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Development of a novel prediction model for the dynamic tumor tracking toward
the high-accurate four-dimensional image-guided radiotherapy

Mukumoto, Nobutaka
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Patient”s respiratory motion will be changed due to the baseline drift. The
accuracy of a prediction model for the dynamic tumor tracking will be decreased as the treatment
time_elapsed. We have developed four-axis moving phantom which enables to reproduce the patient’ s
respiratory motion including the baseline drift with high accuracy. The novel prediction model for
the dynamic tumor tracking improved the prediction accuracy by updating the model using the real
tumor position during beam delivery. However, the sampling interval greater than 2 seconds have a
risk for creating the low-accurate prediction model.



@

@

(D

| mRTERHEES AR |

[ = RITRIBAR |

IiREREE

v [EBOBEERITL R
v IERHEOHREREFRIERIC

v BEOMEEET TR
v EREEOER RS A EE

1.

(Vero4DRT)
23 9
VerodDRT

(Matsuo, Mukumoto et al. Radiother Oncol
2014)

(Mukumoto et
al. Med Phys 2012) 24

QA/QC

(Mukumoto et al. Med Phys
2013)

10 30 mm
3 mm
(Mukumoto et al.
Radiother Oncol 2014)

@

@

©)

“)

®)

(M

@

©)

5mm
@

(©)]

Keal PJ, Mageras G, and Balter J, et a.,
“The management of respiratory motion in
radiation oncology report of AAPM Task
Group 76”, Med Phys, 2006;33:3874-3900.
Matsuo Y, Shibuya K, Nakamura M, et al.,
“Dose-volume metrics associated with
radiation pneumonitis after stereotactic
body radiation therapy for lung cancer”, Int
J Radiat Oncol Biol Phys
2012;83:e545-e549.

Depuydt T, Verellen D, Haas O, et al,
“Geometric accuracy of a novel gimbals
based radiation therapy tumor tracking
system”, Radiother Oncol. 2011;98:365-372

2
>

2012.

Mukumoto N, Nakamura M, Yamada M, et
al., “Intrafractional tracking accuracy in
infrared marker-based hybrid dynamic
tumour-tracking  irradiation = with a
gimballed  linac.”  Radiother = Oncol
2014;111:301-305.



“)

‘ - Ny
34 AEEEE)

X

(Mukumoto et al. Radiother Oncol 2014)

100
25
s0

T 25

£

£ o0
i

e
50
s
100

Tow

k]

2

=

100.0
— 900
s
£ 800
=]
=
:0 ® Moving
o= 709 ® Tracking
;I: === Linearization (Moving)

PR — Lincarization (Tracking)

50.0

0.0 5.0 100
3D motion range of the target|mm|

[ 5%




Intrafractional prediction error

Position [mm]

Position [mm]

Imm 2
3.6mm
5
5.0
— oo
E 45+ o a
e -+ a
§ o r?'] o
¥ 1 o
35 g . o
83071 &
5 25 a ‘.;r;&“a“'”
= 0 of
E 204 o I O 8
B 54 Og0 o
304 BP0
o o O Minimum prediction error
§ 0.5 1 1 Maximum prediction error
2z

0.0 + + + 4 y 4 } u $
00 05 1.0 L5 20 25 3.0 35 40 45 50
Residual training error of the prediction model [mm]

5 2

v
=

o -~
=S n

=
i
Absolute error [mm]

=
v
=

. G L\ /..

15 20 25 30 35 40 45 50 55 60

Absolute error [mm]

(M

2

(M

(M

2

Mukumoto N(1 /14 ), et al,
Development of a four-axis moving
phantom for patient-specific QA of
surrogate signal-based tracking IMRT.
Med. Phys., , 2016, 43,
6364-6374. DOI: 10.1118/1.4966130
Mukumoto N(1 /8 ), et al., Impact
of sampling interval in training data
acquisition on intrafractional predictive
accuracy of indirect dynamic
tumor-tracking radiotherapy. Med. Phys.,

, 2017, 44, 3899-3908. DOLI:
10.1002/mp.12351

1

Nobutaka Mukumoto, Mitsuhiro Nakamura,
Mami Akimoto, Yuki Miyabe, Kenji Yokota,
Yukinori Matsuo, Takashi Mizowaki,
Masahiro Hiraoka.: " Impact of Different
Sampling Interval in Training Data
Acquisition on the Prediction Accuracy in
Surrogate Signal-based Dynamic Tumor
Tracking with a Gimbaled Linac." ASTRO’s
57th Annual meeting.
(20151018-20151021). Henry B. Gonzalez
Convention Center, San Antonio, USA

MUKUMOTO, Nobutaka

50736618



