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Abstract

Objectives To develop preliminary good practice recommendations for synthesising and linking evidence of treatment
effectiveness when modelling the cost-effectiveness of diagnostic tests.

Methods We conducted a targeted review of guidance from key Health Technology Assessment (HTA) bodies to summa-
rise current recommendations on synthesis and linkage of treatment effectiveness evidence within economic evaluations of
diagnostic tests. We then focused on a specific case study, the cost-effectiveness of troponin for the diagnosis of myocardial
infarction, and reviewed the approach taken to synthesise and link treatment effectiveness evidence in different modelling
studies.

Results The Australian and UK HTA bodies provided advice for synthesising and linking treatment effectiveness in diagnos-
tic models, acknowledging that linking test results to treatment options and their outcomes is common. Across all reviewed
models for the case study, uniform test-directed treatment decision making was assumed, i.e., all those who tested positive
were treated. Treatment outcome data from a variety of sources, including expert opinion, were utilised for linked clinical
outcomes. Preliminary good practice recommendations for data identification, integration and description are proposed.
Conclusion Modelling the cost-effectiveness of diagnostic tests poses unique challenges in linking evidence on test accuracy
to treatment effectiveness data to understand how a test impacts patient outcomes and costs. Upfront consideration of how
a test and its results will likely be incorporated into patient diagnostic pathways is key to exploring the optimal design of
such models. We propose some preliminary good practice recommendations to improve the quality of cost-effectiveness
evaluations of diagnostics tests going forward.

Key Points for Decision Makers

Cost-effectiveness models to evaluate diagnostic tests
mostly rely on linking outcomes related to a treatment.
In turn, that has been assumed to be a given, based on a
test result. Understanding the data and assumptions used
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The impact that a test has on patient outcomes is typically
indirect; the mechanism of benefit is through a change in
patient management and the effectiveness of that patient
management in improving patient health. Ideally, the data
to inform a cost-effectiveness analysis of a diagnostic tech-
nology would come from an “end-to-end” study, i.e., a study
which follows patients from the point of testing, through any
patient management or treatment given, to the measurement
of clinically relevant final outcomes [1].

While such end-to-end studies may be possible in some
situations, they may not be feasible, ethical, or advisable
in others. For example, consider a new diagnostic test used
to identify whether a patient with atrial fibrillation should
receive an oral anticoagulant for stroke prevention. Argu-
ably, this diagnostic test should not be assessed in an end-to-
end study with stroke as an endpoint, given the very exten-
sive body of evidence demonstrating the effectiveness of
anticoagulation in this indication, from both randomised and
observational studies, as well as mixed treatment compari-
sons and meta-analyses [2, 3]. Another possibility is that an
end-to-end study is feasible, but could only represent some
of the many different possible diagnostic strategies. This is
common where a sequence of diagnostic tests is being evalu-
ated, such as in the cost-effectiveness analysis by Faria et al,
where there were 32 clinically feasible combinations of tests
for prostate cancer [4]. In such complex scenarios, decision
analytic models can provide a more useful framework to
evaluate the cost-effectiveness of diagnostic tests [35, 6].

Most decision-analytic models of diagnostic tests require
linking diagnostic accuracy data to treatment efficacy data to
estimate the impact that a test will have on patient outcomes
and costs [6]. Currently, there is no specific methodological
guidance on how this should be done [7, 8]. Often, modellers
may be tempted to assume a ‘uniform’ action to a test result,
such as that all patients receive treatment if they test posi-
tive, for example, for a certain infectious disease. However,
in clinical practice there will be a probability distribution of
how many individuals who test positive actually receive treat-
ment, and there may be differences in treatment strategies
based on other clinical factors. Assuming completely test-
directed decision making is only likely to be appropriate for
very specific situations, such as for companion diagnostics.

A review of Health Technology Assessments (HTAs)
in the UK noted that the rigour in which the evidence on
treatment efficacy was identified, quality assessed and syn-
thesised within model-based economic evaluations of diag-
nostic tests was poor and that evidence synthesis efforts
were largely focused on diagnostic accuracy [7, 9]. An ear-
lier review of 149 HTAs from eight countries found that
intermediate outcomes, such as the impact of test results on
patient management, are frequently assessed in medical test
HTAs, but interpretation of this evidence is inconsistently
reported [10]. It was recommended that evaluators explain
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the rationale for using intermediate outcomes, identify the
assumptions required to link intermediate outcomes to
patient health outcomes, and assess the quality of included
studies [10].

