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Radiotherapy is an integral component of head/neck squamous cell carcinomas (HNSCCs) treatment, and
technological developments including advances in image-guided radiotherapy over the past decades have offered
improvements in the technical treatment of these cancers. Integration of magnetic resonance imaging (MRI) into
image guidance through the development of MR-guided radiotherapy (MRgRT) offers further potential for

refinement of the techniques by which HNSCCs are treated.

radiotherapy magnetic resonance imaging head and neck cancer MR-Linac

| 1. Introduction

The delivery of radiotherapy (RT) for cancer treatment was revolutionized in the 1990s with the development of
computed tomography (CT)-based three-dimensional RT planning and image-guided RT (IGRT). This allowed for
better targeting of tumors and areas at risk while sparing nearby normal tissues. Early approaches to IGRT
replaced the utilization of external skin markings and included first fluoroscopy then later portal imaging, including

kilovoltage and megavoltage imaging, which had limited soft tissue delineation but allowed for anatomic targeting.

The development of cone beam computed tomography (CBCT) around 2000 ushered in an era of further precision
in RT, allowing for dose escalation aiming to eradicate tumors while sparing nearby tissues. Refinement of IGRT
technigues has allowed for the proliferation of advanced radiotherapy techniques. Treatment of head and neck
squamous cell carcinomas (HNSCCs) in particular has benefited from improvements in technology. Modern
approaches to RT for HNSCC include salivary-sparing 12 and pharyngeal constrictor-sparing B4 approaches,
which require more conformal dose distributions made possible by the improvement in technology used to delivery

radiotherapy.

Integration of CBCT into RT has also allowed for better visualization of changes seen during the course of
treatment for HNSCC, which typically lasts 6—7 weeks. Geometric plan adaptation in HNSCC is typically driven by
large tumor response or large anatomic shifts due to weight loss and is important due to unintended dosimetric
changes that may occur during the course of treatment that may cause unintended toxicities or affect tumor control
during the course of treatment B (example of patient with significant tumor regression in Figure 1). Early studies
assessing adaptation driven by changes seen on CBCT suggest that this approach is feasible and efficacious .

However, the structures that define modern approaches to RT (salivary glands, pharyngeal constrictors, lymph
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nodes) remain poorly visualized on CBCTs. CBCTs are limited in their ability to differentiate the varying soft tissues
relevant to HNSCC.

Figure 1. Example of a patient who had significant tumor regression after only 30 Gy of radiotherapy (of planned
70 Gy course). The patient had a large soft palate primary with extension into the nasal cavity. (A,B): original CT
simulation, sagittal (A) and axial (B), respectively. (C,D): repeat CT simulation after approximately 36 Gy showing
significant tumor response in the area of high dose, (C) sagittal and (D) axial. The color shading represents the

radiotherapy dose distribution, with the purple/red representing areas of highest dose.

Magnetic resonance imaging (MRI) has become widely used clinically in HNSCC. MRIs allow for better soft tissue
delineation and are of particular use in visualizing perineural invasion, extracapsular extension 8 and muscle
invasion, all of which have importance in the diagnosis and treatment of HNSCC. Integrating MRI into IGRT
(MRgRT) offers an opportunity to utilize these features and allow for further improvements in RT precision.
Importantly, better integration of MRI into IGRT may also expand the role of adaptive RT &l Early studies
assessing the feasibility of off-line adaptation using MRgRT suggest that this approach is efficacious 29 and may

allow for improvements in radiotherapy planning.

Early attempts to integrate MRI into IGRT was hampered by the effect of the magnetic field used to create proton
spin on the secondary electrons generated by RT 1222 However, recent advances in technology allowed for the

development of an MRgRT linear accelerator. Currently, two machines are Food and Drug Administration (FDA)
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approved and commercially available—one with a 0.35 Tesla (T) MRI (ViewRay MRIdian) and one with a 1.5 T MRI
(Elekta Unity). These machines show promise in improving IGRT, with their better delineation of soft tissue relative

to CBCT; however, significant work is needed to further the clinical use of MRgRT for HNSCC.

| 2. Current Use of MR-Linac in HNSCC

MRgRT is currently in limited use clinically, with only approximately 150 machines out in clinical practice in the
world—46 with 0.35 T and approximately 100 with 1.5 T. Publications examining the use of MRgRT are mostly in
gastrointestinal and genitourinary cancers [L3I14I5J16]17] \yhere mobile organs at risk, such as bowel, substantially
impact RT planning and delivery. Within the head/neck region, incorporating MRI prior to RT could potentially allow
for full utilization of the imaging benefits of MRI noted above (improved soft tissue delineation, etc.). Additionally,
the imaging obtained during MRgRT is obtained in the treatment position immediately prior to delivery of RT,
potentially allowing for better delineation of nearby organs. Limited publications on the use of MRgRT in HNSCC

exist; the current data are summarized below.

A retrospective review of the use of the first clinically implemented machine for MRgRT, an older 0.35 T Cobalt 60
machine, included treatment of 17 HNSCC patients (6%, in a study describing 316 patients) 18, A single institution
experience of 13 patients with recurrent or second primary HNSCC treated using the older 0.35 T machine with
Cobalt 60 source showed effective disease control with relatively low toxicity 22, A description of prospective
treatment of 10 patients utilizing the Elekta 1.5 T system following the Radiotherapy predicate studies, Idea,
Development, Exploration, Assessment, Long-term evaluation conceptual framework for technical development (R-
IDEAL) [291 showed that use of adaptive MRgRT is safe and feasible for HNSCC [21l. Prospective treatment with
MRgRT within the multi-institutional MR-Linac Consortium on the MOMENTUM study (NCT04075305) evaluating
use of the 1.5 T system included treatment of 13 patients with HNSCC and showed good tolerability of the MRgRT
approach 22, A single-institution registry study of 18 patients treated with MRgRT showed that the clinical
outcomes were similar to standard RT approaches 23, Thus, the existing limited data suggest that the use of
MRgRT to adapt treatment for HNSCC is safe and feasible; however, it remains unknown whether MRgRT offers

improved outcomes without compromising tumor control as compared with standard IGRT.

There are multiple ongoing or planned trials integrating MRgRT into treatment of HNSCC. The MR-ADAPTOR trial
(NCT03224000) led by MD Anderson is an ongoing randomized trial utilizing the 1.5 T system, comparing standard
treatment to MRI-adapted treatment in patients with human papillomavirus-related oropharyngeal squamous cell
carcinoma [24. The MARTHA trial in Switzerland (NCT03972072) aims to assess the feasibility of reducing
xerostomia using the 0.35 T system. The INSIGHT-2 trial in the United Kingdom (NCT04242459) aims to
personalize HNSCC dose using MRgRT. A Canadian trial is planned to assess the potential of implementing
stereotactic body RT in HNSCC (NCT04809792) utilizing the 1.5 T system. Thus, while there is currently a paucity

of data in utilization of MRgRT for treatment of HNSCC, multiple ongoing trials are aiming to further the use of this
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system and provide additional information. However, challenges to wider implementation in the treatment of
HNSCC exist.
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