
 

 

Digital Twins for biologically adaptive MR-guided radiotherapy 
 
Supervisory Team: Dr Andreas Wetscherek, Division of Radiotherapy & Imaging (ICR); 
Professor Wayne Luk, Department of Computing (Imperial); Dr Katharine Aitken, Department of 
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Project Summary:  This project addresses unmet clinical and technological needs in 
radiotherapy of abdominal tumours (liver, pancreas and kidney), which undergo significant 
respiratory motion. To improve patient outcomes and to understand radiobiological effects in 
short-course radiotherapy, we will use quantitative MRI (qMRI) to measure tissue properties that 
are sensitive to treatment response or predictive of outcomes. Current qMRI implementations on 
the MR-Linac, however, suffer from poor repeatability. 
 
We will build a comprehensive framework to overcome the current limitations of qMRI on the MR-
Linac and to enable biologically adaptive radiotherapy. Collaborating across the international MR-
Linac consortium, we are collecting qMRI raw data throughout the treatments of patients. At 
project start we will have access to data from multiple treatment fractions of at least 50 patients.  
 
In Dr Wetscherek’s MRI in Radiotherapy group at ICR, the student will learn the basics of MRI 
and signal simulations. In Stage 1 the student will develop a realistic system model of the MR-
Linac (digital twin), based on ground truth measurements of the exact magnetic field distributions, 
which will be implemented using vendor-neutral pulse sequence programming (Pulseq, 
gammaSTAR). Stage 2 will focus on integrating the system model into the KomaMRI simulator. 
The student will develop digital twins of patients, which hold information on tissue properties and 
their uncertainty, including motion patterns, for the abdominal anatomy. In Stage 3, having 
demonstrated the benefits of the digital twin approach, the student will work closely with Prof 
Luk’s Custom Computing group at Imperial College to accelerate the framework towards 
implementation in clinical treatment workflows, including real-time updates of the qMRI tissue 
parameters and their uncertainty.  
 
In addition to working closely with Prof Luk’s group at Imperial and Dr Wetscherek’s group at ICR, 
the student will regularly attend clinical audit meetings led by Dr Aitken (gastro-intestinal 
oncology) and Dr Hafeez (genitourinary oncology) to develop a thorough understanding of patient 
pathways, treatment workflows and challenges of MR-guided radiotherapy. We envision a 3-
months secondment at the Centro de Imágenes Biomédicas at the Pontificia Universidad Católica 
de Chile to work with Pablo Irarrazaval’s group on the open-source KomaMRI simulator.  
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Project suitable for a student with a background in: Computer Science, Physics, Engineering, 
Mathematics, Statistics, Epidemiology 
 


