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Abstract

Modelling the cost-effectiveness of screening interventions presents unique challenges. These relate
to lack of knowledge about underlying health states and disease progression in the absence of
screening, added costs arising from incidental findings, screening recall and follow-up diagnostics,
imperfect uptake, potential harms to otherwise healthy people, and impacts on resource capacity
and equity. No specific but generalisable advice currently exists to help guide health economic
modellers working in this area. There is a need for tailored recommendations beyond the widely
used health economic modelling frameworks.

We aimed to develop a set of recommendations for modelling the cost-effectiveness of screening
programmes. In our iterative process we first drafted a conceptual document outlining key issues
requiring recommendations. This framework was then expanded based on additional themes
identified through a survey of screening modelling experts. Next, the draft recommendations were
shared with a broader international expert group, which included modellers, health economists, and
policy specialists. Finally, the core concepts were refined and agreed upon during a virtual
stakeholder meeting.

A set of ten recommendations and a checklist are presented. The document provides guidance on
critical methodological requirements for modelling screening interventions. These guidelines are
intended to help health economic modellers and screening policy makers working to evaluate
screening interventions across a wide range of diseases and jurisdictions with clarity, rigour and
consistency.

Key Messages

e Cost-effectiveness modelling for screening interventions presents unique challenges, but no
guidelines exist beyond standard health economic modelling frameworks.

® A set of ten recommendations for modelling screening interventions were developed, based
on iterative expert input through surveys, comments and meetings.

® These recommendations and a checklist provide guidance for screening modellers and policy
makers around important methodological requirements and should help improve
consistency between screening models developed across different diseases.

Key Words

Screening; health economic modelling; cost-effectiveness modelling; guidelines; recommendations;
stakeholder input; expert advice.
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Introduction

Screening involves testing usually asymptomatic individuals, with the goal of detecting disease
earlier, when treatment has a higher impact on survival and/or quality of life (Table 1). Screening
may shift the diagnostic timeline by months or even years, thereby impacting existing diagnostic
pathways (Fig 1). Screening interventions for chronic diseases differ substantially from diagnostic
interventions used in symptomatic diagnosis in their implementation. A screening programme can
take many forms—it may be organised or opportunistic; population-based, risk-stratified, or
targeted. There is also considerable variation in who is screened (e.g. age and individual
characteristics), how often screening occurs (e.g. annually, biennially, one-off), and which screening
tests and decision criteria are applied. These decisions create a wide array of potential programme
configurations.

Implementation decisions for screening programmes are informed not only by comparative
screening trials, but also by decision-analytic models. These models estimate the impact of screening
beyond the trial period and assess whether the health benefits justify the associated costs by
comparing the programme’s cost-effectiveness with alternative interventions or with current
practice.

Due to complexities of screening programmes configurations, decision-analytic models used to
evaluate screening interventions in terms of their impact on health outcomes and costs (hereafter
screening models) are expected to differ in structure and scope from those used for treatment or
diagnostic purposes. These screening models often need to simulate long-term outcomes and
population-level effects while capturing high degrees of heterogeneity and uncertainty. In many
cases, natural history disease (NHD) modelling is required, which further compounds model
uncertainty due to the need to incorporate multiple risk factors, estimate unobservable health
states, and make assumptions about disease progression in the absence of diagnosis, commonly
with limited empirical data to inform these assumptions. Together, these factors increase the
complexity of conceptualising, developing, validating, analysing, and interpreting screening models.

Systematic reviews summarising methods used to develop screening models have highlighted
inconsistencies in their quality and a frequent failure to adequately address the inherent
complexities of screening interventions (1-4). Multiple general frameworks for cost-effectiveness
modelling have been previously developed and summarised by the ISPOR task force on reviews with
cost-effectiveness outcomes (5). While these frameworks have been recommended for guiding cost
effectiveness model development, none of the existing recommendations are specifically tailored to
the unique requirements of modelling screening interventions. Some highly intricate modelling
frameworks for screening interventions have been developed in the past, such as the CISNET models
of cancer screening(6, 7). However, replicating such complex approaches is often impractical due to
the significant resources, data, and financial investment required. For the same reason updating
complex models may lag behind new evidence (underlying risk, disease progression, treatments,
etc). Published reviews have examined cancer model structures, but these have largely been
descriptive—summarising model designs, inputs, and outputs—without offering specific
recommendations for modelling screening programmes(4, 7, 8).

