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The promise of the MRI linac:

Simultaneous MRI and irradiation
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Concept of MRI accelerator The goal of MRI guided Radiotherapy:
exploit the soft tissue
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Example for assessing on-the-fly pancreatic motion:

4D-MRI PCA motion model
4D MRI model combined with real-time multislice MRI
* Acquire retrospective 4D-MRI (10 respiratory phases) Pancreatic
L motion

* Calculate motion model using 4D motion information through
Principal Component Analysis (PCA)

¢ Transform 3D reference volume based on dynamic 2D images
(acquired during treatment) usingthe motion model
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Stemkens et al 2016 PMB 4DMRI (x,y,2,4)




1.5 T MRl accelerator:
Simultaneous beam on and MRI

Artist impression

First prototype MRl accelerator

No impact of beam on MR%Q%
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Second prototype MRI linac

Cooling equipmen

Power supplies
& electronics

MLC & accelerator
waveguide

Slipring

RF waveguides.

Modulator %63

Coordinated clinical introduction via the Elekta Atlantic
consortium: assessing clinical value of MRIgRT
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Active developments MRI guided radiotherapy systems

Utrecht, The Netherlands
- L5 TMR, 6V linac
- www.elekta.com/mrli nac

Edmonton,  Canada
- 05 TMR, 6M linac
~  www.magnettx.com

Viewray, Cleveland, USA
~ 035 TMR, 3Co sources
~  diinical since 2014
~  www.viewray.com

Australia MR linac project, Sydney
- 10 TMRI, 6 W linac
~ www.sydney.edu.au




MR-linac: from on-line to real-time adaptive treatment
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MR-linac: Treatment Planning System

* Clinical grade plans ot maomy — s
— Deltad
— Film

* MRL Treatment Planning System ‘ l
(MRLTP)

Dose "
A tion Replaning

— Automated prostate plan less than
3 minutes

— Daily replanning possible

Planed dose Pat of delivered Updated
dose planed dose
Kontaxis etal 2015 PMB 60 2493

Intrafraction ASEQ: real-time motion data
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Potential for MRI guided Radiotherapy

+ Daily MRI basedimage guidance

+  With daily planadaptation

+ Ranging from CT based spinal
bones to individual lymph nodes

SBRT for mobile targets %G}

eg. single fracton RTkidney tumours

CIS: Centre for Image Sciences

Various treatment modalifies:
* MRl linac (3x)

* MRI brachytherapy (1x)

* MRIHIFU (1x)
*  MRI Holmium Radioembdisation (1x)

* MRI guided protons (in silico)
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Summary

*  Hybrid MRI radiotherapy systems are (getting) in the clinic

* Different systems, all have same goal: “See-while-you-treat”

* Also opens new tumor sites for radiotherapy

— eg Non-invasive GTV ablation in kidney
* MRl can providethe real 4D anatomy
— Daily, few seconds, real-time

— During beam delivery

*  On-line and ultimately real-time plan adaptation

*  Start simple learn and prepare real-time procedures (eg QA) %
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