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* Raystation, Eclipse, Tomotherapy, Varian, Elekta, Velocity
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API- Differences from Eclipse
* WPF integration
* More developed with greater functionality

* Interactions are within the software- live updates of Ul
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Deep Learning, Clustering, Nearest Neighbours

Promise of the future
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Contouring

¢ ABS limitations

Expert Contoured CT

* Similarity term is general

Library of contoured datasets with various shapes

=t * No focus on regions of
g . Add expert delineated datasets to library datasets to com pa re

1
2. Search library for similar geometry
2. Most similar geometry found

3. Deformable registration
4. Contour propagation

* Increasing included
datasets increases
processing time

New CT ‘ ‘ New Contoured CT
|

* Highly mobile tissues
perform poorly

Atlas-based segmentation technique incorporating
inter-observer delineation uncertainty for whole
breast

Patient Size Chest Wall Size Chest Width/Depth Breast Lat/Ant Heart Volume

We can then determine a “fingerprint” for individual patients as well as groups of patients
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Patient 1 Patient 2 Small patients with wide bony
chest anterior breast and small
heart
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Measurements

* Using measurement metrics to drive atlas based segmentation
selection and post processing to improve final contours
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196 metrics with average proceésing time = 70 seconds +/- 8 seconds (n=30)
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Categorising Data- Patient Sizes Chest Wall Distributions W Is Wide compared to Body
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The Average Breast Slice (N=186)
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The Average Breast Slice (N=186)
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Measure Metrics
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New CT

Contour Metrics
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3 nearest neighbours

Closest ABS Model

Atlas Applied
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Alternatively New CT

Measure Metrics
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Best match in entire
patient database
(n>200)

Contour Metrics

Atlas Applied
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Post-Processing: Iterative Contour Growth
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Improvements from large atlas, to measurement directed atlas, to Average Inter-User Variation (DICE)

post processing « Heart=092

* PP- approaching inter-user variations DICE scores + Lungs=0.97
* Sensitivity > Specificity suggesting slight under-contouring _

* Breasts =0.92
Breast_L Breast_R Heart
1 1 1
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Systematic review

ROUP

Uncertainties in volume delineation in radiation oncology: A systematic @cmm
review and recommendations for future studies
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Shalini K. Vinod **<*, Michael G. Jameson ““<, Myo Min *", Lois C. Holloway **<<

Results- Contouring Time

Contouring Times (n= 10)

Contour Times Average (min) _ Min (min) __ Max (min)
Contour Search . User 3029 2031 3705
Atlzs 0636 0413 0g:12
Multi-Atlas 0223 01:48 03:08
Shore Atlas - Contour Search - Multi-Atlas 03:33 02:55 04:18
Multi-Atlas + Post Processing 0542 0452 06:23

Post Processing -
Contour SearcheAtlas -
Contour SearchvAtlas+PP _
Standard Attas _
e

0-00-:00 0:07:12 014:24 0:21:36 0:28:48 0:36:00

Time {hours:min:seconds)

Incorporating a DICOM folder watch code results in auto-contouring performed before staff return from CT simulation
Couch position is set from the couch height DICOM header from the CT image
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Auto-Planning

Auto-contour from CT header
Oncologist reviews and amends auto-contours
Hybrid IMRT
VMAT short arc with robust optimisation
VMAT breast/chest wall + nodes — with robust

; B4 Breast Autoplanning -=

Bg/Breast AutoPlan
yin
[WAH Varian -]
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CT Secan, Auto-contour

Auto-plan, Plan Accepted

Oncologist Contour Review, ‘

Plan Approval
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AutoPlan Results

DVH Metric Comparison (n=100) Per Protocol

25 RTOG EviQ. London Cancer

Case Laterality and Target Dose  Clinical Auto Clinical Auto Clinical Auto

i Left 5000cGy (N = 32) 25 24 23 26 26 25

Right 5000cGy (N = 40) 30 31 30 32 30 33

Left 4240cGy (N = 11) 3 10 9 11 10 11

21 Right 4240cGy (N = 17) 10 12 9 11 9 11

% Percent per Protocol 68% 7% 71% BO% 75% B0%

310

5 Tip»eﬁasured (N=10) Min Average St Dev Max
(Automated Plan (minutes:seconds) 04:48 05:31 00:42 06:21
0 - Clinical Dosimetrist Time (minutes:seconds) 21:36 30:37 04:25 41:07

