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3 [EEEE 93.1% 77.5% 65.4% 51.3% 3 1T AT A (419451) 94.8% 83.2% 72.6% 63.4%
'2 5 P il = 96.1% 82.6% 75.6% 70.9% '2 F T AEE (426451) 91.4% 71.3% 57.4% 39.3%
A A
0.0 0.0
0 12 24 36 48 60 0 12 24 36 48 60
(A) (B)
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J —-CROSHH#RaEIC X T 5 2 R X RER M E0H

;n, BEBREC 1745 (BIHE11445], ZE604) FElrdh RIE: 745%
PS. 0/1/2=115451/50451 /5451, Child A/B=1535/2045
IFEFE =89, EWEZEZE: 3.0 cm (range: 0.8-10.3 cm)

- EFEE N J& P il e 28

204 ZE 825% 20 ZE 877%
34: 73.3% | 34F:81.0%

Local control rate

Overall survival rate

57 £ 23 ”? 8 4 a No. atrisk 174 19 &0 0 26 1

AEIFFE, B (n=89) 3FEEFEIE 82.3%

FH#RR AN A DRI F#R AR AR

EAARD HEX.? NIRS J-CROS (%)
i 5 5% B 40 B 331 B3 100 B 89
£33 20 2% 8 2% 85
[ESEPRE 45 28 33 30
(L>¥P) (mm) (25-82) (8-93) (13-95) (8-103)
PIFiE &+ BF k3 o 3
B2/ 45 | 76Gy (RBE)/ | 66Gy (RBE)/ 45, 48Gy 45-52.8(RBE)/
20[] 10[ (RBE)/2[8] 25 & UV4E
B R 24F 96% 34F 94.5% 3£ 91% 34 81%
54F 87.8% 54 91%
S HEEER 3£E 66% 3% 49.2% 3% 69% 34E:73.3%
54 38.7% 5% 45%
B B
3£ 57.3% 3% 82.3%
54 38.7%

1) Kawashima M, et al. J Clin Oncol. 2005;23:1839-1846
2) Fukumitsu N, et al. Int J Radiat Oncol Biol Phys. 2009; 74:831-8
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B IR ERENSHREEDRIEARERL R

HhiZE (2) LILLEHER
i ARk BIRE IDEIEHK il
B 5Bt - RE
F)otRT—HLyMERR. MEETXR 60Gy/20[] 92 6.3% 10.0%
HY—TSURHYZwh 2 METTXE 70Gy/28[E] 770 4.4% 5.2%

RBVTA—FKS

ﬂjﬁ@?&#ﬂﬁﬁ—?—ﬁ% “'75: 1"]'

78 0Gy/39[E| 25-26%

TERIXHR 36. 25Gy15 El

23-28%

nvuja’qu B 75.0GyE/39[H 901 3.5% 5.4%
BERBFEARTIL—T° BT 74.0GyE/37H 151 2.0% 41%
MGH + U.Penn’ BF 82.0GyE/41[El 85 25.0% 25.0%
BEH® BHFR 57.6GyE/16[E 1107 0.3% 3.2%
HEX BHFR 57.6GyE/16[E 459 0.8% 2.8%
J-CROS® BHFR 51.2~66GyE/12~16[H] 2157 0.4% 4.6%

1) Martin JM, IJROBP 2007, 2) Kupelian PA, IJROBP 2007, 3) King CR, IJROBP 2009, 4) Michalski JM, IJROBP 2010, 5) Schulte RW, Strahlenther Onkol 2000, 6) Nihei K, IJROBP 2011, 7) Coen J,
IJROBP 2010, 8) Ishikawa H, Int J Uro 2012. 9)Nomiya, Rad Oncol,2016.

J-CROSEREIERBERDZIHBRLREZRHAREZHENAR

EBEE 2240 (GREHF 20005, BEE K 21451, S 341)
EAETHARS b e {E 35.5 4 FH(0.9-124.4)

1004 E,Fﬁln\ EEE%IHHFEﬁ 100 éiﬁg

l.-.' —
g 801 T 80]
= S
7 604 3 601
k= k=
8 404 3F 54 g 40+ 34 54
& —— FFLP(PTV) 92.6% 89.5% d'f 72.0% 47.6%
204 —— FFLP(marginal)  79.3%  69.3% 20
C L] L] L] L] L] 1 C v v v L] L] 1
0 12 24 36 48 60 72 0 12 24 36 48 60 72
Time after CRT (months) Time after CRT (months)

ERMEEZER:Grade 4L EEEHT
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Percent suryival

204

D L] L] L] L] L] 1
0 6 12 18 24 30 36

Time from CIRT (months)

RE 15245 FR 2924FE  A£FHMDRE
55.2GyE 81% 60% 26.2m
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R TR
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yogo lon Beam Medical Center
Jill!!:‘iﬁ?ﬁﬂt

o : Hyogo ion beam medical center
“Director Tomoaki Okimoto M.D. &Bh.D.....