Here we present a set of recommendations developed and coauthored by a multidisciplinary, multi-
national expert group, that aim to provide guidance on critical requirements for screening models
and enable consistency in model development.
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Methods

Recommendations were developed through an iterative process (see online appendix). First, a
conceptual document outlining the key points where screening modelling differs from modelling
other types of interventions was drafted based on a scoping review of existing literature about
modelling screening interventions. This was followed by the development of an online survey, which
incorporated questions based on the main domains of existing checklists for cost-effectiveness
studies (4). The combined framework was shared for feedback with a multidisciplinary, multi-
national expert group, including modellers, implementation scientists, health economists, and policy
specialists. The refined concepts were subsequently discussed during a virtual stakeholders'
meeting including all stakeholders, where an effort was made to reach consensus on all
recommendations. Any areas where consensus could not be achieved were documented. The final
recommendations were unanimously supported by all but one expert (HT, who disagreed with three
recommendations). This level of agreement meets our predefined threshold for consensus (<15%

disagreement) (9).

The terminology used in this manuscript is reported in Table 1 and the externally validated
methodological checklist for modellers - in the Table 2.

Table 1. Terminology and definitions referred to in this publication

Terminology

Screening implementation
related definitions
Screening for asymptomatic
diseases

Definition

Testing individuals who do not report any symptoms, with the goal of detecting
diseases earlier, when treatment of disease has higher impact on survival or
quality of life.

Opportunistic screening (10)

Organised screening (10)
Population or population -
wide screening (10)

A screening test that may be offered by a clinician to an individual during a health
care encounter for other reasons, or that could be potentially requested by the
patient. |
A screening programme where individuals are invited to screening proactively.
A nationally or regionally delivered screening programme in which an eligible

group to be screened is identified only by such factors as age and sex.

Steady state or fully rolled out
programme

One-time screening

A screening programme that has completed its initial implementation phase and
is operating at its intended capacity. In a model this implies that all individuals
targeted by a specific intervention are invited for screening from the same age.
Process of conducting screening tests as a single event, usually at a specific age
(e.g. Abdominal Aortic Aneurysm screening in the UK) or state (e.g. pregnancy or
newborn screening).

Repeat screening

Process of conducting screening tests at regular intervals (screening rounds).

Risk-stratified screening (10)

Targeted screening (10)

Screening Outcomes

A screening programme in which key elements—such as screening interval, type
of test, age of initiation or stopping, or follow-up care—are tailored according to
an individual's risk level. This may involve variation in one or more of these factors
based on risk stratification.

A screening programme which aims to improve health outcomes among groups of
people identified as being at elevated/above average risk of a specific disease
with the risk factor(s) not related solely to age and sex.

Screening uptake (11)

Proportion of individuals among those invited to participate in a screening
programme who adequately participate.

Overdiagnosis

Different definitions of overdiagnosis are used in the literature, including
diagnosis of the targeted disease through screening that would not be diagnosed
without screening, and (2) have gone on to cause harm in a person’s lifetime
without screening, or (3) ever result in disease-specific mortality. Overdiagnosis
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Incidental findings

may occur due to the slow-growing or non-life-threatening nature of the disease,
or because of high competing mortality risks (e.g., limited life expectancy), i.e.,
the patient would have died from another cause before they would have been
diagnosed in the absence of screening. Consequently, the disease does not pose
any practical threat to the individual’s health but involves the use of healthcare
resources (screening and treatment resources) and may compromise patients'
safety and health outcomes, and quality of life.

Set of diseases not specifically targeted by screening but discovered during
screening.

Test sensitivity (12)

For individual tests, test sensitivity is the proportion of people with disease who
will have a positive result.

Test specificity (12)

For individual tests, test sensitivity is the proportion of people without the disease
who will have a negative result.

False - positive screening
result

Because screening includes a sequence of diagnostic procedures, different
definitions of false positives are used in the literature, including (1) A screening
test result that recalls a person for a further diagnostic follow up when they do
not actually have the suspected condition (but may not result in positive
diagnosis); (2) A screening test that indicates the possible presence of a disease,
prompting further diagnostic follow-up, which ultimately leads to a confirmation
that an individual has the suspected disease, despite actually not having it.

False - negative screening
result

Because screening includes a sequence of diagnostic procedures, different
definitions of false positives are used in the literature, including (1) A screening
test result that incorrectly identifies a person as disease-free when they actually
have the disease; (2) A screening test result that incorrectly identifies a person as
disease-free during any step of the screening or diagnostic pathway, despite the
individual actually having the disease.

Spill-over effect

Unintended or indirect consequences of screening that extend beyond the initial
test result. For example, impact of newborn screening outcomes on family quality
of life or life of their siblings or identification of one’s relative as a genetic disease
carrier, which makes them change their health behaviour, decrease quality of life,
or stimulates them to request additional health checks or health care.

Cascade effect

Chain of systematic medical actions triggered by the initial screening. For
example, identification of one’s relative as genetic disease carrier what makes
them eligible for early or more intensive screening.

Other definitions

Natural History of Disease
(13)

The course of a disease from its onset (inception) to its resolution, in the absence
of treatment or prevention.

