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Abstract

In external beam radiotherapy, Electronic Portal Imaging Devices
(EPIDs) are frequently used for pre-treatment and for in vivo dose
verification. Currently, various MR-guided radiotherapy systems are
being developed and clinically implemented. Independent dosimetric
verification is highly desirable. For this purpose, we adapted our EPID-
based dose verification system for use with the MR-Linac combination
developed by Elekta in cooperation with UMC Utrecht and Philips.

In this study we extended our back-projection method to cope with the
presence of an extra attenuating medium between the patient and the
EPID. Experiments were performed at a conventional linac, using an
aluminum mock-up of the MRI scanner housing between the phantom
and the EPID. For a 10 cm square field, the attenuation by the mock-
up was 72%, while 16% of the remaining EPID signal resulted from

scattered radiation.

58 IMRT fields were delivered to a 20 cm slab phantom with and without
the mock-up. EPID reconstructed dose distributions were compared to

planned dose distributions using the y-evaluation method (global, 3%,
3mm). In our adapted back-projection algorithm the averaged ¥, an Was

0.27 + 0.06, while in the conventional was 0.28 + 0.06. Dose profiles of
several square fields reconstructed with our adapted algorithm showed

excellent agreement when compared to TPS.

Keywords: EPID dosimetry, MR-Linac, patient-specific, pre-treatment,

in vivo, verification, IMRT
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2.1. Introduction

Image-guided radiotherapy strives to correct for tumor misalignments
derived from setup error, posture change, organ motion, etc., which
may otherwise lead to suboptimal treatments. However, deformation
and anatomical changes related to treatment response are typically not
included in the regular IGRT workflow. Moreover, the in-room image
quality is not always sufficient to visualize the tumor and relevant
organs-at-risk. Hence, several groups are currently investigating
the potential of radiotherapy treatment systems with integrated MR
imaging modality. One example is the MRIdian System (ViewRay, Inc.,
Oakwood Village, OH), which integrates three Cobalt-60 heads with
a 0.35-T split MRI system . The Linac-MR (Cross Cancer Institute,
Edmonton AB, Canada) consists of an isocentrically rotating 6 MV linac
withabiplanar0.5-T MRIin the transverse plane allowing perpendicular
and parallel irradiation to the magnetic field 1%, The Australian MRI-
Linac system connects a specifically designed 1-T open-bore MRI with
a6-MV linac . The MRI-linac program investigated by Siemens places
a 6MV linac in a ring around a conventional MRI magnet '°. Another
initiative couples a 1.5-T, diagnostic quality, magnetic resonance
imaging with a linear accelerator (Elekta AB, Stockholm, Sweden in
cooperation with UMC Utrecht, The Netherlands and Philips, Best,
The Netherlands)”>. When combined with fast (re)contouring and (re)
planning software, MRI-based online adaptive strategies are expected
to become feasible®. The Elekta MR-Linac is currently being installed

in our institute.

The high complexity of online treatment adaptation makes independent
dosimetric verification in the MR-Linac system highly desirable.
Alternative quality assurance techniques involving the use of the
linac log files and MRI 3D patient anatomy could allow identification
of potential errors in data transfer, dose delivery, patient set-up, and
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changes in patient anatomy, but not in dose calculation or MLC
calibration'® and not in real-time. The aim of transit EPID dosimetry
at the MR-Linac is to verify the delivered 3D dose to the patient, hence
providing an independent real-time verification of the entire treatment

chain.

Several studies of dose-response characteristics have shown that
a-Si EPIDs are suitable for dose verification!'® 112 115 114 115 [t was
demonstrated” in addition that the portal imager integrated in the
MR-Linac is able to acquire EPID images simultaneously to MRI
imaging. Our back-projection algorithm has been described previously
in detail”®® and is used to perform in vivo EPID dosimetry routinely
for almost all IMRT and VMAT as well as 3D conformal radiotherapy

treatments in our clinic since January 2008%.

The geometry of the MR-Linac poses several challenges for EPID
based dosimetry:

» The presence of the MRI housing between the patient and the
EPID serves as a non-uniform attenuating medium and as a
source of scattered radiation. Furthermore, it alters the photon
energy spectrum of the beam.

« The 1.5T magnetic field affects the dose deposition in the
patient (or phantom)’ """

« The small magnetic field at the EPID location possibly
influences the dose-response characteristics of the EPID®.

As a first step towards portal dosimetry in the MR-Linac, the purpose
of this study was to correct for the scattering and attenuating effects
in the EPID images caused by a step-shaped extra attenuating medium
mimicking the MRI housing, and to back-project the corrected portal

dose images into the patient’s geometry.

The use of such an MRI scanner mock-up at a conventional linac is