Hyoso lon Eeserm Mediesl Cenfer

- 25 -



lOvelrviIew'of’thle'C'ente'r‘ :
I Establishment: April 1,2001 |
Clinical department:  Radiotherapy
Number of beds: 50
for charged particle radiotherapy; the
world's firstand Japan's only medica

center where both proton and heavy-ion
beam radiotherapy is performed

WHistory \

April 1,2001  HIBMCopened (Proton beam radiotherapy started) #

April 1,2002  Carbon-ion beam radiotherapy started

August 1,2004 Proton beam radiotherapy at HIBMC certified
as a Kodo senshin-iryo ("highly advanced Full view of the Center
medical treatment”)*

June 1,2005  Carbon-ion beam radiotherapy at HIBMC certified as a Kodo senshin-iryo (*highly advanced medical treatment”])*

April 1,2016  Some indications became covered by health insurance (Pediatric tumors for the use of proton beam radiotherapy,
non-resectable bone and soft tissue sarcomas for the use of carbon-ion beam radiotherapy)

lC'aln'cersltrelatabIe'with'ch’afged'parti?Ie'radiﬁ“fhérapy
Starting April 2016, the charged particle radiotherapy is covered by health insurance for some
indications. For other diseases, the charged particle radiotherapy will continue to be offered as a
Senshin-iryo ("advanced medical treatment,” see footnote on page 1), following the unified treatment
policy established by the Japanese Society for Radiation Oncology (JASTRO).

M Treatment covered by health insurance

Pediatric tumors (for proton beam radiotherapy only) and non-resectable bone and soft tissue
sarcomas (tumors developed at the bones or soft tissues such as muscles, blood vessels, or
subcutaneous tissues; for carbon-ion beam radiotherapy only) are covered by health insurance.
W Senshin-iryo

Charged particle radiotherapy for diseases not listed above will be offered as a Senshin-iryo, based on
the indications and unified treatment policy established by JASTRO.

*For details about the indications, please refer to JASTRO's website.

Number of patients treated at HIBMC (As of the end of March 2016; including clinical trials)

Head and : Prostate
neck Lung Liver Pancreas gland

965 690 1,403 533 2427

Others Total
1,210 7,541
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RLF#RA R
-170.4 Gy (RBE)/32 fr

-

Thank you for your attention
CRBBIHESTEVEL L,

£ %?3‘ 3 =4 E = E‘tf 3

‘ Hyogo ion beam medical center
Director Tomoaki Okimoto M.D. &-Ph.D.-....

Hyoso lon Besrm Medicsl Center
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fifif Oncology Letters, 2017

Maximum standardized uptake value on FDG-PET

predicts survival in stage I non-small cell lung
cancer followine carbon ion radiotherapy

e ' raan IMEE PLOS ONE, 2016
Clinical outcomes using carbon-ion
radiotherapy and dose-volume histogram
comparison between carbon-ion
radiotherapy and photon therapy for T2b-
4NOMO non-small cell lung cancer—A pilot
study
fimoptesirty fifi#z Int J Radiat Oncol Biol Phys, 2017

Verification of dose distribution in carbon ion radiotherapy for stage I lung cancer

Daisuke Irie, MD..! Jun-ichi Saitoh, MD., PhD.," Katsuyuki Shirai, MD.,Ph.D.,"
Takanori Abe, M.D., Ph.D.," Yoshiki Kubota, Ph.DD.," Makoto Sakai, PhD.,"
Shin-ei Noda, MD., Ph.DD.," Tatsnwa Ohnn MDD PhTy !

and Takashi Nakano, M.D.,PhI BETEE(JE PLOS ONE, 2015

Prediction of Acute Radiation Mucositis using
an Oral Mucosal Dose Surface Model in
Carbon Ion Radiotherapy for Head and Neck
Tumors

Atsushi Musha'**, Hirofumi Shimada’, Katsuyuki Shirai’, Jun-ichi Saitoh’,
Satoshi Yokoo®, Kazuski Chikamatsu®, Tatsuya Ohno', Takashi Nakano'

fE& = Anticancer Res, 2016

Initial Results of Hypofractionated Carbon Ion
Radiotherapy for Cholangiocarcinoma

TAKANORI ABE', KEI SHIBUYA', YOSHINORI KOYAMA?, MASAHIKO OKAMOTO?,
HIROKI KIYOHARA, HIROYUKI KATOH®, HIROHUMI SHIMADA®,
HIROYUKI KUWANO®, TATSUYA OHNO® and TAKASHI NAKANO'

ff#fE#= Radiat Oncol, 2015
Dosimetric comparison of carbon ion
radiotherapy and stereotactic body
radiotherapy with photon beams for the

akanori Abe'’,
Katsuyuki Shirai

fiii## Radiother Oncol, 2016
The impact of interfractional anatomical changes on the accumulated
dose in carbon ion therapy of pancreatic cancer patients
h

