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Background

Estimates of relative risk are commonly used to

• Evaluate efficacy and safety of medical interventions
• Develop medical guidelines
• Decide upon treatment for individual patients

However, estimates of relative risk

• Do not indicate how individual outcomes are affected by treatment 
• Cannot directly be used to personalize healthcare
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Personalized decision making

What outcomes are most likely to happen for the specific individual 
in the presence and in the absence of the intervention?

• Both outcomes can be predicted using multivariable models

• The mere difference between these two absolute outcome predictions 
provides the absolute intervention effect for that specific individual

• The absolute intervention effect may differ between individuals, even 
if the relative treatment effect is constant
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Personalized decision making

Absolute outcome risk without the intervention

Absolute outcome risk with the intervention

Absolute intervention effect



Prediction of absolute treatment effect

Develop a multivariable (e.g. regression) model directly on RCT data with 
inclusion of

Prognostic variables
• Subject characteristics (e.g. age, gender)
• History and physical examination results (e.g. blood pressure)
• Imaging results
• (Bio)markers (e.g. coronary plaque)

Treatment variables
• With potential for effect modification
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Example: The SYNTAX score II

“The SYNTAX score II is a clinical tool that combines clinical variables with 
the anatomical SYNTAX score, providing expected 4-year mortality for 
both coronary artery bypass grafting (CABG) and percutaneous coronary 
intervention (PCI) — thus recommending either PCI only, CABG only or 
equipoise in treatment based on long-term mortality.”

DOI: 10.21037/acs.2018.07.02 ; web calculator: https://calculator.syntaxscore2020.com/ 
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http://www.annalscts.com/article/view/16517/16758


Example: The SYNTAX score II
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Example: The SYNTAX score II
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The absolute treatment effect 
is 8.8% in favor of CABG
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Estimation of absolute treatment effect

• Accurate estimates of relative treatment effect remain key
– An obvious choice to develop treatment effect models is to use 

patient-level data from randomized clinical trials (RCTs)
• Accurate estimates of prognostic effects are important

– Prognostic effects can reliably be estimated in randomized data 
but also in non-randomized studies

• Accurate estimates of baseline risk are important
– Due to strict eligibility criteria, RCT-based estimates of baseline 

risk may not generalize well to real-world populations
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Estimation of absolute treatment effect

Concerns:

• Are (typical) RCTs large enough to develop accurate 
multivariable treatment effect models?

• Can treatment effect models provide accurate predictions 
when they are applied in “the real world” ?
(where baseline risk, prognostic & treatment effects may differ)
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A selection of modeling approaches

 Risk magnification
 Prediction model where treatment status is included as a main effect
 #parameters: p (predictors) + 1 (treatment) + 1 (intercept)

 Full modelling
 Prediction model with one or more treatment-covariate interactions
 #parameters: p (predictors) + 1 (treatment) + 1 (intercept) + q (interactions)

 Baseline risk modification
 Prediction model that includes an interaction between treatment and the 

linear predictor 
 #parameters: p (predictors) + 1 (treatment) + 1 (intercept) + 1 (interaction)
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Findings from simulation studies



Findings from simulation studies
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• Risk magnification generally works well 
• Shrinkage and selection critical even in large RCTs
• Inclusion of interaction terms should be driven by domain knowledge
• Modelling of interaction terms only beneficial in large trials

Are (typical) RCTs large enough to develop accurate multivariable 
treatment effect models? Yes, but only to some extent



Personalizing treatment in major depression

• Data available from a large multi-center trial (N = 1544)
• Comparison of regression-based and machine learning methods
• Internal-external validation to evaluate accuracy
• Treatment effect models based on Support Vector Machines improved 

treatment recommendations for a minority of participants 
(as compared to regression-based methods & group average approach)



Generalizability
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Treatment effect models developed in RCT may have limited validity and/or 
applicability

• Danger of overfitting
• Baseline risk often differs between RCTs and routine care settings
• Lack of long-term outcomes
• Potential for efficacy-effectiveness gap

Meta-analysis & integration of real-world data appears desirable



Meta-analysis of IPD

• Increase power to include treatment-covariate interactions
• Facilitate inclusion of nonlinear relationships



Potential advantages of RWD
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• Increase power to estimate model parameters
• Improve estimation of prognostic effects & baseline risk
• Adjust for different treatment modalities (~estimands)

• Evaluate accuracy of absolute risk predictions



Future directions

• Critical appraisal of RWD
• Methodology

• Causal inference in RWD
• Cross-design synthesis
• Meta-analysis of IPD
• Missing data

• Guidance & software

https://www.pharmacoepi.org/
https://recodid.eu/
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