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Introduction 

Cancer is one of the leading causes of death worldwide, yet many cancers lack 
effective early screening programs. As a result, individuals at high risk often miss 
the opportunity for early diagnosis and timely intervention. Traditional screening 
methods, while effective, are often invasive, costly, or require specialized 
equipment that limits accessibility. 

Two innovative approaches—Decision Support Systems (DSSs) and Liquid 
Biopsy (LB)—offer promising solutions to enhance early detection, risk 
assessment, and personalized prevention strategies. DSSs utilize artificial 
intelligence and big data analytics to provide clinicians with data-driven 
recommendations for cancer prevention and early diagnosis. Liquid biopsy, 
on the other hand, is a minimally invasive technique that analyzes blood or 
other bodily fluids to detect tumor-derived genetic material, allowing for 
earlier cancer detection than traditional imaging techniques. 

The CAN.HEAL project, funded by EU4Health, has conducted an extensive 
review of existing DSSs and LB technologies, analyzing their effectiveness, 
challenges, and potential for large-scale implementation across European  
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healthcare systems. This deliverable provides recommendations on how to 
integrate these technologies into public health programs to improve cancer 
prevention and early intervention strategies. 

The role of Decision Support Systems (DSS) in cancer prevention 

A Decision Support System (DSS) is a computer-based tool designed to assist 
healthcare professionals in cancer detection, risk assessment, and 
treatment selection. By analyzing patient medical history, genetic data, and 
risk factors, DSSs can help identify high-risk individuals and recommend 
appropriate preventive measures or screening schedules. 

DSSs play a crucial role in personalized prevention programs by: 

●​ Improving diagnostic accuracy through automated analysis of clinical and 
genomic data. 

●​ Reducing medical errors by flagging potential misdiagnoses and missed 
risk factors. 

●​ Enhancing treatment recommendations based on established guidelines 
and clinical evidence. 

●​ Optimizing healthcare resources by prioritizing high-risk individuals for 
early screening. 

Despite their potential, challenges remain in standardizing DSS implementation, 
integrating them into clinical workflows, and ensuring user trust in automated 
recommendations. The CAN.HEAL project emphasizes the need for 
standardized algorithms, regulatory frameworks, and continuous validation to 
ensure DSS reliability. 
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Liquid Biopsy: A game changer in cancer detection 

Liquid biopsy (LB) represents a breakthrough in early cancer detection and 
monitoring. Unlike traditional tissue biopsies, which require invasive procedures, 
liquid biopsies analyze circulating tumor cells (CTCs) and circulating tumor 
DNA (ctDNA) in the blood to detect cancer at its earliest stages. 

Advantages of liquid biopsy include: 

●​ Early cancer detection: Identifying tumor DNA before symptoms appear. 
●​ Non-invasiveness: Replacing surgical biopsies with a simple blood test. 
●​ Multi-cancer detection: Screening for multiple cancer types in a single test. 
●​ Precision treatment monitoring: Assessing tumor progression and 

treatment response in real-time. 

Despite these benefits, challenges such as false positives, sample processing 
standardization, and data interpretation complexities must be addressed before 
liquid biopsy can be widely adopted in population-based screening programs. 

Integrating PRS and Liquid Biopsy for early cancer detection 

One of the most promising applications of liquid biopsy is its integration with 
Polygenic Risk Scores (PRSs). PRSs analyze genetic variations across 
thousands of loci to estimate an individual's genetic predisposition to cancer. 
By combining PRS with LB, high-risk individuals can be identified before cancer 
develops, allowing for targeted early screening and intervention. 

The CAN.HEAL study highlights two key applications of this combined approach: 

1.​ Stratified Screening: Using PRS to identify individuals at high genetic risk, 
followed by LB testing for early tumor DNA detection. 

2.​ Personalized Prevention: Tailoring lifestyle recommendations, screening 
schedules, and preventive therapies based on a patient’s PRS profile. 

This approach could revolutionize cancer prevention by shifting from 
population-wide screening to a more targeted, cost-effective strategy that 
prioritizes individuals with the highest risk. 
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Challenges and considerations for large-scale implementation 

While DSS and LB offer significant advantages in early cancer detection, their 
widespread adoption requires addressing several key challenges: 

1. Standardization and regulatory frameworks 

The lack of standardized protocols for liquid biopsy testing and DSS algorithms 
limits reproducibility and reliability across healthcare settings. Regulatory bodies 
must establish clear guidelines for data collection, interpretation, and clinical 
application. 

2. Cost-effectiveness and healthcare integration 

While liquid biopsies and DSSs have the potential to reduce healthcare costs in 
the long run, initial implementation requires significant investment in 
infrastructure, training, and data management systems. Policymakers must 
evaluate cost-effectiveness models to ensure sustainable integration into public 
health programs. 

3. Ethical considerations 

The use of genetic and molecular data for cancer prediction raises ethical 
concerns, including data privacy, informed consent, and potential discrimination 
based on genetic risk. It is crucial to establish transparent policies that protect 
patient rights while maximizing the benefits of personalized cancer prevention. 

 

 

 

 

 

 

4 



 

​
Conclusion and recommendations 

The integration of Decision Support Systems (DSSs) and Liquid Biopsy (LB) 
into population-based early intervention programs has the potential to transform 
cancer prevention and early detection. By leveraging genomic insights, 
AI-driven decision-making, and non-invasive diagnostics, these technologies 
can help identify high-risk individuals earlier, optimize resource allocation, 
and improve patient outcomes. 

To successfully implement these innovations on a large scale, policymakers, 
healthcare providers, and researchers must: 

●​ Develop standardized protocols for liquid biopsy analysis and DSS 
algorithms. 

●​ Ensure regulatory oversight to maintain accuracy and reliability. 
●​ Promote cost-effective models for integrating these technologies into 

routine care. 
●​ Address ethical concerns related to genetic data privacy and consent. 

With continued research, technological advancements, and collaborative efforts, 
DSS and liquid biopsy will play a critical role in the future of cancer prevention. 
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