
Leveraging MCDA for Colorectal Cancer Screening
Strategies

Daniel Corrales1, 2 David Ŕıos-Insua1
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Context I

Colorectal cancer (CRC) is the third most common cancer worldwide.
[WHO, 2023]
Only around 14% of susceptible EU citizens participate in screening
programs.
Early-onset incidence is rising.
In 2020, 1.9M new cases and 930,000 associated deaths, worldwide.
[Morgan et al., 2023]
In 2015, its estimated annual costs were approximately 19 billion €.
[Henderson et al., 2021]

Goal: Create
predictive models and
decision support tools
for personalised CRC

screening
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Characterizing CRC Risk [Corrales et al., 2024] I

Bayesian Networks (BNs) represent a natural framework to analyse
dependence across CRC risk factors

Data from annual health reviews database enriched through INE
datalake. Total of 2M records and 66 variables.

Kept non-modifiable (e.g. Age) and modifiable (e.g. BMI) risk
factors, together with medical conditions (e.g. Hypertension).

Literature review validated by experts.

Variables discretized and an intense data cleaning work performed.

Learn BN structure from expert judgement and data.

p(θX |u) ∼ Dir(αx1|u , ..., αxK |u) (Empirical Bayes prior)

p(θX |u |D) ∼ Dir(αx1|u +m[u, x1], ..., αxK |u +m[u, xK ]) (Posterior based on data)

θ̂X=x i |u =
αx i |u +m[u, x i ]∑
j αx j |u +m[u, xj]

(MAP estimator)

Corrales & Rios-Insua (ICMAT) MCDA for CRC Screening Strategies May 9, 2025 4 / 24



Resulting Bayesian Network
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Use cases

Figure: Risk map

Figure: Influential variables
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Decision model for CRC screening [Corrales et al., 2025] I

Aims:

1 Provide personalised advice for screening

2 Screening followed by colonoscopy if positive screening test

3 Focus on short-term information outcomes, costs and comfort.

4 Decision based on maximum expected utility.
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Decision model for CRC screening [Corrales et al., 2025] II
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Quantifying the decision model I

1 Probability models at chance nodes
Distribution of results of screening and colonoscopy based on
sensitivity and specificity of screening tools and patient features
p(RS |crc , x), p(RC |crc , x). Additionally, probability of complications.

Corrales & Rios-Insua (ICMAT) MCDA for CRC Screening Strategies May 9, 2025 9 / 24



Quantifying the decision model II

2 Single criterion preferences

Costs (€) of interventions and complications
Comfort. Use a constructed attribute [Keeney and Gregory, 2005]
based on level of discomfort

Figure: Comfort constructed attribute
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Quantifying the decision model III

Information vinfo provided by the screening strategy. Measured in terms
of relative pointwise mutual information. Intuition: proportion of
uncertainty resolved by the screening strategy.

vinfo(crc ,RS ,RC ) =
log

(
p(crc|RS )
p(crc)

)
+ log

(
p(crc|RS ,RC )
p(crc|RS )

)
−
∑

p(crc) log p(crc)
(1)

Figure: Cost vs Info for a fixed p(crc)
Figure: vinfo for various screening
alternatives
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Quantifying the decision model IV

3 Multiple criteria preference aggregation
A multicriteria value function aggregation followed by a risk aversion
transformation used, where λk is a weighting factor that depends on
comfort. Assume constant absolute risk-aversion (CARA) and elicit
parameters a, b, ρ using the probability equivalent method (PE)

v(cost, value, comf ) = λk × value − log10(cost)

u(cost, value, comf ) = a− b × exp(−ρ× v(cost, value, comf ))
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Quantifying the decision model V

Figure: Elicitation of parameters through the probability equivalent method
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Use cases I

Individual
recommendations.
Personalised screening
strategy depending on
risk.

Figure: Best strategy for a male adult,
age 44-54, with normal sleep
duration, physically active, normal
weight, non-smoker, and with low
alcohol consumption.

Corrales & Rios-Insua (ICMAT) MCDA for CRC Screening Strategies May 9, 2025 14 / 24



Use cases II

Assessing the Spanish strategy on screening and designing a national
strategy with budget and device constraints

Current Spanish Strategy Proposed Strategy

If patient >50 years old:
Send FIT invitation
regardless their features.

Else: No screening.

For patient with features X:

if p(CRC |X ) < θ1 → No
screening

if θ1 ≤ p(CRC |X ) < θ2 →
FIT

if p(CRC |X ) ≥ θ2 → sDNA

Example: Man under 50 with high risk (due to e.g. high alcohol
consumption, overweight, exsmoking) would be detected by the
model as a higher risk patient than a healthy man above 60.

Results: Extrapolating results in Spain’s target population, this
strategy would detect 134 patients more.
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Use cases III

Benchmarking for new screening devices (relevant for EU
ONCOSCREEN project)
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Use cases IV

Figure: Old strategy. Cost per patient 7.14€. F1 classification score 0.50

Figure: New strategy. Cost per patient 9.85€. F1 classification score 0.54
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Ongoing work: Designing screening incentives through
adversarial risk analysis I

Suppose a policy-maker (PM) has chosen a screening strategy e.g.
through the previous decision model. This does not mean that
patients will be willing to participate in the screening program.

Context: principal-agent problem. Reframe the usual framework
through the Adversarial Risk Analysis framework.

Modeled as a bi-agent influence diagram, which can be solved as in
[González-Ortega et al., 2019].
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Ongoing work: Designing screening incentives through
adversarial risk analysis II
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Ongoing work: Designing screening incentives through
adversarial risk analysis III
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Take home messages

We have developed a model for predicting CRC risk.

This is embedded in a decision model with multiple criteria (cost,
comfort, information provided)

After the decision model is characterized, it can be used for individual
recommendations, designing national screening strategies and
benchmarking new devices.

Decision models based on personalised risk approaches can be very
relevant for early cancer detection.
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Thank you!

Thank You!

Feel free to reach out:
daniel.corrales@icmat.es
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