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Working with an MRgRT program:

online ART, motion management with CINE MRI and special QAs

o . ; ) Bas Raaymakers
"
Email: b.w.raaymakers@umcutrechtnl

Why MRgRT program is a good idea:

MRI guidance from treatment table for high precision irradiation ),

+  Very first patients on pre-Unity

+  Spinal bone metastases

« 1x8 Gy

*  Goal: Demonstrate technical accuracy and
safety in the clinical setting

Geometrical accuracy of 0.3mm, shown by
EPID-DRR comparison

- )

Theraview comparison EPID and pseudoCT DRR 3D T2TSE

From Raaymakers et al. PMB (2017)
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Online Adaptive radiotherapy
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Workflow for first lymph node treatments at Unity

Pre-treatment CT

Contour adaptation

Deformable
registration

!

Online MRI Online re-planning

Py
\I
&

Werensteijn-Honingh el et al., Rad. Oncol. (2019)

Position verification MRI  Independent dose calc

Radiotherapy delivery  Intra-fraction MR

s RS

Post-fraction MRI Legend of dose levels

Plan adaptation via ‘Adapt-to-Position’ or ‘Adapt-to-Shape’

Adapt-to-position
Pretreatment CT Online MRI

Pretreatment CT

;} Plan adaptation
onCT
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Translation

Adapt-to-shape
Pretreatment CT Online MRI

Deformable registration
From Winkel et al. (2019) n ctRO

Online MRI

- Adapt structures.

;; - Plan adaptation

on MRI

Deformed structures i‘é}

Viewray’s ROAR: Real-time, On-table, Adaptive, Radiotherapy

Stills from Viewray movie
https:/ivimeo.com/300812322

+  On-line MRI

+ Contour
propagation/editting

+ Dose prediction on
current anatomy

+  Full re-planning if desired
« Delivery with gating
+ Clinical at ~15 sites

i
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Motion management and cine MRI

Viewray's ROAR: delivery with gating
>
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courtesy Petra Kroon




Digesting real-time MRI: e.g. gating and/or MLC tracking

Real-time raw
data stream

UMCU reconstructor

MLC tracking recorded
on portal imager

Latency is dominated by MRI speed:
Py ay * Isolated MLC latency 20 ms

/ \ / * 4Hz MRI guided MLC tracking latency 347 ms
/ / A + 8Hz MRI guided MLC tracking latency 204 ms
= \ / \ ] +_From Glitzner et al. Phys Med Biol (2019)
) Courtesy Markus Glitzner, Pim Borman

I
Repeated 3D MRI (16 sec) during prostate treatment

i

Slide courtesy Charis Kontaxis

Intra-fraction prosate tracking using 0.05Hz intra-fraction 3D MRI

Rotations

Courtesy Daan de Muinck-Keizer
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Combining cine 3D MRI and log-files: time-resolved dose reconstruction
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Slide courtesy Charis Kontaxis

Volumetric MRI at 16HZ by sampling motion fields

Work by Alessandro Sbrizzi and

. Six cones of 3D cone trajectory? , TR = 10ms each Niek Huttinga
+  Snapshot acquisition @ 16Hz

« 15T Philips Ingenia \@
+  480x acceleration w.r.t. fully-sampled ;=
. “8"-shaped head motion =

+  Affine spatial model, temporal cubic B-spline model

Time = 0 m.s.

3D+t motion fields reconstructed @ 16Hz

[2]: Gurney et al: Design and analysis of a practical 3D cones trajectory.

s
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(Special) Quality Assurance (QA)
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MRI Quality Control and Quality Assurance approach
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Bulk of the tests are Quality Control tests (on sub-systems)
Quality Assurance tests serve as null-measurement

slide courtesy Rob Tijssen

QC Results: geometric fidelity

3D FFE sequence
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Tijssen et al. Rad. And Oncol. 2019

Working up dosimetry and protocols for QA

‘Absolute dosimetry Machine QA, acceptance and commisioning
De prezetal. (2016, 2019a) Smit et al. (20142, 2014b), Woodings et al. (2018), Woodings eta. in preparation)

= More details:
Patient specific QA WE-G-SAN4-211.35
Houweling et al. (2016), de Vries et al. (2018) Commissioning/
verification of MRI-
linac:
By Jochem Wolthaus

Reference dosimetry
Van Asselen et al. (2018), de Prez et al. (2019b)

Periodic machine QA procedures, e.g. star shot or isocenter callbratlon
Van Zijp etal. (2016)
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Linac QA scheme
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Slide courtesy Jochem Wolthaus

Portal imaging on the MRLinac
An EPID as verification tool

* The geometrical alignment and QA tool
— Beam alignment
— MLC calibration
— Watertank alignment

— Measurement equipment alignment (IC, 2D/3D
detector)

« EPID panel rigidity and alignment <0.1 mm

Slide courtesy Jo

Film results comparing calculated and measured dose distribiution

T o Bu o |

More details:
WE-G-SAN4-211.35
Commissioning/
verification of MRI-linacs...
) By Jochem Wolthaus g‘y}
Gamma 5% / 2mm (stereo)




Secondary dose calculation as on-line QA

Daily plan (Monaco)

i

sy Bram van Asselen

Combining cine 3D MRI and log-files: time-resolved dose reconstruction

* Results rely on registration

 This example rigid registration to
handle translations and rotations

* Need for reliable deformation vector
fields (DVF) from non-rigid registration

slide courtesy Charis Kontaxis

How to assess physiologic plausibility of non-rigid image registration
and define QA Criteria

Prostate Anatomy Moving Anatomy Overlap
Norm. cross corr.+ B-spline Optical flow Regularized opt. flow

Jacobian determinant 14
(local compression/ o
expansion) lg_

Courtesy Cornel Zachiu
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Biomechanical interpretation of the DVF as QA Criteria

Norm. cross corr.+
B-spline

Optical flow Regularized opt. flow

Rupture Tensile/
Compressive Stress
Rupture Shear
Stress

Blood Pressure
Excedent

Warped Dose

ourtesy Cornel Zachiu
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Combine: soft-tissue guidance
fast 3D MRI

dose accumulation
fast treatment planning

proper QA

Example for Intra-fraction replanning: inter-beam base-line correction

Make new plan
* Start delivering‘a
*  Record intra-fract
¢ Reconstruct dose
* Adapt for new an:

Kontaxis et al. PMB 2017
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Summary

* MR linacs are in regular clinical use -> don’t be scared

« Daily full re-planning is feasible
* Even without adaptation:

— Repeated (inter- and intra-fraction) MRI for dose response assessment

« Higher precision -> dose escalation and/or hypo-fractionation

* Special QA, but can be implemented as regular clinical proced

« True 4D anatomical imaging: so time-resolved 3D
* Work towards: Real-time adaptive radiotherapy
« The best is yet to come! In silico treatment of renal cancer.

Continuously adapted treatment while
accounting for accumulated dose

Thanks, acknowledgement and disclosure

* Acknowledge entire department for contributin i
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* Disclosure and thanks for external support:
* Thank you for bearing with me
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