Sojourn time

The period during which the disease is present, and so can be detected by
screening, but has not yet become clinically symptomatic.




Table 2. Checklist for Modelling Screening Interventions

Recommendation
Recommendation 1.
Engage Stakeholders
Early and
Continuously

Checklist main questions
Have relevant stakeholders
been identified and
engaged from the
conceptualisation stage?

Clarification points

[0 Does the stakeholder group include wide group of
contributors, including policymakers and patients/public
representatives?

[J Has engagement been planned to continue throughout the
modelling process?

Is the model design aligned
with stakeholder goals?

[0 Have model aims and objectives been validated with
stakeholders?

[J Do stakeholders agree with the structure, assumptions, and
data sources used in the model?

[ Are implementation challenges highlighted by stakeholders
(e.g. feasibility, capacity) captured?

Recommendation 2.
Evaluate a Wide
Range of
Interventions and
Comparators

Are a wide range of
interventions and
comparators evaluated?

[0 Have all relevant screening programme options (e.g. ages,
intervals, thresholds, etc.) been considered?

[ Are all of the comparators that the modelling analysis
included relevant and feasible to model?

[ Have social and ethical acceptability issues been considered?

Recommendation 3.
Choose the Modelled
Population Carefully

Is the modelled population
relevant, representative,
and adequate to evaluate
the impact of screening?

O Will the chosen population enable decision questions to be
answered (e.g. equity analyses, sub-groups)?

[ Is the sample size sufficient (for individual-level simulation)?
[0 Have spill-over/cascade effects been considered?

Recommendation 4.
Incorporate Key
Screening
Characteristics with
Precise Definitions

Does the model define key
screening characteristics
and incorporate them if
necessary?

If some screening
characteristics are omitted,
is this impact justified and
discussed?

[ Uptake in screening and follow up
[ False positives

[ False negatives

O Incidental findings

[ Overdiagnosis

O Impact on resource use
O Impact on costs
O Impact on health benefits

If broader impacts beyond
clinical outcomes
considered, are they
balanced?

[ Both broader benefits and harms are considered
O Unclear balance between broader benefits and harms

Recommendation 5.
Use Conservative

Are mortality assumptions
reflecting the best available

[ Disease-specific mortality
[ Other cause mortality

Mortality data, relevant for modelled

A ptions populations?

Recommendation 6. Has uncertainty in [ Natural history disease
Identify and Address  screening models been O Long-term outcomes

High Uncertainty

acknowledged?

[ Surrogate endpoints
[ Screening characteristics

Has uncertainty in
screening models been
explored and addressed
properly?

O Methodological
[ Stochastic
O Parameter
O Structural

Recommendation 7.
Consider Detailed
Reporting of
Methods and
Outcomes

Have methods and
outcomes been reported in
sufficient detail for
screening models?

[0 Standard health economic outcomes (QALYs, NMB, ICER)
[ Clinical outcomes (e.g. incidence, mortality)

[ Screening characteristics (see recommendation 4)

[ Resource utilisation

[ Subgroup outcomes

Recommendation 8.
Consider

Does the model adequately
account for heterogeneity

O Within-group and between-group differences (e.g., risk,
mortality, progression, uptake)
[ Subgroup-specific outcomes
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Heterogeneity and
Equity Impacts

and potential equity
impacts of screening?

O Equity impact or acknowledgement of implications for access
and fairness

Recommendation 9.
Consider Healthcare
System Capacity

Recommendation 10.
Assess Transferability
and Need for
Updates

Does the model consider
healthcare system capacity
and opportunity costs of
implementing screening?

If model adaptation is
considered, has model
transferability been
evaluated?

[ Has unconstrained modelling been used to first identify
efficient strategies?

[ Are potential constraints relevant to consider?

[ Are opportunity costs (e.g., resources diverted from
symptomatic patients) acknowledged?

[ Are resource limitations explicitly considered (e.g. for low-
resource settings)?

[ Are setting-specific differences in healthcare pathways and
population risk accounted for?

[0 Have transferable and non-transferable components been
defined?

When model results
become outdated?

[0 Has the potential impact of downstream care changes on
screening outcomes been considered?

Legend: Each question can be answered with “Yes,” “No,” or “Not applicable / not relevant” (and with “Can’t tell” when
the checklist is used for appraisal purposes).

Abbreviations: ICER — Incremental Cost-Effectiveness Ratio; NMB — Net Monetary Benefit; QALYs — Quality-Adjusted Life

Years.

Recommendation 1. Engage Stakeholders Early and Continuously to Shape Model Aims

and Design

Screening interventions involve multiple interacting components—such as defining the target
population, selecting the screening modality, determining the screening interval, and managing
follow-up. These components give rise to a wide range of possible programme design scenarios that
influence funders, implementors, and beneficiaries. Consequently, the aims and design of a
screening model - while remaining within the general aims of cost-effectiveness analysis such as
maximising health benefits within fixed budgets - should be guided by the needs and priorities of
relevant stakeholders.

