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ARTICLE INFO ABSTRACT

Keywords: The purpose of this study is to investigate the impact of inline magnetic field on dose distribution for volumetric
MRI-guided radiation therapy modulated arc therapy (VMAT) in lung tumors located at the chest wall and mediastinum. Two VMAT plans for a
Lung tumor thorax phantom with lung tumors of 1 cm and 2 cm in diameter located at the chest wall were created by a

Dose distribution

treatment planning system. Next, five clinical VMAT plans for a non-small cell lung cancer (NSCLC) at early
Monte Carlo method

stages I and II of 5cm or less in diameter were also used. The planning target volume (PTV) sizes were in the
range from 11.1 to 82.7 cm®. The prescription dose was 60 Gy for Dog in the PTV. The VMAT dose distributions
without and with uniform inline magnetic field of 0.5 T and 1.0 T were calculated using the Monte Carlo method.
The dose distributions were analyzed by dose volume histograms, dose differences, and dose indices. In all
VMAT plans, the PTV dose was enhanced by inline magnetic field. The dose enhancement was larger with 1.0 T
than with 0.5 T. In phantom plans, Dgg in the PTV with 0.5 T and 1.0 T increased by 2.9-6.6 Gy and 3.9-9.8 Gy,
respectively, in comparison with that at OT. Similarly, in clinical plans, it increased by 2.2-6.0 Gy and
3.9-10.7 Gy, respectively. Thus, the VMAT with the inline magnetic field was proved useful for the dose en-

hancement in the lung tumor located at the chest wall and mediastinum.

1. Introduction

Recently, magnetic resonance image-guided radiation therapy
(MRIgRT), which combines a linear accelerator (linac) and magnetic
resonance (MR) scanner, has been developed in some institutions [1-8].
The MRIgRT system is classified into two types according to a magnetic
field direction. One has the transverse magnetic field vertical to an ir-
radiation beam (head-foot direction), and the other has the inline
magnetic field parallel to the irradiation beam. ViewRay [1-3] has
developed an MRIgRT system equipped with three-headed ®°Co sources
and a 6 MV linac with a low transverse field MR scanner of 0.35T.
Elekta [4,5] has developed an MRIgRT system equipped with a 6 MV
linac with a high transverse field MR scanner of 1.5 T. Alberta Health
Services [6] has developed an MRIgRT system equipped with a 6 or 10
MV linac with an inline magnetic field MR scanner of 0.5 T. Australian
MRI-Linac program [7] has developed an MRIgRT system equipped
with a 4 or 6 MV linac with an inline magnetic field MR scanner of
1.0 T. The main advantage of the MRIGRT is that it can acquire images
with excellent soft tissue contrast in comparison with conventional
cone-beam computed tomography (CBCT). It also has the potential to
detect organ motion during irradiation, owing to the real-time imaging.
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In addition, it can take an image in the arbitrary cross-section of in-
terest. In particular, the MRIgRT is expected to improve the outcome of
treating lung cancers with large movement of a few centimeters [8,9].

Moreover, secondary electrons produced by the incident photon
beam in media are deflected by the Lorentz force generated by the
transverse magnetic field. Thus, the dose distribution produced by the
electrons becomes distorted [10-15]. Furthermore, the effect of dose
distribution under the magnetic field affects the lungs more, because
the secondary electrons range is longer in low density media. Raaij-
makers et al. [14] reported that the dose increment caused by the
electron return effect (ERE) under transverse magnetic fields occurs at
the tissue-lung interface. The ERE distorts dose distribution and makes
skin dose to increase.

On the other hand, the effect of the inline magnetic field on the dose
distribution is quite different from that of the transverse magnetic field.
Several studies of a magnetic field application parallel to the irradiation
beam have been conducted not assuming MRIgRT [16-21]. These stu-
dies reported that the application of a magnetic field parallel to the
irradiation beam resulted in an increase of the dose. There are also two
studies of radiation therapy of the lung cancer under the inline mag-
netic field assuming MRIGRT. Kirkby et al. [22] indicated that the

Received 1 September 2018; Received in revised form 1 March 2019; Accepted 5 March 2019

Available online 09 March 2019

1120-1797/ © 2019 Associazione Italiana di Fisica Medica. Published by Elsevier Ltd. All rights reserved.


