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The	 promise	 of	 the	MRI	 linac:
Simultaneous	 MRI	 and	irradiation

Bas	Raaymakers

Disclosure:	Receiving	research	funding	from	Elekta

Limitations	of	exploiting	 the	Bragg	peak:
margins	 and	sub-optimal	beam	angle

From Polf and Parodi, Physics Today 68(2015)

Concept	of	MRI	accelerator

Accelerator

MLC

beam

• Simultaneous	MRI	and	irradation

• Real-time	feed	back	of	
soft-tissue	anatomy	
changes	for	high	precision	
radiotherapy

The	goal	of	MRI	guided	Radiotherapy:
exploit	the	soft	tissue

• On-line	imaging
• Soft	tissue	visualization	

compared	with	(cb)CT
• Motion	visualization
• Bring	(geometrical)	

certainty	to	the	
treatment

4D-MRI	PCA	motion	model

• Acquire	retrospective	 4D-MRI	 (10	respiratory	 phases)
• Calculate	motion	model	using	4D	motion	information	through	

Principal	Component	Analysis	(PCA)
• Transform	 3D	reference	volume	based	on	dynamic	2D	images	

(acquired	 during	treatment)	 using	the	motion	model

Pre-beam	 imaging	(model	 formation)

4D-MRI	 (x,y,z ,φ) Motion	 model	(x,y,z ,PCA)Stemkens et al 2016 PMB
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Example	 for	assessing	on-the-fly	pancreatic	 motion:
4D	MRI	model	combined	with	 real-time	multislice	 MRI
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1.5	T	MRI	accelerator:
Simultaneous	beam	on	and	MRI

Artist impression

1.5 T diagnostic MRI quality No impact of beam on MRI

First prototype MRI accelerator

Second	prototype	MRI	linac

Slipring

Cooling equipment

Power supplies
& electronics

MLC & accelerator 
waveguide

RF waveguides
Modulator

Third	protoype	MRI	accelerator

Coordinated	clinical	 introduction	via	 the	Elekta	 Atlantic	
consortium:	 assessing	clinical	value	of	MRIgRT

Active	developments	MRI	guided	radiotherapy	systems
• Utrecht,	 The	 Netherlands

– 1.5	 T	MRI,	 6	MV	 linac
– www.elekta.com/mr-li nac

• Edmonton,	 Canada
– 0.5	 T	MRI,	 6	MV	 linac
– www.magnettx.com

• Viewray,	 Cleveland,	 USA
– 0.35	 T	MRI,	 3	Co	 sources
– Clinical	 s ince	 2014
– www.viewray.com

• Australia	 MR	 linac project,	 Sydney
– 1.0	 T	MRI,	 6	MV	 linac
– www.sydney.edu.au
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On l in e	 treatmen t	
p lann in g

Treatmen t	 Del ivery

Image	 acqu isi tio n 	and 	
VOI	d el in eation 	

Asse ss	
Tre atment

Re p lann ingDose 	
Accumu lation

Load 	Anatomy

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

Kontaxis 	et	al	2015	PMB	60	2493	

Asse ss	
Tre atment

Re p lann ingDose 	
Accumu lation

Load 	anatomy

P lanne d 	dose Update d 	
p lanne d 	dose

Part	 o f	de live re d 	
dose

• Clinical	 grade	plans
– Delta4
– Film

• MRL	Treatment	Planning	System	
(MRLTP)
– Automated	prostate	plan	 less	 than	

3	minutes
– Daily	replanning possible

Dose Reference

Intrafraction	 ASEQ:	 real-time	 motion	data

Updat e	 r em aining	 dose

War p	 dose	 t o	r ef er ence

Calculat e	 deliver ed	 dose

Segm ent at ion

Fluence Opt im izat ion

War p	 r em aining	 dose	 t o	dynam ic	 space

Load	 new	 anat om y

Static – Adaptive Absolute Diff

ASEQ

Dose

Potential	 for	MRI	guided	Radiotherapy

SBRT for mobile targets
e.g. s ingle fraction RT kidney tumours

• Daily MRI based image guidance
• With daily plan adaptation
• Ranging from CT based spinal 

bones to indiv idual lymph nodes

CIS: Centre for Image Sciences

Various treatment modalities:
• MRI linac (3x)
• MRI brachytherapy (1x)
• MRI HIFU (1x)
• MRI Holmium Radioembolisation (1x)

• MRI guided protons (in silico)

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

– e.g.	 Non-invasive GTV	 ablation in	kidney

• MRI	 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	 (e.g.	 QA)
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