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Deliverable 
Abstract 

The economic evaluation of personalized prevention medicine presents unique methodological 

challenges, as it must account for heterogeneous populations, long-term outcomes, and the integration 

of diverse data sources. This deliverable provides a overview of the limitations currently affecting 

economic evaluations in this field and proposes methodological solutions to strengthen their 

robustness and policy relevance. 

A three-phase research strategy was implemented: (i) a systematic literature review to identify 

recurrent methodological gaps; (ii) a case study on BRCA testing pathways to operationalize 

methodological insights and illustrate real-world challenges; and (iii) a consultation with senior 

European health economists and HTA experts to validate findings, prioritize critical issues, and co-

develop recommendations. 

The analysis revealed major limitations, including limited clinical evidence and data quality, 

heterogeneity across studies and populations, uncertainty around long-term outcomes, incomplete 

costing of testing pathways, narrow use of evaluation metrics, insufficient integration of real-world 

data, limited representation of comorbidities, and underuse of advanced modeling approaches. Expert 

consultation emphasized the need to systematically integrate real-world evidence, adopt patient-level 

modeling (microsimulation and discrete-event simulation), expand evaluation metrics beyond cost-

effectiveness, and strengthen data governance and transparency. 

Based on these findings, a practical checklist was developed, summarizing key elements that should 

be systematically considered in every evaluation.  
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Introduction 

The development of robust recommendations for the economic evaluation of personalized prevention 

medicine required a carefully designed, multi-phase research strategy. Personalized prevention 

represents one of the most promising but also methodologically complex frontiers of modern 

healthcare, as it introduces new dimensions of variability, uncertainty, and resource allocation 

challenges. Conventional health technology assessment (HTA) models, while well established for 

pharmacological and medical technologies, often lack the flexibility and granularity necessary to fully 

capture the dynamics of personalized interventions. Against this backdrop, the project adopted a 

structured approach that combined evidence synthesis, empirical application, and expert consultation, 

ensuring that the final recommendations would be both scientifically rigorous and practically relevant 

for decision makers across European healthcare systems. 

• Phase I: Systematic Literature Review: The first step involved a systematic mapping of the 

available literature on economic evaluations of personalized medicine and prevention. The 

review was conducted using predefined search strategies across major electronic databases, 

including PubMed and the INAHTA HTA database, as well as relevant grey literature. In line 

with PRISMA guidelines, studies were screened for eligibility and quality, with a focus on 

evaluations that incorporated genetic testing, stratified prevention pathways, or other 

personalized approaches. The analysis revealed several recurrent limitations. Among them, 

the most prominent were the scarcity of high-quality clinical evidence, the heterogeneity of 

methodologies employed across studies, and the limited use of real-world data to complement 

trial-based evidence. Moreover, existing evaluations often displayed methodological 

inconsistencies, particularly in the definition of comparators, outcome measures, and 

discounting strategies. These findings underscored the urgent need for harmonization and for 

methodological standards specifically tailored to personalized prevention. This phase 

established the conceptual foundation upon which the following phases were built, by clearly 

defining the key gaps that future recommendations needed to address. 

• Phase II: Case Study Analysis of BRCA (Breast Cancer Gene) Testing Pathways: To 

operationalize the insights from the literature review, the project undertook a case study 

focusing on genetic testing for BRCA mutations and its role in preventive strategies for breast 

and ovarian cancer. This case study was particularly suitable, as BRCA testing exemplifies the 

challenges of integrating genetic information into preventive care, including cascade testing 

for relatives, long-term risk modelling, and the estimation of downstream costs associated 

with both positive and negative results. A decision-analytic framework was employed, 
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combining decision trees and Markov modelling to capture both short-term testing outcomes 

and long-term health trajectories. The analysis compared preventive testing strategies against 

a no-test scenario from the perspective of a national healthcare system. This modelling 

exercise highlighted several critical issues: the difficulty of accounting for uncertain prevalence 

rates, the lack of reliable long-term outcome data, and the challenge of quantifying costs 

related to genetic counselling and false test results. Beyond its empirical findings, the BRCA 

case study served as a methodological demonstration. It confirmed the limitations identified 

in the literature and provided a concrete basis for discussing how economic evaluation 

methods might be adapted to the unique features of personalized prevention. In this way, it 

bridged the gap between abstract methodological critique and applied evaluation practice. 

