rate of
hospitalizations), without adequate consideration of whether
different estimates should be used. (See Barbieri et al. [2] for
a recent review of current practice with respect to studies of
pharmaceuticals in Western Europe.)

Given these problems, the National Health Service
(NHS) Health Technology Assessment Programme in the
United Kingdom commissioned a study of the generalizabil-
ity of economic evaluations in time and place. The objectives
of the study were to undertake a systematic review of the lit-
erature relating to generalizability in economic evaluation in
health care and to undertake a series of case studies relating
to multilocation trials and decision analytic models.

The full report has been published recently by the HTA
Programme and is available on its Web site (18). This paper
draws together the main recommendations for the design,
analysis, and reporting of economic evaluations. Recom-
mendations are made separately for trial-based studies (i.e.,

economic evaluations using patient-level data) and decision
analytic models, because although many of the issues are
common to both types of study, some are not. The objective
of this study is to stimulate an international debate about
the problems associated with the lack of generalizability
of economic evaluations and to make recommendations on
how the generalizability of studies can be increased in the
future.

RECOMMENDATIONS FOR INCREASING
THE GENERALIZABILITY OF ECONOMIC
EVALUATIONS

Economic Evaluations Using
Patient-Level Data

Economic evaluations using patient-level data, particularly
conducted alongside randomized controlled trials, continue
to provide an important source of data on cost-effectiveness.
In these studies, the economic analyst has three opportuni-
ties to increase the generalizability of his or her study. First,
at the design stage, the need for generalizability of findings
can be anticipated. Second, in the analysis of results, qual-
itative and quantitative approaches can be used to produce
findings relevant to a range of settings. Finally, in the re-
porting of results, attempts can be made to accommodate
the needs of users/decision-makers in different geographical
locations. This section discusses these issues in the context
of patient-level data, with a focus on trial-based studies, and
makes several recommendations for improved practice. Rec-
ommendations in relation to design, analysis, and reporting
are given separately below, although recognizing that these
issues are often interlinked.

Recommendations in Relation to Design
of Studies

Clinical trials are primarily designed to estimate clinical pa-
rameters, for which generalizability has traditionally been
considered less of an issue. Therefore, the economist seeking
design changes for the purpose of increased generalizability
will probably have to compromise on the range of changes
sought. Nevertheless, several changes are possible, and it may
be argued that some serve the clinical objectives of the trial,
as well as the economist’s need for increased generalizability
of findings (e.g., the selection of one or more comparators
that are widely used in several countries). Much depends on
the body funding the study and its objectives. For example,
a multinational pharmaceutical company may be seeking to
appeal to several jurisdictions, whereas NHS Research and
Development funders may only be interested in implications
for the NHS in the United Kingdom.

Selection of Study Sites (i.e., Centers and
Countries). For purposes of generalizability, selection of
study sites would ideally focus on those that are represen-
tative of the jurisdiction(s) for which economic data are
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Table 1. Possible Higher-Level Covariates To Use in a Multi-
level Model

Jurisdiction level Center levela

Percent GDP spent on health care Volume of relevant cases
treated

Reimbursement system for Bed occupancy
hospitals

Payment method for physicians Hospital type (e.g., teaching
or nonteaching)

Type of health-care system Range of clinical specialties
(e.g., public or private) Geographical location (e.g.,

large city or small town)

a These covariates would be relevant if the “center” were a hospital. How-
ever, in principle, the “center” could be a region, health authority, or indi-
vidual clinician.
GDP, gross domestic product.

required. In principle, this selection could be a single site,
but is more likely to be several sites to reflect the variation
in health care provision within and between different ju-
risdictions. The use of regression models, such as multilevel
modeling, potentially provides a rigorous means of modeling
variation in cost-effectiveness between centers or countries
(13). These models recognize the hierarchical structure of
the data, where patients may be “clustered” in centers and
the centers, in turn, clustered in countries.

If the intention is to apply multilevel modeling tech-
niques in the analysis of the economic data, it would be
useful to collect data on center characteristics that could be
used as covariates in the multilevel model. The same would
apply to jurisdiction characteristics if the trial were being
performed in more than one jurisdiction. These covariates
will increase the efficiency of trial-wide cost-effectiveness
estimates and, by looking at interactions with treatment,
facilitate subgroup analysis by location characteristics. A sta-
tistical analysis plan should define covariates at all levels for
which data are to be collected, and proposed analytical meth-
ods should be clearly stated. (This approach has been used
recently in the UK Endovascular Aneurism Repair (EVAR)
Trials (3) and is discussed in more detail later.)