Antonetta C. Houweling *, Kyohei Fukata®, Yoshiki Kubota®, Hirofumi Shimada", Coen RN. Rasc
Tatsuya Ohno”, Arjan Bel **, Astrid van de

[Ef5% Cancer Science, 2010

Cost-effectiveness of carbon ion radiation therapy
for locally recurrent rectal cancer

Abdulelah Mobaraki,' Tatsuya Ohno,'* Shigeru Yamada,? Hideyuki Sakurai' and Takashi Nakano'

[z, Revised [%5%F
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International Training Course on Carbon-ion Radiotherapy
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- BIFHROPTRMICALNONIE-DITEPEFER (1938
F), RVT, [EBFRANAVILATA R, /1R EFER.
BEAA R (RAAFORFEAFVEE)DIE,

+ WFhDOHFRLEDERRKEAIERKETRE—,

- BE. GEFRERFENERLTLAN, ZDOHEMNTH
KFEBEHNZBNZR-LTET -,
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BESTRATRF
BRBK

B FINEIZRIF
DEMRTEH
FHRINIERRH 1

WMEMHIMAC : 19934F (25

MA CZE:%,

HIMAC O S

BEHREFRETIRAS0FERERH 55| M

BN FHROROER

1895
1896
1903
1930
1946

B-LUMNUNRIVIRBERR

TohREI= L HHAERBIE /
EE-WHISYINISVTHRER
XE-E.A—LIANYH/OAV OERERERE —
KRE-RIMIIVDBHFROBABEANDIEAEZIRIE

1955
1961

1973
1974
1975
1979
1983

E.Lawrence

RE-N—IL—ARAHETFRICKDERARER A
KE- 9 Fi—tEyVikawmkE TRl FRAREME

EE-/I\NIURITL—ILER IV H X $ECTEFEA
KE- /A PEFARERR.

RE - N—IL—AERNEASF ARG R E6A
(3R) IMER SIS FRRIZ K SER RS 2Bt
BFURKFPIKEKD G FHRIC K HERRBA R BALA

R. Willson

1990
1994
1997
2002

AT KREL MR OB TR AREABRETH
BEDA R FERICKIBERTEEEE
FAYGSINRFRIZL SRR ZBR
EERNRFRICKIEERTEEELE
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Y(oara2 8
Ernest Orlando Lawrence (1901~1958)

The Weekly Newsmagazine

o

2

eﬁmf:

HATHOTHFRZEAINIZENSLSITEST=,
E.O Lawrence and M. S. Livingston (1931).

The single dee was only 13 cm in diameter.

1932- The 11-inch Cyclotron, R 5
T . . 1.2 MeV p, was housed in a 1933 - The 27-inch Cyclotron, 4.8 MeV p
1931- The invention of laboratory without shielding. and d, was installed in the Rad Lab of

Cyclotron, 4-inch, 80

) the UC Berkeley campus.
keV p - then 9-inch

1939 - The 60-inch Cyclotron, deuterons to 19 MeV.
* Robert Stone and John Lawrence

-  “Fractionated fast neutron RT” (226 pats)

Q._G’H.LI %&]Lvm’

1937- Historic 37-inch Cyclotron, 8 MeV d
(displayed at the Lawrence Hall of Science)

-> 1%t “Fast neutron RT” in 1939 (24pts)

e Melvin Calvin used C!4 as a tracer to study photosynthesis
(Nobel prize).

_59 - Courtesy of W.Chu



tH R DE P E-FHEE AR (1980F L)

Cyclo- D-T
Place tron Generator Linac Total
Europe 3(2) 3(2) 0 6 (4)
UK 2 2 0 4
USA 4 (3) 0 (1) 1 5 (4)
Japan 2(1) 0 0 2(1)
Total 11(6) 5 (3) 1 17 (9)

( ): Proposed or under construction

BARIREREEMP TRIEFREE
SE s 220E0Hs BETHEPIEFRRIGR) V-7

.