http://www.sciencedirect.com/science/journal/11201797
https://www.elsevier.com/locate/ejmp
https://doi.org/10.1016/j.ejmp.2019.03.003
https://doi.org/10.1016/j.ejmp.2019.03.003
mailto:f_araki@kumamoto-u.ac.jp
https://doi.org/10.1016/j.ejmp.2019.03.003
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ejmp.2019.03.003&domain=pdf

T. Kubota, et al.

planning target volume (PTV) dose in the inline magnetic field was
enhanced by secondary electrons deflected by the Lorentz force using
non-clinical plans for three-dimensional conformal radiation therapy
(3D-CRT) with 5-fields in lung tumor. Oborn et al. [23] demonstrated
that the dose increment in the PTV caused by the inline magnetic field
depended on the location, size, and density in the PTV using a generic
cylindrical phantom and six clinical plans for 3D-CRT or intensity
modulated radiation therapy (IMRT) in lung tumor. The lung dose in-
creased when the irradiation field was small and the number of irra-
diation beams increased. The local dose increased more than 30% for 8
irradiation fields of 1 x 1 cm. Particularly, the dose in the PTVs of
<15cm?® or in an isolated lung tumor increased more. However, the
local dose for 8 irradiation fields of 5 X 5 cm was an increase up to only
5%, that is, the dose in the PTVs of > 15 cm® or in lung tumors located
at the chest wall and mediastinum did not increase significantly. Thus,
the inline magnetic field MRIgRT for 3D-CRT and IMRT is expected to
improve the outcome of treating small lung cancers by increasing the
PTV dose.

Meanwhile, volumetric modulated arc therapy (VMAT) is used
widely in the peripheral lung tumor [24-27]. The VMAT consists of the
large numbers of irradiation beams with small fields. Hence, VMAT is
expected to provide a better optimized dose distribution than 3D-CRT
and IMRT for lung tumors located at the chest wall and mediastinum.
The objective of this study is to investigate the impact of the inline
magnetic field on the dose distribution for VMAT in lung tumors located
at the chest wall and mediastinum, using two phantom plans and five
clinical plans. The VMAT dose distributions were analyzed by dose
volume histograms (DVHs) and dose indices for the conditions without
and with inline magnetic flux densities of 0.5T and 1.0 T.

2. Materials and methods
2.1. VMAT treatment planning in lung tumor

2.1.1. Thorax phantom

A thorax phantom with a lung tumor (Dynamic Thorax Phantom
Model 008A, CIRS, USA) was used to calculate VMAT dose distributions
in the inline magnetic flux densities of 0T, 0.5 T, and 1.0 T. The tumor
diameters were 1 cm and 2 cm for Phantoms 1 and 2, respectively. The
densities of lung and tumor were approximately 0.17 g/cm® and 1.00 g/
cm?®, respectively. The lung density was lower than 0.26 g/cm® defined
by the International Commission on Radiation Units and Measurements
(ICRU) Report 46 [28]. The lung tumor was located at the chest wall.
The CT images were acquired with a slice thickness of 2.5 mm by using
a multidetector computed tomography (MDCT) scanner (Lightspeed RT
16, GE Healthcare, Chicago, IL, USA). The acquired CT images were
transferred to an Eclipse treatment planning system (TPS, ver. 10.028)
(Varian Medical Systems, Palo Alto, CA, USA), and the target volumes
were contoured. For the PTV, 0.5 cm and 1.0 cm margins were added to
the exteriors of gross tumor volumes (GTV) with diameters of 1 cm and
2 cm, respectively. The PTVs were defined by diameters of 2 cm and
4 cm and volumes of 3.1 cm® and 43.9 cm?, respectively. The organs at
risk (OARs) were set to the bilateral lungs and spinal cord.

2.1.2. (Clinical lung tumors

The VMAT treatment plans were created by the Eclipse TPS for five
patients with non-small cell lung cancer (NSCLC) at early stages I and II
with 5cm or less in the tumor diameter. The characteristics of VMAT
treatment plans for five patients are summarized in Table 1. The VMAT
plans were prepared for the lung tumors located at the chest wall and
mediastinum depending on the tumor size and its location. For the
positioning, the chest wall was immobilized to manage the respiratory
motion of less than 5mm. Three-dimensional (3D) and four-dimen-
sional (4D) CT images were acquired with a 2.5-mm-thick slice by using
a MDCT scanner. The 3D and 4D CT images were transferred to the
Eclipse TPS. The target volumes and OARs were contoured by medical
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Table 1
Characteristics of VMAT treatment plans for 2 phantoms and 5 patients.

