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What is Physics Plan and Chart Review in 
Radiation Oncology?
• “Assure MUs are correct, all machine 

parameters used for patient setup are 
correct, additional setup instructions are 
correct, quality of the plan meets 
department standards, all signatures, 
prescriptions are recorded” – TG-40

• Initial plan review has shown to be the 
most effective individual QC check for 
detecting high severity incidents
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Recommendations on Initial Treatment Plan 
Review
TG-275 – Strategies for Effective Physics Plan and Chart Review 

in Radiation Therapy

• Use a risk-based approach (FMEA) to develop 

recommendations to physics plan and chart review

• Photon/Electron EBRT initial plan/chart review checks

• Patient assessment
• Simulation
• Treatment planning
• Data Transfer (for some combinations of TPS and OIS)
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Recommendations on Initial Treatment Plan 
Review
MPPG 11a – Plan and Chart Review in External Beam Radiotherapy and Brachytherapy

• Goal: Provide recommendations on plan/chart review in the form of example lists of items to 
check for medical physicists and other clinical staff

• Initial EBRT Treatment Plan/Chart Review Items for Medical Physicists
• Plan integrity check

• E.g. Isocenter/initial reference point

• Plan Quality and dose metrics reasonable

• Preparation in RO-EMR
• E.g. Prescription

• Tolerance table
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Components of Initial Treatment Plan Reviews

• Items require simple check
• Examples:

• Prescription matches order

• Dose constraints are fulfilled

• Data transfer accuracy

• Items require logical judgement
• Examples

• Prescription is suitable for tumor type

• Treatment technique fits the patient anatomy 
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Automation and Tools to Support Initial Plan 
Review
• Multiple in-house software and commercial products are 

developing/developed to assist initial plan review

• Perform mostly rules-based checks 
• e.g. Rx matches, DVH constraints met etc.
• Good for items require only simple checks

• They are great tools to improve efficiency and 

effectiveness as recommended in MPPG 11.a and TG 
275
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Rules-based Algorithms

Ø First order logic
Ø E.g. If the isocenter of setup beams is different from 

treatment fields, then it is flagged as an error

Ø Advantages
Ø Fast
Ø Transparent
Ø Good at finding static errors (protocols)

Ø Disadvantages
Ø Difficult to check complex relationships
Ø Need to update manually
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Artificial Intelligence for Plan Review
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AI as an Assistive Tool in Physics Plan Review

• Can factor in different information of a treatment plan to assist 

physicists on judging the appropriateness of the technical aspects of 

treatment
• E.g. is the prescription appropriate, should a bolus be used etc.

• Can be kept up-to-date to latest clinical development by re-training 

the models with latest clinical data
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Outlier Detection Model

• Outlier detection model using a 

k-mean clustering algorithm for 

plan review of prostate cases 

planned with ‘four-field’ box

• Look for outliers in MU as well 

as beam energy
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Bayesian Network-based algorithm

Ø Artificial intelligence
Ø Mimic human reasoning to some degree by learning 

from data

Ø Advantages
Ø Address points that require judgement
Ø Leverage clinical data and adapts to local practice 

and update with latest practice
Ø Interpretable

Ø Disadvantages
Ø Slower running speed
Ø Probabilistic results

13



Error Detection Bayesian Network (EDBN)

• EDBN was developed to help detect 
potential errors in treatment plans 

• Provide assistant on judging the 
appropriateness of treatment 
parameters given the diagnostic 
parameters

• 4 categories of parameters
• Diagnostic
• Prescription
• Plan and field parameter
• Setup
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Effectiveness of the Network

Ø Testing cases with manually 

embedded errors

Ø Types of errors
Ø Prescription
Ø Plan/Beam
Ø Setup

Ø Area Under Curve = 0.89
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Multi-Layered Approach using Rules and AI

Ø Combining the advantages of 

Bayesian Network and Rules

Ø Rules

Ø Fast and good at identifying static errors

Ø Bayesian Network

Ø Can mimic human logic and leverage 

clinical data to adapt local practice
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Plan Check Tool - Rules
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Universal rules

Site-specific rules + 
documentation

Select patient, 
prescription 

and site

Rule check Results tab



Bayesian Network – Web Application
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Site-specific networks are 
pre-built for the web app 
using local clinical data 
from Mosaiq

Probability of each 
parameter in the network 
is calculated



Bayesian Network – Web Application (Cont.)
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"Probabilistic Results" tab

Alert!

Make sure it is correct!



Bayesian Network for Prescriptions
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• Detect errors in physician orders/Rx

• Divided the prescription orders into 3 

groups: single Rx, concurrent boost 

and sequential boost

• Detect errors in new orders given the 

disease information

Chang et.al. IJROBP 105(2):423-431 (2019)

Single Rx



Quality Assurance on Contours

21McIntosh et.al. IEEE TMI 32(6): 1043-1057 (2013) Rhee et.al. Med Phys, 46(11):5086-5097 (2019)
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Challenges of Development and 
Implementation on AI for Plan Review
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What are the Hurdles?

• Standardization of data content, data format, data structure, and nomenclature

• Data Extraction

• Model generalizability and external validation

• Model Interpretability

• Quality assurance procedures for AI tools

• Simulated plans with errors for test and validation

• Trust on AI-generated results

23Kalet et.al. Medical Physics 47(5):e168-e177 (2020)
Luk et.al. Clinical Oncology 34(2):89-98 (2021)



Standardization, Data Extraction, Model 
Generalizability and Interpretability
• Collaboration between UVM, UW 

and Maastro

• Tested the network on cases with 
simulated errors in Maastro

• Multiple networks are trained 
(UW, Maastro, UW+Maastro)

• Performance has shown to be 
reduced
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Causes of Change in Performance
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Improvements that We Are Working On

• Map the data of each clinic to a 

standardized list

• New network structure to 

accommodate all clinical profiles

• Distributed learning to adopt to 

individual clinical practice vs pooled 

data
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Quality Assurance Procedures for AI Model

• Independent QA procedures of AI products are 

required
• Performance of AI model will decay over time

• QA needs to ensure a consistent performance and 
require update of the model when it is under-
performing

• No standards or guidelines yet for AI performance 
metrics

27Kalet et.al. Med Phys 47(5):e168-177(2020)
Luk et.al. Clinical Oncology 34(2):89-98 (2021)



Simulated Plans for Test and Validation 
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Credit: Perry Johnson and WGPE, AAPM 2022 MO-FG-201

AAPM webpage à Quality & Safety 
Resources à Simulated Error Training for 
the Physics Plan Review
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Trust on AI-Generated Results
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Luk et.al. AAPM 2021 ePoster

• Participating physicists expressed 

difficulties to understand how to 
interpret results of probabilistic 
component generated from AI

• Presentation and frequency of false 
positive results present a challenge of 
tradeoffs between trust, efficiency, and 
efficacy



Summary 

• Initial plan review is an important safety barrier in radiotherapy 

processes

• Despite its importance, AI development is not commonly found in 

plan review due to multiple challenges

• There are still a lot of opportunities to develop AI to assist medical 

physicists on plan review in conjunction with the automated rules-

based tools
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Thank You!
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