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Recap of the Practical Image Registration workshop 
Accounting for Previous Treatments 

and Replans



How is Image Registration part of 
Replanning and Re-irradiation?



Image Registration in Radiotherapy
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Nomenclature and workflow

Image Datasets
• Multi-modality
• Resampled
Structure Files
• Propagated
• Deformed
• Previous treatment
Dose Files
• Calculated
• Warped
• Summed
Registration Files



Qualitative Analysis of Image Registration

Slides by Eddie Gibbons





Tools for qualitative:

• Inset tool

• Checkerboard

• Blend bar





Evaluation of a Deformable Image Registration Quality Assurance Tool for Head and Neck
Cancer Patients – Molly Mee, et al JMRS Dec 2020







Postural uncertainties



RIR DIR



Postural uncertainties

• Rectum retreatment 

• Prone vs Supine

• Presence of gas in the rectum 

• RIR unable to align pelvis – Side-by-Side

• DIR bones deformed but not able to match

the soft tissue and region of tumour – use 

with caution



Slide from Ben Archibald-Heeren

DIR Challenge

Intial pCT



Replanning (Adaptive RT)Workflow

• Monitoring of treatment –

• Assessment of immobilisation device

• IGRT – OAR and PTV positions

• Patient complaint/ unable to tolerate treatment position

• Adaption decision

• Assess CBCT or Rescan against Ref Image

• Adjusting PTVs and replan

From Kate Stewart



Changes in tumour size or shape Changes in patient geometry

Changes in size, shape and relation of

surrounding OARs
Slide from Kate Stewart



• Change in patient geometry noted

• CBCT registered offline with planning 
CT

• Differences in body contour – correct 
density (air or tissue equivalent)

• Export to TPS – recompute

• Assess PTV coverage + OARs

Pros: 

• Very easy to do

• Fast turn around time

• Quick check of PTV coverage + S/C for H&N pts

Cons:

• If other OARs have changed shape – can’t assess



Slide from Johnson Yuen

Synthetic CT = CBCT with HU correction

• Allows assessment of all OARs

• Can assess PTV coverage quickly



Adaptive Planning with Synthetic CT

Slide from Alex Quinn

Assessing to see if re-plan is needed

• sCT generated – DIR doesn’t reproduce the air gap between bolus and skin

• Rescan is needed 



Target Delineation and Contouring

From Dr Reza Rahbari
From Kate Stewart



Use Case: Replanning

Slide from Jeff Barber

DIR in Replanning Workflows can increase 

efficiency
• Improves turn around time

• Reduces the number of manual tasks –

• Ensures all staff are doing the task the same way

Automated DIR processes still need careful review



Replanning

•Deforming anatomical contours from the same patient during 

replanning 

–Saves Time

–Safe practice as all contours checked by RO / RT

–Tumour volumes then adjusted by RO



Retreatment



Retreatment

From Dr Reza Rahbari



From Dr Reza Rahbari

Factors  to Consider for Re-irradiation



From Dr Reza Rahbari

Factors  to Consider for Re-irradiation



From Nick Hardcastle



Careful assessment of what dose was received by 

Spinal Cord and Oesophagus

From Nick Hardcastle





Spinal Cord:
• Bony anatomy registered well
• Near max dose can be used in

retreatment

Oesophagus:
• Dose is attached to anatomy

when doing registration 

• Registration error for both
RIR and DIR 



Shows a Dose-Warping Error



Re-Irradiation Dose Assessment

Transferring Dose from Previous Treatment

• Convert Isodose lines to structures      contour propagation to transfer to new planning CT

• Dose files transferred to new planning CT

• RIR may preserve overall “shape” of isodose lines (more obvious with POP)

• DIR may qualitatively appear like anatomy registered 

• ** Need to do QA + sanity check for dose warping errors

• Metric summation for OARs

• assumes max in same location of organ

• Most conservative approach

• Mean dose / volumetric dose

• meaningless as functionality / biology of tissue changed  



Re-irradiation – EQD2 and BED

Slide from Johnson Yuen



Advances in Radiation Oncology 2019 (4) 559-565

Advances in Radiation Oncology 2021 (6)



From Dr Reza Rahbari

eg Spinal cord

eg Lungs

eg Liver



From Dr Reza Rahbari

Low risk
Intermediate
High

≤3
4-6
>6

0
33
90

Interval <6 months

One BED course >102

~4.5

Spinal Cord Re-irradiation



Paradis paper has a list of EQD2 values for various organs 

that are used in their practice

Work out what dose was given in EQD2
What dose discounting can be applied
Allowable dose for OAR for replan

EQD2



Dose Discounting



• Summing doses on different CTs is complex

• DVH metrics – are an estimate only – volumetric analysis not accurate 

due to differences in size / shape and function of OARs post prev XRT

• Dose voxel correspondence between images isn’t always the same

• Near max dose most meaningful for reporting

• Careful review of contour 

• Physics quantitative metrics assessment very useful for uncertainties

Dose Assessment for Re-irradiation



Clinical examples of Re-irradiation



Patient with multi-level cord

compression in 2018

Emergency EBRT 

20Gy/5# AP/PA



Pancreas planned at GenesisCare,

Prince of Wales and St George

Pancreatic Adenocarcinoma diagnosed in 2019



• Positional Changes – arms down / up
• Breathing phase differences



Pt had prev multiple cord 
comp + patient’s health was
declining rapidly













• PET avid axillary nodes – arms 
up

• Planning CT – couldn’t raise 
arms

• How do you use this 
information to be able to 
delineate the target volume?

MDT Panel Discussion

RO – contour on planning CT and try to outline PET
avid nodes – in this case can visualise nodes easily
on planning CT – side-by-side 

ROMP – ideally use DIR, but this case will produce 
large areas of uncertainty due to poor deformation

RT – RIR – a couple of different registrations
would try DIR, but agrees it would be difficult



How do you review doses for overlap in a retreatment case?

RT

• recreate patient position for 2nd pCT

• Transfer contours and isodose lines to new pCT

• RIR for dose – but if possible DIR for dose

Audience:

- Transfer contours and isodose lines

- Summing of dose on fused datasets



Pacemaker



RO 

• need to consider time between XRT treatment

• Also consider other treatments – chemo – immune therapy - surgery 

• Is the benefit greater than the risk?

• Dose discounting – 30-50% with a year between treatment – case-by-case

• Dose discounting the same amount doesn’t apply to multiple times a 
patient presents for further treatment

Dose Discounting



Pre and post survey of audience

• A little test of the audience’s knowledge around image registration

Clinical trials registration problems 

• TROG-IR formed to address these problems

DIR challenge

• Head and neck datasets 

• looked at assessing DIR and seeing the variation between departments

• Also which system used and experience of user

Open discussion for next steps for Radiotherapy community

Last Session of the Workshop



Practical Image Registration Workshop



Any questions?