• Phase III: Expert Consultation with Senior European Health Economists: The third and final 

phase engaged a panel of senior health economists and HTA experts from across Europe, 

recognized for their expertise in the field of personalized medicine. This phase aimed to 

validate the evidence gathered in the previous steps, prioritize methodological challenges, and 

co-develop potential solutions. This consultation phase provided a crucial bridge between 

academic evidence and real-world policymaking. It ensured that the recommendations would 

not only be theoretically grounded but also sensitive to the operational realities of HTA bodies, 

regulatory agencies, and healthcare payers. Moreover, by fostering a consensus among senior 

experts, the process reinforced the legitimacy and potential applicability of the 

recommendations across diverse European contexts. 

Taken together, these three phases produced a coherent and evidence-based foundation for the 

formulation of recommendations. The literature review mapped the knowledge base and clarified 

methodological gaps; the BRCA case study demonstrated the practical challenges of applying economic 

evaluations to personalized prevention; and the expert consultation provided consensus-driven 

solutions to bridge these gaps. The recommendations that follow are therefore the culmination of a 

rigorous, multi-dimensional process. They aim to guide the development of a European framework for 

economic evaluations in personalized prevention, one that harmonizes methodological standards, 

facilitates the integration of real-world data, and promotes equitable and sustainable adoption of 

innovative preventive strategies. By aligning scientific evidence, empirical modelling, and expert 

consensus, these recommendations provide a roadmap for improving the robustness, consistency, and 

policy relevance of economic evaluations in this rapidly evolving field. 

Methods 

In order to collect in-depth insights and foster consensus on methodological recommendations for the 
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economic evaluation of PM, we designed and implemented a series of semi-structured interviews with 

a selected group of European senior experts.  Between May and July 2025, a series of semi-structured 

interviews were scheduled and conducted with European experts. The objective was to gather their 

perspectives on the main methodological limitations affecting the economic evaluation of PM. 

The experts invited to participate were recognized professionals in the fields of health economics, HTA, 

public health, and personalized medicine, with consolidated experience in the design, implementation, 

and critical appraisal of economic evaluations. The interviews were structured around a predefined 

guide, which ensured comparability across participants while leaving room for open discussion and the 

emergence of additional themes. The guide was organized into three complementary sections: 

• Relevance rating: Experts were first presented with a list of methodological limitations that 

are frequently encountered when evaluating interventions in personalized prevention. For 

each limitation, participants were asked to express their views on its importance by 

providing a score on a 1–9 Likert scale, where 1 indicated “not at all relevant” and 9 

indicated “extremely relevant”. This allowed us to capture both individual perceptions and 

relative weightings of the different challenges. 

• Priority ranking: After rating the relevance, participants were asked to prioritize the 

identified limitations by ranking them in order of urgency for methodological 

improvement. This exercise aimed at distinguishing between issues that are broadly 

acknowledged as problematic and those that are considered most pressing to address in 

the short term to enhance the quality and applicability of economic evaluations. 

• Suggested solutions: Finally, experts were invited to propose potential solutions for each 

limitation. These could be methodological innovations, improvements in data collection 

and integration, or policy-level recommendations to facilitate the generation and use of 

robust evidence. The inclusion of this section was essential to ensure that the exercise 

went beyond problem identification and contributed concretely to outlining actionable 

recommendations. 

The set of limitations presented to the experts derived from a preliminary review of the literature and 

from previous methodological discussions in the field of personalized medicine. Specifically, the 

interviews focused on::  

i. Limited Clinical Evidence and Data Quality: PM interventions often rely on studies with small 

or highly selected patient samples, typical of early-phase trials. This results in high uncertainty 

in clinical effectiveness estimates and limits the generalizability of findings to more diverse 

real-world populations. This limitation is particularly critical in PM, where treatment effect 

heterogeneity is expected. Several authors have emphasized the scarcity of robust evidence 

as a key obstacle to economic evaluation, recommending strategies to strengthen both the 
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quality and quantity of clinical data (Rogowski et al., 2015; Shabaruddin et al., 2015; Simeonidis 

et al., 2019). Beyond the lack of clinical evidence, economic evaluations are frequently affected 

by the absence of high-quality data to populate models. The use of incomplete, weak, or 

potentially biased data undermines the reliability of cost-effectiveness outcomes and erodes 

confidence in decision-making. This issue has been widely discussed in methodological work, 

with recommendations to systematically incorporate observational data, real-world evidence, 

and expert elicitation to fill existing gaps (Degeling et al., 2017; Vellekoop et al., 2021). 

