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Construction of clinical application by clarifying the biological basis of
proton therapy of cutting edge scanning irradiation method
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Proton therapy using scanning method combined with high-concentration
cisplatin is considered to be very effective. It is suggested that the pattern of cell death and
cell cycle may be different, which partly accounts for the difference in the combined effect.
Considering the timing of the increase in G2 arrest, potent biological effects may be obtained by
delivering proton irradiation during radiosensitive cell cycle phases in chemo-proton therapy.
Proton beam irradiation combined with cisplatin resulted in different phenotype as compared with X
rays and cisplatin.

The level of mRNA expressions after irradiation were different between proton and X-ray, especially

in genes related to DNA repair. Differences of in vivo biological responses between proton and
X-ray beams were found.



# X C—19, F—19—-1,2Z—-19, CK—19 (@)
1. WIFERRMA S FI DT 5
ﬁfﬁ b1 RRIBIR I TR e imia e & U CRE L, EANANCIEAEAGHE D HEA TE TV 5,
(. BRI IE, MR ENE, RIS, RN 2R & R RIE IR D2 RO IRTE
®$¢#&éhfwé HEEE D RIS IC B W TR FINICE B RV 2 H BT LT
(Iwata et al. J Thorac Oncol 2013), B -#RAREIT, HERD XARIEH & e LT, BRI 7%
BT DAL & AW FR R R OENMED 2 SOl A F L7-igiETh D, L, FFiC
ZOEWTFHRMIE E LT ORI O EBIFEIE, EEWMERD R BUESBRIER O Top
journal T& % Int J Radiat Oncol Biol Phys ® Chief editor T& % Dr.Zietman b [51HpiGH#%
DA E D 3 things D—>& LT, AWFHIMAIE 2B TWND, LLZ 9 W o Ry
IR RIERRE £, BIRFERNEL THWLORBLRTH 5,

FERAVICIZ, ERIHHIERIETH L AF v = 7 R4 %ﬂﬂ“ﬁl‘ﬁ%ﬁ(ﬁ‘%ﬂf(m nhH &
TRINHN, BURTIXEAMEEPS AP T 3HEOATHY . 205 LD 1 fE%IS, A5
TN ERA T3 24 T RG FIGRE 2 —CTh D, £22 @%%ﬂ‘?ﬁ@%ﬁ%%%?ﬁ%ﬁ
TR FEEAT> TV LDIIDLTNTH L, HFEELIL, ZORKRy b A%y = 7 REHEICH
L C. Particle Therapy Cooperative Group <> Amerlcan Society for Radiation Oncology 7 &
@ annual meeting ([CBWTEEOREZ1T o> TE 72, il 7 EHESAEMIIIE 78 & 0 5k
I ETLL L ORMBAOZ L RRIZITIREINTEY . EFRERCH~ORBICE L TH M
TOEENL,

2. WEDOBRK

B AR I, X BREHE & i U7 A e 3 ) 11 5 & Wbl TW a3, Ziudd
CFETH? HEOBMRAZATOT —Z Ths, BIRTIIZOEMRDT — X DI T,
KRR THHH I TV D, B REEIT. X BIE% & bk LT, DNA @ double strand break
(2 HEHUIW) N NEWVD X WERDTNCH B BWT, EMREMFERIRIES, *
@ﬂﬁ’\i' WEET LV TCORBMREE T2 ENBWEFEBERNLESTTTOENLTND
ZliF REREE R ETH D, KR, Ax v = ZRENEX, BT RBEOBENEDOH T,
BRI ORR FTIETH D, WERBH & LT, BEFENER Y . AW ilE TR D
AR RIB I TN D, ABFE T, BRI, FRICAR > b A% v = 7 BENEDOMEH
EN TV, AR e 2 hedT U, B kR L, BREISHZER L, BN
AR L TRIET DO DMEEIT O, FRICTRLORREZH LNITT 5,

3. WD L
(1) Passive PRHIEE AR v N A% v = FIREHEIZ X D05 78 % single cell & spheroid
cell (1% LCTATVY, B 1-#R- distal end AW E a0 =—KIZ XV HIE - ik L7z,

(2) BGOSR NFLL L DNA BINC 1T 2 E#EZR - MBS ROE W L T DMSO %14
HALTXH#Ean=—@ Bz T, JE - gLz,

(3) 3 FFHDOEERMAL(EMT6, HSG, V79)% i &#EFE L, 6 K] FfiE%Ic, > A7 7 F /(CDDP)
% 0-2.5uM Z RIS, #5 1 FEf% I, 0-5GyE D X fit &
BT A BREF L C, BRST 1L Kefil#% 12 CDDP # AL, am=—
RER 1T, AAFREER S CDDP & 51 #R R & oo B Bsh S &
HE - i L7z,

