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AI in RT

• Autosegmentation
• Autoplanning

• Radiation physics quality 
assurance

• Respiration motion management
- personalized PTV
- Markerless tumour tracking
- …

• Predicitve analytics:
- Image guidance
- Response modeling
- …
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Outline

• AI in RT
- Standardization, safety and quality

• AI for QA: some examples
- Reducing variation and improving plan quality
- Predictive intelligence

• QA of AI: some examples
- Independent autosegmentation
- Recommendations on implementation and QA of AI



Efficiency, Standardization, Quality & Safety
• Do we need state-of-the-

art mainstream
equipment for many 
patients or dedicated
equipment for a few?

• Do we need 
standardized treatment 
or individualized
treatment tailored to the 
patient?

Not necessarily the same question

Not necessarily a contradiction



Efficiency, Standardization, Quality & Safety
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Automated planning: an example (1) 
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IMPROVE CONSISTENCY and QUALITY



Automated planning: an example (2)
• Autoplanning can reduce variation between non-experienced and experience 

planners, and improve overall quality and consistency.
• Typically, “comparative” studies are performed by different (human) planners 

under different conditions (eg available planning time, experience).
• Erasmus MC’s iCycle is nice example of how automated planning can be 

used to generate non-biased, objective plans to compare different treatment 
delivery techniques: “bias free technique comparison”
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Automated planning: an example (2)
• Gastric cancer: improving quality and consistency
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Automated planning: an example (2)
• Gastric cancer: improving quality and consistency
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Automated planning: an example (2)
• Cervical Cancer:

- exploring treatment options
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Predictive intelligence in QA
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Predictive intelligence in QA
• Patient specific QA

• Pre-treatment patient specific QA:
§ Assessment of dosimetric accurcy in phantoms or pre-

treatment CT
§ IGRT for corrections in patient set-up and motion 

management
• In vivo dosimetry (IVD):

§ (Residual) set-up errors
§ Intra fraction anatomical variation
§ Linac output errors
§ Planning errors
§ …

• EPID IVD:
§ 3D dose reconstruction on planning CT and CBCT
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• Machine specific QA



• Patient specific QA

- QA/QC of the stereotactic unit includes:
§ Daily QA of output and coincidence of imaging/treatment isocentre,
§ Weekly calibration of CBCT and SGRT IGRT components,
§ Quarterly E2E testing with dedicated SBRT phantom (thorax phantom, CIRS).

- Patient-specific pre-treatment QA and in vivo dosimetry are performed for every 
patient using the PerFraction platform (Sun Nuclear), which includes:

§ Independent MU calculation,
§ Dose transmission measurements, pre-treatment,
§ Dose transmission measurements, during treatment (in vivo)

QA @ Iridium Network
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QA @ Iridium Network
• Patient specific QA
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QA @ Iridium Network
• A retrospective analysis of 63636 EPID IVD measurements on 10652 patients,

divided into 3 year-periods (2018 - 2021).

• Transit EPID IVD can be a powerful tool to evaluate and assess possible impact of adaptations to 
the clinical workflow and a guide for improvements.
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Bossuyt E. et al. (Submitted ESTRO2022)

• Difference between old and new generation treatment machines
• Introduction of SGRT on failures due to positioning
• Introduction of ultra-hypofractionated breast treatment:

• Failures due to positioning: 5.9% -> 2.6%
• Failures due to anatomical variation: 1.9% -> 0.2%



• The ”Don’t cry wolf” problem

- Automation is nice (needed), but the challenge is finding a good balance between 
false positive and false negative results 

• Don’t use universal tolerance levels, rather TL based on centre-
specific analysis.

- Local procedure of patient set-up and immobilization
- Local treatment technique
- Local IGRT and motion management procedures
- …

Patient specific QA and AI
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Aesop’s Fables

QA: quality Assurance, TL : Tolerance Levels



Predictive intelligence in QA: an example
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El Naqa I, et al. Machine Learning in RT: What have we learned so far
(in The Modern Technology of Radiation Oncology)

Use a one-class classifier by recognizing that there is
one class in the data (say normal perfor- mance),
while everything else is considered an outlier or an anomaly

SVM: support Vector Machine



ART

Efficiency, Standardization, Quality & Safety
• A huge database and a wealth of information
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Who’s guarding the guardians?

• For treatment planning systems it is custom (compulsary) to perform 
and independent dose calculation
• What about autosegmentation and autoplanning?
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Claessens M, et al. Automated detection of online auto-segmentation deviations 
by use of an independent segmentation algorithm, PMB 2021 (submitted)



Recommendations on implementations and QA
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Recommendations on implementations and QA
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Recommendations on implementations and QA
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Case-specific QA
• Per patient or 

machine
• Supervision of output
• AI-based QA tools

Routine QA
• Regular supervision
• Monitor for 

unexpected changes
• Reference test 

dataset

Claessens M et al. Quality Assurance for AI-based applications in radiation therapy. Seminars in Radiation Oncology, March 2022.



Conclusions
• Machine learning, with its powerful arsenal of data predictive 

analytics, offers the potential to:
- allow better automation of routine tasks
- improved efficiency
- enhanced decision-making support to the complex processes of treatment 

planning, quality assurance, and radiation delivery.
- Improve quality and increase consistency in delineation and treatment planning

• AI can amplify detection levels and prediction accuracy of 
potential failure or deviation from intent.

- Either through machine internal sensors and logs (measuring speeds, positions, 
rates, etc.) or external devices (measuring dose or surrogates, posi- tions, etc.)

• AI has the potential to foresee stray behaviours with high 
selectivity allowing efficient triage for problem solving as well as 
pre-emptive actions.

- This will improve machine uptime, reliability

• There is AI for QA but also QA for AI
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Franquin
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