This paper will build on and expand these recommenda-
tions by reviewing the guidance from selected HTA bodies
to summarise current recommendations on evidence synthe-
sis and linkage of treatment effectiveness evidence within
economic evaluations of diagnostic tests. We will then
explore a case study focused on a specific decision problem
to better understand current practice. Based on the findings,
we derive a set of proposed preliminary good practice rec-
ommendations with the aim of advancing the methodologi-
cal rigour of future cost-effectiveness analyses of diagnostic
tests (note: there are likely additional considerations when
evaluating screening, monitoring or prognostic tests which
are not covered in this paper).

2 Methods

To understand current recommended best practice in
terms of evidence synthesis and linkage of treatment-
effectiveness data, we reviewed modelling guidance from
HTA bodies. We focused on two specific questions: (i)
how are test results linked to patient management deci-
sions, and (ii) what evidence is used to translate patient
management into clinical outcomes (Fig. 1). We focused
on HTA bodies with well-established cost-effective-
ness requirements, such as, but not limited to, Australia
(Medical Services Advisory Committee, MSAC), Canada
(Canadian Agency for Drugs and Technologies in Health,
CADTH), and the UK (e.g. The National Institute for
Health and Care Excellence, NICE). Ten different guide-
lines (three for the UK, one in the EU, one for Canada,
one for the United States, two for Australia, one for Swe-
den, and one for the Netherlands) were reviewed in total.
The guideline documents were accessed in September
2022. Our aim was to identify any specific guidance on
how to identify and synthesise appropriate evidence on
treatment effectiveness for the inclusion in a diagnostic
cost-effectiveness model, and how to link these data to
diagnostic test results.

The second part of this paper focuses on reviewing dif-
ferent cost-effectiveness models for a specific decision prob-
lem. We chose the evaluation of the biomarker troponin for
the diagnosis of myocardial infarction (MI) as this test is
well established, and the recommended actions and treat-
ments are well documented [11], as are suitable study end-
points, such as 30-day mortality in clinical studies [12]. The
search was conducted in PubMed, EMBASE, The Cochrane
Library, The International HTA Database and EconLit, on
July 13, 2022. The search was restricted to English language,
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from 2012 onwards, and the following countries: UK, Can-
ada, US, Australia, Sweden and The Netherlands. Search
terms included: Modelling studies, troponin, myocardial
infarction, and diagnostics. The search resulted in four
unique cost-effectiveness models, with additional publica-
tions using variations of these unique models. Our aim was
to provide a snapshot of current methodological practice
in terms of evidence synthesis of treatment effectiveness
and linkage of this evidence within the identified models.
The focus of data extraction was, therefore (apart from some
standard information [e.g., type of model, setting and per-
spective]), the information that was used to link test results
with clinical actions, and to link clinical actions with short-
and long-term outcomes. We were not specifically interested
in the treatment that was undertaken (e.g., in case of a posi-
tive test result), but rather in the clinical outcomes that were
modelled, and how they were linked to the patient manage-
ment decision.

Last, based on information from the HTA guidelines and
the observed patterns in our example, we created initial pro-
posed recommendations for linking test results to patient
management and for translating patient management to clini-
cal outcomes in model-based economic evaluations of diag-
nostic tests. For each recommendation, we provide a brief
description of the problem to be considered, and specific
actions as to how these should be dealt with when develop-
ing your own model.

3 Results

3.1 HTA Body Recommendations on Linked
Evidence for Diagnostic Models

The Australian HTA Guidelines from the MSAC had the
most extensive guidance for evidence linkage containing
several specific sections on linked evidence in diagnostic

technology assessments (Technical Guidance [TG] 12 and
13) [13]. These sections feature in the clinical evaluation
section as, in the scenario that end-to-end studies are not fea-
sible, a linked-evidence approach to clinical evaluation may
be adopted instead. They provide a very thorough overview
of the evidence requirements in this context, and thus are
very informative when thinking through how to link this evi-
dence within a decision-analytic model for a diagnostic test.

