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MRI for treatment planning

Presentation outline

MR/CT based workflow
What is the problem?

MR only workflow
Issues and possibilities

Treatment planning systems

What is needed before we can make full benefit of MR?

Image quality and distortions

jmproved &

Van der Heide et al.
Future Medicin (2011)
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rkflow of today

Images Registration / Treatment planning
Target definition

Problem

Registration

RESULTS OFA MULTI-INSTITUTIONAL BENCHMARK TEST FOR CRANIAL CT/MR IMAGE REGISTRATION
Ulin etal.
Int. J. Radiation Oncology Biol. Phys., Vol. 77, No. 5, pp. 15¢

Method Standard devation: 2
MR and CT examinations of head case tandard deviation: 2.2 mm
were sent to 45 clinics for registration

Switch from CT based to MR based
workflow

Imaging Target definition Treatment planning
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Which issues needs to be addressed

Geometrical accuracy

<4 J

Which issues needs to be addressed

Geometrical accuracy

Imaging of markers

Which issues needs to be addressed

Geometrical accuracy

Imaging of markers

Imaging in fixation

McJURY et al. BJR 2011

Hanvey et al. Phys Med Biol. 2011

Redundant
posterior section
Active lower
anterior section




Which issues needs to be addressed

Geometrical accuracy
Imaging of markers
Imaging in fixation

Dose calculation

Which issues needs to be addressed

Geometrical accuracy
Imaging of markers
Imaging in fixation

Dose calculation

Positioning reference

Which issues needs to be adressed

Geometrical accuracy

Imaging of markers Not specific for MR only radiotherapy

Imaging in fixation
Dose calculation " X
Specific for MR only radiotherapy

Positioning reference
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How?

Dose calculation Positioning reference

CT equivalent

MR signal

(Ultra short echo time)

Manual segmentation and bulk
densities

ric evaluation of MRI-based treatment
for prostate cancer

of brain tumours

o5c, 'R 4 DEALEY, e ang

PHYSICS CONTRIBUTION

MRI-BASED TREATMENT PLANNING FOR §
VERIFICATION FOR PROS

Liut Cos, P, Rowent A, Pace, Ja., PuD., Ly Wa ., Jsinss Ly, P D)
Lunosss Qrw, P, Sawaw MeNeriy, M., €-M Cungue My, PuD,, Gazy M. Frezowax, M.,
AND ALrs Poaack, PiD, MDD
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Manual segmentation and bulk
densities

Advantage

* High dosimetric accuracy
* Intuitive method
Disadvantage

* Very time demanding

* Geometrical accuracy?

virierence in calculated aose Jonsson et al. Radiation Cncoiogy 2010, 5:62

ity /waww ro-journal com/content/5/1/62

Registration based

An Atlas-Based Electron Density Mapping Method

for Magnetic Resonance Imaging (MRI)-Alone Treatment
Planning and Adaptive MRI-Based Prostate Radiation
Therapy

Jason . Dowling, Ph.0.,* Jonsthan Lamhert, B.5c.(Hons), " Jeal Parker, B.App.5c.,
Olivier Salvado, Ph.D.,* Jurgen Fripp, Ph.D.,* Anne Capp, M.Med. (ClinEpi), -

Chris Wratten, MB., B5., " Jomes W, Denham, M.D.,'" and Peter B, Greer, Ph.D.

MR-based attenuation correction for hybrid PET-MR brain imaging systems
using deformable image registration

MRI-Based Attenuation Correction for PET/MRI:
A Novel Approach Combining Pattern Recognition
and Atlas Registration

ol Chaps’, hoso Farguee”, Pilp Ashett

Registration based

MRI Atlas

Advantage

* High dosimetric accuracy
e Automatic

Disadvantage

* Geometrical accuracy?

e =
Int J RadiatOncol Biol Phys 2012
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Automatic segmentation and bulk

densities

Investigation of a method for generating synthetic CT
models from MRI scans of the head and neck for
radiation therapy

ShisHsl o, Voe €0, Ke Huamg, Viary Feng s Janses M Bahter

MRI-Based Attenuation Correction for Hybrid PE’
Systems: A 4-Class ue Segmentation Technique U
a Combined Ultrashort-Echo-Time/Dixon MRI Sequence

Automatic, three-scgment, MR-based attenuation correction
for

&

TE:3.76 ms

€W, Deaker', Yives Temur

Air
Air/soft tissue

Soft tissue

Air
Air/soft tissue

TE: 0.07 ms
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Air

% Air/soft tissue

- Soft tissue
Flip: 60 degrees

“

Flip: 10 degrees

Automatic segmentation and bulk
densities

Advantage

* High dosimetric accuracy

* High geometrical accuracy

Disadvantage

* Not intuitive — Need for QC

* Not shown to work below the H&N region

Direct voxel-vise conversion

with ultrashort echo time

MRI-based treatment plan simulation and
adaptation for ion radiotherapy using a
classification-based approach

Treatment planning of intracranial targets on MRI derived substitute CT
data

n®, Thomas Asklund", Tufve Nyholm |
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Air

@ Air/soft tissue
Flip: 60 degrees

Flip: 10 degrees

Voxel by voxel esstimation

Substitute CT

" Med. Phys. 2011
5.2012

Gamma maps 3%-3mm Geometrical accuracy
cT

s HU > 400
i

-y

CTand S-CT
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Comparison CT/substitute-CT

Advantage

* High dosimetric accuracy

* High geometrical accuracy
Disadvantage

* Not intuitive — Need for QC

* Not shown to work below H&N region

TPS and MRI

Target delineation Dose calculations

A

A% 1T

Tomorrow:

Image quality

(some personal reflextions)

The definition of the target volume and OAR'’s are the most important steps of
the radiotherapy workflow

Point with MR: Image quality - better possiblities to define relevant volumes

So we should do what we can to maintain the image quality..

This could mean that RT needs to adopt to MR instead of the other way around
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Image quality

(some personal reflextions)

Distortions

Target defintion

Patient dependent ‘
Dose calculation (MR only workflow)

Gradient none-linearity Registrations (CT/MR workflow)

Distortions

Patient dependent Seminars in Radiation Oncology
Chemical Shift { o
Susceptibility

[Tl [T Tl V=R ITa TSI Ta VA 1. . - ic Rcsonance Imaging Acquisition Techniques for

Radiotherapy Planning

ot b @ ’ e

“Patient-related image distortions can be reduced by applying
relatively strong slice selection and frequency-encoding gradients, for
example, by setting the pixel bandwidth at twice the water-fat shift,
all patient-related distortions are expected to be smaller than the
pixel size.”

440Hzat15T
880 Hzat3T
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Distortions

Patient dependent
Gradient none-linearity

Distortions

‘( Cavity ———————ri
—

Laryms
Brain swem ——
Prostate ——4

MRI distortion: considerations for MRI bascd radistherapy
treatment phanni

European capital of culture 2014

Thank You!
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