PTV Tumor Number of Gantry start angle — end
[em®] location arcs angle
Phantom 1 3.1 LU 1 0-179
Phantom 2 43.9 LU 1 0-179
Patient 1 50.6 LU 2 179-315 215-181
Patient 2 15.5 LU 2 0-179 179-0
Patient 3 82.7 LU 1 0-179
Patient 4 11.1 RU 2 181-30 135-179
Patient 5 29.8 RU 2 181-310 105-179

LU: left upper lobe. RU: right upper lobe.

physicists and radiation oncologists. The GTV was delineated from the
3D CT images. The internal target volume (ITV) was delineated from
the maximum intensity projection (MIP) which was reconstructed using
the 4D CT images. The PTV was defined as ITV plus 3-7 mm around it,
which was determined by taking into account the PTV dose associated
with the setup reproducibility and respiration motion in the patient.
The PTV sizes were in the range from 11.1 to 82.7 cm®. In addition, the
bilateral lungs, trachea, esophagus, and spinal cord were also set as
OARs.

2.1.3. VMAT dose calculations without magnetic field

The dose distributions for seven VMAT plans in lung tumors were
calculated using the Acuros XB (AXB) algorithm in the Eclipse TPS. Plan
optimization was performed to guarantee that the prescribed dose
covered Dgs (a dose that covers 95% of the volume) in the PTV. The
prescribed dose for all VMAT plans was set to 60 Gy/10 fractions. The
calculation grid size was 2.5 X 2.5 X 2.5 mm. The photon energy was 6
MV from a Novalis Tx linear accelerator equipped with a high-defini-
tion 120 multileaf collimator (HD120 MLC, BrainLAB, Feldkirchen,
Germany and Varian Medical Systems, Palo Alto, CA, USA). The HD120
MLC consisted of 32 pairs of leaves, each 2.5 mm wide, and 28 pairs of
leaves, each 5mm wide. The dosimetric leaf gap (DLG) was set to
0.988 mm based on the commissioning measurements.

2.2. Monte Carlo VMAT dose calculations with magnetic field

The BEAMnrc user code [29,30] based on the EGSnrc system
[31,32] was used to model the radiation head of a Novalis Tx linear
accelerator with the HD120 MLC. The beam modeling accuracy in the
Monte Carlo (MC) simulations was verified by comparing the calcula-
tion dose distributions with those measured in a water phantom. The
VMAT dose distributions for the inline magnetic flux densities of 0 T,
0.5T, and 1.0 T were calculated using source 21 in the EGSnrc/DOS-
XYZnrc code [33] with the electromagnetic transport macros. Source 21
constitutes the synchronized BEAM simulation source. The irradiation
parameters (i.e., coordinates of the isocenter, position of the MLC and
jaws, collimator and gantry angles, and monitor unit index) for the MC
calculations were exported as a DICOM-RT file from the TPS and then
converted to input files in the BEAMnrc and DOSXYZnrc codes by using
the DICOM-RT toolbox in the MATLAB software (MathWorks, Natick,
MA, USA) [33].

The tip positions of the HD120 MLC were adjusted geometrically
and offset to fit the radiation field at the isocenter plane according to
the offset tables for the leaf tip positions provided by Varian. The fitting
of offset tables was implemented by the approximation expression.
Similarly, the phantom CT images in the DICOM-RT file were converted
to a voxel-based phantom with MATLAB by using the conversion curve
of the CT number to materials (air, lung, soft tissue, and bone) and mass
density.

In the simulation, the directional bremsstrahlung splitting (DBS)
number was set to 1000 in the BEAMnrc code. The photon splitting
number was set to 128 in the DOSXYZnrc code. The photon and
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Fig. 1. Dose distributions and DVHs for 0T, 0.5T, and 1.0 T, and dose difference (DD) maps (%) between (0.5 T-0 T) and (1.0 T-0 T) for VMAT in Phantom 1. Dose

distributions are indicated by isodose lines of 95%, 80%, 60%, 40%, and 20%.