Particularly useful for our first question is that the guide-
lines separate the actions that may follow a test result into
three components, each of which will impact the resulting
adoption rate of an action (TG 12): “change in diagnostic
thinking, change in recommended management and actual
management” [13]. Furthermore, it is stated that considera-
tion should be given to whether the tests under comparison
should have different actions following the same results (i.e.,
a positive result leads to a different action in one test vs the
other) and to provide justification either way.

With regard to our second question, TG 13 details the
thought process for identifying the most suitable linked evi-
dence, by working through four considerations: (a) avail-
ability of management strategy/treatment, (b) effectiveness
of management strategy/treatment, (c) what happens to
wrongly classified patients (false positive and false nega-
tives), and (d) is the available evidence (i.e., created under
current tests) likely applicable to the population selected
with the new test [13].

The NICE Health Technology Evaluations Manual in
the UK provides guidance throughout the document on the
importance of evidence linkage for cost-effectiveness mod-
els of diagnostic interventions, as direct evidence leading
from test result to relevant clinical outcomes are mostly not
available [1]. As potential data sources, NICE recommends
the use of study data, clinical guidelines, or rely on expert
clinical input, if needed. We could not identify specific rec-
ommendations relating to our two questions in the Canadian
guidelines [14].

2z l True Positive l | Action for positive test | [ ]
Diagnostic =
172}
Test 1 S l False Negative l | Action for negative test | [ ]
72}
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( Y || & , , ( )
Di tic E l True Negative l | Action for negative test |
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Test 2 2 - —
=% [ False Positive ] | Action for positive test | [ ]
| ©n

How are test results linked to patient

management decisions?

What evidence is used to translate patient

management into clinical outcomes?

Fig.1 Schematic of a cost-effectiveness model for comparing two diagnostic tests, showing two modelling questions on linked evidence. ICER

incremental cost-effectiveness ratio, QALY quality-adjusted life years
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3.2 Example of Troponin for Diagnosis
of Myocardial Infarction

Tables 1 and 2 summarise the publications reviewed for data
extraction (base-case models for each) and provide details on
the data linkages performed for each model [15-18]. Table 1
provides a summary of key model characteristics and patient
utility data, while Table 2 shows details with regard to linked
clinical data.

The model structure from Thokala et al. [15] was
applied to other decision contexts [19, 20]. Westwood
et al. [16] expanded the model structure by Thokala et al.
[15] including, among others, an additional Markov model
with more health states and using outcomes from larger
studies [21, 22]. In a recent publication, Westwood et al.
[23] utilised the same model structure as in their 2015
publication [16].

None of the described models included actual details of
the treatment, but Vaidya et al. assumed that in the Dutch
setting percutaneous coronary interventions (PCI) would
be used for all patients who tested positive [17]. In the
CADTH model, treatment was implicitly included by using
a weighted cost, based on the observed mixture of codes for
MIs treated with either bypass surgery, PCI or non-inva-
sively [18]. Overall, the models worked by directly linking
outcomes to test results.

The Dutch model [17] linked outcomes from patients hav-
ing undergone PCI [24, 25], given their model assumed that
all MI patients will undergo PCI. Those came from stud-
ies in US hospitals. Others aimed to link outcomes data on
mortality and re-infarction mostly from the country where
the model was based [15, 16]. One study from the US [21]
on the outcomes of false negative tested patients discharged
from hospital untreated, was used in two models [16, 17]. In
all models where the outcomes (mainly mortality) have been
tested in one-way sensitivity analyses, they had significant
impact on the findings of the model [16—18].

Patient utility data for the four investigated models pre-
dominantly came from the UK (Table 1). In summary,
model input on how treatment was implemented based on
test results was assumption based, and in a way that ALL
patients uniformly received the action (e.g., all patients with
positive test result received the treatment; all patients with
negative test result were discharged).

