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Development of hypofractionated volumetric-modulated dynamic Wave Arc therapy
for high-risk prostate cancer
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To improve treatment outcomes, shorten the overall treatment period, and
reduce toxicities of external-beam radiotherapy for high-risk prostate cancer, we developed a
clinical protocol of hypofractionated volumetric-modulated dynamic Wave Arc therapy.
We established a clinical protocol of simultaneously delivering 57 Gy to the primary focuses
depicted on MRl and 54 Gy to the whole prostate, respectively, using the simultaneously
integrated-boost technique. Then, the accuracy of the irradiation was confirmed by conducting
experimental irradiation by phantom studies.
A pilot clinical study of the above-developed irradiation protocol was created, and conducted with
the approval of the local ethical committee (agproval number: C1388). As of March 31, 2020, 19
patients out of the scheduled registration number of 25 were registered on the clinical study. So
far, no recurrence nor severe adverse events have been observed.



8 mm

1
IMRT
2
H24-26
@)
1
IMRT
15
2 3)
25
3
()
O-

Vero4dDRT MHI TM2000

3
(6)

) Dynamic WaveArc

VMAT

SIB

SIBDWA-VMAT

2014

4 6
c
54Gy/15 13
2015 9 25
2016
2
76Gy
SIB IMRT SIB-
10-
IMRT
34
(4)
IMRT VMAT
3-4
15-25
5
2 NEDO
13 25
O-
DWA
AMED(
H27-29
DWA
SIB DWA-VMAT
2 1 3
Dynamic Waive Arc DWA

VMAT



SIB DWA-VMAT

SIB DWA-VMAT 54Gy/15
S1B DWA-VNAT
CT MRI DWA-VMAT
DWA-VMAT
DWA AMED(
H27-29
DWA  VMAT
27
28
SIB DWA-VNAT
VMAT SIB DWA-VMAT
IMRT/VMAT SIB DWA-VNAT
SIB DWA-VMAT
S1B DWA-VNAT
SIB DWA-VNAT
54Gy/15
(7)
IMRT
SIB DWA- -VNAT
54Gy/15 IMRT
DWA-VMAT
DWA-VMAT
DWA-VMAT
90
DWA  VMAT
X EPID
(8) QA
SIB DWA-VNAT
T3b
1
2018 7 12 1388
31 25 19

1

IMRT

) Dynamic WaveArc
(2) H27
DWA-VMAT

9)

PSA

H30-31
H29

IMRT

10

VMAT

57Gy15

2020

3



(1) Mizowaki T, Nakamura K, Inokuchi H, et al. A prospective pilot study on intermediately-
hypofractionated stereotactic intensity-modulated radiation therapy for prostate cancer
Abstract of 28th Annual Meeting of Japanese Society of Radiation

Oncology, 2015.

(2) lkeda I, Mizowaki T, Tomohiro O, et al. Effect of intrafractional prostate motion on
simultaneous boost intensity-modulated radiotherapy to the prostate: A simulation study
based on intrafractional motion in the prone position. Med Dosim 40:325-332, 2015

(3) Abdellatif, A., J. Craig, M. Jensen, M., et al. Experimental assessments of intrafractional
prostate motion on sequential and simultaneous boost to a dominant intraprostatic lesion.
Medical physics 39 :1505-1517, 2012.

(4) Mutanga TF, de Boer HC, Rajan V, et al. Day-to-day reproducibility of prostate
intrafraction motion assessed by multiple kV and MV imaging of implanted markers
during treatment. Int J Radiat Oncol Biol Phys 83:400-407, 2012.

(5) Price RA, Hanks GE, McNeeley SW, et al. Advantages of using noncoplanar vs. axial beam
arrangements when treating prostate cancer with intensity-modulated radiation therapy
and the step-and-shoot delivery method. Int J Radiat Oncol Biol Phys 53:236-243, 2002.

(6) Mizowaki T, Takayama K, Nagano K, et al. Feasibility evaluation of a new irradiation
technique: three-dimensional unicursal irradiation with the Vero4DRT (MHI-TM2000). J
Radiat Res 54:330-336, 2013.

(7) Nakamura K, lkeda I, Inokuchi H, et al. A Pilot Study of Highly Hypofractionated
Intensity-Modulated Radiation Therapy Over 3 Weeks for Localized Prostate Cancer. J
Radiat Res 59:656-663, 2018.

(8) Hirashima H, Miyabe Y, Nakamura M, et al. Quality Assurance of Geometric Accuracy
Based on an Electronic Portal Imaging Device and Log Data Analysis for Dynamic
WaveArc Irradiation. J Appl Clin Med Phys 19:234-242, 2018.

(9) Hirashima H, Nakamura M, Miyabe Y, et al. Monitoring of Mechanical Errors and Their
Dosimetric Impact Throughout the Course of Non-Coplanar Continuous Volumetric-
Modulated Arc Therapy. Radiat Oncol 13:27, 2018.