To ensure that the model remains flexible, robust, and feasible to implement, stakeholder
engagement should begin early in the conceptualisation phase and continue throughout the
modelling process. Although stakeholder involvement in conceptual model development is now
standard practice (14), ongoing engagement provides additional value by ensuring that emerging
evidence relevant to model structure, analysis, or interpretation is not overlooked, and by
supporting the interpretation of model validation results and modelling outputs in relation to
existing empirical evidence. This is particularly important for screening modelling projects, which are
typically longer in duration and more structurally complex and data-intensive than treatment

models.

The stakeholder group that contributes to model development (Box 1) should be broad and
inclusive, encompassing not only clinicians, statisticians, epidemiologists, and policymakers, but also
peer health economists to validate the modelling assumptions and patients and public
representatives (i.e. target screening population). This inclusive approach ensures that lived
experiences are embedded in the model and aligns the modelling research question with the PICO
(Population, Intervention, Comparator, Outcome) framework (15).
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Box 1: Engage stakeholders to contribute to:

Key interventions and priority questions

Clinical pathway and the role of screening within it

Constraints and implementation challenges

Assumptions related to the NHD, data sources, parameter plausibility (e.g. test sensitivity,
screening uptake)

Data transferability when local data are lacking

Model validation

Interpretation of the modelling outcomes.

185  Stakeholders also influence model design indirectly, as their goals shape the model’s purpose and
186  structure (16, 17). For instance:
187 e |f the goal is to assess cost-effectiveness for an established national screening programme,
188 the model if possible should simulate the real-world delivery of a fully rolled-out
189 intervention (18). This includes individuals initiating screening at a defined age and
190 continuing until an upper age limit.
191 e If the goal is to support implementation planning or inform trial design (e.g. to determine
192 optimal sample size, screening intervals, or age ranges), it may be more appropriate to
193 simulate the initiation phase of a screening programme (19). Such models involve offering
194 screening to the entire eligible population at once, resulting in variation in screening
195 histories, costs, and benefits across different age groups.
196  The complexity of the model should also reflect the nature of the intervention being evaluated and
197 be no more complex than necessary (Table 3).
198  Table 3. Considerations in the choice of screening model design
Type of Model Typical Model Key Modelling Considerations Examples
Screening Complexity  Structure
Intervention
One-time Low to Decision tree * Resembles diagnostic models Newborn screening
screening moderate (possibly combined * Focuses on immediate outcomes of a single
with a Markov screening event
model) e Limited data requirement
 Efficient computation
* Computationally easy probabilistic sensitivity
analysis
Repeated Moderate Markov model, * Accounts for missed cases in earlier rounds Cancer screening
screening to high microsimulation, * Incorporates de novo disease development programmes

* Reflects natural history of disease between
screening rounds

* Require more data

¢ Includes individual-level correlations such as
repeated participation behaviour

* Computationally challenging probabilistic
sensitivity analysis

* May support multiple decision questions

discrete event
simulation, or hybrid
model

199
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Recommendation 2. Evaluate a Wide Range of Intervention and Comparators where
Feasible

Given the multiple decisions involved in designing a screening programme —including age of
initiation and cessation, screening interval, test modality, risk thresholds, and population subgroups
—screening models often involve comparison of multiple scenarios. Beyond the clinical and
economic impacts, modelled strategies may also need to consider social and ethical aspects to
improve public acceptability (20, 21). For instance, if a risk-stratified screening approach leads to
exclusion of lower-risk individuals from routine currently available screening, modelling alternative
approaches—such as allowing opportunistic screening upon request—may be useful for exploring
more publicly acceptable options.

While comparing new interventions with "standard care" is common, other relevant comparators
could be included where possible (i.e., where data exist to inform the evaluation, and research
resource as well as implementation resources permit such evaluation). These may include:

e A'"no screening" scenario, even in contexts where a screening programme is already in
place, or

e Comparators involving alternative technologies or strategies likely to appear in the near
future (e.g. those that were already approved elsewhere, approved but have not been
implemented yet).

Previous methodological work identified a number of questions to be considered when selecting
comparators for cost-effectiveness analysis (22). However, feasibility also must be considered when
including such comparators (see Fig 2). For example, parametrisation of a "no screening" scenario
may be difficult if screening is long established (the example of breast cancer screening (7)) or if
opportunistic (often poorly recorded) screening is widespread, as it is the case with use of prostate-
specific antigen test in cancer diagnostics and screening (23). In such cases, limiting comparisons to
"standard care" may be more realistic (3). Conversely, if the future screening programme is
compared to a recently implemented programme that is not yet at steady-state, reliable
representation of “standard care” may also be challenging.