For the linked clinical outcomes, a variety of sources
have been utilised, including clinical and observation stud-
ies (e.g., disease and procedure registries), meta-analysis,
inputs and outputs from other published cost-effectiveness
models, national statistics (for overall life expectancy) and
expert opinion. The data may have come from the country
where the model was based, or from another country. The
models used published data, or re-analysed patient-level
data to fit the model population [15]. For some of the linked
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outcomes, there was a significant time period between the
outcomes data collection and the model publication. For
example, clinical data collected in 1993 [21] was used in
a model published in 2015 [16], representing more than 20
years of time difference.

For false positive patients it was mostly assumed that no
harm was done and normal life expectancy was modelled,
with the exception of the Dutch model that accounted for
the risk of an invasive procedure. There was wider varia-
tion in the modelling approach for false negative patients.
Data from clinical studies were used to model short-term
outcomes, while assumptions and previous model inputs
and outputs were used to extrapolate beyond the initial
period.

4 Proposed Recommendations

Given the highly relevant details provided in the Australian
guidelines [13], we aimed to translate this information into
practical considerations for use in economic modelling.

Our proposed recommendations regarding research ques-
tion 1 (how is the action based on the test result modelled,
see Fig. 1) build on the Australian framework (TG 12) [13],
which describes three consequences that may follow a diag-
nostic test result: (a) change in diagnostic thinking, i.e., how
a test is interpreted, (b) change in recommended manage-
ment, i.e., what recommendations are made in response to
the test results, and (c) change in actual management, i.e.,
what patient management, if any, is adopted.

The recommendations are therefore focused on linking
diagnostic test results to actions and should be applied for
each testing strategy. If the same linkage assumptions are
made across different testing strategies, then this should be
explicitly stated. Details of the six proposed recommen-
dations can be found in Box 1. Fundamental to many of
these recommendations is the identification and synthesis of
‘change in management’ studies. These types of studies are
well described in the Australian Framework (see TG 12.2).
Given the importance of these studies to justify the link-
ing of evidence in decision-analytic models for diagnostic
tests, the search and screening of studies, risk of bias assess-
ment, presentation of results and meta-analysis (if appropri-
ate) should follow the same methodological rigour as when
synthesising evidence on diagnostic accuracy or treatment
effectiveness.

With regard to our second question (what evidence is used
to translate the patient management into clinical outcomes, see
Fig. 1), TG 13 in the Australian guidelines [13] is centred around
four relevant aspects (a) availability of treatment, (b) treatment
effectiveness, (c) outcomes of wrongly classified patients, and
d) the applicability of the evidence for treatment effectiveness.
Again, given the high relevance of this information, we have
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Question 2: Linkage patient care to clinical outcomes

Question 1: Linkage test result to patient care

Table 2 (continued)

>
>
(="
=
»

Data source

Model input used

Data source

Model input used

Single-centre study (n = 2092, 2008-09, UK)
assessing troponin cut-offs for MI diagnosis,
including 1-year treatment and outcomes (MI

1-year mortality:

None specified (assumption)

False negatives All discharged after repeat testing

Previously published c/e model input

and death) [34]. Used subset with patient
characteristics matching model population (as

cited in [13])

Single-centre study (n = 760, 1990-91, US),

> l-year overall mortality: RR compared to

assessing mortality by type of MI [38] and

Canadian life tables

general population based on study

Canadian life tables

None specified (assumption) Life-expectancy of general population

All discharged after repeat testing

All treated

True negatives

Canadian life tables

None specified (assumption) Life-expectancy of general population

False positives

c/e cost-effectiveness, ER emergency room, MI myocardial infarction, (P)PCI (primary) percutaneous coronary intervention, RR relative risk

converted these into good practice recommendations to support
the translation of patient management to clinical outcomes when
developing model-based economic evaluations of diagnostic
tests (see Box 2). The first aspect around availability of treat-
ment is already captured in the final recommendation in Box 1,
and therefore is not included in Box 2.

