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Digital Twin

Dr. Caroline Chung

https://nap.nationalacademies.org/c
atalog/26922/opportunities-and-
challenges-for-digital-twins-in-

biomedical-research-proceedings Courtesy of Dr. Caroline Chung
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Can we use a digital twin

• to simulate head and neck cancer radiotherapy ?

• to predict patient-specific radiation responses ?

• to personalize radiotherapy dose and dose fractionation ?

Dr. Jimmy Caudell
Moffitt Cancer Center
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PSI =  0

Vpost = V - a V

Prokopiou et al., Radiat. Oncol., 2015

Dr. Sotiris Prokopiou

Proliferation Saturation Index, PSI
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Proliferation Saturation Index, PSI

Dr. Enakshi Sunassee

Prokopiou et al., Radiat. Oncol., 2015
Sunassee et al, Int. J. Radiat. Biol., 2019

Poleszczuk et al., Bull. Math. Biol., 2018
Zahid et al., Appl. Rad. Oncol., 2021

Kutuva et al., Front. Oncol., 2023
Mohsin et al., J. Theor. Biol., 2024

Non-small cell lung cancer Dr. Thomas LewinHead and neck cancer
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Dr. Thomas LewinHead and neck cancer

Dr. Mohammad Zahid

Dr. Jimmy Caudell
Moffitt Cancer Center

Dr. C. Dave Fuller

Zahid et al.,  Red Journal, 2021
Zahid et al., Appl. Rad. Oncol., 2021
Zahid et al.,  J. Pers. Med., 2021

PSI correlates with volumetric response
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Dr. Mohammad Zahid

Dr. Jimmy Caudell
Moffitt Cancer Center

Dr. C. Dave Fuller

Zahid et al.,  Red Journal, 2021
Zahid et al., Appl. Rad. Oncol., 2021
Zahid et al.,  J. Pers. Med., 2021

PSI determines response to radiation fractionation
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Conclusion
Selection of personalized radiotherapy 
fractionation using the PSI model 
appears to be a promising approach, 
with a 12% improvement in the 
percentage of patients achieving a 
mid-treatment imaging response.

Dr. Jimmy Caudell
Moffitt Cancer Center

Worldwide first mathematics-guided 
prospective radiation fractionation clinical trial
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Dr. Mohammad Zahid

Zahid et al., IJROBP 2021

Dynamic prediction of patient-specific 
radiation response / outcome
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Locoregional control Disease-free survival

Dynamic prediction of patient-specific 
radiation response / outcome
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Dynamics adapted radiation dose (DARD) 
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Summary

• Predictive mathematical and computational models are being translated into 
clinical decision making

• Engines of Digital Twins to personalize oncology

• Prospective clinical trials about to open at MDACC
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