Recommendation 3. Choose the Modelled Population Carefully

Although decision-makers often prioritise specific sub-groups (e.g., high-risk populations),
developing a model for the entire at-risk population (e.g., the national population), alongside
targeted analyses for specific policy questions, offers several advantages—provided sufficient data
are available. This approach allows reconstruction of populations with varying characteristics (e.g.,
age, risk factors, care exposure), enabling flexible and efficient exploration of additional research
questions (e.g., broader populations, new screening methods), easier model validation across
different screened populations (e.g., trial cohorts), and assessment of screening’s impact on health
equity (e.g., socioeconomic disparities).

While population size may be important in any model, it is particularly critical in screening models
that rely on individual patient- level simulations. This is because most simulated individuals will incur
costs—such as those from screening invitations, procedures, and follow-up of screen-positive
cases—while only a small proportion will benefit from screening. For example, for abdominal aortic
aneurysm, less than one percent of men screened in England were found to have a positive
diagnosis(24). As a result, when the incremental benefits of screening versus a comparator are small

10
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(e.g., comparing different starting ages for screening), using an insufficiently large simulated
population may reflect cost differences but fail to detect meaningful differences in outcomes due to
random variation alone (25).

The population assigned to screening in screening models should accurately reflect the risk of
undiagnosed disease and/or its progression, which for many diseases varies across different
population subgroups.

Age is one of the most important demographic factors to include in screening models. Age-
dependent risk (i.e., varying prevalence of undiagnosed disease at different screening ages) is key in
many conditions, including cardiovascular disease, cancer, and in antenatal screening where risk
depends on maternal age (e.g., Down syndrome) (26). Using average instead of age-specific risk can
overestimate screening benefits in younger people and underestimate them in older groups.

Other demographic (e.g. sex), environmental (e.g. occupation) and lifestyle (e.g. smoking, diet)
factors also matter when modelling populations with varied risks. It is important to consider whether
correlated risks or behaviours are relevant (for example alcohol consumption in people who smoke),
which may distort estimates of undiagnosed disease prevalence and screening-related behaviour in
the simulated population. Including such variables helps ensure accurate modelling of both disease
risk and intervention impact.

Unlike many other interventions, screening can have spill-over or cascade effects on other
population groups. Therefore, screening models should clearly define the populations being
modelled, account for potential spill-over, and consider how excluding these effects might influence
cost-effectiveness estimates (27). This effect should for instance be considered in screening for
genetically inherited conditions that may prompt testing among relatives if an index case tests
positive (28). Another example is cost-effectiveness analysis of HIV screening in pregnant women,
where the impact of screening on both the child and the mother should be considered (27).

Recommendation 4. Key Screening Characteristics Should be Incorporated in Models
Following Precise Definitions that Suit the Screening Context.

The benefits and harms of screening are likely to be unevenly distributed between individuals and
over time. In some inherited genetic conditions, early detection may not change clinical
management until symptoms appear (29, 30). In other cases, such as cancer, early detection can
trigger aggressive treatment that may reduce quality of life or even life expectancy.

Given these complexities, modern screening models must incorporate a comprehensive set of
screening-related characteristics, whose definition may vary according to screening context—some
reflecting benefits, others may be arguably considered as harms or unavoidable consequences of
screening implementation. These include screening uptake, false positives and false negatives,
incidental findings, and overdiagnosis.

To capture screening impacts accurately, as part of conceptual modelling it is necessary to provide a
precise definition for how each of these characteristics are operationalised in the model, particularly
where more than one valid definition exists (see Table 1).

Screening Uptake

Screening targets asymptomatic individuals, so screening uptake is usually lower than compliance to
treatment and may vary by setting, socioeconomic group, or disease risk (19, 31, 32). Uptake is

11
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especially important when modelling resource use or for assessing cost-effectiveness across risk
groups. Uptake of diagnostic follow-up should also be considered. If uptake data are not available,
initial modelling of perfect uptake scenarios may be suitable and are useful for estimating maximum
net benefit, especially if invitation costs are low. If screening appears cost-effective under these
assumptions, more realistic scenarios should follow, incorporating observed uptake rates or
estimates from similar at-risk populations and interventions (19, 33). This is important since lower
uptake of cost-effective interventions may result in less cost-effective screening as was
demonstrated in studies of colorectal and breast cancer screening (34, 35)

False Positives and False Negatives

Screening results in recalls including false and true positive cases. False positive cases are often more
prevalent than true positives in screening and have implications for cost and patient burden due to
follow-up procedures in patients who are determined to not have disease. They should be included
in screening models where possible to avoid underestimation of both resource use and harms (4,
33).

In contrast, it may be appropriate to omit false negatives from models where the comparator is ‘no
screening’, but only if screening does not alter time to diagnosis for such patients, disease
progression or costs of later diagnosis. For example, omitting false negatives from the first screening
round in model analyses of repeat screening would not be appropriate.