(4) IncucyteZoom % VT, XA LT T AA A= T HBLTUN,

(LB - RRIRIRDOMIINIE, 7R b —3 A28k 72 L 35 e At j*'* — :
T o7, apoptosis; green |
(5) HSG iz, mCherry & AmCyanl % PiggyBac system % > L E o L

THE AL Fucci fifaz Mk B THISZ L
7=, Fucci A DOz L T, [\ Fucci
OB BB 21TV, 24577 | caicye
A A=V 7ICClldEME® |
22 G1 1L SIG2IM HDEIA 72 L H Geminin A&
e JE) 1 A BEA - AEAT L 72,

6) a3 v vawuNx(BER
Oregon-R) @ =gz vy, A
R, BE 7R LD A RN R EE M OLE LR VR L B R, X BRO R FED
EHWE 21T T2, MERFHEOIMRAETR R 2R H, L=,

(7) BT #OKRT —& Ltk L, Rl EREREBE L, WIRKICHZRER L,

day 0, 0:00

4. WFFERCR

(1) F51# distal end [Z31F D AEWEhFI. passive Eﬁﬁﬂﬁi D ARy FAF =2 FRAHEIC
BWTEVRL 25 2 L bhot-, £7- spheroid cell I2BWT S, RO A7, (H
NN IR T E)

(2) B F# SOBP HULDEEFERILIT X BHAM L 20 K< 2%, £ XHRE KL TH



B OB G E < 720 DNA Ul o S FISEWEZ R -, (EPNSSEE T, i publish #)
(3) CDDP & M O ff I TH B RSN R 258D 72 (p<0.05, ANOVA), FFlZ, EMT6 & V79 #
JATIiX, m&ED CDDP & mft &b i OF BRI T X BROFARE X 0 58 GH R 2 58D
72(p<0.05), (ENA A, i AR T 7E)

(4) 52 BRI OMBAZEI T 2T R b — ZDOEEN, X MO L 0 . BB 0 7 038
FATHEIN L 7= (p<0.05), (EIWNA ISR i LI FR T 7E)

(5) Bt & X KROMEZIZ, SIG2/M HFRIREI G 23N L | Mz IR IE DGR 41, G2 arrest
DEI>TNDHEEX LN, MEINCLD, B0 SIG2IM WiffilaoB&nEMmL., =i
(2 &0 AR I AE DN E R U 72, 8Gy D it RS T 10 FRIREFE o M e & HR AE 358 8 &
. B RO ERERF TI Y Zo#MNED iz, F7-0IE10 G2 arrest DL o #l i & H11%
MR- RERTENREBIZIHE VRO LN 2T, B ETBARIZ IR LG E 0N
X0, FIREZTO SIG2IM Bz OEI &N, XEROFHOGAE LD, Mz E< oz, (EN
NI i LR T E)

(6) EHMREHNZ L - THEFEROENRD bz, mRNA BHEIZBW T, RN TRk b IHE
TRENWEROTZOX, BEE 2 B O 7 IcBE T 5 DNA 2 AHUINHEE BEE R - CTh
0. Fiz, RIEVEY A A > TINF b REE 2 BV 7 UICB W THEICH TR IRERET
WU EO R EZBOT, (ENIFERE, SR TE)

(7) LS AKIDEH OBG T RIRIEIEF TIX, BEISHE DO ASZ — N LD 2 ERbD . A
TDOT—2E—FTDHXIRFTANRRD LTz, XFREG TR E VI REDOENZ LY, il -
AT LT, BRA BB OB bz, BEEIM T, ML WHIKRELSTH D
FRIEODRAELN2NHEDEH DN, JFHEEICE > TR, ZBHELN52b0bH L, &
D EE R FIEORRERNABE TH DL Z L RNboT-, (ERSFERE R CERETE)