ii. High heterogeneity across studies and populations: PM interventions, by design, target 

subgroups defined by specific genetic or molecular profiles, resulting in high heterogeneity 

across studies and populations. Consequently, cost-effectiveness estimates may vary 

substantially depending on the subpopulation under consideration, limiting transferability 

across contexts. The methodological literature strongly recommends the use of individual-

level modeling (e.g., microsimulation, dynamic models) to capture patient variability more 

accurately (Degeling et al., 2017; Rogowski et al., 2015; Rutten-van Mölken et al., 2023). 

iii. Uncertainty around long-term outcomes: PM interventions, particularly in the preventive 

domain, often lack long-term data on survival or disease progression. Economic models may 

therefore fail to account for delayed effects, leading to incomplete estimates of lifetime costs 

and benefits. The literature suggests adopting lifetime horizons and predictive modeling 

approaches, as well as prospective cohort studies, to mitigate this uncertainty (Rogowski et 

al., 2015). 

iv. Uncertain Costs Related to Testing: When an intervention requires a diagnostic or stratification 

test, economic models often fail to incorporate the full costs of testing and the health 

consequences of false positives and false negatives. This omission can bias cost-effectiveness 

estimates. Recent studies have stressed the importance of accurately modeling test–

treatment pathways and have issued specific methodological recommendations (Simeonidis 

et al., 2019; Vellekoop et al., 2021). 

v. Narrow Use of Economic Evaluation Metrics: Many evaluations rely exclusively on cost-

effectiveness analysis (CEA), without integrating cost-utility analysis (CUA) or other relevant 

clinical outcomes such as cases prevented. This narrow scope may limit the meaningfulness 

and comparability of results. The literature has recommended broadening evaluation metrics 

to include non-health outcomes, patient preferences, and novel elements of value (Rogowski 

et al., 2015; Rutten-van Mölken et al., 2023). 

vi. Uncertainty in Real-World Data Integration: Despite the increasing availability of real-world 

evidence (RWE), models remain heavily dependent on clinical trial data, which often fail to 

reflect routine practice. This may lead to misestimation of real-world effectiveness and costs. 
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Several authors highlight the urgent need to systematically integrate RWE and big data into 

economic evaluations and to adopt adaptive methodologies (Degeling et al., 2017; 

Shabaruddin et al., 2015). 

vii. Limited focus on comorbidities in model structures: Comorbidities, which are highly prevalent 

among patients with chronic conditions, are often underrepresented in economic evaluations. 

Their omission results in partial or misleading cost and outcome estimates, as PM 

interventions may yield different effects in the presence of multiple conditions. This gap has 

been flagged in the literature, which has called for more realistic representation of 

comorbidities and complex care pathways (Hessel, 2015). 

viii. Limited adoption of advanced modeling approaches, such as microsimulation, that better 

account for patient-level variability: Although microsimulation models are better suited to 

capture individual-level heterogeneity in treatment response, disease progression, and costs, 

economic evaluations of PM still largely rely on cohort-based approaches. These models 

assume average outcomes, which risk overlooking the complexity of PM and important factors 

such as implementation costs and access disparities. Methodological work has consistently 

recommended greater use of microsimulation and individual-based models to achieve more 

accurate and policy-relevant results (Degeling et al., 2017; Rogowski et al., 2015). 

 

Results 

Section 1: Relevance Rating 
In the first part of the interviews, experts were asked to rate the relevance of a predefined set of 

methodological limitations on a scale from 1 (not at all relevant) to 9 (extremely relevant). The findings 

reveal a strong convergence of views across EU countries and professional backgrounds: all limitations 

were considered highly relevant, with median ratings ranging from 8 to 9. 

The most critical limitations identified were: 

Limited clinical evidence (median relevance = 9), reflecting widespread concerns among European 

experts that reliance on small or highly selected patient populations in early-phase trials undermines 

the generalizability of findings across diverse healthcare systems. 

Narrow use of economic evaluation metrics (9), underlining the shared European view that economic 

evaluations should not be restricted to cost-effectiveness analysis but should also include cost-utility 

analysis, patient-reported outcomes, and broader elements of value to reflect societal priorities. 

Uncertainty in real-world data integration (9), highlighting a strong demand for systematic use of real-
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world evidence across European contexts, where trial-based data often fail to capture variations in 

healthcare practice and population diversity. 

