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Today

➢Motion in radiation oncology

➢Motion mitigation strategies overview

➢Motion monitoring and mitigation

➢Current status in clinical practice
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Motion in Radiation Oncology

Hunt et al. Clin Onc. 2018
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Prostate

Huang et al. IJROBP. 2014

Langen et al. IJROBP. 2008



Lungs and lymph nodes

Seppenwoolde et al. IJROBP. 2002 Schmidt et al. Radiother Oncol. 2016

Cardiac component

Respiratory component
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Liver
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Worm et al. IJROBP. 2018

Bertholet et al. IJROBP. 2016



Pancreas and GI
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Johansson et al. Med Phys. 2021

Jones et al. Radiother Oncol. 2015



Passive motion management: margins
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Wolthaus et al.IJROBP. 2008

systematic random penumbra



Margins Compression 
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Active mitigation

Keall et al. (AAPM Task Group 76) Med Phys. 2006

(respiratory) motion mitigation
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Margins Breath-holdCompression 
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Active mitigation

Keall et al. (AAPM Task Group 76) Med Phys. 2006

(respiratory) motion mitigation
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Margins Breath-hold Gating Compression 
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Active mitigation

Keall et al. (AAPM Task Group 76) Med Phys. 2006

(respiratory) motion mitigation
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Margins Breath-hold Gating Tracking Compression 
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Active mitigation

Keall et al. (AAPM Task Group 76) Med Phys. 2006

(respiratory) motion mitigation
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Active mitigation

Real-time 

monitoring
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Motion monitoring

• kV/MV imaging

• MR imaging

• US imaging

• Surface imaging

• Electromagnetic transponders

• Breathing surrogates

• Hybrid methods

Bertholet et al. PMB. 2019 (Topical Review)

Keall et al. IJROBP. 2018
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Hybrid kV/optical monitoring

mitigation

Robotic 

tracking

Gimbal

tracking

Gating / 

repositioning
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MLC tracking
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MR-guided MLC tracking
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Liu et al. Med Phys. 2020



MR linac – Gating (free-breathing/breath-hold)
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• On the Viewray system: with breath-hold or free-breathing gating

Video Feedback System for MR-guided Radiotherapy Using Breath-hold Gated Treatment Delivery in Pancreatic Cancer 

Patients

This video shows three examples of what patients actually see during their treatment. They observe in real-time the gating target (in 

blue or green) within the gating boundary (in red) on a sagittal tracking image derived from the MRIdian console. 

Tetar et al. Cureus 10(2)



Add-on monitoring equipment
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a)

Electromagnetic 

transponders

System specific

Gating

Respiratory 

surrogates

Widely available

Surrogacy quality?

Gating (esp. BH) 

Ultrasound

Prostate only

System specific

Gating

Surface imaging

Positioning

Gating

Inselspital Bern, Universitätsklinik für Radio-Onkologie



21

+ sequential 

stereo*

Solutions on conventional linacs
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• Institutional practice for real-time respiratory motion management (RRMM)

• Wishes for increase use/change of technique or new implementation

• Barriers to increased use or implementation

• 200 centres from 41 countries responded 

Anastasi et al. Radiother Oncol. 2020
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Main results – Patterns of Practice
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Breast

• Evidence of clinical benefit in inspiration 

breath-hold

• 56% of respondents used RRMM 

• Monitoring with respiratory surrogates / 

surface imaging 

Lung / Liver / Pancreas

• Need for higher accuracy in SBRT

• 32% / 22% / 15% of respondents used 

gating

• Monitoring with breathing surrogate

(4 institutions with MR)

• 10% / 8% / 5% used tracking (Cyberknife

except one) 
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Wishes for implementation
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• 40% of respondents had plans to 

implement RRMM for a new 

treatment site in the next 2 years

Inselspital Bern, Universitätsklinik für Radio-Onkologie



Summary: RRMM in clinical practice
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• Mostly gating with respiratory surrogate

• Large interest in implementing RRMM (breast, lung)

• Limited by material/human resources

It is a fast evolving field with promising development…

Inselspital Bern, Universitätsklinik für Radio-Onkologie



Take home messages
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• Many organs move during RT delivery

- Order of magnitude: centimeters!

• Margins are widely used

- But limited by irregular motion 

• Active methods require specialized equipment at the moment

- But can better compensate for irregular motion (smaller margins!)

• Wide interest for implementation of active mitigation in clinical practice

- Limited by human and material resources
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