More research is required to determine which charac-
teristics are most useful as covariates in such a multilevel
model, so initially it would be wise to collect a wide range
of data. Some initial suggestions are given in Table 1. It
would improve the efficiency of the model if the centers
were selected randomly from the relevant population and a
reasonable number (i.e., 15–20) were included in the trial. It
would also be ideal to have a minimum number of observa-
tions (patients) in each center to make sure that the cluster
characteristics are adequately represented.

Inclusion/Exclusion of Patients. It is typical, in
clinical trials, to have criteria for inclusion and exclusion
of patients. For an economic evaluation based on the trial
to be generalizable, the patients included should reflect the
normal clinical caseload. Therefore, there would be con-

cerns if a large percentage of patients were excluded from
the trial. Another threat to generalizability would be if the
“normal” caseload varies from place to place. This varia-
tion could arise if participating centers differ in respect of
their catchment populations. In such situations, it would be
important to have a wide range of centers in the trial. It
would also be important to collect several patient-level vari-
ables that could be used as covariates in a multilevel model.
These covariates could include age, gender, socioeconomic
status, and previous medical history. This strategy would fa-
cilitate more efficient estimates of trial-wide treatment cost-
effectiveness and allow the estimation of cost-effectiveness
relating to subgroups based on patient characteristics (10).
Patient-level variables are typically collected in trials already,
so this should not impose any additional data collection
burden.

There also may be instances where the centers’ charac-
teristics determine their typical caseload. For example, cen-
ters of excellence typically treat more serious cases than
normal general hospitals. In these situations, there is likely
to be an interrelationship between center characteristics and
patient characteristics. Hence, it becomes crucial to collect
both patient-level and center-level variables.

Selection of Comparator Therapy. The compara-
tor selected needs to be relevant to the jurisdictions in which
the study is going to be used. Therefore, a threat to general-
izability could exist if “current practice” varies from place to
place. In some cases, it may be possible to agree on one or
more compromise comparator(s) that reflect(s) normal prac-
tice in a wide range of settings. The alternative approach
would be to let the clinician or center select their own com-
parator therapy (20). In this case, it would be important to
ensure that the trial includes a representative sample of cen-
ters and/or physicians, and again there is value in using mul-
tilevel modeling to explore variation in cost-effectiveness by
location.

Perspective of the Study. The various international
guidelines for economic evaluation have differences with
respect to study perspective. Some recommend adopting a
societal perspective, whereas others focus on government
expenditure or a particular budget (e.g., the drugs budget)
(9). Therefore, the recommended approach, bearing in mind
the need for generalizability, would be to adopt a broad so-
cietal perspective while retaining the capability to present
costs and benefits by a range of different perspectives. There
are also strong normative reasons for adopting the societal
perspective (11).

Collection of Resource Use and Cost Data. The
main recommendation here is to collect resource use data
(e.g., hospital days, intensive care unit days, community
nurse visits) separately from the unit costs or prices of those
resources. The reasons for this approach are obvious. First,
decision-makers considering a study undertaken in another
location need to assess whether the practice patterns (and
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resulting resource use) observed in the study apply in their
own setting. Second, decision-makers in other locations may
wish to apply their own prices to the units of resource use.
Within the context of a clinical trial, these data can easily be
collected through a combination of case report forms, patient
diaries, and locally administered questionnaires (3).

Health State Preference Values. Health state pref-
erence values can be obtained from the literature, estimated
directly on patients in the trial, or derived by using a generic
instrument (e.g., EQ-5D, Health Utilities Index; 6). The
generic instruments use a questionnaire, administered dur-
ing the trial, to classify patients into health states. The set
of values for states (i.e., the tariff) is then provided with the
instrument, having been obtained from a community survey.
For the purposes of generalizability, the health state valu-
ations would ideally be relevant to the population(s) under
study. For example, in the United Kingdom the National In-
stitute for Clinical Excellence (NICE) guidance to manufac-
turers and sponsors of health technologies states that “health
states should be measured in patients using a generic and
validated classification system for which reliable UK popula-
tion preference values, elicited using a choice-based method
such as the time trade-off or standard gamble, are available”
(p. 25 of reference 15).

