
Artificial intelligence in Radiotherapy 
Michele Avanzo  

Centro di Riferimento Oncologico di Aviano IRCCS, Aviano (PN), Italy 



AI in imaging 





Treatment 
decision 

 

 



Treatment 
decision 

Rodriguez-Ruiz, JNCI J Natl Cancer Inst, 2019  

Breast Cancer 

Detection in 

Mammography 

Treatment decision 



Pre-
Treatment  

imaging 

 

 



Cross-modality 

 GAN and autoencoders                                                         
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Conversion among imaging modalities 



Bird, Radiotherapy and Oncology, 2021 

Synthetic-CT generation for MR-only RT 
 



AI in contouring for RT 
Head and neck atlas based vs DL pubblications 

Vrtovec, Medical Physics 2020 
Tang, Nature Machine Intelligence 2019 

Autocontouring: head and neck 
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Tang, Nature Machine Intelligence 2019

Autocontouring: head and neck 
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tumor 

 

Naser, Head Neck Tumor Segm Chall (2021) 

 

Autocontouring: bhead and neck 
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Oktay, JAMA Netw Open. 2020 

Autocontouring: head and neck 



Autocontouring: failure modes 
Hosny, Lancet Digit Health 2022 



https://blog.radformation.com/autocontour-adds-to-the-list-of-available-structures 

Autocontouring: brain 
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Autocontouring: abdomen 
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Autocontouring: MRI, DRR 
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Patient selection 
for IMPT 

Kouwenberg, Radiotherapy and Oncology, 2021 

Patient selection for proton therapy 



Huet-Dastarac, Medical Physics, 2021 

Patient selection for proton therapy 



Radiotherapy 
treatment 
planning 



 Gronberg, Practical Rad.Onc. 2023 

Dose prediction 



Automated planning 

 Figure clinical plan vs autoplan. 

Both were judged to be acceptable 

plans, with preference for the 

autoplan based on reduced dose to 

the oral cavity and posterior neck. 

Olanrewaju, Pract Radiat Oncol. 2021 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9272530/


Why we predict dose when we can calculate it? “Optimal dose” 

Borderias-Villarroel, Medical Physics 2023 

Dose prediction/autoplanning 



Fully  
automated RT 

workflow 

 Autonomous plan generation, 

including OAR segmentation, target 

generation and optimization 

 First checkpoint for human 

interaction at the time of clinical 

online adaptation at the MR-Linac. 

Kunzel, Radiotherapy and Oncology, 2021 

 

https://www.sciencedirect.com/journal/radiotherapy-and-oncology
https://www.sciencedirect.com/journal/radiotherapy-and-oncology


Response/Progno
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Zhen, Phys. Med. Biol. 62 (2017) 8246 

Prediction of acute toxicity to the rectum 



Response/Progno
sis 

Liang, Front. Oncol., 2020 

Prediction of 
lung  toxicity (fibrosis)  



QA of radiotherapy  

Wang, Front. Oncol., 2020 

Prediction of tumor 
response in PET 



 

iGray, an individualized radiation dose 

estimate that projects a treatment failure 

probability of < 5% at 24 months 

Dose prescription 
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delivery 

 



Zhao, Radiotherapy and Oncology, 2020 

Target localization for IGRT 



 GAN                                                          

Deformable image registration 

Real-time IGRT 

dAUTOMAP: fast image reconstruction 

from undersampled k-space 

Spynet: CNN motion estimation 

Comparison w traditional methods 

Terpstra et al, Physics in Medicine & Biology, Volume 65, Number 15

Time (acquisition/ 

reconstruction/motion 

(ms)) 

R=10 100/5/15 

R=20 50/5/15 

R=25 40/5/15 



Tumor 
Tracking 
by AI 

 

Courtesy of Marco Riboldi, AAPM 2023, Houston, TX 

Tumor centroid prediction: 

LSTM (Long Short Term Memory) networks 

(AI) 



Patient 
selection 
for breath 
hold 

Patient selection for breath-hold RT 

 Vendrame, Applied Sciences, 2023  



Treatment  
adaptation 

Blue dots = adapted fraction dose by AI 

Other colors = adapted by human 

 Niraula, Scientific Reports, 2023  



Radiotherapy 
follow-up 

 



Differentiation of 
relapse from fibrosis 

 Accuracy  76%–77% of 

radiomic features in cross-

validation 

Recurrence 

Benign 

changes 

Mattonen et al. Med. Phys. 41 (3), March 2014 



Radiotherapy QA 



- class-0 plans for which the PTV 

objective was met  

- class-1 plans for which the PTV 

objective was not met due to the 

priority trade-off to meet one or more 

organs-at-risk constraints. 

Siciarz, 

Clinical and Translational 

Radiation Oncology 

2021 

Automated QA of treatment plans  

https://www.sciencedirect.com/journal/clinical-and-translational-radiation-oncology
https://www.sciencedirect.com/journal/clinical-and-translational-radiation-oncology
https://www.sciencedirect.com/journal/clinical-and-translational-radiation-oncology
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https://www.sciencedirect.com/journal/clinical-and-translational-radiation-oncology
https://www.sciencedirect.com/journal/clinical-and-translational-radiation-oncology
https://www.sciencedirect.com/journal/clinical-and-translational-radiation-oncology
https://www.sciencedirect.com/journal/clinical-and-translational-radiation-oncology


Quality check of treatment plans   

Alan M Kalet 2015 Phys. Med. Biol.  



Automated QA of LINACs by AI 

 Prediction of results of Delivery Quality Assurance (DQA) of VMAT  

Prediction of Delivery Quality Assurance of VMAT 
success/failure by ML 

 A Granville et al 2019 Phys. Med. Biol. 64 095017 

prediction of multi-leaf collimator positional errors 
Using dynalog files 

Carlson et al., Phys. Med. Biol. 61:2514.  



QA of radiotherapy  

https://www.frontiersin.org/articles/10.3389/frai.2020.577620/full 



Toxicity 
prediction 

 

 Dosimetry quality assurance: 

Prediction of 3% 3mm gamma passing 

of IMRT plans rate by CNN 

 

Interian Medical Physics, 2018 

 

Prediction of gamma passing of IMRT plans  

https://aapm.onlinelibrary.wiley.com/toc/24734209/2018/45/6
https://aapm.onlinelibrary.wiley.com/toc/24734209/2018/45/6
https://aapm.onlinelibrary.wiley.com/toc/24734209/2018/45/6


Prediction of errors in treatment delivery   

Lay, SoftwareX, 2022 

https://www.sciencedirect.com/journal/softwarex
https://www.sciencedirect.com/journal/softwarex
https://www.sciencedirect.com/journal/softwarex
https://www.sciencedirect.com/journal/softwarex


Summary 

 Li, Seminars in Cancer 

Biology 2022  
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