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Learning objectives

 Discuss margin considerations for motion mitigation
« Describe the main active motion monitoring and mitigation techniques

* Discuss practical considerations for the implementation of active motion management
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Target definition for motion management
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Wolthaus et al. IJROBP. 2008
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Margin recipes and uncertainties

Mppy = 2.55 + 1.64, /a2 + 2 — 1.64¢,(mm),
Vot :

CTV-PTV margin to deliver at least 95% of prescription dose to CTV for 90% of patients(®

A

Typical margin recipes-2 neglect the effect of fraction number on set-up-related
uncertainties in o

Adjustments needed, especially for hypofractionation/SBRT &:4.5)

(D Van Herk et al. IJROBP 2000 4) De Boer and Heijmen IJROBP 2001
() Stroom et al. IJROBP 1999 ®) Herschtal et al. PMB 2013
() Gordon and Siebers, PMB 2007
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PaSS|Ve RM M RMM = Respiratory Motion Management
Passive RMM
MidVent ,
Breathing Internal target Or Compression
level /amplitude volume (ITV) MidPos + margin
N Caveat:

Inhale
Motion at 4DCT is not
necessarily representative of
motion during treatment delivery!

MidVent (Dhont et al. Radiother.Oncol. 2017,

MidPos Steiner et al. Radiother.Oncol. 2019)

Exhale

Dhont, Harden et al. Clin Onc 2018 Keall et al. Med.Phys 2006 - AAPM TG 76
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ACtlve R M M RMM = Respiratory Motion Management
Active RMM
Gating in Gating in Respiratory
breath-hold free-breathing  synchronization

Caveats:

« Breath-hold (BH) level reproducibility

« Baseline drift when gating in free-breathing (FB)

* Currently low availability of respiratory
synchronization (tracking)

Dhont, Harden et al. Clin Onc 2018 Keall et al. Med.Phys 2006 - AAPM TG 76
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Active mitigation

Bertholet et al. PMB. 2019 & AAPM 2020 ~

s
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Breathing surrogates for gating

« Available on standard linacs External position change (optical marker)
. . " Amplitade Gating
* 1D breathing signal v—
« Low latency ) \AM =  mm
70 7s Time (3]

« Non ionizing
« Suited for gating (FB/BH)

Abdomen perimeter change Lung volume change
 Poor surrogate for internal target position iy //

« Recommended to combine with

- X N
intrafraction imaging . e, cAve N
E S jl-" 7‘
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Triggered imaging for verification

 Possible to acquire KV images
- Perpendicular to treatment beam
- Triggered by time, gating thresholds or gantry angle (arc therapy)

« Verify the position of implanted fiducial markers agalnst reference

« Beam-off and adjust if needed w '
- Internal motion s 4 ?-. M’?

- Internal drift

* 68 pancreas SBRT patients

* Also applicable without gating
(e.g. prostate)

S S i —

Vinogradskiy et al. IJROBP 2018 NS
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Hybrid methods for gating or tracking

« ExacTrac system (add-on for any linac) for verification of the 1D signal.

 Tracking on Cyberknife, Radixact, or Vero (discontinued) systems with 3D internal
monitoring based on external correlation model (ECM).
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Surface monitoring for gating

Add-on systems for linacs

Projected light pattern on the patient
Non-ionizing

Detection of 6D motion

Can automatically trigger beam-hold
Suited for gating (FB/BH)

Good surrogacy for chest wall and breast

alignii® Lt Breast intact VISIONRT (Female) DOB: 14-Feb-1962 0010010010

Left Breast ISOCENTER FIELD
CopyLT SABR.2 (10.00 7.0 VRT
et 1

Lodwgy Awdeerce T 4
ok & Made
/ .
L
Mies Setace e 00l Ints
iy Teek oy

I

l

12




Other add-on systems for gating

 Electromagnetic transponders (Calypso)
- Specific for Varian systems
- 3D monitoring
- Transponder implantation required
- Non-ionizing

WINSELSPITAL
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 Ultrasound imaging (Clarity)
- Specific for Elekta systems
- Soft tissue monitoring
- Limited to prostate
- Non-ionizing

JNIVERSITATSKLINIK
FUR RADIO-ONKOLOGIE
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MR-based gating

« 2D cine imaging at 4 Hz « Gating FB/BH
* Internal monitoring « Specialized device

« Non ionizing

REthR) U
|-SCREENCAST. (8} IMATIC

Tetar et al. Cureus, 2018 |
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MLC-tracking

 Not yet clinically available

« But implemented in clinical trials on conventional linacs (keall et al. Med.Phys. 2014, Booth et al.
Radiother.Oncol. 2016, Keall et al. Radiother.Oncol. 2018)