Other limitations received slightly lower but still high ratings (median = 8). These include the limited 

availability of high-quality data, high heterogeneity across studies and populations, uncertain long-

term outcomes, uncertain costs related to testing, limited focus on comorbidities, and the limited use 

of microsimulation models. 

Section 2: Priority Ranking 
In the second part of the interviews, experts were asked to rank the methodological limitations 

according to their urgency for improvement, from 1 (most urgent) to 7 (least critical). The priority 

ranking highlights clear distinctions in terms of what European experts perceive as the most pressing 

barriers to address to improve the robustness of economic evaluations in personalized prevention 

medicine (see Figure 1). 

FIGURE 1 – PRIORITY RANKING OF METHODOLOGICAL LIMINATIONS 

 

The highest priority was assigned to limited clinical evidence and data quality.  Experts stressed that 

without robust and representative evidence, any economic evaluation may prove unreliable, 

regardless of the modeling techniques applied. This finding is consistent with the literature, which 

identifies weak clinical data as the single most significant challenge for HTA in personalized medicine.  

The second priority concerned uncertain long-term outcomes, particularly relevant in the context of 

preventive interventions where benefits and costs often materialize over a lifetime horizon. 

Addressing this gap was considered crucial to generate valid estimates of cost-effectiveness and to 
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support long-term policy decisions.  

The third ranked limitation was the narrow use of evaluation metrics. Experts agreed that relying solely 

on cost-effectiveness analysis is insufficient to capture the broader value of personalized prevention, 

and stressed the need to integrate cost-utility analysis, patient-reported outcomes, and distributional 

aspects of value. 

Intermediate priorities included high heterogeneity across studies and populations (rank 4), uncertain 

Costs Related to Testing (5) and the limited use of microsimulation models (rank 6). Both were 

considered important for methodological refinement, but less urgent than the foundational issues of 

evidence generation and long-term outcomes.  

Finally, experts ranked uncertainty in real-world data integration (rank 7) and the limited focus on 

comorbidities (rank 8) as lower priorities. While still acknowledged as relevant, these aspects were 

perceived as secondary compared to the more fundamental gaps in clinical evidence and evaluation 

frameworks. 

Section 3: Suggested Solutions 
The following section provides the suggested solutions for each limitation proposed by expert, and 

refer to methodological improvements, data sources, or policy approaches for PM economic 

evaluations. 

About the first suggestion on Limited Clinical Evidence and Data Quality, the experts recommennded 

systematically leveraging RWE (e.g. electronic health records, patient registries, and other sources) 

and integrating heterogeneous data sources, such as genomic data, clinical information, imaging data, 

and lifestyle factors, while investing in prospective studies and post adoption collections to broaden 

the evidence base. Furthermore, it has emerged that the use of advanced analysis methods (Machine 

Learning and/or Artificial Intelligence) can help identify patterns that would otherwise be 

undetectable.  

The final recommendation that emerged was to plan evidence generation and explicitly managed 

uncertainty by using predefined protocols to combine RCTs and RWE, using Bayesian synthesis and 

expert elicitation where head-to-head data are lacking, deploying coverage-with-evidence 

arrangements to generate post-launch data, and applying value-of-information analysis to identify the 

most critical gaps for decision-making. 

The second criticism of economic evaluation for PM regards the High Heterogeneity Across Studies 

and Populations. To address it, they recommend understanding what the source of heterogeneity is: 

biological reasons, environmental or lifestyle factors, social factors or random variation, and then 

tailoring methods accordingly. Prespecify plausible effect modifiers and use individual-level analyses 
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(IPD meta-analysis, hierarchical/mixed-effects or Bayesian shrinkage models, meta-regression with 

interaction terms) to estimate heterogeneous treatment effects robustly, controlling for multiplicity. 

Move beyond cohort averages by adopting patient-level models (microsimulation or discrete-event 

simulation) that propagate heterogeneity through test–treatment pathways and resource use. Expert 

also suggested combining multi-omics with clinical, imaging and behavioural data to identify clinically 

meaningful subgroups (e.g., latent class/clustering) and develop predictive models of response (causal 

forests/uplift models or regularized regression). These combinations emphasized strict external 

validation, calibration, and decision-curve analysis to ensure clinical utility. 