o
w1

K

‘ ~ 3

MEBR0EE19774E10 19784 7H28H
Bo&BEEMmH~-FE,

BEHOEPEFRABREEIEKRT, EELFROARFATEDS
BEE -, BREZHEITAC L TRARMOBEH > TL V=,
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WERE

e 1987.2 Duncan P FIXFEFEEAAIZA Y v FHYE

- 1987.10 NEM L B XEE O E TR B

BTRE - EHEAEECIIENT-BRAFAEDENEG SN,
SYURRAX R RSATILDITON-FEEE - EBtE - 1
BEETCIIEFERIZIEEDEZEIR OGNS 1=,

- 1988.6 Nature 5[ EPHEFRABRMFITCEINIEH.
« ZO#tHIDF-& BEPIEABRN,

BESTANEBEIRILX—XBHHTHOI=1=O.
BESHTHRTBR T, BROEMEARELEL-,
1990 REBF . HRAD TR TOHEHRIEAERDPIE,

R D/ N1 FEFHEIR

« RAHRFIE, BNNFEHE LA hFRE
FiRITI9495F (1T /— RV EEZ T T=,

[ RFROBRERTHHGFLHHE
FEDRBIZEBEI N (RN ZENTS
BmOFRMF

cHEITEFD 213E. BFD657D1,

=]

MEOEN NS

MEE—L neutro "4
85% Pions n §\
5% Electrons .
10% Muons

Star | |
~ | RBE=1.5~2.0

T
Py=130+5MeV/c

0 10 20 30 ‘40 XD#ES cm
MRk & mEs | T MM | AER
LAMPF | kE Linac 600 | 1974~82 230
TRIUMF | #F4% | Cyclotron| 500 | 1979~94 367
PSI AA4AR | Cyclotron 500 1980~93 503
1,100
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AX 7 SEXD/ N BEIFHIERTICH TS5 11EHEFE
Pion Therapy at Los Alamos Pi-meson Facility (LAMPF)

c ARZSERTE-RKEHIZT
[RFIRELRRE-REESh= (7>
NYAVEE),

o 19745 (/M PBFRAVRBEDE
R EABE-ST-.

« HAEMNSZLDE., EFHE
IABRKTRIZS M,

1970 R . RETIE A A S PIP System
MEBITAT DT,

EN ON 20-DEC-78 AT @9:44:23 )
OYSPUACE) tmv-@-am ST FSET 1 !

3
gy ot s g B
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H.Suit : [EFHRABBROD/N(A=F
1991 (FER34E) . KEKIZT

[

R DG F#R e EaEs s LB &% (1993.05)

HER4SL *XE 3I—mu YE S &5t
BBAS/—< 1,698 2196 355 44 4293 35.1%
FEE A EES
E‘E:W BEE 3,132 15 1,678 58 4883 39.9%
B
LR 79 20 0 21 120 1.0%
f9 - E &R 2 0 0 127 129 1.1%
B8 (=BT IR) 469 41 242 61 813 6.6%
sanlil 18 12 77 128 235 1.9%
PN 709 27 1,025 0 1,761  14.4%

o 6,107 2,311 3,377 439 12234 100.0%

(49.9%) (18.9%)  (27.6%)  (3.6%)

DS FRARIL, LoERAS/ —< LEREE
BFEREHICHERY. BLARZEHL TV,
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HhONEDGFHRERE

HHEEDBEFRAEIEL, 1978FICEFTHEMT, D
LNT19834EIZ, MEH, RIKKFE. RUKEKD3FEER
DHFEEELLTHROONT=,

TR E Bt

MBI E— AR EniEx

dHEE WEAEX

19834, I KEMN, BEIRILIT—YEEWMEM(KEK)D
J—RA-ooararho@on5250MeVEE T ZF AL
T, HRTHOTERNADAEEREMIZERLE,

HANDEEE—L A EHRAEE

30° Bending Maget |

90° Vertical Bending Magnet '

Ridge Filter

-,_,——Dosc Manitoring Chamber
‘@— Mirror

2 Block Collimator

15t Basement

Bird Eye View of PARMS
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TR K G TF#R EF Fl 5 > 5 — (1983-2000)

HFIZKER T T, EHEEBELBITRAEEES (T,
fii, B8, BEt)aEDBRERBIESET.

RBERXETOBFRARBEOERENDH
1983—2000%, 45t700A

EDfh12.6%

FF#% 3 4 0%
WSR3 .8 %

FEEA41%

EBNESES5. 1%

BMES. 4%

NEFHALES. 4%

EE:RI!E'EB E6.0%

BEEE B63% WES.3%

RIES.6%

BB DG F 1= 1t FA)DIF LA B BRI

g

B10. FFaA :

(a) S c mOFFAA (KH) o FHghE
A 72 DY) R BE, '

(b) b T-Mihts, AAETHL L7

() BT, 2 AMRIEDID
B2 (358 U A B e o T
VOBFHD.

