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Summary

Automação e Inteligência Artificial no QA do tratamento | Jéssica Lizar

• Introduction
• Quality Assurance (QA)

• Applications of Machine Learning (ML) and 
• Machine QA

• Patient-Specific IMRT/VMAT QA (PSQA)

• Clinical applicability

• Questions
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Introduction | Quality Assurance

Automação e Inteligência Artificial no QA do tratamento | Jéssica Lizar
Osman, Alexander FI, and Nabil M. Maalej. "Applications of machine and deep learning to
patient‐specific IMRT/VMAT quality assurance." Journal of Applied Clinical Medical Physics 22.9 (2021):
20‐36. https://aapm.onlinelibrary.wiley.com/doi/full/10.1002/acm2.13375

• Machine and PSQA measurement procedure is recommended by
AAPM, to ensure that the treatments can be delivered as planned.

• The main disadvantages of PSQA
• it is expensive
• time-consuming
• often difficult to identify and correct the cause(s) of failure.
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Introduction | Quality Assurance
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• ML and DL algorithms can produce predictions on new
data after being trained on a finite historic dataset.

• Over the past 6 years, ML and DL algorithms have been
developed and studied for predicting IMRT/VMAT QA
outcome.

• The developed ML/DL models would significantly reduce the
radiation therapy treatment workload.

Artificial 
Intelligence

Machine 
Learning

Deep 
Learning

Osman, Alexander FI, and Nabil M. Maalej. "Applications of machine and deep learning to
patient‐specific IMRT/VMAT quality assurance." Journal of Applied Clinical Medical Physics 22.9 (2021):
20‐36. https://aapm.onlinelibrary.wiley.com/doi/full/10.1002/acm2.13375
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Introduction

Automação e Inteligência Artificial no QA do tratamento | Jéssica Lizarhttps://scikit‐learn.org/stable/tutorial/machine_learning_map/index.html
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Applications in Machine QA

Chan MF, Witztum A, Valdes G. Integration of AI and Machine Learning in Radiotherapy QA. Front Artif
Intell. 2020 Sep 29;3:577620. doi: 10.3389/frai.2020.577620. PMID: 33733216; PMCID: PMC7861232.
https://www.frontiersin.org/articles/10.3389/frai.2020.577620/full
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Linac QA

Prediction of machine 
dosimetry 

Discrepancies of MLC 
delivery

Dosimetric QA Proton FieldsBeam DataDelivery Log FilesBulit From:

Task:
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Linac QA | MLC delivery

Automação e Inteligência Artificial no QA do tratamento | Jéssica Lizar
Chan MF, Witztum A, Valdes G. Integration of AI and Machine Learning in Radiotherapy QA. Front Artif
Intell. 2020 Sep 29;3:577620. doi: 10.3389/frai.2020.577620. PMID: 33733216; PMCID: PMC7861232.
https://www.frontiersin.org/articles/10.3389/frai.2020.577620/full
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Applications in Patient-Specific QA

Automação e Inteligência Artificial no QA do tratamento | Jéssica Lizar
Osman, Alexander FI, and Nabil M. Maalej. "Applications of machine and deep learning to
patient‐specific IMRT/VMAT quality assurance." Journal of Applied Clinical Medical Physics 22.9 (2021):
20‐36.

PSQA

IRMT / VMAT

Error DetectionGamma Passing Rate
(GPR)
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Applications in Patient-Specific QA

Automação e Inteligência Artificial no QA do tratamento | Jéssica Lizar
Osman, Alexander FI, and Nabil M. Maalej. "Applications of machine and deep learning to patient‐specific
IMRT/VMAT quality assurance." Journal of Applied Clinical Medical Physics 22.9 (2021): 20‐36.
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PSQA | Input Features

Automação e Inteligência Artificial no QA do tratamento | Jéssica Lizar

Features: 

Bulit From:  

Plan Complexity 
Metrics (PCMs)

Radiomcs CNN features

Machine Parameters 
and Plan Proprieties

Dose, Fluence and 
Gamma Images

Chartrand, Gabriel, et al. "Deep learning: a primer for 
radiologists." Radiographics 37.7 (2017): 2113-2131. 
https://pubs.rsna.org/doi/full/10.1148/rg.2017170077

Wu et al. (2021). Structural and functional radiomics
for lung cancer. European Journal of Nuclear
Medicine and Molecular Imaging. 48. 1-14.
10.1007/s00259-021-05242-1.

KLEIN, Eric E. et al. Validation of calculations for
electrons modulated with conventional photon
multileaf collimators. Physics in Medicine & Biology,
v. 53, n. 5, p. 1183, 2008.
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PSQA | IMRT

Automação e Inteligência Artificial no QA do tratamento | Jéssica Lizar
Osman, Alexander FI, and Nabil M. Maalej. "Applications of machine
and deep learning to patient‐specific IMRT/VMAT quality assurance."
Journal of Applied Clinical Medical Physics 22.9 (2021): 20‐36.
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PSQA

Automação e Inteligência Artificial no QA do tratamento | Jéssica Lizar
Osman, Alexander FI, and Nabil M. Maalej. "Applications of machine
and deep learning to patient‐specific IMRT/VMAT quality assurance."
Journal of Applied Clinical Medical Physics 22.9 (2021): 20‐36.
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PSQA | ML GPR - PCMs

Automação e Inteligência Artificial no QA do tratamento | Jéssica Lizar

• 498 IMRT plans
• 78 PCMs
• 5 AL
• Poisson Regression
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PSQA | ML GPR - PCMs
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• MU factor (MU per Gy)

• Small Aperture Score

• Irregularity factor

• Fraction of the plan delivered at the corners of a 40×40 cm field
• to determine that the profiles of one Linac was

different from our beam model at the periphery of a 40×40 cm2
field.
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PSQA | DL GPR - CNN

Automação e Inteligência Artificial no QA do tratamento | Jéssica Lizar
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PSQA | DL GPR - CNN
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PSQA | ML Error Detection - Radiomcs

Automação e Inteligência Artificial no QA do tratamento | Jéssica Lizar

• 186 IMRT beams from 23 patients
• EPID device
• Head and Neck, Lung and Rectal Cancer
• Logistic Regression



19

PSQA | ML Error Detection - Radiomcs
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PSQA | ML Error Detection - Radiomcs
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0.772 AUC 0.717 AUC
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PSQA | ML Error Detection - Radiomcs
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PSQA | ML Error Detection - Radiomcs
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Conclusions | ML DL QA Clinical 
applicability

Automação e Inteligência Artificial no QA do tratamento | Jéssica Lizar

• PSQA IMRT/VMAT QA
• GPR ML and DL models within 3% errors
• lack the generalizabilitywere trained on institution-specific dataset

• For errors detection of IMRT/VMAT plans that fail the QA
• Deep learning has shown the potential for accurate error detection

• development of an ML/DL model that could accurately identify all potential sources of errors is
required for effective clinical application.
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