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Introduction

MRI-guided radiotherapy

MRI
- best for RTP target delineation, tissue characterization

- excellent soft tissue contrast compared to x-ray imaging
(CT/CBCT)

- fastimaging techniques
- multiplanar acquisition
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Introduction

MRI-guided radiotherapy
In-room MRI for setup verification | quantify organ motion

Applications:

- liver, pancreas, kidney, prostate, paraspinal, etc.
- SBRT, dose escalation, T target control

- adaptive RT planning (ART)
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MRIgRT

MR-Linac system integration for MRgRT

MR imaging

MRIgRT

MRI guided RT systems

/ challenge 1

/ challenge 2

/ challenge 3

/ challenge 4

MRIgRT
/challenge 1

MR-linac systems

* MR needs to be isolated | Collects weak signal from patient
« Linac is a significant source of RF

Linac
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MR-linac systems

« BO fringe field of MR scanner reaching the Linac structure
« Linac performance affected | Beam output = f(fringe B-field)
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MRIgRT

/ challenge 2

MR-linac systems

« BO fringe field of MR scanner reaching the Linac structure
« Linac performance affected | Beam output = f(fringe B-field)

magnetic field
(on all the time)

MRIgRT

. / challenge 2
MR-linac systems

« Linac is a large metallic structure, ferromagnetic components
» MR imaging field homogeneity affected
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/ challenge 2

MR-linac systems

« Linac is a large metallic structure, ferromagnetic components
» MR imaging field homogeneity affected
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MRIgRT

/challenge 3

MR-linac systems

« e trajectories perturbed by the presence of BO — Lorentz force
» effect = f(KE, BO, interface)

MRIgRT

/challenge 3

M0, Phys. 37 (8), Saplember 2010

MRIgRT

MR-linac systems

/challenge 4

* x-ray beam - scattered/contaminant electrons - linac head, air
ctories affected by MR’s magnetic field — increased patient dose
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MRIgRT systems

/challenge 1

«+ Relocate linac main RF sources in adjacent rooms
« Enclose linac head or MR in a Faraday cage

/challenge 2
« Passive & active magnetic shielding
« Physical separation

/ challenge 3

« Effects T when magnetic field T
* Monte Carlo dose computations

/ challenge 4

« System configuration
« Treatment planning strategies

MRIgRT

MRIgRT

CClI, Edmonton  PMCC, Toronto

ViewRay, WashU UMC, Utrecht Univ. of Sydney
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CCl, Edmonton, Canada

Functioning \Whole-bodly,
Linac-MR Installed in 2013
ey -

2 s s

www.linac-mr.ca

Room size
5.9x6.0x3.6(m)

Linac: 600C

- System installed in pre-existing RT vault through the maze

- 60 cm patient gap — intention to investigate MR with 80 cm gap
- Gantry rotation: 1 rpm

- Magnet ramp up/down: 20 min (for servicing)

- Linac head on rails for servicing

Adapted from G. Fallone




Current\\/hole Body,
Installed

beam axis 4

(b} perpendicular

(@) parallel
configuration

configurstion

rotation axis rotation axis

biplanar magnet assembly superconducting coil
treatment assembly gantry support link

Courtesy of G. Fallone

SUMMARY SUREACE DOSE
PERPENDICULAR PARALLEL

ENTRY INSIGNICANT
DECREASE BY <1/2 INCREASE

SAME as Bo=0
INCREASE BY >1/2

A. Keyvanloo, B. Burke, B. Warkentin, T. Tadic, S. Rathee, C. Kirkby, D.M. Santos, B.G. Fallone, Skin Dose
itudinal and Li MRIs using Monte-Carlo and realistic 3D MRI field mo

Courtesy of G. Fallone
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A Orientation | Measurements
 Orientation Il Measurements
® Orientation IV Simulations.

W Orientation Il Simulaty
X Orientation Ill Simulaf]

02(7 pp), (2013).
Courtesy of G. Fallone
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Concurrent Auto intra-fractional
contouring, tracking & irradiation
Stationary CTV Film resus  NMoving CTV _

el Large PTV
v (x) ©

Wargin 03 Current RT
Track 03

Pradict ()

= CTV moves over

Radiation Field

Tracking CTV
without Prediction

Tracking CTV with
Prediction= EXACT

J.Yun, K Wachowicz, M. Mackenzie, S. Rathee, D. Robinson, B. Gino Fallone, First demonstration of intrafractional tumor-tr
irradiation using 2D phantom MR images on a prototype linac-MR, Medical Ph 0(5), 051718 (12 pp), (2013),

ViewRay system implementation, Washington Univ, St. Louis

Viewray system

- MR scanner: 0.35 T, split-ring bore

- 3 x Co-60 teletherapy heads & MLCs
- DR: 550 cGy/min

- Rotating gantry assembly

- Room: 5.8 x 7.5 x 2.9 (m)

- Installation through maze | He vent

- FDA Clearance
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Viewray system

- First patients treated - Jan. 2014

- Siteman Cancer Center & Wash U

- Ongoing: breast, bladder, lung,

pancreas, stomach, palliative

PMCC, Toronto, Canada

PMCC MRgRT Project

Varian TrueBeam 6X
Linac room

Brachy suite

Control room
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PMCC MRgRT Project
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u X
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l TrueBeam linac
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Table at Linac iso 9 Modified patient couch