8 6 0 3

Nakamura K, lkeda I, Inokuchi H, Takayama K, Inoue T, Kamba T, Ogawa O, Hiraoka M, Mizowaki T. 59
A pilot study of highly hypofractionated intensity-modulated radiation therapy over 3 weeks for 2018
localized prostate cancer.
J Radiat Res. 656-663
DOl
10.1093/jrr/rry060.
Nakamura K, Mizowaki T, Inokuchi H, lkeda I, Inoue T, Kamba T, Ogawa O, Hiraoka M. 23
Decreased acute toxicities of intensity-modulated radiation therapy for localized prostate 2018
cancer with prostate-based versus bone-based image guidance.
Int J Clin Oncol. 158-164
DOl
10.1007/s10147-017-1174-2.
Inokuchi Haruo Mizowaki Takashi Norihisa Yoshiki Takayama Kenji lkeda Itaru Nakamura 6
Kiyonao Hiraoka Masahiro
Correlation between urinary dose and delayed radiation cystitis after 78 Gy intensity- 2017
modulated radiotherapy for high-risk prostate cancer: A 10-year follow-up study of
genitourinary toxicity in clinical practice
Clin Transl Radiat Oncol. 31 36
DOl
10.1016/j .ctro.2017.09.005
21
2018
1-13

DOl




Aizawa Rihito Takayama Kenji Nakamura Kiyonao Inoue Takahiro Kobayashi Takashi Akamatsu in press
Shusuke Yamasaki Toshinari Ogawa Osamu Mizowaki Takashi
Long-term outcomes of definitive external-beam radiotherapy for non-metastatic castration- 2018
resistant prostate cancer
Int J Clin Oncol. in press
DOl
10.1007/s10147-018-1265-8
Rihito Aizawa, Kenji Takayama, Kiyonao Nakamura, Takahiro Inoue, Toshinari Yamasaki, Takashi 24
Kobayashi, Shusuke Akamatsu, Osamu Ogawa, Takashi Mizowaki
Ten-year Outcomes of High-Dose Intensity-Modulated Radiation Therapy for Nonmetastatic Prostate 2019
Cancer With Unfavorable Risk: Early Initiation of Salvage Therapy May Replace Long-Term
Adjuvant Androgen Deprivation
Int J Clin Oncol 1247-1255
DOl
10.1007/s10147-019-01478-y
Rihito Aizawa, Kenji Takayama, Kiyonao Nakamura, Takahiro Inoue, Toshinari Yamasaki, Takashi 25
Kobayashi, Shusuke Akamatsu, Osamu Ogawa, Takashi Mizowaki
Low Incidence of Late Recurrence in Patients With Intermediate-Risk Prostate Cancer Treated by 2020
Intensity-Modulated Radiation Therapy Plus Short-Term Androgen Deprivation Therapy
Int J Clin Oncol . 713-719
DOl
10.1007/s10147-019-01596-7
6
2019
Prostate Journal 175-181

DOl




40 16 13

Kiyonao Nakamura, Kenji Takayama, Rihito Aizawa, Takahiro Inoue, Toshinari Yamasaki, Takashi Kobayashi, Shusuke Akamatsu,
Osamu Ogawa, and Takashi Mizowaki

Long-term Outcomes of Whole Pelvic IMRT with Simultaneous Integrated Boost in Patients with Pelvic Lymph Node-positive
Prostate Cancer

4th meeting of the Federation of Asian Organizations for Radiation Oncology

2019

32

2019

Up-to-date

Prostate Cancer Conference in Shizuoka

2019

2019




Urology Front Line Seminar

2019

21

2019

Takashi Mizowaki

Moderate Hypofractionated External-beam Radiation Therapy for Localized Prostate Cancer

The 3rd Annual Meeting of Federation of Asian Organizations for Radiation Oncology

2018

Update on Prostate Cancer Seminar in saitama 2018

2018




2018

113

2018

Volumetric-modulated Dynamic WaveArc therapy (VMDWAT)

31

2018

105

2017




Takashi Mizowaki, Kenji Takayama, Kiyonao NakamuraTakahiro Inoue, Takashi Kobayashi, Shunsuke Akamatsu

Is long-term adjuvant hormonal therapy indispensable for Asian patients with high-risk prostate cancer treated with high-
doseintensity-modulated radiation therapy?