CAFE TSR ABDBIEEEZS
NS AZEGFERTEE.
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B FEBBEDINAA=T

O—L > XR/N\—2L—EF I th & AT CTEE (1975-1993)
J.R. Castro

1st He pat 06/°75
1st C pat 05/°77
1st Ne pat Mr77
1st Ar pat 03/°’79
1st Si pat 11/°82

1975-1993
He ions = 2,054 pats
Neon ions = 433 pats
Other ions = 23 pats

MERAFEA

"MREAES

¥f‘EDt‘9“ EESHE

&ITE

How to BRI 1994 % 4 AMS —]

< BPEFHEARITOITYLRIBDI1970FRREN S, RD
FHROBABROEFGEEASA MM PREFHENSHEE,

< 19755128, /-NIVEZZTon=BIIFHEEN, BERTNS
PR FICEDDPRAVRBEERERTHELIICESE.

% LHL., (B -hH503-mynTIThh =W b FIZ&KBBBROK
ENHFEINIFZETHL BICEST BN EANBHL I -T-
=&, BRHEBOREIZH-oT=,

< 19844, IMEWHIIHIMACH B EXETEIZBAAL . 19934 (258
19945 Vo B mERRIRLT=.
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Flower mutation of carnation regenerated from
leaf cultures treated with different mutagen

Mutation frequency (x10”" %)

Mutagen Flower color Shape
Light _. . Dark Salm- Yel- ... Minute Com- Round Dianthus
pink Pink pikn Red on low Cream E’tr][’":stri[;mj plex petals  type

petals

EMS 0 52 0 1.0 O O O 31 0O 0 0 0

Soft X-rays 1.7 84 0 34 0 0 0 0 0 0 0 0

Gamma-rays 1.7 26 0 1.7 0 0 0 0 11.3 0 0.9 0
Carbonions 2.4 4.7 24 35 24 24 12 35 0 24 4.7 24

Shape Ethylmethanesulfonate(EMS)

Commercialized
in 2002
EU & Japan
($ 13 million in 2008)

Mutation spectrum of carbon ions was wider than the other mutagen _

Okamura et al., NIMB 206, 574-578 (2003).
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- A . FBRALGETIE 1, 2[EH,
- BIALIRDSA L ETIE 12~16[H],
- 2T T 12[E/3780
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He~Ar «C -C, 0,(1'C, 150)
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BEHEE : EEKR—F - ;
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o FEI3HK: LHER. MR/ UBKFE %

FRALEMNEFHRABREE
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- 3 Wil ~A E
HARCTEEP ORI FRAEMBER
| BFE | EHTH +§§§ﬁ &5t
ZEE 1 1
ISR 2 2
K1Y 4 2 6
jb&fﬂgﬂ 137F 2 1 3 16 | 23.5%
AIT—T2 2 2
AALR 1 1
+F—ZFY7 1 1
Fx3 1 1
RE STRTyIT r 1 2 | 2.9%
av7 av7 3 3 3 | 4.4%
72Uh |E72Uh 1 1 1 1.5%
EES 10 4 1 15
s [ 1 2 1 4
FOF B > > 22 | 32.3%
=R} 1 1
" HhF5 1 1
itk *E Ba o 24 | 35.4%
56 6 6 68 100%

H 2K THRE b D #il F#R 8 B 5% (2016.08)

HERREEFHRARE 24—
(EBFR)
(BBF#) 2014~

BHENA
BFEaEtE 42— (EHR)
(B&F42) 2010~

RERIHFRERtEVAI—(RER)
(BFH) (R%RHR) 2001.5~

A ERREH 4R
RABREREA—(EER)
(BRHRE) 2013.8~

£

HERR(BERER
BRTHREFHR 54—
(Bt3R#1) 2010.3~

EF$& | 10(5)
BRFE| 5(2)
&5t 15 (7)

dL 8 K2R
BB FisaEty 24— dLiEE)
(BF§2)2014.4~

EARIANABGTFR
ABRERVE— (BER)
(FBF#R) 2009.2~

HRKXEETFHREZFA
WEEVE— (RIRR)
(B&F4%) 2001.9~

BN S—EER(TER)
(FmF48) 1998.11~

BEREFL SRR (FER)
BHFERFE 22—
(5E#) 1994.6~

MR RAER2—
BRI FEAERE2— (HE)IR)
(F%H) 2015.12~

AT4RYRERWREE (BEREBR)
RARFRARFRE 45—
(BBF#8) 2010.10~

R LUK 5 - L R RIER
NRABTFRAEES2—(FIWLR)
(BBF#) 2016~

BERIHANAE 4— (BRAR)
(BEF#%) 2003.10~
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International Training Course on Carbon-ion Radiotherapy
28 Nov. - 3 Dec. 2016 Chiba & Gunma, Japan

Course Program @

Nov. History & Overview Biology 1. Biological Characteristics
28 (Mon.)  o°f lon Beam Radiotherapy Physics 2. Accelerators
Physics 1. Basic Knowledge Clinical 1. Overview

Clinical 2. Head & Neck, Skull Base
CNS, Lung Tumors, Esophagus
Clinical 3. Pancreas, Rectum, Liver