5. ERFERIMLE

desEam ) G 9 1)
(1) lwata H, Toshito T, Hayashi K, Yamada M, Omachi C, Nakajima K, Hattori Y, Hashimoto S, Kuroda
Y, Okumura Y, Mizoe J, Ogino Y, Shibamoto Y. Proton therapy for non-squamous cell carcinoma of the
head and neck: planning comparison and toxicity. J Radiat Res. 2019, article in press. #&tdH ¥
(2) Nakajima K, Iwata H, Ogino H, Hattori Y, Hashimoto S, Toshito T, Hayashi K, Akita K, Baba F,
Nakamae K, Mizoe JE, Shibamoto Y. Clinical outcomes of image-guided proton therapy for
histologically confirmed stage | non-small cell lung cancer. Radiat Oncol. 2018;13:199. doi:
10.1186/s13014-018-1144-5. &FHiH Y
(3) Hashimoto S, Sugie C, Iwata H, Ogino H, Omachi C, Yasui K, Mizoe JE, Shibamoto Y.
Recovery from sublethal damage and potentially lethal damage : Proton beam irradiation vs. X-ray
irradiation. Strahlenther Onkol. 2018;194:343-351. doi: 10.1007/s00066-017-1223-9. ##Htd Y
(4) Nakajima K, Iwata H, Ogino H, Hattori Y, Hashimoto S, Nakanishi M, Toshito T, Umemoto Y,
Iwatsuki S, Shibamoto Y, Mizoe JE. Acute toxicity of image-guided hypofractionated proton therapy for
localized prostate cancer. Int J Clin Oncol. 2018;23:353-360. doi: 10.1007/s10147-017-1209-8. 5t
)
(5) Iwata H, Ishikawa H, Takagi M, Okimoto T, Murayama S, Akimoto T, Wada H, Arimura T, Sato Y,
Araya M, Mizoe JE, Gosho M, Nakamura K, Shirato H, Sakurai H. Long-term outcomes of proton
therapy for prostate cancer in Japan: a multi-institutional survey of the Japanese Radiation Oncology
Study Group. Cancer Med. 2018;7:677-689. doi: 10.1002/cam4.1350. &#td Y
(6) lwata H, Ishikura S, Murai T, Iwabuchi M, Inoue M, Tatewaki K, Ohta S, Yokota N, Shibamoto Y. A
phase I/11 study on stereotactic body radiotherapy with real-time tumor tracking using CyberKnife based
on the Monte Carlo algorithm for lung tumors. Int J Clin Oncol. 2017;22:706-714. #&&idH Y
(7) lwata H, Ogino H, Hashimoto S, Yamada M, Shibata H, Yasui K, Toshito T, Omachi C, Tatekawa K,
Manabe Y, Mizoe J, Shibamoto Y. Spot scanning and passive scattering proton therapy: relative
biological effectiveness and oxygen enhancement ratio in cultured cells. Int J Radiat Oncol Biol Phys.
2016;95:95-102. #iEdH v
(8) Hashimoto S, Shibamoto Y, lwata H, Ogino H, Shibata H, Toshito T, Sugie C, Jyun-etsu Mizoe.
Whole-pelvic radiotherapy with spot-scanning proton beams for uterine cervical cancer: a planning
study. J Radiat Res. 2016;57:524-532. &HiH Y
(9) Ohta K, Shimohira M, Sasaki S, Iwata H, Nishikawa H, Ogino H, Hara M, Hashizume T, Shibamoto
Y. Transarterial Fiducial Marker Placement for Image-guided Proton Therapy for Malignant Liver
Tumors. Cardiovasc Intervent Radiol. 2015;38:1288-1293. 3%t % ¥

(F%E) Gt 26 1)
(1) M7, X #E B HRoMid - BRI 2 KRB OE N, 5 21 [BIER - KSR
FEHRIFSE Y R YT A, 2019
(2) Iwata Hiromitsu, Effects of proton beams and X rays on the cell cycle of fluorescent
ubiquitination-based cell cycle indicator (Fucci)-expressing cells, the 60st American Society
for Therapeutic Radiology and Oncology Annual Meeting, 2018




(3) Iwata Hiromitsu, Phase II study of image-guided proton therapy for solitary primary

hepatocellular carcinoma with indication for standard treatment, the 60st American

Society for Therapeutic Radiology and Oncology Annual Meeting, 2018

(4) &M 7205, Fucel ZEBUMIL 2 AW 2518 & X MR OMILE BN 5 2 28 0mE, AR

MRS 55 81 [ K43, 2018

(5) Iwata Hiromitsu, Chnical and basic biological research of proton therapy at Nagoya

Proton Therapy Center - 5 year s experience and future prospects-, The 2nd

International Symposium for High Precision Radiotherapy, 2018

(6) Iwata Hiromitsu, Clinical and biological research at Nagoya Proton Therapy Center, the

8th Annual Meeting of ISRN, 2018

(7) 25 W Z20, b FRIEDEH G #a i O LW RIRGEE, B ABO BRI 72 5 30 11k K2,

2017

(8) ‘=M Zm:, FTEfTIE/ Nmpaiii 2 xt9 5 S-1 & cisplatin O [REIREHF AV BRIGHE D

IT FHRRER, HAHETRRIES 2% 30 MR 2, 2017

(9) & M7, Moving target (Z%f9 % Spot scanning FRH1EIC K 5 B HRIGHE TOEY #1722,

55 14 [8] B AR F-BRIGHRER IR T JES, 2017

(10) Iwata Hiromitsu, Long-term Outcomes of Proton Therapy for Prostate Cancer in

