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Purpose

* High quality plans
e Time efficiency

e Clinical applications
—  Photon & proton planning
—  Model based selection
—  (Off-line) adaptive

* Research
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Planning workflow

* Classical /‘\

[ Igi?gjrf ] —> [ Beams ] —> [ Objectives} — [ Optimize ] —> [ Dose ]

Human
* Machine learning auto planning

Images & . > Predicted ; _— > Mimicked
[contours] [ EEEmE ] [ Dose } [ Mimick ] [ dose ]

A
AUtOT?.tF Settings }- Configuration
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* Robust auto planning

Beams & : ..
Images & . . Predicted . Robust . Mimicked
[ contours ] [robustness] [ Dose ] [ Mimick* ] [ dose ]

settings

* Uncertainties
— E.g.,, 3mm setup & 3% range

*Roel Kierkels, Albin Fredrikson et al Automated Robust Proton Planning Using Dose-Volume Histogram-Based
Mimicking .. Int J Radiat Oncol Biol Phys 2019
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* Model Training (historical patient cohort)

Images & > Extract > Clinical > Optimize > Trained
[ contours ] [ Features ] [ dose ] [DL model] [ Model ]

Example features

* Dose prediction (new

ient)

X, Y, 2
Images & ; Voree Xtikacks Trained > Prediced
[ contours ] Features [ model dose

*RaySearch White paper: Machine Iearnlng automated treatment planning 2019 https://www. ravsearchlabs com/a-world-of-experience/
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Machine learning model cycle umce

2021
2 months

2022
2 months

Evaluate . Orophaynx Toige
performance

Salivary glands

Clinical application;
Model training i Ppicat 2022/2023

prospective study 11 months

60 patients _
15 patients

. . Test performance;
Model configuration retrospective stud 2022
10 patients P _ £ 1month
10 patients
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Study workflow (retro- & prospective)

3 hrs 1-2 day

RTT 1 [ Beams&] ) [ Manual ] - [ Manual ]

blocks planning

\ 4
Predicted . Post- Eavourite
RTT 2 [ Brose ]»[ Mimick ]»[ process ]*[ ML plan ]
1 min 30 min 2 hrs
(off-line) _
Physician, RTT Blind
& Physicist Evaluation
0.5hr
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Results - robustnhess

CTVprimary
Vgay, > 98% voxmin
D1cm3<78.0 Gy (RBE) voxmax

CTVelective
Voa9; > 98% voxmin
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Retrospective study (n=10)
Manual sDLO pDLO

CTVprimary
Vogay, > 98% voxmin
D1cm3<78.0 Gy (RBE) voxmax

CTVelective
Vgag; > 98% voxmin

standard post-proces




Retrospective study (n=10)
Manual sDLO pDLO

CTVprimary
Vogay, > 98% voxmin
D1cm3<78.0 Gy (RBE) voxmax

CTVelective
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Retrospective study (n=10) Prospective study (n=15)
Manual sDLO pDLO Manual sDLO pDLO

CTVprimary
Vgay > 98% voxmin
D1cm3<78.0 Gy (RBE) voxmax

CTVelective
Vogay, > 98% voxmin




CITOR profile*

Hoarseness, moderate-severe Xerostomia, moderate-severe umce
Sticky saliva, moderate-severe
Dysphagia, grade 3-4
Fatigue, moderate-severe ® Manual
e ® pDLO
Nausea and vomiting, moderate-severe Loss of taste, moderate-severe Bold: significant

Aspiration, moderate-severe Loss of taste, grade 2-4

Jaw pain, moderate-severe Xerostomia, grade 2-4

D i 2-
Sticky saliva, grade 2-4 ysphagia, grade 2-4

. o .
Sticky saliva, severe Weightloss > 10% over baseline

Xerostomia, severe Oral pain, moderate-severe
Aspiration, grade 2-4 .
P '8 Throat pain, moderate-severe
Speech problems, moderate-severe

Jniversity Medical Center=C
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Results — plan preference

Preferred plan retrospective study

Preferred plan
®pDLO plan

— 10 (100%)

0/0 manual preferred

W\g.van'bruggen@umcg.nl
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Preferred plan prospective study

2(13,33%) —,

Preferred plan
@®pDLO plan

® Comparable

. @ Manual plan

(26,67%)

— 9(60%)

2/15 manual preferred




Results — plan preference

20

Patients (n)
= b

Ln

Reason for plan preference (N=25, retro- & prospective study)

18
1
]
Lower OAR Better
doses in coverage in

pDLO plan pDLD plan

bruggen@umcg.nl

1 1
I

Coverage too  Higher QAR
low in pDLO doses in
plan pDLO plan

Preferred plan
@pDLO plan

@ Comparable
@MManual plan
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Workflow after clinical introduction

- Live: no double planning (ML only)
— Manual plan (at least) every xt patient
* ML expert group(s)
—  RTT/physician/physicist
— Train colleagues

—  Evaluate & update ML model(s)
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Model update: version 1 - 2
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sDLO : standard (no post process)

sDL2 plan (%)

40

20
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Conclusions

umce

* IMPT auto planning OPC clinically introduced
* High quality plans

— Consistency
* Time efficiency

— Semi automatic
* Beam set-up

» Fine tuning (post-processing)

— Commissioning & maintenance
RN
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Results — toxicities

Table 3 Target parameters, OAR doses and NTCP values for plans of

glands (Gy RBE)
Dmean submandibular glands (Gy RBE)
Dmean oral cavity (Gy RBE)
Dmean PCM's (Gy RBE)
Dmean esophagus (Gy RBE)
Dmean thyroid (Gy RBE)

NTCP

Sum grade 2

w)
(0]
o
=]

Sum grade 3

k- r’@ﬁmcg.nl =‘University Medical Center*Groningen, the )

prospective study (n=15). Average (min — max)

Manual

15.1 (10.1-28.1)
45.6 (25.4-59.0)
29.7 (9.8-55.9)
36.3 (18.9-55.8)
10.4 (0.7-32.3)
43.7 (34.2-51.0)

51.7 (32.8-101.6)
13.2 (7.8-32.4)

sDLO

13.8 (7.8-27.5)
46.5 (28.2-60.4)
29.9 (8.9-54.9)
35.8 (18.8-55.4)
16.7 (0.8-36.1)
46.8 (37.8-52.2)

50.7 (32.7-99.1)
12.8 (7.8-30.7)

pDLO

14.0 (8.1-27.4)
46.1 (27.3-59.1)
29.2 (8.7-54.9)
35.6 (18.4-55.1)
13.0 (2.8-32.7)
45.4 (37.3-52.7)

50.5 (33.0-100.6)
12.8 (7.6-31.9)
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Results — toxicities

Retrospective study Prospective study

22% 22%
21% 21%

20% 20%

19%
18%
17%
16%
0 . L
14%

Xerostomia, grade 2-4 Dysphagia, grade 2-4 Xerostomia, grade 2-4 Dysphagia, grade 2-4

19%
18%
17%
16%
15%

14%

m Manual ®pDLO ® Manual ®pDLO
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