There were a number of observations from the case study
which may be useful to note here. First, with regard to select-
ing treatment and its effect, there may be a need to trade preci-
sion for accuracy when synthesising data on outcomes. For
example, Westwood et al. used a patient-level re-analysis,
which meant reducing the original sample size from 2092
to 170 [16]. Furthermore, ensure that the outcomes used as
model input indeed link to the selected treatment. For exam-
ple, Vaidya assumed that all patients with a positive test
undergo PCI. Mortality was then derived from two PCI reg-
istries [17]. Additionally, in all of the models where linked
outcomes were assessed in a one-way sensitivity analysis, out-
comes had a significant impact on model results [16—18]. We
therefore recommend that this is done as standard practice.
Another consideration is to assess the recency of evidence for
linked outcomes and consider whether practice patterns have
changed to the extent that the evidence will be outdated. Typi-
cally, neither benefits nor harms are assumed for true negative
patients, although this may not be a reasonable assumption,
depending on the risks of the diagnostic test itself. If harm
of the diagnostic procedure is a concern, this should be con-
sidered in the model (e.g., if invasive procedures are needed
to obtain samples for testing), especially if different among
modelled treatment strategies.

Second, modelling outcomes of wrongly classified patients
can be challenging, as data may be lacking. In our case study,
Vaidya et al. used the PCI procedure risk for false positive
patients [17]; and two publications used outcomes from a
clinical study with patients discharged from hospital despite
having an MI for false negative patients [16, 17]. If evidence is
missing and assumptions need to be made, clinical validation
by experts will become important, as will be robust sensitivity
analyses of those assumptions.

More generally, when reporting diagnostic models with
linked evidence, it would increase transparency if model
inputs were presented by test result category (true positives,
false positives, etc.), as this would make it easier to assess
what evidence has been used for outcomes and whether link-
age assumptions are reasonable.

Similar to models investigating therapeutic interventions,
model calibration may be required, as using linked evidence
may lead to overly optimistic or pessimistic cuamulative model
outcomes. For example, the standard of care arm model out-
comes, such as projected life expectancy, could be compared
to available evidence not used for model input, such as from
disease-specific national statistics.
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Box 1. Proposed Preliminary Good Practice Recommendations for Linking Test Results
to Patient Management in Model-Based Economic Evaluations of Diagnostic Tests

Change in Diagnostic Thinking

Recommendation: Consider whether everyone in the target population would get a valid test result

Is it possible that the test may produce an inconclusive test result, or an uninterpretable or missing test result? For
example, a urine culture may be contaminated with bacterial overgrowth in a sample where it is delayed in reaching the
laboratory. These data should have been reported within diagnostic accuracy studies (according to STARD [40]). What
happens to individuals where this occurs? Is the test repeated? Is a different test used? Both of these scenarios have cost
and potential outcome implications and therefore should be accounted in the model. Additionally, inconclusive, uninter-
pretable or missing test results may be more or less likely if the individual has the disease in question.

Action: If relevant, adjust either the model structure to allow for inconclusive, uninterpretable or missing test results or the
model inputs (e.g., increase overall test costs to account for repeat tests). Where uncertainty exists in the proportion of incon-
clusive, uninterpretable or missing test results, explore the impact of varying the proportion via one-way sensitivity analyses.

Recommendation: Consider the timing of the test and test result

Consider when the test would be done in routine clinical practice and how long it would take to get test result back. If
there is a long wait for a test or test result, then is it possible that other sources of information would be used to inform a
diagnostic decision and subsequent management? Would treatment be started without the test result, and then reviewed
once the test result is available?

Action: Engage with relevant experts (e.g., clinical, laboratory) to understand how the test would fit within routine
practice and the likely time to test and test result. Explore whether this is likely to be within an acceptable time-frame to
support patient management decision making. Adjust model structure/inputs accordingly.

Recommendation: Consider whether the test result is likely to be the sole determinant of the diagnosis

What information other than the test results may impact the diagnostic thinking? Consider whether there are other
factors such as patient characteristics, symptoms, other tests and examinations that could lead to a different diagnostic
conclusion. If so, to what proportion of individuals does this apply?

Action: Understand how the test result would be used in routine practice to inform a diagnostic decision. Is there any
other information which could ‘override’ a positive or negative test result? This is particularly important to consider when
thinking about false positive and false negative results. For example, if an individual had a negative test result, but other
information suggests that the individual does have the disease in question—which would hold more weight? Real-world
data, medical guidelines and clinical expert opinion may be appropriate sources for the required information.