RF doors

MRIgRT

PMCC MRgRT Project

MRIgRT

PMCC MRgRT Project
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Table at Linac iso

Table at MR iso
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Unit 1

Brachytherapy Suite

Brachytherapy Console

MR Console

Linac Suite

Linac Console

Screening room

MRgRT Facility

Brachytherapy Suite

Brachytherapy Console

MRgRT Facility

MR Console
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MRgRT Facility

Linac Suite

Linac Console

MRgRT Facility
MR Safety

Zone |
*Freely accessible

Zone Il
*Access to other zones
*Screening area

ACR Guidance Document
on MR Safe Practices
JMRI 37:501-530 (2013)

MRIgRT
MR-linac Proximity System

m performanc

« System simulation CAD & FEM

« Experimental validation (B-field, forces)

« Couch performance

« Couch safety testing for B-field forces

« Beam testing after MR in the RT room

* MR shimming at 2 imaging positions

« End-to-end performance
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Application Sites for MR-
guided External Beam

Site Support Type
SBRT Liver +H++ (€]

SBRT Paraspinal Mets 4 G

RT for Cancer of the Cervix +H++ IG/A/R

RT for Partial Breast Irradiation +++ [e77

RT for Head and Neck (Oro) IG/A
RT Prostate [e7]=}

IG - Online Image Guidance; A — Adaptive;

R — Response Assessment; B- Boost
D. Jaffray

UMC, Utrecht, Netherland

% UMC Utrecht

Imaging Division
MRI, therapy & oncology

MR-guided Radiotherapy

Jan Lagendijk, Bas Raaymakers, Marco van Vulpen
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Vision

+ Develop Centre of Image Guided Oncological Interventions

Improving local cancer therapy and making this therapy
non-invasive

A1

Courtesy of J. Lagendijk

MR scanner: 1.5T (Philips)

Linac: 6X (Elekta)

- Gantry assembly: rotation in both directions - 10 rpm (slip ring) | 0.1° accuracy
- MLC field size 24 x 56 cm2 — 7 mm leaves at iso

- 1 mm spherical volume as target at iso

- Simultaneous irradiation and MR imaging
Adapted from J. Lagendijk

em specs - Ster

y S e
MR scanner: 1.5T (Philips)
Linac: 6X (Elekta)

- Gantry assembly: rotation in both directions - 10 rpm (slip ring) | 0.1° accuracy
- MLC field size 24 x 56 cm2 — 7 mm leaves at iso
- 1 mm spherical volume as target at iso

- Simultaneous irradiation and MR imaging
Adapted from J. Lagendijk
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Building and installing the MRI linac at the UMCU

Courtesy of J. Lagendijk

Radiotherapy UMC Utrecht goes MRI

» Tumour characterization
* MRI simulation: delineation
* MRI guidance

— MRI treatment guidance external beam
— MRI guided brachytherapy
— MRI guided HIFU
— MRI guided protons
— MRI guided radioembolization
* MRI treatment response assessment

Courtesy of J. Lagendijk

Univ. of Sydney, Sydney, Australia
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The Australian MRI-Linac Program

Bunker
Magnet

Linac and MLC

Spectrometer

Gradient coil system
RF system

EQUIPMENT STATUS

Status

Crookes construction: ~14x12x5m?3, completed

Agilent: 1T split bore, actively shielded with low field in
linac region, delivery ~11/14,

Varian Linatron and Millennium MLC, delivered,
installation ongoing

Siemens, delivery ~12/14
Tesla, delivery ~11/14
Magnetica, delivery ~11/14

Research program overview

Ingham Institute/Liverpool Hosp
Build and

Real-time imaging and treatment adaptation

University of Sydney

Rotating couch development

MRI-inac
Integrated system measurements

Dosimetric validation with EPID
Health technology assessment
Translating researchinto policy

= University of Queensland
w ’7.(;) gradient coil and RF

Ve

The Australian MRI-linac
Program:
Improving cancer treatment
through real-time image guided
adaptive radiotherapy

o

[ Stanfora Unversy

Electron gun/waveguide simulations

University of Wollongang
Detector development

oL~

Proton therapy simulations

Courtesy of P. Keall

7/22/2014

Courtesy of P. Keall

Courtesy of P. Keall
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KEY SCIENTIFIC ACHIEVEMENTS

The electron gun can be modified to operate in magnetic Constantin Med Phys

fields 2011, 2014

Real-time image guidance via template matching is Bjerre Phys Med Biol

feasible 2013

The MLC will not inhibit MRI image quality; if sufficiently Kolling Med Phys

separated 2013

Real-time MLC tracking is used for patient treatments Keall Med Phys 2014

Skin dose is really high inline; but can be reduced Oborn, Med Phys
2014
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Courtesy of P. Keall

MRIgRT

ALY

g MR in RT Symposium

= May 22-23,2014

HOME + REGISTRATION + MEETING PROGRAM + ORGANIZING BOARD + ABSTRACTS + SPONSORSHIP + ACCOMODATION

Home

ration Dotos
aty 18
thry
May 10,2014
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Washington
University in St.Louls
SCHOOL OF MEDICINE

MRIgRT

Seminars in

RADIATION ONCOLOGY

Infroducion: Magnstic Resonanca Imaging Comos af Ago in Ra
Oncaiogy

System:

7/22/2014
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