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MRgRT
MRIdian

Ø New Technology: Hybrid MR-Linac Systems

Ø 5 active Sites in Germany



AI
MRLinac



AI in MRgRT

Challenges for providers:

§ MRI environment → not all patients are suitable

§ Adaptive workflows

§ Close interdisciplinary teamwork required

§ Longer treatment times

§ High costs

Challenges
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AI in MRgRT
Workflows

CT simulation Treatment 
planning Dose delivery

CT

MRI



AI in MRgRT
Patient acceptance

Challenges for patients:

§ 65% complaint rate of at least 1 item 

ØCold temperature

ØNoise

ØDuration of treatment

ØParesthesia

ØUncomfortable positioning
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AI in MRgRT
Treatment duration

Treatment 
delivery

Online 
adaptation

Positioning
and imaging



MRgRT workflow
Where can AI help?

Courtesy of G. Landry

Baseline 
treatment 

optimization
In-room MRI Treatment

Treatment 
optimization

Automatic segmentation
Synthetic CT generation
Dose prediction and automatic planning

Follow up

Outcome prediction
Motion tracking
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Automatic segmentation
Why?



Automatic segmentation
DL is now well established

Ø Deep learning auto-segmentation algorithms 
have quickly become the state-of-the-art in 
medical image segmentation

Ø some applications produce better results than the 
measured inter- and intraobserver contouring 
variability



Automatic segmentation
DL is now well established

Automatic segmentation is:
Ø Less intra- and 

interobserver variability
Ø Reduce manual 

segmentation time during 
Online Adaptation

Ø Time efficient
Ø Improve consistency and 

reproducibility

OARs and target volume 



Automatic segmentation
Exploit planning knowledge

Patient-specific fine tuning
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• Make use of prior information from patient-
specific planning images for fraction image 
segmentation

PD Dr. C. Kurz
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Synthetic CT generation
Electron Denstity map

Courtesy of G. Landry

Input Output TargetLossU-Net

generic U-net for illustration purposes
MRI sCT CT

Neppl, Landry, et al. Acta Oncol 2019
Spadea et al. IJROBP 2019

Synthetic CT Generation is:
Ø Time saving
Ø Less radiation exposure
Ø Allows for a MR-only 

workflow
Ø Reduces uncertainties of 

image registration
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Automatic planning
MRgRT
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MRgRT



Automatic planning
MRgRT



Can we trust AI?
MRgRT



Stepwise implementation
AI



Stepwise implementation

§ Open Questions:

§ Can AI replace humans? Is AI a threat to human jobs? 

ØChanging in roles: from operator to monitor/supervisor

ØManagaging of automation

§ Will AI impact our education/training? 

ØReduction of human skills/competencies →

human interventions still possible?

§ Can we trust and rely on AI? 

ØTransparency in AI operations affects human trust

ØOver-reliance vs under-reliance

ØQA

§ Is AI a tool or a teammate?

ØComplex human-machine interaction

MRgRT



Human-Machine Teams

§ Shared task execution

MRgRT



Human-Machine Teaming
Decision making

Decision making complexity
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MRgRT workflow
Where can AI help?

Courtesy of G. Landry



Outcome prediction
Radiomics

Predictive Models:
Ø Early treatment 

response 
prediction

Ø Toxicity prediction



Outcome prediction
Early treatment response



Outcome prediction
Individualized radiotherapy

Poortmans

Predictive Models:
Ø Individualized treatments
Ø Fully exploit individual 

therapeutic window

+

Imaging
Biomarkers

Clinical/
Biological/
Genomic
Biomarkers



• AI can support MRgRT:

Ø AI is a tool & can increase quality, standardization and acceleration of

the different treatment steps

Ø AI algorithms are applicable to almost all aspects of the MRgRT workflow

Ø Autosegmentation is one of the most visible applications

Ø AI can provide predictive and prognostic information on outcome and FU

AI in cancer therapy
Perspective on MRgRT



AI in cancer therapy
The way forward
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Thank you
For your attention!
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