Change in Recommended Management

Recommendation: Consider whether a positive test result is likely to be the sole determinant of the choice of patient
management

Is it likely that all patients who test positive would be recommended the same patient management? Are there certain
patient characteristics, such as frailty or co-morbidities which mean that some patients would not be managed in the same
way? Does the severity of the disease have an impact on the type of treatment given?

Action: Review the literature to identify studies that provide evidence on recommended patient management for those
with different test results, i.e., ‘change in management’ studies. Adjust model structure/inputs to reflect this evidence.
Where uncertainty lies, explore via scenario and sensitivity analyses. In the absence of any evidence, engage with clini-
cal experts to explore how those with a positive (true and false) test result would be managed in routine practice. Avoid
making blanket assumptions about recommended patient management unless truly reflective of the clinical scenario, e.g.,
in the case of a companion diagnostic.
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Recommendation: Consider whether a negative test result is likely to be the sole determinant of the choice of
patient management

Is it likely that all patients who test negative would be recommended the same patient management? Are there certain
scenarios where some patients would be managed differently, e.g., if they remain symptomatic? If the patient re-presents
for testing, is the severity of the disease likely to be worse? Does this have implications on patient management?

Action: Review the literature to identify studies that provide evidence on recommended patient management for those
with different test results, i.e., ‘change in management’ studies. Adjust model structure/inputs to reflect this evidence.
Where uncertainty lies, explore via scenario and sensitivity analyses. In the absence of any evidence, engage with clini-
cal experts to explore how those with a negative (true and false) test result would be managed in routine practice. Avoid
making blanket assumptions about recommended patient management unless truly reflective of the clinical scenario,
e.g., in the case of a companion diagnostic.

Change in Actual Management
Recommendation: Consider whether all individuals are likely to receive the recommended patient management

Are all patients likely to consent to the recommended patient management? Is the treatment available for all those
eligible? Is affordability or access an issue? Are there any patients, clinical and system factors, which may mean that
some individuals cannot receive the recommended patient management?

Action: Review the literature to identify studies that provide evidence on actual patient management for those with different
test results, i.e., ‘change in management’ studies. Real-world data could also be useful resources to establish expected versus
observed treatment rates and to allow investigation of associated factors. Adjust model structure/inputs to reflect this evidence.
Where uncertainty lies, explore via scenario and sensitivity analyses. In the absence of any evidence, engage with clinical
experts to explore how actual patient management could differ to recommended patient management. Avoid making blanket
assumptions about actual patient management unless truly reflective of the clinical scenario.

Box 2. Proposed Preliminary Good Practice Recommendations for Translating Patient
Management to Clinical Outcomes in Model-Based Economic Evaluations of Diagnostic Tests

Effectiveness of Treatment

Recommendation: Outcomes most relevant for the model target population undergoing testing should be selected,
even if estimates for outcomes decrease in precision

Thinking about the studies on which you are basing treatment effectiveness outcomes, is the patient group the same
as your target population undergoing testing? Are there any inclusion or exclusion criteria which mean that they are
likely to differ, e.g., include a population with a different spectrum of disease severity? Is the setting different (primary
vs secondary care) raising concerns about applicability?

Action: When incorporating data on treatment effectiveness, there may be a need to trade precision for accuracy
when synthesising data on outcomes. Outcomes most relevant for the model target population undergoing the test-
ing should be selected, even if estimates for outcomes decrease in precision. The impact of lower precision in these
estimates can be conveyed through sensitivity analyses. If the low precision in these estimates has a notable impact on
cost-effectiveness, consider conducting a value of information analysis to explore the value of reducing the uncertainty
in the treatment effectiveness parameters, i.e., explore whether further research is potentially worthwhile.

Recommendation: Always explore the impact that treatment effectiveness has on the overall cost-effectiveness results

Given the typically indirect nature that a diagnostic test impacts on health outcomes, the cost-effectiveness of a
test is typically heavily driven by the effectiveness of the patient management or treatment following the test. Thus,
it is important to understand the extent to which treatment effectiveness and uncertainty in those parameters impact
upon the overall cost-effectiveness of the diagnostic strategy.