Recommendations in Relation to Analysis
of Results

Two approaches to the analysis of variability in cost-
effectiveness by location, using data from multicenter or
multinational trials, have been reported in the literature. First,
Cook et al. (5) recommend a test of interaction approach to
explore the level of homogeneity in the data. This method
mirrors the approach frequently followed in the analysis of
clinical data from multicenter trials. Namely, if no interaction
exists between center and treatment effect, the data can be
pooled, thereby giving a more precise estimate of treatment
effect. Second, Willke et al. (23) have used a fixed effect re-
gression approach, based on separate regressions for cost and
outcomes, whereby country dummy variables are introduced
alongside other explanatory variables.

The further development proposed here is to use mul-
tilevel modeling and, although further methods research is
needed to identify the best way of applying these meth-
ods, this approach should be considered as part of the
analysis of multilocation trials (13). The advantage of the
use of multilevel modeling is that, if patient-level data are
clustered by location, it will provide more appropriate es-
timates of the uncertainty around an intervention’s cost-
effectiveness; it can also facilitate location-specific estimates
of cost-effectiveness. At the least, the approach can be used
to consider the degree of clustering in costs and outcome
data between locations and, hence, the extent to which this
finding should be reflected in the full analysis.

Several further research issues arise in the context of
multilevel modeling. These issues include the overall spec-
ification of the models; selection of patient- and location-
level covariates and the specification of their interaction with
treatment; the appropriate multilevel modeling approach,
when there are several levels in the data hierarchy (e.g.,
patients, surgeons, centers, countries); appropriate methods
when there are few locations in the trial; and the use of
Bayesian approaches to multilevel modeling.

There has also been some use of econometric methods,
such as selection models and instrumental variables, to ad-
just observational data sets for selection bias (12), and some
consideration of those methods to increase the generalizabil-
ity of randomized trials (14), especially in the context of
comprehensive cohort analysis (16). Further research is jus-
tified into the principles and application of these methods.
Although the greater use of formal statistical methods, such
as multilevel modeling, is warranted in trial-based studies,
there will remain an important role for sensitivity analysis in
exploring the implications of variation in some parameters
(e.g., unit costs and preference values).

Recommendations in Relation to the
Reporting of Results

Even if it has not been possible to address fully all the is-
sues of generalizability at the design or analysis stage, the
needs of study users can still be partly accommodated during
the reporting of results. The recommendations are summa-
rized in Table 2. The general objective is to help the users
of studies decide whether or not a given study is relevant
to their own setting. One way to achieve this determina-
tion would be to report a table showing the characteristics
of each site (country), so that the reader can assess whether
these findings apply to his or her jurisdiction. Clearly, these
additional reporting suggestions will be constrained by the
limitations of space, particularly by journals. There is, there-
fore, an argument for greater use of more detailed technical
reports to be made available as supporting documents, per-
haps on journal Web sites. An important area of further re-
search relates to the policy-relevance of the location-specific
estimates of cost-effectiveness which multilevel modeling
facilitates. Although the value of these results may be clear
for individual countries in a multinational trial, the decisions
that might be made, given different center-specific estimates
of cost-effectiveness, are less obvious. In centrally funded
health-care systems like those existing in Northern Europe,
it is unlikely that policy-makers will differentiate between
locations in making treatments available because of equity
considerations. However, in more decentralized systems like
that in the United States, where payers bargain locally with
providers, the knowledge that an intervention is more cost-
effective in Hospital A than in Hospital B may improve the
efficiency of resource allocation decisions, although it may
have implications for equity.
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Table 2. Recommendations for Reporting the Results of Economic Evaluations Alongside Randomized Trials

Study element Reporting recommendations

Study sites (centers) Describe the characteristics of the centers participating in the trial. If these are from different countries,
also report the relevant features of the various health-care systems.

Patient enrollment Report the types of patients excluded from the trials and the percentage of the normal caseload that these
represent. Comparison with the relevant patient population outside the trial centers.

Treatment alternatives Describe the alternatives in detail, so that study users can assess the relevance to their own setting.
Perspective(s) Report costs and benefits by each relevant perspective.
Resource use and costs Report quantities separately from prices/unit costs.
Health state preference values Report the source of the values and any instrument used.
Analysis of variability Provide details of quantitative analysis of variability by location. Ideally, this will be based on statistical

analysis (such as multilevel modeling), but should at least incorporate standard sensitivity analysis.
Other analytical issues Provide details on the extent of incomplete observations (i.e., missing and censored data).

