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Using case studies in heart failure (HF), this thesis introduced a coherent set of methodologies 

to investigate the clinical impact and commercial potential of biomarker-based strategies for 

offering more personalized care to patients.  

The first part of the thesis (chapters 2 and 3) provided insight into the potential of a 

risk-stratified approach in the prevention and management of HF. Specifically, in chapter 2 a 

risk prediction model was developed to support early identification of healthy individuals at 

risk of new onset HF with reduced or preserved ejection fraction. Although this multivariable 

model showed a good calibration for both HF outcomes, its relatively poor discriminative 

accuracy highlighted the complexity of predicting new onset of HF in the general population. 

In chapter 3, a novel graphical approach was introduced to support the development of a risk-

stratified treatment recommendation in the disease management of HF. This approach enabled 

the exploration of how the cost-effectiveness of three different HF disease management 

programs varied along with increasing levels of predicted 18-month mortality risk. Based on 

the visual exploration, 0.16 was selected as the risk threshold to differentiate patients into 

low-risk and intermediate to high-risk strata. Compared to providing all patients the same 

treatment, a personalized approach based on assigning intensive care to low-risk patients and 

moderate care to intermediate to high-risk patients significantly improved survival time and 

reduced costs.  

The second part of the thesis (chapters 4 to 7) investigated whether it is worthwhile to 

further improve a proposed risk-stratified treatment recommendation by incorporating 

biomarkers. This investigation consisted of two steps. First, the added predictive value of 

biomarkers was estimated compared to a risk prediction model which only included 

conventional clinical predictors. Subsequently, early-stage health economic modeling was 

used to evaluate whether the addition of biomarkers had clinical and commercial potential to 

optimize the recommended therapy. Specifically, chapter 4 assessed the added value of 

plasma HE4, to predict the combined outcome of 18-month all-cause mortality and HF-

related hospitalization. The addition of this biomarker resulted in significant risk 

reclassification and improved stratification in the study population. In Chapter 5 a 

continuous-time semi-Markov model was introduced as a specific approach to estimate the 

long-term cost-effectiveness of different medical interventions. In the illustrative case study, 

this model fitted the observed data much better compared to a standard Markov model with 

the same disease states. In addition, the computational complexity of the so-called vertical 

modeling formulation used to specify the model parameters was found to be moderate. 

Chapter 6 presented a direct application of the semi-Markov model in early-stage health 

economic modeling to estimate the commercial headroom available to a novel biomarker-

based device in the disease monitoring of HF. Experts’ opinions were captured 

probabilistically to quantify the parameter uncertainty caused by limited clinical evidence. 

Compared to the conventional care with several follow-up visits to cardiologist and HF nurses, 

this study found that it may not be economically profitable to further invest on this device to 

achieve better disease monitoring. Chapter 7 presented another application of the semi-

Markov model to evaluate whether the addition of multiple biomarkers had commercial 

potential to further improve the personalized HF disease management strategy formulated in 

chapter 3. Here, a considerable headroom was found to advice future development of a 

practical test procedure incorporating these biomarkers to further improve the personalized 

HF disease management. 

To conclude, this thesis provided a methodological framework for investigating the 

clinical and health economic impact of offering risk-stratified treatment recommendations. 

Widespread application of the methods introduced in this thesis has the potential to improve 

patient care and ultimately to optimize the use of the scarce research and health care resources. 
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