Action: Always conduct one-way sensitivity analyses on linked treatment outcome parameters.
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Recommendation: Consider when treatment effectiveness studies were conducted and whether the timing of the
study is likely to impact upon outcome data

Evidence on treatment effectiveness may come from older studies. Consider whether there are factors which make it
likely that the outcome data would be different if the study were conducted in those who would currently receive the test.

Action: Prioritise applicable, high quality, more recent evidence on treatment effectiveness over older studies. Where
evidence is only available from older studies, in addition to the sensitivity analyses recommended above, highlight this
issue in the write-up of your results and discuss any potential factors that may reduce the applicability of this evidence
to current patient populations undergoing testing.

Recommendation: Validate assumptions around outcomes for negative and misclassified patients

What are the health outcomes for those who are misdiagnosed (i.e., those who receive either a false positive or false
negative result) and those who test negative? Applicable outcome data are rarely ‘directly’ available for these subgroups
and, in many cases, assumptions have to be made.

Action: Validate any assumptions made around outcomes for negative and wrongly classified patients by seeking out real-
world data or through discussion with clinical experts. Any assumptions should be clearly described and their impact should
be tested using sensitivity analyses.

Applicability of the evidence for treatment effectiveness

Recommendation: Consider whether there remain (see recommendation 1) minor differences between the target
population for testing and those who have participated in the treatment-effectiveness studies used to provide
outcome data

It can often be challenging to unpick what evidence has been used to assign health outcomes to different test result
outcomes, and the quality and applicability of that evidence. Describing, appraising and citing the evidence sources in a
structured table which has a row for each test result outcome (e.g., true positives, false positives, etc.) and using a stand-
ardised critical appraisal tool can help overcome this issue.

Action: Use a structured framework or checklist to assess and describe the quality, applicability and certainty of treat-
ment effectiveness studies used to provide outcome data. Report the results for each test outcome (i.e. false positives,
true positives etc.).

Recommendation: Consider whether the new diagnostic strategy is likely to lead to a change in the (severity) spec-
trum of disease diagnosed compared to current practice

In situations where a diagnostic test detects more patients with a disease or it detects disease much earlier than cur-
rent tests, then it is likely that the spectrum of disease in those correctly diagnosed with the disease is different to those
previously diagnosed with the disease. This will directly impact the applicability of any existing treatment effectiveness
evidence [42], as the benefit from treatment will differ. A risk of overdiagnosis in the situation also needs to be considered.

Action: If a diagnostic test identifies a population with a different spectrum of disease compared to existing tests,
‘end-to-end’ studies are needed.

Recommendation: Prioritise treatment effectiveness studies which report data on final outcomes rather than sur-
rogate outcomes

Data on final (or most important) health outcomes, e.g., mortality, can sometimes be challenging or may take a long
time to collect, and surrogate outcomes are used instead. This is only acceptable where there is robust evidence that an
observed change in a surrogate outcome is associated with a concomitant change in the final health outcome [42]. By
using evidence on surrogate outcomes, another point where evidence must be linked within the model has been introduced
and the validity of this linking of evidence must be fully described and appraised.

Action: In circumstances where data are only available on surrogate outcomes, evidence of causality must be presented
to support linking evidence of surrogate outcomes to final outcomes. The impact of this assumed relationship on cost-
effectiveness must always be explored using sensitivity and scenario analyses.
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5 Discussion

Economic models typically utilise evidence from a variety
of sources with differing grades of evidence [26]. Our case
example illustrates this, with evidence across a spectrum of
grades being used, from meta-analysis, to clinical studies, to
real-world data studies and clinical expert advice.

While in cost-effectiveness models of new treatments,
typical challenges in assessing clinical outcomes are (a) the
extrapolation of evidence beyond observed data in order to
relate efficacy to real-world effectiveness, and (b) evidence
selection and synthesis for comparators, economic models
for diagnostic tests have additional specific challenges that
need to be addressed. We aimed to identify these challenges
and formulate a preliminary set of recommendations to sup-
port model development in the field.