Japan: Retrospective Analysis of a Multi-institutional Survey, the 59st American Society

for Therapeutic Radiology and Oncology Annual Meeting, 2017

(11) Iwata Hiromitsu, Biological Effects of Proton and Photon Therapy in Combination with

Cisplatin and Their Possible Mechanisms: an In Vitro Study, the 59st American Society for

Therapeutic Radiology and Oncology Annual Meeting, 2017

(12) E WL, 40 R FHRIEHRE & —I2361T 2 BR - BiEFIE, 5 46 BIHBURBRIC K 5 filE

TURY Y A, 2017

(13) 5 M Z, (b HRIEDEH G FRRIBH O AW FRIRGE, B ARE BB 5 161 (3] 5
%, 2017

(14) EHEZW, 7414 78 A A=V 0 THE AT E OB #IEHRIC X 2 MBS &b F 5

FRBIE D FRIRGT, 55 19 [T e AR v A, 2017

(15) & M2, By R I6H O R Aisk iR & S OE, 5 19 BEEEITES VR Y T 4,

2017

(16) Iwata Hiromitsu, Proton Therapy for Non-squamous Cell Carcinomas of the Head and

Neck: Planning Comparison among Spot Scanning Method with or without a

Patient-specific Aperture System, Passive Scattering Method, and X-ray IMRT, the 58st

American Society for Therapeutic Radiology and Oncology Annual Meeting, 2016

(17) Iwata Hiromitsu, Tumor Regression Curve during and after Concurrent

Chemotherapy and Proton Therapy for Unresectable Stage III Non-small Cell Lung

Cancer: Comparison with Chemo-X-radiation Therapy, the 58st American Society for

Therapeutic Radiology and Oncology Annual Meeting, 2016

(18) & M7=, BB+ Spot scanning FREF D DNA BEIZ 5 2 E#EZR & Distal end DAY

RO, 5 18 MHREHRATIE S R YT 4, 2016

(19) Iwata Hiromitsu, Relative biological effectiveness of spot scanning proton therapy:

comparison with passive scattering proton beam and X-ray irradiation, 15th International

Congress of Radiation Research, 2015

(20) Iwata Hiromitsu, Oxygen enhancement ratios of proton and photon beams: comparison

under identical biological conditions using clinically used machines, 15th International

Congress of Radiation Research, 2015

(21) Iwata Hiromitsu, Relative biological effectiveness of spot scanning proton therapy at

the Nagoya Proton Therapy Center: comparison with passive scattering proton therapy

and X-ray irradiation: in vitro study, 54th Annual Conference of the Particle Therapy

Co-Operative Group, 2015

(22) A HZ, YIBRAREERA Y I A6/ NI At g |2 k9~ 2 [RIREOF AL 285 7 Tai 4 o i

BHRAAHIAR, 25 17 BRI E S AR Y T A, 2015

(23) £ H 72, Spot scanning FHEIZ L 2 05 7 HEH LW PR SR WIIER RS-, H

ﬁ)’ﬁtﬂfif%ﬂ?ﬁfi%% 27 [AI*EAT R4, 2014

(24) & HZH, Kﬁ?‘ﬂ’%@g&ﬂ‘\‘fﬁ%tt [W—DEMSRIE T TOEFRBIFEREIC LD, AR

ORI 2 56 27 [l K4, 2014

(25) ‘&M Z, W rRemc i) 2 64 %-RBE - OER (B L C-, AARBAREEYS 6

57 [FIR%, 2014

(26) Iwata Hiromitsu, Oxygen enhancement ratios of proton and photon beams: the precise

report of the same institution’ s experiments using the clinical equipments, the 56st

American Society for Therapeutic Radiology and Oncology Annual Meeting, 2014

6. WFZTHE



(1) #FFEtHE

WRMAOBERL - 2R HER

0 —~ 7 K4 : SHIBAMOTO yuta
W hERS  hE 8

0 —~ 7 K4 : NAKAJIMA koichiro
W HhERSL  BA BE

0 —~ 3 K4 : HASHIMOTO shingo
WM HhBE RS - T B4

0 —~ 7 K4 : SUGIE chikao

KB L DRI, HEE D AR EBEICBOTEGT 20 TY, ZDd, MO EMLIITERRDRREFIC
SWTIE, EOEFFEFICES GO TR TONFEERICET 2 RARPEMEL, IHREEACRE S ET,