Table 2
Dose indices in PTV and OARs for VMAT with inline magnetic field for Phantoms 1 and 2.
Magnetic flux density [T] PTV Lungs Spinal cord
Dosg [Gy] Dmean [Gy] HI Diean [Gy] Vao [%] Drmax [Gy]
Phantom 1 0 59.0 65.5 0.20 2.1 1.4 6.0
0.5 65.6 70.7 0.14 1.3 0.8 5.8
1.0 68.8 75.2 0.19 2.0 0.9 5.9
Phantom 2 0 58.2 63.9 0.16 3.7 3.9 6.6
0.5 61.1 66.8 0.14 3.6 4.2 6.8
1.0 62.1 70.3 0.22 3.4 4.2 6.8

electron cutoff energies were set to 10 keV and 700 keV, respectively,
and the calculation voxel size was the same (2.5 X 2.5 X 2.5mm) as
that of the AXB. The statistical uncertainty of the calculated doses was
less than 1% at the isocenter point. The MC-calculated depth dose was
calibrated by using the absorbed dose to water/particle per monitor
unit at a central axis depth of 10 cm for a 10 X 10-cm field at a source-
to-axis distance of 100 cm.

102

2.3. Dose evaluation

The impact of the inline magnetic field on the dose distribution was
evaluated by the dose difference (DD) map and dose indices (Dgg, D2,
and Dyean in PTV, Voo and Dyyeay in bilateral lungs, V4o in trachea, Vyq
in esophagus, and D, in spinal cord) from DVHs. The DD was ana-
lyzed from the dose distributions calculated by the MC method with in-
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Fig. 2. Dose distributions and DVHs for 0T, 0.5 T, and 1.0 T, and DD maps (%) between (0.5 T-0T) and (1.0 T-0 T) for VMAT in Patient 1. Dose distributions are

indicated by isodose lines of 95%, 80%, 60%, 40%, and 20%.

house software developed by MATLAB as follows:

Dy — Dg—yp

Dprescribed

%DD = X 100,

@
where Dy and Dy represent the doses at each voxel with and without
the magnetic field B, respectively. Dprescribed iS the prescribed dose. The
dose threshold was set to 10% of the prescribed dose.

The homogeneity index (HI) was defined according to the ICRU
Report 83 [34] as follows:

D2 _ D98
Dso

HI =
®))

where D,, Dog, and Ds, represent the dose covering 2%, 98%, and 50%
of the PTV, respectively. HI is desired to be low.

3. Results
3.1. VMAT dose calculations for thorax phantom

Fig. 1 represent dose distributions, %DD maps, and DVHs for the
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inline magnetic flux densities of 0 T (no magnetic field), 0.5T, and 1.0 T
for VMAT in Phantom 1. Table 2 presents dose indices in PTV and
OARs. In all cases, the doses in the PTV with non-zero magnetic field
were higher compared to that of 0 T. The DD was particularly large at
the peritumoral area in lung. The increment of dose in PTV was higher
for 1.0 T than for 0.5 T. In Phantom 1, Dgg in the PTV at 0.5T and 1.0 T
increased by 6.6 Gy and 9.8 Gy, respectively, compared with that at 0 T.
Similarly, Dpean at 0.5T and 1.0 T in the PTV increased by 5.2 Gy and
9.7 Gy, respectively. In Phantom 2, Dgg at 0.5T and 1.0 T in the PTV
increased by 2.9 Gy and 3.9 Gy, respectively, compared with that at 0 T.
Similarly, Dyean at 0.5T and 1.0 T increased by 2.9 Gy and 6.4 Gy, re-
spectively. HI had a tendency to decrease at 0.5T and was no sig-
nificant difference at 1.0 T compared with 0 T. There was no significant
dose difference in OARs.

3.2. VMAT dose calculation for clinical lung tumors

Figs. 2 and 3 represent dose distributions, %DD maps, and DVHs for
the inline magnetic flux densities of 0 T (no magnetic field), 0.5 T, and
1.0 T for VMAT for typical Patients 1 and 4, respectively. Tables 3 and 4
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Fig. 3. Dose distributions and DVHs for 0T, 0.5 T, and 1.0 T, and DD maps (%) between (0.5 T-0T) and (1.0 T-0 T) for VMAT in Patient 4. Dose distributions are
indicated by isodose lines of 95%, 80%, 60%, 40%, and 20%.