Not Significant Clinical Auto tive Planning Time (%) 22% 18% 16% 15%

25 4

Best Performing Plan Creation

Time Savi

*statistical significance determined as p < 0.05
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Excluding Physician contouring of boost targets total average processing time approximately 11min
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Lt Breast Rt Breast
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Plan_Eval_and_DVH_Graphs
EviQ Score Evaluation

ROI Goal ideal  Accept Score  Result
Plansetup v Optimization and PTV_R Breast 50
segmentation

VolumeAtDose 90.0%  99.0%  900% 0% 1000%  Ideal
PTV_R Breast 50 DoseAtvVolume 95.0% g 937%  Ideal
PTV_R Breast 50 DoseAtVolume 0.03cc 1 I 0%  984%  Ideal
External DoseAtVolume 0.03cc 1 1 ; Ideal
Lung L MeanDose 0cGy ! Ideal
Lung L VolumeAtDose 2000cGy g : : Ideal
Lung L VolumeAtDose 1000cGy ! 2 1 Ideal
e, pg tentia“y sp VolumeAtDose 500cGy 5. 2 0% Ideal
; ! ! VolumeAtDose 250cGy 1 0% 1000%  Ideal
too much
DoseAtvolume 0.1cc y 745% [
DoseAtvolume 5.0% 1282cGy 997%  Ideal
Lung Combined  VolumeAtDose 500cGy 74%  946%  Ideal
Heart VolumeAtDose 2000cGy  3.0% 0% 6%  995%  Ideal
Heart VolumeAtDose 1000cGy  300% 35, 14%  1000%  Ideal
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Heart VolumeAtDose 500cGy  200% g 40%  1000%  Ideal
Heart MeanDose 0cGy 400Gy 1531cGy 1000%  Ideal
Total Pass

Plan DataBase Evaluation

For Future Releases
1000 1500 2000 2500 3000 4000 4500 5000
Dose [cGy] Linked Models Patietn Size Chest Size Lung in fieh

=== PTV R Breast 50 === [psilateral Lung === Contralateral Lung Lung_Combined === Bre
< n
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PTV Eval Lung Eval CB Use of database to QA contours after auto-contouring and
2000 a00 (o .. 100 to predict both optimisation objectives and expected plan
L] .
2000 @ . - 200 . 0 — - °© quality
1000 0% o %000 o0 o0 ° ® L ° . . . .
PR O S ® . o Lo ey o Various machine learning algorithms
0 10 20 0 10 20 0 10 20
PTV d1 PTV d98 PTV d98
5000
10000 .....“...“. ”, 5000 o DN o
5000 @Sessessesesfesstes 4500 4500 ° L]
L]
0 L 4000 4000 °
0 10 20 0 10 20 0 10 20

Delineates fours have been compared with those of the breast co ing database.

Some contours show significant variance from the metrics of the associated patient cohort. 20

- The Breast_L contour has a significantly larger volume (1232.5¢c) than average for similiar patients (895.4cc)

- The Breast L width (18.3cm) is significantly large average (13. miliar bony thorax width (22.3cm)

Please check the relevant contours before proceeding to planning
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R1 Adaptive Automation

Fraction:

Reference:

Imaging: WAH_ASDEF.
o.
=]
o
o
o

Isocentre: Iso Prostate

Registration Imported
Lt/Rt: Sup/Inf: Ant/Post:

Next Cancel

< 2 minute total process time

13



26/07/2018

* The automation workflow allows for a technically feasible online adaptive process
* Doctor buy in? Who reviews the deformed CTV on set?
* Eventual accumulated dose statistics to feed into QUANTEC/RayBiology models and therapeutic decisions
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