Incidental Findings

Incidental findings refer to unrelated clinical conditions detected incidentally during screening.
These findings can considerably impact long-term outcomes, costs, and patient experience. Failure
to account for them may lead to inaccurate assessments of screening value (36). While not all
incidental findings need to be modelled, those with significant health and/or cost implications
should be prioritised. Their inclusion should depend on both screen-detectable prevalence and
impact per case detected: findings that add benefits may support screening that is otherwise
marginally cost-effective, while those adding costs or harms may tip the balance against screening.
Examples of incidental findings included in screening models, include detection of multiple
conditions during CT scan for abdominal aortic aneurysm, idiopathic T-cell ymphopenia in severe
combined immunodeficiency newborn screening, or kidney cancer found during urine dipstick tests
for bladder cancer (19, 37, 38).

Overdiagnosis

Screening is applied to generally healthy populations, so tolerance for harm is lower than in
diagnostic or therapeutic interventions. Overdiagnosis refers to detection and treatment of disease
that would never have become clinically relevant (1, 39). It may cause psychological harm and lead
to unnecessary treatment with associated costs and harms, without improvements in survival or
quality of life. Unlike incidental findings, overdiagnosis represent diseases the screening aims to
detect. Overdiagnosis usually cannot be distinguished on an individual level, but its aggregate impact
must be considered. Models should either estimate overdiagnosis directly or run scenario analyses
with varying overdiagnosis rates if this is used as an input. Since overdiagnoses can never be
measured and only estimated, accuracy of such estimates may vary and have little consensus. For
example, the rate of overdiagnosis in CISNET breast cancer models varies from 3% to 66% (7).

Broader Impacts of Screening
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From a policymaker perspective, screening is only justified when health benefits outweigh harms
and costs to the healthcare system are reasonable. However, some screening programmes provide
broader benefits—such as increased certainty, informed reproductive choices (e.g., in genetic or
newborn screening), healthier behaviours, or planning for care or early retirement (40). These wider
benefits, while important, must be weighed alongside broader harms, including psychological
distress or fatalistic responses to risk information, as well as lack of suitable therapies for diagnosed
cases. If broader, societal or patient-centred perspectives are adopted, screening-related harms
beyond the clinical domain must also be considered.

Recommendation 5. Use Conservative Mortality Assumptions from Relevant Populations,
in the Presence of Uncaptured Uncertainty

Mortality in screening models includes two main components: disease-specific and other-cause
mortality. Most models assess screening impact by reducing disease-specific mortality through
earlier diagnosis. When this is modelled as a shift to earlier disease stages—common in cancer or
chronic kidney disease models—it is known as a stage-shift approach (2). However, stage shift may
not fully capture screening benefits. It may be appropriate to assign additional survival advantages
to screen-detected cases, reflecting that such cases may be less aggressive or progress more slowly
(2,41, 42).

In individual-level stage-shift models, even with a survival benefit from screening, some individuals
may die during the lead-time period—before their symptoms would have triggered diagnosis in a no-
screening scenario (19). This should not be confused with lead-time bias, which can overstate
benefits in survival analyses based on earlier diagnosis and limited follow-up, and rather reflects a
probability for some individuals to suffer from early death related to screening (e.g. side effects of
radical or systemic therapy) even whilst the population as a whole gains survival benefits. Some
models incorporate this nuance, while others assume early treatment always benefits survival. For
example, in a bladder cancer screening model, two scenarios were evaluated: one assuming that
approximately 0.8% of all cancer deaths in the model are related to aggressive cancer treatment and
another one assuming that early cancer detection will not result in any early deaths (19).

These varying assumptions about disease-specific mortality illustrate how different modelling
choices can lead to diverging results. When evidence is limited or uncertain, assumptions about
mortality should be incorporated directly into structural and probabilistic analyses.

Unlike for many other model parameters uncertainty around disease-specific mortality is not
bidirectional over time. This is because long-term trends in treatment improvements often lead to
declining disease-specific mortality, which tends to reduce the cost-effectiveness of screening over
time, creating an asymmetric risk if mortality benefits are overstated at the time of evaluation.
Because of this, in the event that this is not feasible to reflect uncertainty in sensitivity analyses,
conservative assumptions — those least favourable to cost-effectiveness — should be used.

