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DEPARTMENT OF RADIATION ONCOLOGY
UNIVERSITY MEDICAL CENTER GRONINGEN

• 4500 patients/y

• 2 locations (Groningen + Emmen)

• 8 linear accelerators, orthovolt, brachytherapy 

• 2 gantries proton therapy (jan 2018) 600 patients/y

• 40 radiation oncologists

• 19 medical physicists

• >100 technicians
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From MR 

or CBCT

MR and 

PET-CT
Modified from Claessens et al. Sem Rad Onc 2022

AI IN RADIOTHERAPY
DEEP LEARNING APPLICATIONS
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RADIOTHERAPY AI SURVEY RESULTS 2020
EUROPEAN SOCIETY FOR RADIATION ONCOLOGY

• 213 medical physicists from 202 radiotherapy departments and 40 
countries

• Clinical application of machine learning based applications: 37%

• Contouring (segmentation) and Treatment planning main applications

• Main motivation for introduction:

1. Time saving & Quality improvement

2. Increased consistency

3. Saving resources

Brouwer et al., Phys Imag Radiat Oncol 2020
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RADIOTHERAPY AI SURVEY RESULTS 2020
CHALLENGES

• Resistence/fear against automation/AI

• Guidance needed in clinical implementation
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Van Dijk et al. Radioth Oncol 2020

Head and neck organs at risk

Brouwer et al. Radioth Oncol 2015

EXAMPLE: DEEP LEARNING AUTO-SEGMENTATION
MODEL TRAINING
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9

• Test set 109 patients, ground truth, atlas and deep learning

• Quantitative analysis:

- Overlap

- Distance

- Volume

- Radiotherapy dose

• Qualitative analysis:

- Time saving 

- Turing Test

Van Dijk et al. Radioth Oncol 2019

EXAMPLE: DEEP LEARNING AUTO-SEGMENTATION
MODEL EVALUATION METHODS

THE TECHMED EVENT
AI & HEALTH: FROM BENCH TO BEDSIDE



Van Dijk et al. Radioth Oncol 2020

Ground 

truth

Atlas contour

Deep 

learning

EXAMPLE: DEEP LEARNING AUTO-SEGMENTATION
MODEL EVALUATION RESULTS
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• Head and neck organs of 19 patients

• Parotid and submandibular glands, thyroid, cricoid, glottic 
area, oral cavity and pharyngeal constrictor muscles

• Significant time reduction deep learning vs. atlas-based 
segmentation for beginner observer

Van Dijk et al. Radioth Oncol 2019

EXAMPLE: DEEP LEARNING AUTO-SEGMENTATION
TIME SAVING
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Van Dijk et al. Radioth Oncol 2020

EXAMPLE: DEEP LEARNING AUTO-SEGMENTATION
TURING TEST
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AI IN CLINICAL PRACTICE
MODEL MONITORING

• Patient specific QA

• Routine QA

• Monitoring user interactions

Vandewinckele et al. Radioth Oncol 2020
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• Consistency in acceptance of deep learning contour?

• Guideline compliance?

• Trends over time

Robin Duteweert, 2023

Brouwer, Boukerroui et al., Phys Imag

Radiat Oncol, 2020

QA: MONITORING USER INTERACTION

Median edits (mm)

Median edits (mm)
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DLinRT Symposium October 2022, Alexis Kotte, UMCU

QA: MONITORING USER INTERACTION
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FUTURE PERSPECTIVES
CAN AI QA ITSELF?

• Full automation needed to benefit from AI

• Online adaptive radiotherapy

• Trust?

• Human machine interface
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AUTOMATED PATIENT SPECIFIC QA?
SECONDARY ALGORITHM
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Sem Rad Onc 2022 

AUTOMATED PATIENT SPECIFIC QA?
THE TECHMED EVENT
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Epistemic (model) uncertainties:

• Model limitations, approximation uncertainty

• Can be reduced by adding more data

Aleatoric (data) uncertainties:

• Related to random probability (stochastic process)

• Cannot be reduced by adding more data

Modeling uncertainty by e.g.

• Monte Carlo dropout

• Ensemble learning
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VISUALIZATION OF UNCERTAINTY

Image Modalities Probability Map Uncertainty Map

Output Contour
From: Alessia de Biase
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AUTOMATED PATIENT SPECIFIC QA?
FUTURE

• Technical medicine research line

• Deep learning to detect clinically relevant errors

Joelle van Aalst, 2023
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CONCLUSION
DEEP LEARNING IN RADIOTHERAPY

• AI segmentation of healthy tissue adopted on large scale in clinical 
practice

• Other applications (treatment planning, synthetic imaging) upcoming

• To improve models and facilitate clinical adoption

• Optimize and harmonize ground truth definition

• Develop & integrate automated QA aspects within clinical workflow

• Multi-disciplinary collaboration of all parties involved is and remains 
crucial
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