Table 3 present dose indices in PTV and OARs, respectively. In all cases, the
Dose indices in PTV for VMAT with inline magnetic field for Patients 1-5. doses in the PTV with non-zero magnetic field were higher compared to
Magnetic flux density [T] Dog [Gy] Dinean [Gy] HI that of 0 T, as well as in the cases of phantoms. The DD was larger at the

lung tissue around the PTV. The dose in the PTV increased more at 1.0 T
Patient 1 0 58.1 67.4 0.20 than at 0.5 T. For Patients 1-5, Dgg in the PTV at 0.5T and 1.0 T in-

(1)'2 2§'Z gg'g g'(l)g creased by 2.2-6.0 Gy and 3.9-10.7 Gy, respectively, compared with
' ’ ’ ’ that at 0 T. Similarly, Dpean in the PTV at 0.5 T and 1.0 T increased by
Patient 2 0 58.8 68.4 0.27 1.0-5.0 Gy and 2.1-9.6 Gy, respectively. For Dgg, the largest dose in-
0.5 64.8 71.6 0.18 .
10 69.5 753 012 crement was for the small tumor located at the chest wall of Patient 2.
The largest Dyean increment was for the paravertebral small lung tumor
Patient 3 0 57.8 66.3 0.20 . - : .
05 0.0 7.3 o017 in Patient 4. HI at 0.5 and 1.0 T approached zero in almost all patients,
1.0 617 68.4 015 except Patient 4 at 1.0 T. There was no significant dose difference in the
. OARs.
Patient 4 0 58.3 64.8 0.23
0.5 61.1 69.9 0.22
1.0 63.7 74.7 0.27 i .
4. Discussion
Patient 5 0 56.8 66.8 0.21
0.5 61.1 68.0 0.15 . o
1.0 63.7 69.4 0.12 In all VMAT plans, the dose in PTV was enhanced by the inline

magnetic field. The effect was more remarkable when the irradiation
field was small and the number of irradiation beams was increased.
From the expression for the gyroradius of the secondary electrons, the
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Table 4
Dose indices in OARs for VMAT with inline magnetic field for Patients 1-5.

Physica Medica 59 (2019) 100-106

Magnetic flux density [T] Lungs Trachea Esophagus Spinal cord
Drmean [Gy] V2o [%] Vao [%] Vao [%] Dinax [Gy]

Patient 1 0 2.7 0.1 0.0 0.0 18.6

0.5 2.6 0.1 0.0 0.0 19.1

1.0 2.5 0.1 0.0 0.0 18.9
Patient 2 0 10.4 17.3 0.0 0.0 8.5

0.5 13.5 20.3 0.0 0.0 8.4

1.0 14.1 20.9 0.0 0.0 8.6
Patient 3 0 8.1 16.6 0.0 0.0 12.6

0.5 8.4 17.0 0.0 0.0 12.4

1.0 8.6 17.1 0.0 0.0 12.3
Patient 4 0 1.5 0.3 0.2 0.0 30.0

0.5 1.3 0.3 0.1 0.0 28.9

1.0 1.3 0.3 0.2 0.0 28.9
Patient 5 0 2.7 2.6 0.0 0.0 9.3

0.5 3.2 3.3 0.0 0.0 9.5

1.0 3.4 35 0.0 0.0 9.4

dose increment should be larger for 1.0 T than for 0.5 T. In the inline
magnetic field, when a secondary electron enters the magnetic field at a
certain angle, it continues traveling while drawing a spiral trajectory
along the beam axis. In this case, the gyroradius of the secondary
electrons becomes smaller than the gyroradius of the secondary elec-
trons in the transverse magnetic field. The gyroradius r is expressed as
follows:

mvsin 6

(0<sin6<1)
eB

B 3
where m is the electron mass (kg), v is the electron velocity (m/s), e is
the quantum of electricity (C), B is the magnetic flux density (T), and 6
is the angle of secondary electrons incident on the inline magnetic field
(the angle between v and B).

The radius of the spiral trajectory of secondary electrons in the in-
line magnetic field depends on the incident angle 6 between the sec-
ondary electrons velocity and the magnetic flux density vector B, as
shown in Eq. (3). The trajectories of secondary electrons at 0T are
spread out to both sides in lung, but secondary electrons in the inline
magnetic field are focused toward the central beam axis along the inline
magnetic field. At the same time, the larger the magnetic flux density is,
the smaller the gyroradius of the secondary electrons becomes. The
spread of secondary electrons to both sides is suppressed by the inline
magnetic field; therefore, the dose along the beam central axis is en-
hanced. As a result, the irradiation field decreases, and, thus, the pe-
numbra reduces. In this study, the mean electron energy was 1.13 MeV,
which was obtained from the electron fluence spectrum of a 5 X 5-cm
field using the EGSnrc/flurznre code [35]. For 0 = 90, the gyroradiuses
at 0.5T and 1.0 T were 1.0 cm and 0.5 cm, respectively. Thus, the fo-
cusing effect of secondary electrons is stronger at 1.0 T than at 0.5 T.

