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The advent of Deep Learning in AI



What is deep learning?
• Stacking of artificial neurons to increase the representation capacity
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Image -> Image



The role of imaging in IGRT (and MRgRT)

Adapted from Barragan-Montero PMB 2022
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A Radiotherapy workflow…



Brain: first application

Han X 2017 Med Phys 44(4) https://doi.org/10.1002/mp.12155 ; 

• Subjects 18 pts: CT & MR rig reg
• Methods

• 2D U-net
• Results

• MAE 85±17 HU
vs 95±17 HU [atlas]
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Groot Koerkamp ML et al. Phys Med Biol. 2021 Apr 66(85)

https://doi.org/10.1088/1361-6560/aada6d


sCT generation with deep-learning    <2021

• >50 studies, first multi-centers
• Synthetic CT can be used for dose calculations
• Four commercial products with DL à clinically available and implemented in simulation, still simpler 

solutions are adopted for MRgRT
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Spadea MF & Maspero M et al. Med Phys 2021

https://doi.org/10.1002/mp.15150


SEGMENTATION

REGISTRATION

CORRECTION

RECONSTRUCTION

Deep learning

DOSE PREDICTION

TARGETING



Contouring in RT

Segmenting OARs and targets

• Laborious and time-consuming
• Impacting personnel availability
• Limiting step in adaptive RT
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Brouwer Radiother Oncol 2015

http://dx.doi.org/10.1016/j.radonc.2015.07.041


OAR on MRI prostate 

First segmentation project 2018…

Motivation
MRI-based software was not available

Savenije M & Maspero M Radiat Oncol 2020
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https://doi.org/10.1186/s13014-020-01528-0


Results: quantitative comparison

Savenije M & Maspero M Radiat Oncol 2020

DL outperformed 
atlas-based solutions

https://doi.org/10.1186/s13014-020-01528-0


Overview company with DL-based segmentation
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Medical Physics, Volume: 48, Issue: 9, Pages: 5567-5573, First published: 22 June 2021, DOI: (10.1002/mp.14827) 

DL used for dose prediction

Dr. Nuria JornetOMICS &AI in H&N cancer



The online RT workflow

Current fraction = 40-55 min*
Desired = < 15 min  à in-line with standard RT
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Adapted from Barragan-Montero PMB 2022

With the patient on the table

*Gungor Prat radiat Oncol 2021

https://doi.org/10.1088/1361-6560/ac678a
https://doi.org/10.1016/j.prro.2020.07.003
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Increasing image quality with DL reconstruction

• DL as a way to incorporate priors
• Capable of real-time reconstructions

22
Wang, G., et al. Nat Mach Intell 2020

.%20https:/doi.org/10.1038/s42256-020-00273-z
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Contour propagation for Online adaptive RT
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Contour propagation for MRgRT prostate

Eppenhof K et al. Med Phys 2020

• Registration from pre-treatment to daily 
fraction for the target

• Comparison of weakly vs strongly
supervised or Hybrid

• Deep learning outperforming classical 
registration
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https://doi.org/10.1002/mp.13994
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Real time 3D motion estimation

Terpstra M et al. Med Phys 2021

• Undersample 4D MRI 
• Multi-resolution approach

à registration = 30 ms in 3D
à manage to deal with artifacts
à 1.5 mm mean error
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Conclusions
• DL applications have found solid ground in Radiation Oncology workflows
• Image segmentation
• Image synthesis
• Dose prediction
• Image reconstruction
• Deformable image registration

• Training is slow (need lots of data for each task)
• Inference is fast

• Increase use of DL in online adaptive workflows