To mitigate uncertain Long-Term Outcomes, they proposed strategy is to use a predictive model built 

on available evidence, projecting observed short-term outcomes into the long term. In practice, 

predictive models (e.g., for survival or progression) are estimated from existing data and used to 

generate risk and cost trajectories over extended time horizons, maintaining consistency with the 

initial information and updating the projections as new data become available. This approach must be 

accompanied by a rigorous program of sensitivity analyses to quantify how uncertainty about long-

term assumptions influences outcomes: targeted deterministic analyses on key parameters (duration 

of effect, late event rates, future costs), probabilistic analyses to propagate input uncertainty through 

the model, and scenario analyses to compare plausible alternative hypotheses. In this way, cost-

effectiveness estimates explicitly include the magnitude of uncertainty associated with long-term 

projections. 

To overcome the limitation of Narrow Use of Economic Evaluation Metrics, they recommended an 

interactive evaluation with results periodically updated as new data becomes available, reflecting 

evolving evidence and implementation. The inclusion of Value of Information (VOI) analysis should be 

standard practice (Tuffaha, 2021): VOI quantifies the expected value of reducing uncertainty, 

prioritizes research on the parameters that most influence decisions, and makes the use of metrics 

more targeted and informative. Finally, scenario sensitivity analysis should also be mandatory, 

enabling comparison of plausible alternative assumptions (e.g., different resource-use patterns or 

outcome definitions), making the context dependence of results explicit and broadening the 

comparative relevance of the economic analysis. 

About the uncertain costs related to testing, micro-costing techniques should be applied to define the 

cost of the care pathway at the individual patient level. This should explicitly include costs and 

outcomes downstream of false positives/negatives, confirmatory/reflex testing, re-testing, and 

cascade testing of family members in genomic contexts. Sensitivity, specificity, prevalence, and cut-off 

thresholds should be parameterized for relevant subpopulations (e.g., by ancestral background), and 

uncertainty should be propagated through probabilistic sensitivity analysis (PSA) and scenario analysis. 

Costs should also account for genetic counseling, patient/caregiver time, IT integration, and potential 
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incidental findings. Finally, assumptions and structural uncertainty in the diagnostic pathway should 

be reported transparently to reduce bias in cost-effectiveness estimates and enhance the 

transferability of results. 

Regarding approach to reduce the uncertainty in RWD integration in PM economic evaluation, it is 

necessary to establish a robust data-sharing and governance framework that makes datasets findable, 

usable, and safe to combine across sources, reduces bias, increases reproducibility, and allows timely 

updates of economic models as new real-world evidence accrues. 

To address the limited focus on comorbidities, they recommend explicitly foregrounding comorbidity 

in both clinical and economic analyses so that costs and outcomes are properly valued for patients 

receiving PM and for those with differing baseline characteristics. This entails integrating multi-omics 

(e.g., genomics) with clinical data to characterize biological mechanisms shared across conditions; 

developing risk-prediction models that include comorbidity burden and profiles to forecast disease 

trajectories, treatment response, and adverse events; and applying disease-network analysis to map 

interactions among coexisting conditions, thereby revealing potential treatment conflicts (e.g., 

contraindications) and synergistic effects (e.g., shared pathways). Leveraging these insights, patient 

subgroups should be identified by comorbidity profile and treatment and prevention strategies 

tailored accordingly, rather than relying on a one-size-fits-all approach, so that clinical decisions and 

economic evaluations reflect realistic care pathways and the differential benefits and risks faced by 

multimorbid populations. 

Regarding the last limitation discussed was about the limited use of microsimulation models, they 

recommended to shift the paradigm in this direction: cohort-based approaches to patient-level 

microsimulation or discrete-event simulation whenever individual heterogeneity, testing sequences, 

or care-pathway dynamics drive value. In this setting, ML e AI can be used to learn individual risk 

equations and time-to-event functions from linked datasets, estimate heterogeneous treatment 

effects, assess DSA and PSA, and perform scenario analysis. Finally, they recommend making advanced 

statistical methods standard practice to ensure microsimulation is feasible, reproducible, and decision-

relevant in personalized prevention, yielding more robust results. 

Recommendation 

The findings from both the literature review and expert interviews converge on the need for a 

paradigm shift in the economic evaluation of personalized prevention medicine (see Table 1). 