Regarding other-cause mortality, models that ignore competing risks—such as life-limiting
comorbidity—underestimate screening harms (e.g., overdiagnosis) and misrepresent cost-
effectiveness, particularly in older populations. In targeted screening (e.g., for people who smoke),
other-cause mortality should reflect higher risk profiles due to co-morbidities.
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Recommendation 6. Identify, Measure, and Address High Uncertainty in Screening Models

Screening models typically involve greater uncertainty than treatment models, especially regarding
underlying health states and long-term outcomes. This is particularly true for models relying on NHD,
where key parameters—such as the prevalence of asymptomatic disease, pre-disease states, and
progression without early detection—are under-researched. The challenge is amplified in newer
screening programmes, for example in some cancers, where comprehensive NHD data are often
lacking (33, 43), or in newborn screening, where data limitations stem from low disease prevalence
(44-46).

Uncertainty also arises from the use of lifetime horizons—common in screening models—which
necessitate long-term extrapolations or reliance on surrogate outcomes. While long-term
projections often rely on limited, outdated or soon-to-be-outdated data due to evolving treatments,
surrogate outcomes are useful but may not always reliably predict long-term benefits (47-49). While
this uncertainty is somewhat ameliorated by discounting, it increases with life expectancy, making it
especially pronounced in newborn and pregnancy screening.

Even when data are available from trials, observational studies, or autopsy research, they may not
fully reflect outcomes in the target population due to biases. Autopsy studies may underrepresent
younger age groups (selection bias), trials may use flawed methods to estimate undiagnosed disease
(measurement bias), and differences between source and target populations can limit applicability.

Screening accuracy and uptake are also major sources of uncertainty. Test sensitivity of some
screening tests is assessed in unrepresentative symptomatic populations and may rely on
comparisons with imperfect standards or biased study designs. Accuracy can also vary across
healthcare settings and populations, particularly between countries of differing economic
development (50) or in groups with varying disease risk and prevalence (51). Data on screening
uptake for specific populations and diseases are frequently unavailable, leading to reliance on
estimates from other conditions or trial settings, which are often overly optimistic—especially for
underserved populations.

As shown, screening models face multiple layers of uncertainty. Modellers should ensure all sources
of model uncertainty are identified and addressed where possible (Table 4).
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Table 4. Approaches to address uncertainties in screening models

Approach to dealing with uncertainty

Types of uncertainty, for
definitions see (17, 52, 53)

Address stakeholders for the reference case to follow in the
base case and scenario analyses

Methodological
uncertainty

Model sufficient population size in individual level models

Stochastic uncertainty

Conduct sufficient number of probabilistic sensitivity analyses
for all key inputs

Conduct scenario analyses for highly uncertain parameters
Consider multi-parameter evidence synthesis

Consider external model validation against available data,
prioritising external validation using independent datasets
when trial or observational study outputs are available

Parameter uncertainty*

Parameter uncertainty*
Parameter uncertainty*
Parameter uncertainty

Report outcomes with both long-term and short-term horizon

Structural uncertainty**

Explore impact of structural assumptions on cost-
effectiveness estimates in individually run scenarios, weighted
scenarios based on their likelihood, and adding scenarios with
different structural assumptions into the probabilistic
sensitivity analysis.

Incorporate expertise from clinical and implementation
experts to inform model scenarios.

Structural uncertainty**

Structural and parameter
uncertainty

Integrate clinical data collection with modelling in an iterative
data-model-data approach

Structural and parameter
uncertainty

Use Bayesian methods for model parameterization through
calibration and for multiparameter evidence synthesis

NHD - related uncertainty
(structural and parameter)

Cross-validation of the model in the absence of natural history
data

NHD - related uncertainty
(structural and parameter)

Legend: * Parameters with high uncertainty in screening models include uptake, test sensitivity, long-term clinical
outcomes, and NHD parameters; ** Structural uncertainties in screening models include long-term extrapolations, use of
surrogate outcomes, assumptions about mortality during the lead-time period, and similar model design choices.

Recommendation 7. Consider Detailed Reporting of Methods and Outcomes for Screening

Models

In screening modelling, outcomes beyond costs, life-years gained, quality-adjusted life years, and
cost effectiveness (net monetary benefit and incremental cost effectiveness ratio) are important for
stakeholders. Additional outcomes that could be considered for model validation or decision-
making include false-positive and overdiagnosis rates, disease incidence, mortality, and intermediate
endpoints such as stage distribution at diagnosis; disease characteristics affecting curative treatment
potential and long-term quality of life; and metrics like time to treatment initiation or disease-free
survival. These outcomes are useful for the whole population screened but also subgroups, for
example people of different ages, ethnicities, or risks. In addition, health system outcomes such as
resource utilisation are important, particularly when follow-up for screen-detected cases places

demands on existing diagnostic services.