29 (Tue.) Biology 2. Biological Models
Physics 3. Beam Delivery & Dosimetry

Physics 4. Treatment Planning Clinical 4. Genitourinary, Breast Cancer
30 (Wed.) Physics 5. Facility Design Eye, Gynecologic Tumors
Physics 6. Radiation Shielding Tour Patient Positioning
A Treatment Planning

- —

De nical 5. Diagnostic Imaging
SE A® i

f. Cost Effectiveness
7:)7*&1;2 30 75{ Altyg_j; E B‘.’Mlzllﬂ Modality Approach

ray
AVF-UAE | 4 | KBIERFGE Tokyo
EU 7 kﬁ,—“‘; ’-ﬁ B?Efd: E [lstltute of Radiological Sciences
3% 8 KRR f Radiological Sciences
=) ZF 10 )‘—jj— ﬁé ﬂEtJ: E vy lon Medical Center

_ vy lon Medical Center
a&t 59 E
ncology Kanagawa Cancer Center

. QST National Institute of Radiological Sciences (Chiba)
Gunma University Heavy_lor Mical Center (Gunma)




International Training Course on Carbon-ion Radiotherapy
6 Nov. - 11 Nov. 2017 Chiba & Gunma, Japan

EHFHRAREFNL—=2J0—X

?Q17£E11H6E|~11E

Clinical 2. Head & Neck, Skull Base
7 (Tue.) Biology 2. Biological Models CNS, Lung Tumors, Esophagus

Physics 3. Beam Delivery & Dosimetry cyinical 3. Pancreas, Rectum, Liver

Physics 4. Treatment Planning Clinical 4. Genitourinary, Breast Cancer
8 (Wed.) Physics 5. Facility Design Eye, Gynecologic Tumors
Physics 6. Radiation Shielding Tour Patient Positioning

Treatment Planning

Topics & Introduction of Facilities

9 (Thu.) Move To Gunma Case Study 1 Liver Cancer
Facility Set-up & Operation Vendor Presentation
10 (Fri.) Cost Effectiveness Carbon ion and Photon

Case Study 2 Head and Neck Cancer

11 (Sat.) Tour & Free discussion Move To Tokyo

Hirohiko Tsujii, M.D., Ph.D.
(LU RIS CT visiting Researcher, National Institute of Radiological Sciences (QST.NIRS)
Tadashi Kamada, M.D., Ph.D.

Director General, National Institute of Radiological Sciences (QST,NIRS)
Takashi Nakano, M.D., Ph.D.
9imctor',~ ﬁunmia?l!nlgqrsilty Heavy lon Medical Center
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National Institutes for Quantum and Radiological Science and Technology
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RADEBHETETH

(2014 HZX)
A ERN BT
M F Total M F Total

LA 72,742 13,240 I EWL)

RIS IR 78,728 11,507

T ig Iz 28,623 15,054 ExXyaam 19,008 9,881

BiE 91,006 41,153 gErAE:N 31,483 16,420

PN:E 72,101 52,820 phVA£ YA 26,177 22,308 g1

3 E 18,076 16,726 E=ZR: IV 16,411 15,305 BEyWAl I

AL A S EFEH
SIRB A E R I
[ BfE 20065~20085F 52054 ] '
o 10 20 30 40 50 60 70 80 S0 100
b1 59.1
Dix-offss 573

EH I 3 O
77| 653

922

575

Wrag 706
F PIRNER 330
PR 89S
) EE N G 9
SEMANE I 366
BT 33

EERISAMREL S - ASTRIBRE S -
Source : Center for Cancer Control and Information Services
Nationai Cancer Canter, Japen
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B & VESRARIZE 1T RRDE

REFEER IEH i

FES Medp0O2 %<25mmHg Medp0O2 %<2.5mmHg

1 3.1 35 47.3 9

2 0 94 46.6 0

3 2.7 43 24.3 0

4 34 24 67.4 0

5 0.9 95 51.6 0

6 2 54 69.8 7

7 5.3 68 82.7 0
(Koong AC, IJROBP 48, 2000)

MR A4 7 SR Hh R
HeLa¥ = IR FZHIRE
100 4 e
# ? 10 10-2 — \\\.
£ 10-2 - - \ 3
1072 : ) g ! y = 0 2([)0 41‘)0 6(I)O 8(IJO 1300 12100

o

0 200 400 600 800 1000 1200

( rad) Dose (cGy)

