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Evaluating RT plans on daily anatomy

« CBCTs can be used to evaluate RT plans on daily anatomy
« Facilitate adaptive RT
« Estimate delivered dose for outcome studies
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« Synthetic CT (synCT) for dose calculations 5
CBCT Toward adaptive radiotherapy for head and neck patients: Feasibility study
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* DIR based solutions proposed ~10 years ago
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Evaluating RT plans on daily anatomy

MEDICAL PHYSICS
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* Learning based solutions proposed in recent years: it
* Several promising methods for SynCT proposed in ||terature ‘‘‘‘‘‘‘
 Farless published work for auto-segmentation from CBCT D

CBCT-based synthetic CT generation using deep-attention
cycleGAN for pancreatic adaptive radiotherapy

» Lack of training data for supervised methods e T —
« CBCTs not routinely segmented
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* Image quality can make manual segmentation challenging  reion orcocr baeayninec crmetnoss itase

for proton dose calculations in adaptive proton therapy
Adrian erer’1 (), Paolo Zaffino? ), Arturs Meijers’, Gabriel Guterres Marmitt! (&), Joao Seco®*,

« Potential approaches:
« Generate synCT then auto-segment using network trained in plannlng CTs
« Simulate CBCTs from planning CTs then train network on simulated data
* Multi-task unsupervised learning approach



MAGIC

(Multitask Adversarial Generator for Images and Contours)

CBCT Training feeeereeennnseeeeeeeeeernn N
Dataset CBCT-to-CT

Adapted cycleGAN used for synCT ...
* Does not require paired data
« Szmul et al 2023 PMB 68 105006
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CBCT->synCT arm for separate L
image and segmentation generation

« CT discriminator takes images and
segmentations as input

CT Training

« Cycle-consistency segmentation Dataset
loss for CT structures ,



Materials: NHS

Cambridge

University Hospitals

NHS Foundation Trust
CT:
« CTs from 144 patients

« Segmentations of bladder, rectum, left and right femur bones from the CTs

CBCT:
« CBCT from only 38 patients

« There were on average 20 CBCT scans per patient

« 29 for training 9 for testing



Data Challenges — CBCT field of view:

Truncated FOV Almost full FOV Full FOV




Evaluation:

Image quality evaluation:
« L2 distance between intensity histograms
« Deformed planning CT (defCT) as ‘bronze standard’ ground truth
* Mean Absolute Error
* Normalised Cross Correlation

Segmentation quality evaluation:
« Qualitative evaluation (score each organ out of 4)
 Clinically acceptable,
« Minor edits required,
* Major edits required,
* Unusable.




Histograms evaluation
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Evaluation

Synthetic CBCT image quantitative evolution

Mean Absolute Error
Normalised Cross Correlation

CBCT synCT | CBCT synCT



defCT - CBCT defCT - synCT



Evaluation

Qualitative segmentation evaluation
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Synthetic CTs recover missing anatomy

CBCT synCT

But it is correct?



Conclusions and future work:

* Proof of concept for joint synCT and segmentation generation from CBCT
* Does not require paired CT-CBCT data
* Does not require ground truth segmentation on CBCT

* Promising results
« But need improving before ready for clinical use

* Future work:
* Use more data
* Further explore different network architectures and training strategies
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