Detail the characteristics of patients with incomplete data.
Describe the methods used to address the problem.

Economic Evaluations Using Decision
Analytic Modeling

The use of a single patient-level data set, such as a random-
ized trial, as a vehicle for economic evaluation frequently
has several limitations. These limitations include the partial
nature of the comparisons undertaken, short-term follow-up,
use of intermediate rather than ultimate measures of health
outcomes, and unrepresentative patients, clinicians, and lo-
cations. Given the increasing need for policy-relevant cost-
effectiveness research to inform particular decisions about
the funding and reimbursement of health-care interventions,
these shortcomings of trial-based analyses will need to be
addressed. The decision model represents an important an-
alytic framework to generate estimates of cost-effectiveness
based on a synthesis of available data and the explicit rep-
resentation of uncertainty (4). Several recommendations for
decision model-based economic evaluation, and suggestions
for further research, flow from this. Again, these points are
arranged under design, analysis, and reporting.

Recommendations in Relation to Design
of Studies

Given the focus on a decision, any analysis should be clear
about two important features of the research. The first is the
specification of the decision problem. That is, the explicit
statement of the options the cost-effectiveness of which is
being compared and the patient group(s) for which the op-
tions are relevant. This key feature of the design of a de-
cision model is a feature of most general guidelines in the
area (17;22). The second important feature is less frequently
identified in these guidelines, and it relates to the decision-
maker(s) and jurisdiction(s) whose decision the model is
designed to inform. In some cases, a specific decision-
maker might be specified, such as the National Institute for
Clinical Excellence, which issues guidance on the use of
health technologies for England and Wales. For other deci-
sion models, a more general focus may be suitable such as
individual Primary Care Trusts in England and Wales.

Once these features have been defined, an important next
stage is to ensure that the overall analytical approach and
structure are appropriate to the relevant decision-maker(s).
This will rely on the latter having made a clear statement
about factors such as the perspective of the analysis (e.g.,
health service or societal) and the relevant objective function
(e.g., generic health gain such as quality-adjusted survival
or disease-specific outcomes). Sometimes there will be a
lack of clarity about these factors, or they will vary between
decision-makers when the model is targeted on more than
one. In these circumstances, there is value in adopting the
broadest perspective and objective function, which will allow
the results to be presented in several different ways.

Recommendations in Relation to Analysis
of Results

The data that are used to populate a decision model should
be justified given the stated target decision-maker(s) or juris-
diction(s). This justification will apply not just to unit costs
but to resource use, effectiveness, and preference value data.
Where several appropriate sources of data exist for a particu-
lar parameter, these sources should be appropriately pooled in
such a way that the uncertainty relating to their precision and
their possible heterogeneity is reflected in the model. This
will involve standard meta-analysis (21), or more advanced
methods of multiparameter synthesis (1;8). When sources of
evidence are available from within, as well as from outside,
the target jurisdiction, an important issue is whether and how
the latter should be incorporated. Further research is needed
to develop methods of evidence synthesis that combine data
from a range of jurisdictions and allow for the additional
uncertainty in this process.

When only data from outside the target jurisdiction are
available, it is important to assess whether these findings
can be assumed exchangeable across locations. In the clini-
cal, as well as economic evaluation, fields, relative treatment
effectiveness is often assumed to be exchangeable across lo-
cations and patient subgroups, whereas baseline event rates
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are not. Given available data, the reliability of this assump-
tion can be assessed empirically (19). For preference val-
ues, available evidence suggests little systematic variation
between locations (e.g., countries) in mean values, indi-
cating that location-specific estimates may not be essential
(16). In the case of resource use and costs, it would be ex-
pected that location-specific data would be required, given
their known variability. Further research would be valuable
to consider the issues around using the same approach for
resource use, costs, and preference values as for effectiveness
data; that is, taking a relative treatment effect as exchange-
able across locations and the baseline as location-specific. An
important feature of such research would again be to reflect
the uncertainty associated with the assumptions regarding
the location-related exchangeability in the decision model.