The 5th Japan-Taiwan Radiation Oncology Symposium

2017

Takashi Mizowaki

Clinical application of new EBRT techniques: dynamic tumor tracking & dynamic WaveArc irradiation

Taipei-Kyoto Medical Summit 2017

2017

Kiyonao Nakamura, Takashi Mizowaki, Megumi Uto, Nobutaka Mukumoto, Yuki Miyabe, Tomohiro Ono, Hideaki Hirashima, Masahiro
Hiraoka

Dose reduction of femoral heads using volumetric-modulated Dynamic WaveArc for prostate cancer

ESTRO 36

2017

Kiyonao Nakamura, Takashi Mizowaki, Haruo Inokuchi, Itaru lkeda, Tomomi Kamba, Takahiro Inoue, Toshinari Yamasaki, Takashi
Kobayashi, Osamu Ogawa, Masahiro Hiraoka

Pilot Study of Moderately-Hypofractionated Intensity-modulated Radiation Therapy over Three Weeks for Prostate Cancer

The 2nd Meeting of FARO

2017




Kiyonao Nakamura, Haruo Inokuchi, Itaru lkeda, Kenji Takayama, Tomomi Kamba, Takahiro Inoue, Toshinari Yamasaki, Takashi
Kobayashi, Osamu Ogawa, Masahiro Hiraoka, Takashi Mizowaki

Pilot Study of Moderately-Hypofractionated Intensity-modulated Radiation Therapy over Three Weeks for Localized Prostate
Cancer

2018 ASCO Genitourinary Cancers Symposium

2017

Rihito Aizawa, Takashi Mizowaki, Kiyonao Nakamura, Takahiro Inoue, Takashi Kobayashi, Shusuke Akamatsu, Toshinari Yamasaki,
Osamu Ogawa

Long-term outcomes of intensity-modulated radiation therapy combined with neoadjuvant hormonal therapy for Japanese patients
with non-metastatic prostate cancer

2018 ASCO Genitourinary Cancers Symposium

2017

55

2017

30

2017




2017
3
2017
IMRT

35

2017
X - IGRT VMAT
137 Cancer Therapist

2017




2017

2017

IMRT

48

2017

Hirashima H, Nakamura M, Miyabe Y, Mukumoto N, Uto M, Nakamura K, Mizowaki T, Hiraoka M

Assessment of delivery accuracy of Dynamic WaveArc technique using dose reconstruction method

113

2017




Hirashima H, Nakamura M, Miyabe Y, Mukumoto N, Uto M, Nakamura K, Mizowaki T, Hiraoka M

Establishment of patient-specific quality assurance procedure for Dynamic WaveArc delivery technique

ESTRO 36

2017

Hideaki Hirashima, Yuki Miyabe, Kenji Yokota, Mitsuhiro Nakamura, Nobutaka Mukumoto, Takashi Mizowaki, Masahiro Hiraoka

Quality assurance procedures of Dynamic WaveArc irradiation using electric portal imaging device

111

2016

Hideaki Hirashima, Yuki Miyabe, Kenji Yokota, Mitsuhiro Nakamura, Nobutaka Mukumoto, Takashi Mizowaki, Masahiro Hiraoka

A Simple Method to Assess Accuracy of Dynamic Wave Arc Irradiation Using An Electronic Portal Imaging Device and Log Files

58

2016

Hideaki Hirashima, Mitsuhiro Nakamura, Yuki Miyabe, Megumi Uto, Kiyonao, Nakamura, Takashi Mizowaki, Masahiro Hiraoka

DWA

29

2016




Hideaki Hirashima, Mitsuhiro Nakamura, Yuki Miyabe, Megumi Uto, Kiyonao Nakamura, Takashi Mizowaki

>Log file analysis of delivery accuracy for Dynamic WaveArc irradiation

Exchange international symposium in Chinese University Hong Kong

2016

54

2016

Kiyonao Nakamura, Takashi Mizowaki, Haruo Inokuchi, ltaru lkeda, Tomomi Kamba, Takahiro loue, Toshinari Yamasaki, Takashi
Kobayashi, Osamu Ogawa, Masahiro Hiraoka

A Pilot Study of Hypofractionated Intensity-modulated Radiation Therapy over Three Weeks for Prostate Cancer

58

2016

2016




Dynamic WaveArc-VMAT RapidArc

30

2017

X - IMRT IGRT -

29

2016

Kiyonao Nakamura, Takashi Mizowaki, Megumi Uto, Nobutaka Mukumoto ,Yuki Miyabe, Tomohiro Ono, Hideaki Hirashima, Masahiro
Hiraoka

Dose reduction of femoral heads using volumetric-volumetric-modulated Dynamic WaveArc for prostate cancer

36

2017

Hideaki Hirashima, Mitsuhiro Nakamura, Yuki Miyabe, Nobutaka Mukumoto, Megumi Uto, Kiyonao Nakamura, Takashi Mizowaki,
Masahiro Hiraoka

Establishment of patient-specific quality assurance procedure for Dynamic WaveArc delivery technique

36

2017




(NAKAMURA KI1YONAO)

(AIZAWA RIHITO)

(FURUKAWA KEIKO)

(TAKAHASHI KUN10)

(HIRASHIMA HIDEAKI)

(INOKUCHI HARUO)

(60648880) (14301)
(NUKUMOTO NOBUTAKA)
(50736618) (14301)




