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Workflows of Adaptive Radiotherapy (ART)
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Adaptive processes and common components
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Each with potential for process errors



Risk- TG 100
https://aapm.onlinelibrary.wiley.com/doi/epdf/10.1118/1.4947547

• Guideline for assessing risk of processes through failure modes and effects analysis (FMEA)

• Breaks down steps in process and possible failure modes

• Ideally implemented for any new technique or process

• Highlights areas of particular risk to focus quality assurance
and methods for quality control

𝑅𝑃𝑁 = 𝑂 ∙ 𝑆 ∙ 𝐷

https://aapm.onlinelibrary.wiley.com/doi/epdf/10.1118/1.4947547


TG-100 Analysis ART

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4119199/

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4119199/


TG- 100 Analysis ART



Tools to help

https://aapm.onlinelibrary.wiley.com/doi/epdf/10.1002/mp.12256

https://www.acpsem.org.au/About-the-College/Special-Interest-Groups/MIRSIG

https://onlinelibrary.wiley.com/doi/epdf/10.1002/jmrs.417

1. Commissioning to determine 
limitations of systems

2.       QC to ensure process safety and quality

https://aapm.onlinelibrary.wiley.com/doi/epdf/10.1002/mp.12256
https://www.acpsem.org.au/About-the-College/Special-Interest-Groups/MIRSIG
https://onlinelibrary.wiley.com/doi/epdf/10.1002/jmrs.417


MIRSIG Offline Adaptive Sheet
• A standardized format for assessing dose 

impacts of patient changes on treatment

• Developed from input from expert national
sites and a nationwide survey

• Split into components

• Anonymized data for long term data collection
and trends across Aus/NZ



7 major risks – each with multiple modes of error

Communication
Image Registration
Segmentation
Plan Re-creation
Dose Determination
Interpretation
Intervention



Risks- Communication
• Delays in Analysis

• Sub-optimal treated fractions that could be 
avoided

• Unnecessary changes in plans

• Delays in patient treatment

• Clear protocols and timelines

• Workflows implemented in R&V

• Structures of implementation and Reporting

10



Risks- Image Registration

• Online review needs to be used to 
ensure accurate plan re-creation

• Two major risks
• Poor initial match

• Adaptive processes applies a different
match to the online registration
• Incorrect image

• Incorrect translation



DIR- Commissioning

• Know your algorithm
• Limitations- TG132 digital phantoms (Table V)

• Performance in low contrast- CT vs CBCT

• Magnitude limitations- transform constraints

• Focus Region effects

• Structure guided

• Sliding geometries

• Consistency

• Voxel effects

ImSimQA synthetic 
deformations

https://aapm.onlinelibrary.wiley.com/doi/epdf/10.1002/mp.12256

SSM= Sum of Square Metric   CC= Correlated Coefficient  MI= Mutual Information

https://aapm.onlinelibrary.wiley.com/doi/epdf/10.1002/mp.12256


Risks- DIR Patient Specific

• Jacobians, TRE, Grid Review, Vectors, Other

• Different QA standard for different processes-
• propagation vs synthetic CT vs dose deformation 

AAPM TG 132- Table  IV

Mikel Byrne- 2019



Risks- Segmentation Commissioning

• Systematic Commissioning
• Typically performed using pre-contoured gold standard datasets

• DIR ROI propagation analysed against gold standard contours



Risks- Propagated Segmentation Patient Specific
• Propagation

• Patient specific typically  qualitative

• Contours are checked at multiple stages
• Adaptation

• Check

• RO

• Contours are adjusted where necessary

• Structure guided deformations can be performed with corrected ROI

• Poor performing structures are recorded to highlight regions of poor accuracy over historical data



Risks- AI Segmentation
• Ethos AI generated “Influencers”

• Software integration requiring slice by slice 
review of contours

• User reviews/adjustment

• Protocol guidelines for contouring extents to 
ensure accuracy/consistency



Risks- Plan Re-creation
• Isocentre re-creation

• Translated through DICOM registration
• Lower risk- visual check in process

• Manually entered shifts on couch
• Greater risk

• Multiple human checks of input should be considered

• Beam re-creation
• Segments re-created correctly

• MU consistent

• Use of scripts

• Initial TPS verification may be sufficient other than
basic checks

• As per TG-100, automation (once validated) allows for 
the consistency in these processes as well as efficiency

• Online Adaptive Only-
• Deliverability

• Optimization



Risks- Dose Calculation

• Commissioning
• CBCT calculations

• Dose Uncertainty

• Impacts of offsets

• Scatter condition changes



Risks- Dose Calculation- System Specific
• CBCT

• Dataset length- overrides or stitching
• Artefacts

• Synthetic CT
• Removes the HU curve uncertainty
• Sensitive to DIR errors- focus on high/low densities
• Issues with dealing with large contrast changes
• Mass conserving

• HU Corrected CBCT
• Corrections for CBCT HU performed by deforming CT to CBCT and 

determining HU bin corrections ratios
• E.g. Average muscle in CT = 100 HU, CBCT = 50 HU, factor = 2.0 and applied to all voxels in the 

muscle range
• Reliant on deformation accuracy



Risks- Analysis/Decisions within Uncertainty
• Physics role is to advise on the uncertainty

• On deformation and it’s effects

• On synthetic CT

• Contour accuracy

• On the dose calculation

• Uncertainty in dose for calculation method
• CBCT- anatomy specific and impact of processes (stitching/overrides)

• Synthetic CT- deformation specific

• HU corrected CBCT

• Uncertainty should be quantified

• RO role is to understand these uncertainties in making their clinical decision



Risks- Intervention

• Clear documentation and reporting of each process in the offline 
adaptive workflow

• Decision should be clearly determined with dates for intervention

• Historical tracking of results correlated to changes can allow for more 
efficient processes/flag higher risk patients



Poll Questions



Risks- Dose Accumulation

• Long term goal, such as with systems like Ethos is daily online adaptive 
with dose accumulation.

• This allows for the potential for more accurate dose reporting, morbidity 
correlation and more accurate response models

• Not currently implemented by any Ethos users (to my knowledge) due to 
difficulties of assessment of dose deformation and accumulation
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