In this study, the PTV dose increment in Phantom 2 was smaller
than that of Phantom 1 as shown in Table 2. Dgg for the PTV of 3.1 cm®
and 43.9cm® at 1.0 T increased by 9.8 Gy (16.6%) and 3.9 Gy (6.7%),
respectively, in compared with that at 0 T. Oborn et al. [23] have re-
ported that the dose increment was approximately 20% and 5% for the
PTV of 3cm® and 40 cm®, respectively, for IMRT and 3D-CRT at 1.0 T.
The result was similar to that of Oborn et al. [23]. The dose enhance-
ment is associated with the irradiation technique, the tumor location,
and the margin size.

In all clinical VMAT plans, the PTV dose increased when the irra-
diation field was small and the number of irradiation beams increased.
The largest enhancement of Dgg was observed in Patient 2. It can be
attributed to the small PTV size. Meanwhile, Dyjeq, and Vaq in lungs at

1.0 T increased by 2.8 Gy and 3.6%, respectively, in compared with
those at 0 T. Moreover, the largest Dy, enhancement was observed in
Patient 4. It, in turn, can be attributed to the small PTV size and large
number of beams irradiated to the PTV through the lung region.
According to Oborn et al. [21], the PTV dose increment was not sig-
nificant in three of six cases for 3D-CRT and IMRT: two cases of the lung
tumor (PTV: 28, 55 cm®) located at the mediastinum and one case of
tumor (PTV: 31 cm®) located at the chest wall. These cases were similar
to Patient 1 and Patient 5. The PTV located at the mediastinum in
Patient 1 was of large size, but the PTV dose was increased. The number
of irradiation beams passed through the lung was increased compared
to 3D-CRT and IMRT, and, consequently, the dose of the beam central
axis was enhanced. There was a similar tendency in Patient 5 with the
lung tumor located at the chest wall.

From results in this study, the VMAT dose distributions in the inline
magnetic fields are expected to increase the dose to the lung tumor. In
particular, the VMAT is more effective on the PTV dose enhancement
than for 3D-CRT and IMRT, especially for eccentric lung tumors located
at the chest wall and mediastinum. This is because the secondary
electrons in a low-density area surrounding the tumor are focused to-
ward the central beam axis in proportion to the number of irradiation
beams. This is more effective for a small field in a low-density area.

Meanwhile, the inline magnetic field-MRIgRT can reduce the ITV
margin delineated without the magnetic field. However, the inline
magnetic field also reduces the field penumbra [36]. Sarah et al. [36]
quantified the small reduction of the penumbra by the inline magnetic
fields of 0.9T and 1.5T; reduction of 0.1-2.5mm for 0.9T and
0.1-4.4 mm for 1.5 T depending on the lung depth from the chest wall.
Therefore, the PTV margin is necessary to cover the PTV dose con-
sidering the reduction of penumbra. The ITV margin is deeply asso-
ciated with the PTV dose enhancement. Finally, the ITV and PTV
margins may be no longer necessary for the targets with on-line MRI
guided treatments. In this case, the PTV dose enhancement also reduces
as the margins with a low-density area decrease.

In addition, the dose to OARs was no significant difference. This
means it is possible to decrease the OAR dose by reducing the monitor
unit (MU) owing to the PTV dose increment in the inline magnetic field,
compared to the MU without the magnetic field in the treatment
planning. In this study, the skin dose increment due to the inline
magnetic field could not be considered. The skin dose increment due to
a convergence of the electron contamination by the inline magnetic
field remains a concern [6,37-39]. However, it is expected that the skin
dose enhancement is small because the irradiation field in VMAT is
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relatively small.

5. Conclusions

The impact of inline magnetic field on dose distribution was in-

vestigated for VMAT in the lung tumors located at the chest wall and
mediastinum. In all VMAT cases, the PTV dose in inline magnetic field
increased compared to zero-magnetic-field case. The dose enhancement
was larger at 1.0 T than at 0.5T; also, it was larger for small lung tu-
mors. Dgg and Dyeqy in the PTV increased by up to 10.7 Gy and 9.6 Gy
at 1.0 T, respectively. In contrast, the dose to lungs and other OARs was
without an increase. The dose enhancement in PTV depended on the
margin size as well as the PTV size and also tumor locations.
Consequently, the VMAT in the inline magnetic field was found useful
for the dose enhancement in the lung tumor located at the chest wall
and mediastinum.
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