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MR LINEAR ACCELERATOR



• Magnetic Resonance Simulation (MR-Sim) is a diagnostic 
magnetic resonance imaging (MRI) platform that has been 
adapted to optimize radiotherapy treatment planning by 
making a hybrid of CT scan and MRI

• It allow for online real time MR imaging for high-precision 
adaptive radiotherapy.2,3

• The term used for it is MR guided radiotherapy [MRgRT]

• MR-linac systems offer real-time tumour tracking and beam 
gating.4

• The first MR-Sim was approved by Health Canada in 
2010,42 and the first MR-linac system was approved by Health 
Canada in 2017.43



• MR linac is a hybrid device with a linear 

accelerator to deliver radiotherapy and a MRI 

scanner21 [somewhat like the CBCT acquisition in 

other linacs 22]

• Combined use of MR Sim and MR Linac holds 

promise for better delineation and accturate

delivery



• MR-Sim is a diagnostic MRI like the CT sim that helps in contouring targets and 
OARs for radiotherapy planning.1

• MR Sim may or may not be used for planning purpose with a MR Linac

• MR CT coregistration for contouring can cause errors of 1-2mm17 which can be 
minimized by using MR Sim instead of diagnostic MRI coregistration

• MR Sim has a MR only workflow for contouring and planning, the electron 
density for planning is less reliable in MRI though

• MR Sim has features like 
• coil bridges to prevent deformation of the patient’s body contour6

• MRI compatible mobilization devices to minimize patient movement13

• rigid flat table top13

• laser positioning system7

• wider bore7

• patient imaged in treatment (as opposed to imaging) position7

• dedicated scan protocols.35,7



• Radiation with linear accelerator involves generating a 
radiation plan for a volume to account for target and OAR 
motion. There is no real time confirmation of the 
movement.20

• Its essential to have immobilization devices that permits 
placement of MRI coils close to the area to be scanned

• MR-linac uses fast dynamic MR sequences for tumour
tracking and real-time motion monitoring.11 MR guided 
Real-time adaptive radiotherapy, accounts for natural body 
movement to improve coverage and reduce OAR dose20



Benefits from MR Linac
• While MRI is superior in imaging of soft tissue [target and OAR] 
• Has no burden of escalating radiation dose by multiple imaging
• It will enable dose escalation 

• It will enable margin reduction

• That will translate to higher cure rates and less toxicity for patients.1

• It may enable the assessment of response [by imaging] before or during the early 
phases of treatment which may be clinically useful,41 for plan adaptation or changing 
treatment objective35

• A study examined and found no significant differences in mean lung density changes for 
patients who had lung stereotactic ablative radiotherapy using a MR-linac versus a 
linear accelerator delivery system. 25

• Evidence from a study found that patients of pancreatic cancer treated with dose-
escalated MR-linac demonstrated improved overall survival and freedom from local 
failure.51 Stereotactic MRI-guided On-table Adaptive Radiation Therapy (SMART) study 
has been launched in 2019 for pancreatic cancer. 

• Similar study for prostatic cancer, concluded that MR-linac was feasible and well-
tolerated.52

• Multiple studies are ongoing for technical feasibility and assessment of outcomes for 
different sites using MRgRT



COST CONCERNS WITH MR 
Linacs

• Its anticipated that by the nextdecade it will be standard practice to use 

MR Linac 21,39

• Concerns are it comes along with longer time of image acquisition 
and higher cost of installation

• The equipement and installation cost ranges from 8.5-10 million 
dollars for the Elekta MR Linac Unity, 8-10 million dollars for 
ViewRay MRIdian

• It’s a challenge to the value based system 

• Other cost factors would be 

– Vault construction – lesser for MRIdian system due to ‘split magnet’ design

– Additional staff – radiation oncologist, medical physicist, radiotherapy 
technician, medical radiotherapy technologist



SAFETY CONCERNS

• There are safety issues related to the projectile capabilities of metallic 
objects in the strong magnetic field 

• Its needed to screen patients for contraindications such as aneurysm clips, cardiac 

bypass surgery, some heart valves, embedded wires, stimulators, batteries, implanted electrodes, shunts, pumps, 

pacemakers, and some penile implants.17

• Even non magnetic metallic implants may cause artefacts in the MR 
images, such as signal loss, intense areas of signal accumulation, and 
distortion in areas near the implant.35

• The loud knocking noise can be a deterrant and need ear protection and 
can cause peripheral nerve stimulation

• The thermal effects of radiofrequency used can cause heating of the 
body



TECHNICAL CHALLENGES IN 
IMPLEMENTATION

• Assessment and resolution of technical factors regarding electron density 
assessment, contour generation, planning, verification and adaptation

• Newer quality assurance needing training of physicist

• Training for RTT as MR is new for them

• Selection of people for the work and conducting training will be a pre-requisite

• Areas of MRgRT-related focused training include:40,63

• New treatment planning systems

• MR safety, patient screening

• MR-based anatomy — image assessment on MRI versus cone beam CT versus 
CT

• MR image quality, formation, scan optimization and interpretation

• Multimodality image registration

• Contour/modify organs at risk for adaptive radiotherapy

• Adaptive radiotherapy strategies and methodologies

• Novel radiotherapy delivery techniques

• Daily/weekly quality assurance and quality control requirements.



MR Linac configurations
• MR Linacs can have either fixed perpendicular 

or parallel beam field or both



There are several MR-linac systems available:

• Elekta Unity that incorporates a Philips 1.5 Tesla MRI and a 7.5 

megavolt (MV) (acceleration rate) linear accelerator,73

• MRIdian by ViewRay that integrates a 0.35 Tesla magnet with a 

6 MV Linac,74

• The rail-mounted MRgRT Suite.40

• Aurora RT radiotherapy system from MagnetTx, combines a 6 

MV linear accelerator and a 0.5 Tesla MRI magnet, and has a 

non-clinical working prototype.75





• the international MR-linac Consortium established in 2012 

• It published its study MOMENTUM (Multiple Outcome Evaluation of 
Radiotherapy Using the MR-linac) in 2019 54

• has selected tumour sites for which MRgRT will initially be used, though 
later it might be expanded to all sites.31

– Brain

– Breast

– Cervix

– Esophagus

– Lung

– Oropharynx

– Pancreas

– Prostate

– rectum











ONGOING TRIALS

• UMBRELLA-II



• IJROBP, poster Q&A session, 2020







ONLINE ADAPTIVE RADIOTHERAPY



The challenges involved in delivering on-couch adaptive

therapy are addressed, in the Ethos system,through a 

replanning workflow that has been reduced to well-defined

and predictable clinical decision points in order to lower the

cognitive load of the clinician.



FOUR Decision points 

• Accepting the image

• Assessing and modifying the ‘influencer’ 
structures or OARs

• Assessing and modifying the target organs –
creating the session model

• Selecting the plan – scheduled or adapted



FOUR Decision points 



• Deep learning convolutional neural 
network [CNN] and hyperparameters 
in these models are used

• Uses the acquired 3D iCBCT as input to 
the neural network and gives a similar 
output that the clinician can assess 
and accept





• Once image is approved, deformable registration is 
used by the system to make an image sCBCT that 
conforms with the CBCT

• Then the IOE (Intelligent optimization engine) 
generated IMRT/VMAT plans with high degree of dose 
conformity and OAR doses, and an intelligent trade off 
clinically

• The IOE works by having Q-functions [quality functions] 
laid down before hand for the planning purpose
– Target upper dose [TUD] goal
– Target lower dose [TUD] goal
– Organ upper dose [OUD] goal



• It works by making 
physics volumes, 
reiterations, more 
control functions