In any decision model, there will be a range of different
types of uncertainty to deal with explicitly and to reflect in
the overall results and interpretation of the analysis. In this
process, it is important to distinguish parameter uncertainty,
which relates to the imprecision with which a parameter is
estimated due to there being a finite sample, from variabil-
ity or heterogeneity, which is concerned with how parameter
estimates vary across contexts. These “contexts” could be
patient subgroups or, as is the focus here, locations. As sug-
gested above, parameter uncertainty may need to include the
implications of taking data from sources other than the main
jurisdiction of interest—further research will illuminate how
this might be implemented. Probabilistic models, where data
inputs are incorporated as uncertain variables, are the appro-
priate means of handling parameter uncertainty.

When a model is targeted at more than one decision-
maker/jurisdiction, an important aspect of the analysis will be
to assess the variability in results between locations. This
strategy is feasible, using sensitivity or scenario analysis,
as long as alternative parameter estimates exist for individ-
ual locations. These methods will be important for multina-
tional analyses as well as multilocation studies within a given
country.

Recommendations in Relation to the
Reporting of Results

The level of detail and complexity involved with many deci-
sion models means that communicating all aspects of model

structure, assumptions, and data inputs can be a major task.
Some general guidelines for this process have been pub-
lished elsewhere (17;22). As noted above, the more exten-
sive use of technical reports to support journal articles is
likely to be very important for comprehensive communi-
cation. A key feature of reporting models is to be able to
establish that each parameter input is appropriate for target
decision-maker(s)/jurisdiction(s). This feature is part of the
more general reporting task of justifying all assumptions and
parameter values, but it is recommended that this is clearly
related to the target customer. Again, explaining the methods
that have been used to “pre-analyze” data inputs so they are
suitable for incorporation into models (e.g., meta-analysis) is
part of the general reporting process for decision models. This
input should include any pre-analysis that was undertaken to
adjust parameters estimated from the location in which they
were measured to that which is relevant to the model.

CONCLUSIONS

Two checklists for assessing the generalizability of economic
evaluations are presented in Tables 3 and 4 for trial-based and
modeling studies, respectively. The checklists are intended
to be useful for those decision-makers using economic eval-
uations, in particular those undertaken as part of a health
technology assessment. The checklists may also be use-
ful for those planning or undertaking economic evaluations.
If the principles suggested in the checklists are followed by
those conducting studies, it is likely that, over time, more
economic evaluations will produce generalizable results.

Policy Implications

The value of undertaking HTAs would be greatly increased
if these assessments could produce results that are general-
izable beyond the setting in which the HTA is undertaken.
The biggest threat to the generalizability of most HTAs is
the economic evaluation component of the assessment, be-
cause there are several reasons why economic data may not
be transferable from location to location. This study contains
recommendations for the design, analysis, and reporting of
economic evaluations that, if implemented, will increase their
generalizability. It, therefore, offers governments and other

Table 3. Checklist for Assessing the Generalizability of Trial-Based Studies

1. Are study sites representative of the jurisdiction(s) for which data are required?
2. Are study sites (centers) randomly selected?
3. Can data on center characteristics be collected (e.g., bed occupancy levels)?
4. Does the trial include a high proportion of the normal clinical caseload?
5. Does the comparator therapy (to the technology of interest) represent current practice in the settings concerned?
6. Is a wide range of user perspectives represented in the study?
7. Are prices (unit costs) being collected separately from resource use data?
8. Is a widely used generic instrument being used for quality of life (e.g., utility) measurement?
9. Can regression-based techniques be used to obtain center-specific measures of cost-effectiveness?

10. Are the reporting recommendations in Table 2 being followed?
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Table 4. Checklist for Assessing the Generalizability of Modeling Studies

1. Are the decision problem, the relevant settings, and audiences (i.e., decision-makers) clearly specified?
2. Does the overall analytical approach incorporate the relevant perspectives (e.g., health service or societal)

and relevant objective functions (e.g., maximizing health gain)?
3. Are the data used to populate the model relevant to the target audiences (i.e., decision-makers) and settings?
4. Where data from different sources are pooled, is this done in a way that the uncertainty relating to their

precision and possible heterogeneity is adequately reflected?
5. If data from other settings are used, have these been assessed for relevance in the settings of interest?
6. Is uncertainty (i.e., parameter uncertainty and heterogeneity) adequately reflected in the model?
7. Are results reported in a way that allows the assessment of the appropriateness of each parameter input

and each assumption in the target settings?

funders of HTAs the opportunity to increase the value from
these investments in knowledge.
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