L

—— Mutants (e.g., A-T)
~ McCulloch and Till: Mouse bone marrow

el

Puck and Marcus: Human carcinoma
— Hewitt and Wilson: CBA mouse leukemia

-80 -



B 35 705 AU HEL RS (AL SRR R L 1% RERSEBENSAICER

8 BE
0 S5 10 15 20 25 30 35 O 5 10 15 20 25 30 35

R FR R

KBRS = BRI FROBE X
KRR

# 3 H&F s

-81 -



EHTH L XRONAMBIZHNT 3R EORL
@ otz

oS s i e
Xk -5

¢

H%ﬁ#&#ﬁ%mﬂﬂ
HiERT S

BERFR 0 iﬂ%l-éﬁﬁﬂﬂﬂ?ﬂ]%

AEHLND

AE XA RERE G D, ?
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SRR -
HHE 120 (86%)
5 28 (20%)

ERFROFE

- BUWVEYERNZIER
- BNT=REST
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REREEEICH T 2 B TGO RS R
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: BEEEEHE
@ L EHEE R
hiEEBIAR D I FE T
Q=B Ak
BIRE KL Y 1-2cmBEEEI
@ERES
PL phl, PL phll, PLce
Q)3 1
[E& & Yo.5cm, PIARZEMRI
©XEARAE
EflNcmB (X T KEFIR DR
EEREENAR A 5 BEIZ2em
L RERIEEARD S5 ER/IIZ2cm

Case: 63y &t  [REELRIE 52.8GyE/2fr
o _mmm
“- (7\ / (3 ;.
. 7 o o
V& 5%

R

| _ERBRELaR

FDG PET
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Case: 63y &% - F R B 52.8GyE/2fr

12 M after treatment

L & o

FDG PET 12 M after treatment

BAERSEICHT SERFRIGROBSMHEE

e TR
OEEhR - R EER 7 ,I_"|/'!|'f,"|;l'\ -
PRFAEARRTHNEEDD o /
@ L BEmR EEhAR s
PREBRSIKREET
Q) Lkl
RBIAER & Y 1-2emBE
BIFBIRIZEH S
@REMIEE
PL phl, PL phll, PLce
Ol
EHE&LYo.5cm, PAIRERI
©XEnhkEER I8
E@lcmA X T RERHPR >
R EIAR A S FEBI 1< 20m A - T
EIRMRBIARS 5 RMI2om o S 0

- RS R
\ A
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Case: 56y B BEKERE

52.8GyE/12fr

BNk
g (s
‘ -

FDG PET

Case: 56y Bt% ﬁ{*ﬁ”&sz .

FDG PET 12 M after treatment
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BRI T DENFOROER

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

R EEATRETE (< R EITREICHNT S

T AEHFAE || CEWEHTAE o FREER
(0204) (1201G)
PR B 120 fEROER12E 55. 2Gy (RBE) /12[&]
47451 712451

BEI<HTS BT
W EHT AR P JAE SO W
BT AR
P———— fATE e I
2245 2645

HRSHRE S EHIH
SR8 (Gy (RBE)/12E/3:8)

38. 4Gy (RBE) 1
40. 8Gy (RBE) 4
43. 2Gy (RBE) 1
45. 6Gy (RBE) 5
48. 0Gy (RBE) 1

50. 4Gy (RBE) 13
52. 8Gy (RBE) 3
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BFTETREREICTN T S BaRIe2RE
IEEHABES (BB £ D)

263 EFHSEE

All  Eiess Mm%

Crane CH 2002 53 GEM+RT 30Gy ( 23% \
Okusaka T 2004 42 GEM+RT 50. 4Gy 57% 52%
Murphy JM 2007 74 GEM+RT 20-42Gy 22% 24%
Huang PI 2009 55 GEM+RT 50. 4Gy 26% 31%
45. 6-
T EH 2010 46 CIRT 52.8 12% 12% 0%
Gy (RBE) \ /
GEM: LA E Y RT:X#2 CIRT:EH F#

RFTEITEREICH T SMSRIEFRIEHREN

£ ¥ BmE HE

47 S5FU+RT 40Gy 50% 11% 32%

ECOG 1985
44 5FU - 32% 21% 32%
61 S5FU+RT 30Gy 64% 7% 54%

Crane CH 2002
53 GEM+RT 30Gy T1% 12% 55%

Okusaka T o004 49 GEM+RT 50.4Gy | 45%  25% || 6%

Murphy JM 2007 14 GEM+RT 20-42Gy 50% 24% 26Y%

HMER 2010 46 oIt 469520 o o/ Ly

. . Gy (RBE)
————— GEM:F LAY REX# —— CIRRERTFR
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ERERLGHEETEZNAN?
mh\ A Fl 5F

1. EREBNS L
2. MECH->THABICRELYT:
3. BEXBSRIERERREORE NS

E M7 THIEATRE

RFETEREICNT 57 LS5 E U & MGHR RO RE

EDEIHERER
M Ikeda, S.Okada Br. J. Cancer 86, 1551-1554, 2002
- WREBEH 1 541
- B5HRE 50.4Gy/28fr(1.8Gy/1fr)
- RE5TE FES+FEE ) 2/
- GEM 1B 18 6:ER[H
BLOAEY HEE  ofiesx EEORE
150mg/m2 50.4G 0/3
250mg/m2  50.4Gy 0/6
350mg/m2  50.4Gy 3/6 Graded EIMEk - FFchBRAD
BHRAFIKR
FeefES