TABLE 1 – SINTESIS OF PM ECONOMIC EVALUATION LIMITATION  

Limitation Literature Recommendations Recommendations from interviews 
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Limited Clinical Evidence and Limited 

Availability of High-Quality Data 

Stronger and more representative 

evidence bases, systematic integration 

of real-world and observational data, 

and use of expert elicitation to address 

gaps 

Leverage diverse RWE sources (EHRs, 

registries, genomics, imaging, lifestyle) 

and invest in prospective/post-

adoption studies to strengthen the 

evidence base. Apply ML/AI to uncover 

hidden patterns. Plan evidence 

generation with predefined protocols, 

combining RCTs and RWE via Bayesian 

synthesis and expert elicitation; use 

coverage-with-evidence schemes and 

value-of-information analysis to 

manage uncertainty and target 

research priorities. 

High Heterogeneity Across Studies 

and Populations 

Individual-level modeling approaches 

(e.g., microsimulation, dynamic 

models) to better capture patient 

variability 

Identify sources of heterogeneity 

(biological, environmental, social, 

random) and tailor methods 

accordingly. Use individual-level 

analyses (IPD meta-analysis, 

hierarchical/Bayesian models, meta-

regression) to estimate heterogeneous 

effects. Move beyond cohort averages 

with patient-level models 

(microsimulation, DES) that capture 

variability through test–treatment 

pathways. Integrate multi-omics, 

clinical, imaging, and behavioral data 

to define meaningful subgroups and 

build predictive models of response, 

ensuring external validation, 

calibration, and clinical utility. 

Uncertain Long-Term Outcomes Adopting lifetime horizons, predictive 

modeling, and prospective cohort 

studies to address this gap. 

Use predictive models to extrapolate 

short-term data into long-term survival 

and cost trajectories, updating as new 

evidence emerges. Accompany 

projections with rigorous sensitivity 

analyses—deterministic (e.g., duration 

of effect, late events, costs), 

probabilistic, and scenario analyses—

to explicitly quantify and report 

uncertainty in long-term outcomes. 

Uncertain Costs Related to Testing Explicitly modeling test–treatment 

pathways with comprehensive 

Adopt interactive evaluations with 

periodic updates as new evidence 
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methodological approaches. emerges. Make Value of Information 

(VOI) analysis standard to prioritize 

research and reduce uncertainty. 

Require scenario sensitivity analyses to 

test alternative assumptions, broaden 

comparative relevance, and make 

context dependence explicit. 

Narrow Use of Economic Evaluation 

Metrics 

Broadening evaluation metrics to 

include non-health outcomes, patient 

preferences, and novel elements of 

value 

Apply micro-costing at the patient 

level, including downstream effects of 

false positives/negatives, confirmatory 

and cascade testing, counseling, 

patient/caregiver time, IT integration, 

and incidental findings. Parameterize 

test performance by subpopulation, 

propagate uncertainty with PSA and 

scenarios, and report structural 

assumptions transparently to improve 

validity and transferability. 

Uncertainty in Real-World Data 

Integration 

Systematically integrate RWE and big 

data into economic evaluations and to 

adopt adaptive methodologies 

Establish robust data-sharing and 

governance frameworks to ensure 

datasets are findable, interoperable, 

and safe to combine. Such 

infrastructures reduce bias, enhance 

reproducibility, and enable timely 

updates of economic models as new 

real-world evidence becomes 

available. 

Limited Focus on Comorbidities Inclusion of comorbidities and 

complex care pathways to better 

reflect real-world patient populations. 

Explicitly incorporate comorbidities in 

clinical and economic analyses by 

integrating multi-omics with clinical 

data, developing risk-prediction 

models that include comorbidity 

burden, and applying disease-network 

analyses to map interactions. Tailor 

prevention and treatment strategies to 

comorbidity profiles so evaluations 

reflect real-world care pathways and 

multimorbid patient needs. 

Limited Use of Microsimulation 

Models 

Use of microsimulation and individual-

based models to achieve more 

accurate and policy-relevant results 

Shift from cohort models to patient-

level microsimulation or discrete-

event simulation to capture 

heterogeneity, testing sequences, and 
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care-pathway dynamics. Use ML/AI to 

estimate risk functions and 

heterogeneous effects, and 

standardize advanced statistical 

methods with DSA, PSA, and scenario 

analyses to ensure microsimulation is 

feasible, reproducible, and decision-

relevant. 

