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Combination therapy of ultrasound irradiation and immune-check point inhibitors
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We have investigated the antitumor effects of high-intensity ultrasound
irradiation on prostate cancer cells, as well as the synergistic effects of the treatment in
combination with immune checkpoint inhibitors in animal experiments. In cell experiments, it was
shown that the therapeutic effect of ultrasound irradiation is manifested within a short time after
irradiation, and that the main mechanism is the induction of apoptosis by transient disruption of
cell membranes. In animal experiments, the combination of ultrasound irradiation tails and immune

checkpoint inhibitors was found to enhance the anti-tumor effect.



LDH

PD-1

LNCaP PC-3

TRAMP-C2

LDH

LDH

1Hz 10Hz

LNCaP

cold

PC-3



37
The anti-tumor effect of ultrasound irradiation for the prostate cancer

Koki Maeda, Koichi Kitagawa, Fuuka Hayashi, Aya Hiraoka, Noriaki Maeshige, Yong-

Ming Yang, Takeshi Kondo, Katsumi Shigemura, Masato Fujisawa

2022 American Urological Association

Combined Treatment with ultrasound and immune checkpoint inhibitors for prostate
cancer

Fuuka Hayashi, Katsumi Shigemura, Koki Maeda, Noriaki Maeshige, Aya Hiraoka,
Tooru Ooya, Yong-Ming Yang, and Masato Fujisawa

Combined Treatment with Ultrasound and Immune Checkpoint Inhibitors for Prostate
Cancer. J Clin Med. 2022 Apr.

Hayashi F, Shigemura K, Maeda K, Hiraoka A, Maeshige N, Ooya T, Sung SY, Yang YM,
Fujisawa M.

Proapoptotic effect of non-thermal pulsed ultrasound on prostate cancer cells in a nude
mouse model. The Prostate. in press.

Koki Maeda, Katsumi Shigemura, Fuuka Hayashi, Yuki Kan, Aya Hiraoka, Atomu
Yamaguchi, Minori Ueda, Yong-Ming Yang, Noriaki Maeshige, Tooru Ooya, Yuzo
Nakano, Masato Fujisawa



Fuuka Hayashi, Katsumi Shigemura, Koki Maeda, Aya Hiraoka, Noriaki Maeshige, Tooru Ooya, Shian- 11
Ying Sung, Yong-Ming Yang, Masato Fujisawa

Combined Treatment with Ultrasound and Immune Checkpoint Inhibitors for Prostate Cancer 2022

Journal of Clinical Medicine -

DOl
10.3390/jcm11092448

Koki Maeda, Katsumi Shigemura, Fuuka Hayashi, Yuki Kan, Aya Hiraoka, Atomu Yamaguchi, Minori in-press
Ueda, Yong-Ming Yang, Noriaki Maeshige, Tooru Ooya, Yuzo Nakano, Masato Fujisawa

Proapoptotic effect of non-thermal pulsed ultrasound on prostate cancer cells in a nude mouse 2023
model

The Prostate -

DOl

2 0 2

Fuuka Hayashi,Katsumi Shigemura, Koki Maeda, Noriaki Maeshige, Aya Hiraoka, Tooru Ooya,Yong-Ming Yang, and Masato Fujisawa

Combined Treatment with ultrasound and immune checkpoint inhibitors for prostate cancer

American Urological Association. 2022.

2022

Koki Maeda, Katsumi Shigemura, Koichi Kitagawa, Fuuka Hayashi, Aya Hiraoka, Atomu Yagamuchi, Yong-Ming Yang, Noriaki
Maeshige, Takeshi Kondo, Yuzo Nakano, Masato Fujisawa

The anti-tumor effect of ultrasound irradiation for the prostate cancer

The 37th KOREA-JAPAN Urological Congress

2021







