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Introduction

• IGRT methods not employing ionizing radiation

– Surface-Guided Radiation Therapy (Discussed in next talk)
• Most prevalent, low cost, used primarily for breast and cranial 

treatments

– Ultrasound-Guided Radiation Therapy
• Older method, limited use primarily for prostate and breast 

treatments, no longer marketed



Introduction

• MR-Guided radiation therapy (MRgRT or MRIgRT)
– Relatively new
– High upfront and ongoing cost
– Slower treatment times
– Useful for treatments needing soft tissue contrast and 

adaptive planning



Noel et. al, Acta Oncol 54:1474-1482, 2015

Comparison of on board 
low-field MRI and CBCT 

Lumpectomy cavity

Lung tumor

Liver tumor

Pancreatic tumor
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Challenges Associated with combining MRI and Linac

• From the MRI perspective, a Linac is a magnetic source that 
degrades magnetic field uniformity and is a source of 
radiofrequency interference which could cause image artefacts

• From the Linac perspective, it must operate within the static 
magnetic fringe field (the peripheral magnetic filed outside the 
magnet core) which affects the trajectory of electrons during 
acceleration

Keall et al., Nat Rev Rad Onc 19, 458-470 (2022)



• To overcome these issues, each system has employed 
magnetic shielding (active or passive) and/or magnet redesign 

• Thus the MR-Linac systems tend to have lower performance 
that stand-alone MRIs and Linacs, including longer scan times 
and ability to deliver the beams only in co-planar geometry 

Challenges Associated with combining MRI and Linac

Keall et al., Nat Rev Rad Onc 19, 458-470 (2022)



Keall et al., Nat Rev Rad Onc 19, 458-470 (2022)



Keall et al., Nat Rev Rad Onc 19, 458-470 (2022)

Perpendicular Configuration:

Magnetic field bends charged 
particles, affecting beam generation 
and patient dose

Minimal effect on MRI by Linac

Linac can be rotated independently 
of magnet



Keall et al., Nat Rev Rad Onc 19, 458-470 (2022)

Inline Configuration:

Minor effect on beam generation by 
magnet

Major effect on MRI by Linac

Either magnet or patient must be 
rotated



ViewRay, MR-Cobalt & MR-Linac (MRIdian), 6 MV FFF beam mounted on a 0.35 T split 
superconducting magnets with a 28 cm gap between the two halves, SAD: 90 cm, field size of 27.4 x 

24.1 cm



Elekta Unity: 7 MV FFF linear accelerator mounted in a ring around a 1.5 T closed 
superconducting magnet, SAD: 145 cm, field size of 55 x 29 cm



MagnetTx Aurora-RT, 6 MV FFF linear accelerator mounted inline with a 0.5 T 
biplanar superconducting magnet, SAD: 120 cm

http://mp.med.ualberta.ca/linac-mr/photo_gallery.html



Australian MR Linac, 4/6 MV FFF linear accelerator mounted inline or 
perpendicular on a 1.0 T magnet, 180 cm SAD (fixed beam, rotating patient) 

Paganelli et al. 2018 https://image-x.sydney.edu.au/mri-linac/
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Implementation of MRgRT

• Out of the over 13,000 radiotherapy machines globally (2013 
data), ~1% are MRgRT systems



Implementation of MRgRT

� Most radiation therapy departments have limited expertise in 
safely introducing MRIs

� Safety training should include various MR safety trainings and 
professional bodies are beginning to address these

� Hence many departments recruit or involve staff with MRI 
experience

Keall et al., Nat Rev Rad Onc 19, 458-470 (2022)



Implementation of MRgRT

• Two international guidelines have been introduced on the use 
of MRI in radiation therapy



Implementation of MRgRT

• Considerations of cost-effectiveness of MRgRT:
– It is significantly more expensive than linac-based IGRT
– It involves longer treatment times
– It requires substantial structural and staffing costs
– There is lack of data on clinical effectiveness

• In contrast:
– Conventional radiotherapy is highly cost effective

Keall et al., Nat Rev Rad Onc 19, 458-470 (2022)
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Clinical Advantages of MRgRT

� Superior anatomical definition translates into better target 
definition for soft tissue tumors

� Intrafraction cine-MR allows for gating and target tracking for 
moving organs

� This is particularly relevant for hypofractionated treatments

� Ability for real-time adaptive radiotherapy
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Limitations of MRgRT

� No rotational movement of the couch to account for all six 
degrees of freedom

� Necessity of evaluating image quality, specially for the 
presence of motion artefacts

� Complexity of introducing on-line adaptive radiation therapy, 
low patient throughput
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Indications Treated by MRgRT

• Abdomen
– MRgRT enables delivery of higher radiation doses, particularly to 

upper abdominal cancers
– Pancreatic cancer patients treated with MRgRT showed a 

significant correlation between dose and survival
• Lung

– MRgRT might provide optimal solution for hard-to-treat lung 
cancers

Keall et al., Nat Rev Rad Onc 19, 458-470 (2022)



Disease Site
Enhanced Soft 
Tissue 
Visualization

Motion 
Management

Inter-Fraction 
Adaptive 
Re-Planning

Margin 
Reduction

Facilitate Dose 
Escalation

Prostate ✓ ✓

Pancreas ✓ ✓ ✓ ✓

Liver ✓ ✓ ✓ ✓

Breast ✓ ✓ ✓

Lung ✓ ✓

Oligometastases ✓ ✓ ✓ ✓ ✓

Cardiac Ablation ✓ ✓

Ladbury et. al, Cancers 15, 2916 (2023)



Contraindications

• Implantable medical devices (safety and image artefacts)
• Ferromagnetic materials (implants ad prosthesis, clips, 

staples, …)
• Patient size (limited FOV)

• Patient diet prior to treatment



Contraindications

• Case report: Metal artefacts caused by iron-fortified breakfast 
cereal consumed shortly before treatment

Susceptibility artefacts, image distortion due to magnetic field inhomogeneity from ferrous materials

Green et al., Cureus 10 (3): e2359 (2018)
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Safety

• All MRI safety issues are applicable to MR-Linacs
– MR safety zones
– MR personnel
– MR screening
– …



Safety

ACR Manual on MR Safety-2024



Safety

Hu et al., Pract Radiat Oncol 10, 443-453 (2020)



Safety

Hu et al., Pract Radiat Oncol 10, 443-453 (2020)
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Summary and Conclusions

• MRgRT has clear advantages in treating certain indications 
requiring soft tissue contrast

• It also enables real-time adaptive radiation therapy

• It eliminates the imaging dose burden of patients



Summary and Conclusions

However;

• It has high upfront and ongoing costs

• It requires significant safety measures and staff training

• It is a slower treatment delivery option, especially if adaptive 
planning is employed



Questions?