 

Traditional approaches relying on limited trial data, average cohort models, and narrow evaluation 

metrics are no longer sufficient to capture the complexity, heterogeneity, and long-term impacts of 

personalized interventions. Strengthening evidence generation through the systematic use of real-

world data, prospective studies, and advanced analytics (e.g., AI/ML) is fundamental to improve the 

robustness of evaluations. At the same time, modeling frameworks must evolve toward individual-

level simulations that can incorporate heterogeneity, comorbidities, and dynamic test–treatment 

pathways. Expanding evaluation metrics beyond conventional cost-effectiveness analysis to include 

patient preferences, distributional aspects, and broader elements of value will ensure alignment with 

societal priorities. Finally, investments in data-sharing governance, transparent handling of 

uncertainty, and adaptive evaluation methods are essential to generate policy-relevant and 

transferable evidence across European health systems. 

Conclusions 
The economic evaluation of personalized prevention medicine requires a structured and 

methodologically rigorous approach, capable of capturing the complexity of heterogeneous 

populations, long-term outcomes, and the integration of novel data sources. Traditional frameworks 

based only on average trial results and narrow cost-effectiveness analyses are no longer sufficient to 

support policy decisions in this field. 

The checklist presented in Table 2  summarizes the essential elements to be systematically considered 

in every evaluation. These elements span across all phases of the assessment process: from ensuring 

the robustness of the evidence base and integrating real-world data, to capturing costs at the micro 

level, selecting appropriate and flexible modeling approaches, expanding evaluation metrics, and 

transparently managing uncertainty. The inclusion of comorbidities and broader elements of societal 

value is particularly critical to ensure that evaluations remain relevant for diverse populations and 

transferable across health systems. 
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TABLE 2 - CHECKLIST FOR ECONOMIC EVALUATION IN PERSONALIZED PREVENTION 

MEDICINE 

Evidence Base  

Clear definition of the target population (including genetic/molecular subgroups). ☐ 
Availability and quality of clinical evidence (RCTs, observational studies, real-world 
evidence). 

☐ 

Consideration of treatment effect heterogeneity (HTE) and strategies to capture it. ☐ 
Management of data scarcity (expert elicitation, Bayesian synthesis). ☐ 
  

Data Sources & Integration  

Use of Real-World Data (RWD): registries, EHRs, claims data, biobanks. ☐ 
Integration of genomic, clinical, behavioral, and environmental data ☐ 
Data governance and quality (transparency, interoperability, reproducibility). ☐ 
Use of adaptive models that can be updated with RWD. ☐ 
Inclusion of comorbidities and interactions among chronic conditions. ☐ 
  

Costing & Resource Use  

Inclusion of direct healthcare costs (diagnostic tests, treatments, follow-up). ☐ 
Inclusion of indirect/social costs (productivity losses, caregiver time, out-of-pocket costs 
and and potential incidental findings). 

☐ 

Micro-costing of testing (false positives/negatives, cascade testing, genetic counseling). ☐ 
Transparent reporting of assumptions on diagnostic–treatment pathways. ☐ 
  

Modeling Approaches  

Appropriate choice of model structure (decision tree, Markov, microsimulation, DES). ☐ 
Adoption of individual-level models to capture heterogeneity and complex pathways. ☐ 
Use of ML/AI to estimate risk functions, heterogeneous treatment effects, and time-to-
event functions. 

☐ 

Lifetime horizon for preventive interventions. ☐ 
Transparent reporting of assumptions and structural uncertainty. ☐ 
  

Outcomes & Metrics  

Use of CEA and CUA (including QALYs). ☐ 
Consideration of intermediate outcomes (e.g., cases prevented, disease progression 
avoided). 

☐ 

Inclusion of patient-reported outcomes (PROs) and patient preferences. ☐ 
Consideration of broader elements of value (equity, spillover effects, societal benefits). ☐ 

Adoption of iterative evaluations that update results as new evidence becomes 
available. 

☐ 

Routine application of VOI analysis and scenario sensitivity analysis to guide evidence 
generation. 

☐ 

  

Uncertainty & Sensitivity Analysis  

Deterministic Sensitivity Analysis on key parameters. ☐ 
Probabilistic Sensitivity Analysis to propagate parameter uncertainty. ☐ 
Scenario analysis for alternative plausible assumptions. ☐ 
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Value of Information analysis to prioritize future research. ☐ 

 
By applying this checklist, analysts and decision makers can strengthen the transparency, 

comparability, and policy relevance of economic evaluations in personalized prevention. It provides a 

practical roadmap for aligning scientific rigor with the operational needs of healthcare systems, 

fostering evaluations that are not only technically sound but also responsive to societal priorities.   
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