* And experimentally on MR-linacs (Glitzner et al. PMB. 2019, Liu et al. Med.Phys. 2020)

MEDICAL PHYSICS

The Internaticncl Journal of Medical Physics Research and Practice

* Can adapt also to rOtatlon or mUItlple targets mOVIng dlﬁ:erently :):nlz’l\cfllgigs?)(;rroijGﬂrThe safe clinical implementation of MLC

tracking in radiotherapy

» Adaptation perpendicular to the leaves is slower and suboptimal e ceim s ros semeco sereny v soon spunsen o a1 ceno e

Cirino, Sonja Dieterich, Martin F. Fast, Peter B. Greer, Per Munck af Rosenschold, Parag J. Parikh, Per
Rugaard Poulsen, Lakshmi Santanam, George W. Sherouse, Jie Shi, Sotirios Stathakis
... See fewer authors ~

¢ Req u I reS h ig h freq u e n Cy m O n ito ri n g 01 December 2020 | https://doi.org/10.1002/mp.14625 | Citations: 1

« Temporal prediction algorithm may be used to compensate for monitoring latency

15
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Considerations for active RMM

« Motion monitoring « Mitigation
« Latency, dimensionality, ionizing e Latency requirements

« Avalilability/cost « Avalilability/cost

N

Treatment site
« Breathing motion or other
« Deep-seated/superficial
« Contrast on imaging




The choice of RMM method impacts all the steps of the treatment

imaging/monitoring

planning/RMM decision

Uncertainties

Optional (technique)

Dhont, Harden et al. Clin Onc 2018

Simulation

H

Planning

| Delivery (N#)

Simulation CT:
-3DCT

- Slow CT

- 4D CT (#phases)
- BHCT

Supporting imaging:
- MR (contrast)

- PET

- SPECT

- 4D

Definition:

- Gating parameters
- Compression level
- Reference position

- Motion artefact
- Blurring
- Distortions

Target Volume definition:

Generate
¢ MidPos
image

- Primary
- Lymph nodes
Margins
a4 - [TV
- MidVent
- MidPos
- PTV

Plan Optimization:
- Density overrides
- Robust planning
Dose calculation

- Algorithm

Systematic error X propagation

- Delineation error

registration .
= - Dose uncertainty

Set-up imaging:
- fluoroscopic

- Stereoscopic

- CBCT

- 4D CBCT

- Gated CBCT
- MR

Add-on device:

- External

- Surface

- Air volume/ ABC
- Compression

- Transponders

Verification:

- Set-up (primary/LN)
- Compression level
- Gating parameters

- Reference position

Not so “random” for
hypofractionation!

- Set-up error
- Anatomical changes

- Breathing pattern
- Gating level
- Compression level

Real-time monitoring:
- Imaging
- Add-on

Active RMM:

- Gating

- Synchronization
- Trailing

Random error ¢

- Residual motion
- Drift
- Latency

17
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Practical considerations (1/2)

Survey of 200 centres in 41 countries (17 in USA, 2 in CA) (respiratory RMM only)
Breast:
* 56% of respondents used gating ((deep)-inspiration BH)

« >Mostly with respiratory surrogates or surface imaging
- 41% acquired verification images

« >50% had a dedicated coaching session

* >75% used audio and/or visual feedback to the patient

Anastasi et al. Radiat.Oncol. 2020
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Practical considerations (2/2)

Lung / Liver / Pancreas
« 32% [ 22% [ 15% of respondents used gating

« Monitoring mostly with breathing surrogate. Of those:
- 39% / 39% / 45% acquired verification images and look at them online

» 4 Institutions with MR

* 10% / 8% [/ 5% used tracking (all except 1 with Cyberknife and hybrid x-ray/optical
monitoring)

» <50% had a dedicated coaching session

* No coaching/feedback when tracking

Anastasi et al. Radiat.Oncol. 2020
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Wishes and challenges

S
S

| | !

Status and wishes to expand
Do not gate/track, do not wish to implement
" Do not gate/track, wish to implement
B Gate/track, no wish to change or expand
Bl Gate/track, wish to change or expand

b |
L
T

Main barriers: 1
1. Equipment/financial resources

2. Human resources

3. Capacity on treatment machine

2) breast lung liver pancreas lymphoma

Lh
=
T

Percentage of responding centres (N=200)
o
LA

)

&
8

Anastasi et al. Radiat.Oncol. 2020



Summary

« Passive motion mitigation (margins, compression) ignores possible changes in
breathing patterns
 Active mitigation requires compatible:
- Motion monitoring method
- Real-time adaptation method (gating, tracking)
- And uncertainty budget!

 Applicability of different methods depends on the treatment site

* There iIs a large interest in implementing active motion mitigation, especially for lung
- Mainly limited by financial and human resources
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Thank you for your attention!
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