Screening models are complex and so require comprehensive reporting. While general health
economics checklists, such as Consolidated Health Economic Evaluation Reporting Standards -
CHEERS (54), provide guidance, they often lack the detail needed for screening modelling studies. In
addition to standard health economic components (such as PICO, time horizon, discounting, and

15



414
415
416
417
418
419

420

421
422
423
424
425
426
427

428
429
430

431
432
433
434
435
436

437
438

439
440
441
442
443

444
445
446
447
448
449

450
451
452
453
454

valuation of costs and outcomes) screening models should also report screening uptake, the
approach to modelling non-adherent populations, assumptions about sensitivity and specificity (and
their mapping to symptomatic data), potential incidental findings, and other key screening
characteristics discussed above (Recommendation 4). Given space constraints in manuscripts, a
detailed online technical report should accompany screening models, e.g. in supplementary
material.

Recommendation 8. Consider Heterogeneity and Equity Impacts of Screening

Patient heterogeneity plays a more prominent role in screening models than in diagnostic or
treatment models, as variations in population characteristics affect both disease risk and health
behaviours—such as screening uptake (55, 56). In screening contexts, differences in disease onset
and progression influence who is detected and when. For example, in cancer screening, some
individuals may have slow-progressing disease that remains undiagnosed for years, while others
experience rapid progression. Relying on population averages and ignoring individual variability can
result in inaccurate estimates of screening effectiveness in non-linear models.

When screening targets specific subgroups, heterogeneity matters at two levels: within-group
variation and differences between subgroups. For example, prostate cancer screening may have
different implications for Black men, who face a higher risk of the disease (57).

These considerations are closely linked to health equity. Some population groups may face higher
disease risk, lower screening uptake, or both. In some cases, screening programmes risk
exacerbating health inequity if attention is not devoted to ensuring equal access. Conversely,
targeted implementation in underserved populations may help reduce disparities. Even if formal
equity analysis is not included in the model, the potential for the screening programme to impact
equity benefits to be discussed.

Recommendation 9. Consider the capacity of the healthcare service for implementing
screening

Screening for chronic diseases can significantly increase demand on healthcare services, particularly
for diagnostic confirmation and treatment following early detection. In some cases, this added
pressure may be temporary and offset over time by a reduced burden of severe disease. However,
when it is difficult to distinguish between aggressive and non-aggressive forms of disease, screening
may lead to sustained increases in healthcare use—even if it improves survival outcomes.

Initial cost-effectiveness analyses should generally adopt an unconstrained modelling approach to
identify the most efficient strategies without assuming limits on system capacity. This helps assess
whether expanding capacity is a worthwhile investment. However, if screening interventions risk
diverting resources from other critical services—such as diagnosis of symptomatic cases—additional
analysis is needed. This includes considering opportunity costs and how they may be distributed
across population groups.

Resource-constrained models can serve as valuable supplements in such cases. For instance, the
evaluation of bowel cancer screening explicitly incorporated limitations in diagnostic colonoscopy
capacity (58). These types of models are relevant across all health systems but are particularly
important in low-resource settings, where scaling up diagnostic and treatment services poses major
challenges (59).
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Recommendation 10. Assess Transferability and the Need for Model Updates

Screening models are generally less transferable across jurisdictions than treatment or diagnostic
models, due to differences in healthcare pathways, levels of trust in healthcare systems, population
risk profiles, and disease heterogeneity. Transferability is especially limited when models are
adapted between settings with significant healthcare system differences—such as from high- to low-
income countries. When attempting such adaptations, differences in diagnostic pathways, disease
management, and screening test accuracy must be considered.

That said, if baseline disease risk is comparable, the NHD component may be transferable—provided
adjustments are made for population-specific risk factors. When applying a model from another
setting to assess cost-effectiveness, it is essential to identify which components require adaptation.
While NHD might remain constant, risk distributions, diagnostic practices, and treatment pathways
are more likely to differ.

Because screening occurs early in the care pathway and is influenced by downstream changes,
screening models require more frequent updates than treatment models. Updates should be
considered when significant changes occur in risk factor distribution, diagnostics, treatment
strategies or costs, survival outcomes, or when new natural history data become available. Update
of treatment pathways is especially important in disease areas where there is quick and radical
change in care pathways and disease progression trajectories. Even if the screening method remains
the same such treatment changes can strongly influence the conclusion of the analysis.

Limitations

These recommendations were developed through a consensus process involving an
international, multidisciplinary group of experts. While we aimed to make the guidance
practical and accessible, fully benefiting from it may require some background knowledge in
health economics, modelling, and screening. Certain methodological aspects of screening
models were not addressed where the group felt that further empirical evidence is needed
to support robust recommendations. These include the use of discounting in screening
modelling studies and considerations regarding the decision threshold for cost per QALY.

Conclusion

This set of ten recommendations and a checklist provide guidance on critical methodological
requirements for modelling screening interventions. The recommendations are intended to help
health economic modellers and screening policy makers working to evaluate screening interventions
across a wide range of diseases and jurisdictions with clarity, rigour and consistency.
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Fig 1. Conceptualisation of screening models
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Fig 2. Decision pathway in developing design for the screening models
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