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1. What is digital twin? 

• “Digital twin” are software replicas of the dynamic 
function and failure of engineered products and process. 

• Patient-specific digital twins could integrate known 
human physiology and immunology with real-time patient 
patient-specific clinical data to predict computer 
simulations of tumor response after radiation treatment.

• Such digital twin can be powerful
• Obtain best patient-specific customized treatment
• Combine mechanistic knowledge and experimental 

observation data
• Integrate mathematical and computational 

techniques and the power of artificial intelligence



2002 paper for in silico oncology

2. Research trajectory and context 



Computational oncology



Mathematical oncology



Computational radiation biology



3. Enthusiasm from industry 







4. Government vision



5. Towards building a digital twin for radiation therapy



Challenges and philosophy

• Simulating radiation-induced biological effects deals with huge multiscale 
problems in spatial and temporal domain



• A robust digital twin modeling framework should 
incorporate models at subcellular, multicellular, 
and tissue scales to study and predict patient 
response.

• This multiscale approach ensures a detailed 
and accurate representation of the biological 
processes involved.

• One crucial component of a digital twin 
framework is a mathematical model that 
simulates radiation-induced cellular effects at 
the cellular scale



A modularized approach for building the digital twin framwork



Balance the biological complexity and simulation capability



16

Cross platform integration enables powerful simulation

Simulation vascular tumor response after irradiation



17

Simulation the egg gastrulation process with irradiation



• At body scale: AI aids identifying suitable patients, make diagnosis, treatment 
planning, etc.,

• Tissue scale: tissue response relates to solving complex partial differential 
equations (PDEs), i.e., chemical’ reaction and diffusion within tissue, AI can aid 
solving PDEs, such as the using deep learning solving PDEs,

•  Multicellular scale: validating the multicellular simulation models relates to 
comparing the simulation results and experimental data from cellular irradiation, 
microbeam irradiation etc., AI can aid us conducing results analysis, data 
validation,

• Subcellular scale: AI aid predicting DNA damages, radiation induced DNA 
damage simulation relates vast data analysis, such as clustering analysis,  AI is 
good at feature extraction and can be used to do DNA damage analysis.

6. What AI can help us here? 



7. Conclusions

• Undoubtedly, the development of these digital twins will better promote the 
advancement of radiation therapy, as digital twins can help us understand, 
observe, and even predict patient’s response, which can enables make patient-
specific treatment,

• Building the framework for digital twin is a complex process, it relates many 
fields, and it needs cross platform integration,

• Artificial intelligence can provide tremendous benefits for building the digital twin 
framework, which can make the whole process more efficient and powerful.
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