Modelling for diagnostic tests with dichotomous out-
comes allows representation of an explicit set of outcomes
flowing from the different diagnostic test classifications,
i.e., true and false positives, true and false negatives. How-
ever, while the modeller can assign actions to test results
accurately, the health care provider will not know, when
presented with a test result, which patients are correctly
(true positive and true negative), and which are incorrectly
assigned (false negative and false positive). Other informa-
tion, such as that from repeated testing or other diagnostic
tests, will eventually identify incorrectly classified patients.
However, when there is no other existing method to con-
firm or exclude the diagnosis, such as for first-in-class tests,
uncertainty of the correct classification of an individual
patient will remain.

In our case study, while evidence was available on the
outcomes of patients sent home with an MI (false negative)
and those who underwent an invasive procedure while not
having an MI (false positive), this may become much more
complex in chronic diseases when the correction of the
wrong course of action may be months to years later and
when this period significantly affects outcomes, such as in
oncology.

Real-world data studies may be useful to identify the pro-
portion of patients actually receiving treatment based on a
test result. “Purpose-built” datasets (in contrast to datasets
re-purposed for research, such as claims data), particularly
disease registries, are likely to be the most suited. Such pur-
pose-built cohorts may then also be used to determine true
and false positives (for an example see Fernandes et al. [27]).

In addition, a common assumption (highlighted in our
case study) within economic modelling for diagnostic tests
is that all patients receiving a diagnosis will receive the
same course of action, and that all patients with a diagnosis
ruled out will receive another common course of action. We
know this is unlikely to happen in clinical practice, although
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clinical practice guidelines and local hospital care protocols
aim to foster such consistency in clinical decision making
and behaviour. For example, prescription of antibiotics in
patients with ventilator-associated pneumonia remained high
in a randomised, controlled trial comparing a biomarker-
guided approach to antibiotic prescription with standard
of care, despite the high negative predictive value of the
biomarker-based approach [28].

A further consideration when implementing the meth-
odological recommendations in this paper is to ensure
that model development and results are transparently
reported. The AGREEDT (‘AliGnment in the Reporting
of Economic Evaluations of Diagnostic Tests and biomark-
ers’) reporting checklist is a comprehensive reporting tool,
which encourages explicit reporting of (1) the impact of a
test on patient management strategies, and (2) the impact
of patient management strategies on health outcomes and
costs [41]. Future research should focus on developing a
standardised appraisal and reporting tool for cost-effec-
tiveness models of diagnostic tests where a linked-evi-
dence approach is used, incorporating and expanding on
our proposed preliminary good practice recommendations.

Our paper has several limitations. The case study serv-
ing as an example to derive recommendations came from
one clinical decision problem (identification of MI with
a blood test) and the models reviewed to see how our
research questions have been addressed have not been
systematically and critically appraised by us. Potentially
more case studies could have identified additional issues,
such as dealing with complex test strategies in parallel and
serial testing. Despite this, the major issues were identi-
fied, given that we worked from a general model structure
(see Fig. 1) and a defined sequence of linkage (from test to
treatment to outcomes). Second, the HTA guidelines and
the case study came from only a few countries (Australia,
Canada, Netherlands, and the UK) with established costs-
effectiveness hurdles and hence more advanced methods
guidance. However, there is no reason to believe that the
challenges and recommendations would not be applicable
to other countries. Last, our case study did not investigate
the appropriateness of the framing of the decision problem
and whether the test should be used in this context; rather,
this was assumed to be a given. In practice, however, this
may pose an additional set of challenges, such as men-
tioned in the introduction and outlined by the Australian
guidelines [13], whether the available evidence (i.e., gen-
erated with current tests) is likely applicable to the popu-
lation selected with the new test. As with any innovation,
by design, this evidence may only become available with
coverage of the new test and as real-world evidence is
generated as a consequence of its use.
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In conclusion, there exist several unique challenges
for cost-effectiveness modelling of diagnostic tests which
need forethought in the design of an economic evaluation.
Selected evidence and assumptions need to be justified,
particularly for the link of the test results to the treatment.
Upfront consideration of how a test and its results will
likely be incorporated into patient diagnostic pathways is
key to exploring the optimal design of such models. We
propose several preliminary good practice recommenda-
tions to aid in these tasks.
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