EIE : 40%(6/15), EFRARK T R{E:9.5M 250mg/m23#ZAE
% DLT:dose-limiting toxicity Fi & IR =%
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BEICHT SENFAROER

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

R EAT AR RETREICHNT S

*9 HEHFIAR GEM+EHIF AR 0513 T ER
(0204) (12016G)
RS B3 12 LR 120 55. 2Gy (RBE) /12/H]

471 12431

Overall Survival

—— 38.4-43.2GyE(n=19)
= 45.6-52.8GyE(n=27)

25+

Percent survival

T T T
10 20 30 40
Time

AT 3t R4 D 43 = 185

43. 2GyE - 400mg/m? 6
43. 2GyE - 700mg/m2 6
43. 2GyE - 1000mg/m2 12
45. 6GyE - 1000mg/m? 6
48. 0GyE - 1000mg/m? 8
50. 4GyE - 1000mg/m2 11
52. 8GyE - 1000mg/m? 11

55. 2GyE - 1000mg/m?
CIRT:ERF#H GEM:FLLREY (HHAH)
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fE AT ot R Al D FR E 1E A0
HEN

ENFHRAR
43. 2-55. 2GyE/12[8]/3:8

lL“ B
Pttt

GEM 1000mg/m?
dayl, 8, 15 (3:8)

v
v

' 55. 2GyE - 1000mg/m?
CIRT:EHIF#H GEM:XFLLAZEL (HHAHF)

Biological Effective DoselZ &k 5 # E D L
RIRE BHEE 1ERE BED3.0 BEDI10

38. 4Gy (RBE) 12 3.2 79.4 50.7
40. 8Gy (RBE) 12 3.4 87.0 54. 7
43. 2Gy (RBE) 12 3.6 95.0 58.8
45. 6Gy (RBE) 12 3.8 103. 4 62.9
48. 0Gy (RBE) 12 4.0 112.0 67. 2
50. 4Gy (RBE) 12 4.2 121.0 71.6
52. 8Gy (RBE) 12 4.4 130. 2 76.0
55. 2Gy (RBE) 12 4.6 138.4 80.5
66. 0Gy (RBE) Gl 2.0 118. 8 79.2
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N = DLT : dose limiting toxicit
Iéﬁﬁit D L T Fﬁi‘rﬁllﬂﬁfg y

e P o
43.2GyE * 400mg/m? 6 6 0
43.2GyE * 700mg/m? 0

43.2GyE - 1000mg/m? 12 10
45.6GyE - 1000mg/m? 6 6 0
48.0GyE * 1000mg/m? 8 7
50.4GyE * 1000mg/m? 11 11 0
52.8GyE * 1000mg/m? 11 11 0
55.2GyE - 1000mg/m? 11 11 0

CIRT:EHF# GEM:SLIAREY (HAHD)

R B 7l 5 Pl il e 8 & A 3

iR=E n 12mo 724mo
o 45.6Gy(RBE)< 47 66% 46%
SRt ES
EREI 43.2Gy(RBE) 24 63% 10%
45.6Gy(RBE)< 47 75% 42%
247FR | 456GyE<(STagelll) 42 80% 48% |
43.2Gy(RBE) 24 71% 21%
v/
Sl SHEXR

- 1001 — 43.2Gy(RBE) (n=24) 100 < — 43.2Gy(RBE) (n=24)
< ~ 45.6Gy(RBE)<(n=47) — 45.6Gy(RBE)<(n=47)
o 80 4
] 80 4
©
€ 60
S 60
T 40
S 40
g 20 4 20

0 \ 0

0 10 20 30 40

60
Shinoto M: IJROBP 2015
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RATEITRREEIC R T DML ARER &0

£#EE (0S)
Loehrer 2011 34  PCNT GEM 50.4 Gy 1.8Gy 1.0  50% 12%
Ikeda 2013 60 3"%’}"" s-1 50.4 Gy 1.8Gy 2% 162  72%
Schellenberg 2011 20 S?QT(X none 25 Gy 25 Gy 5% 18 50 20
Ben-Josef 2012 50 'M£; X GEM 50-60 Gy 2'2;'3'4 8% 14.8 - 30
) . 50.0-70.2  2.52.7 . ) 76.8
Terashima 2012 50 BT GEM GyE GyE 10% %
Sachsman 2014 11 [BF& Cape Gy:?:BE) I;(';:é’) 0% 184m  61%  31%
BER 45.6-55.2 3.8-4.6 0 o 0
ey 2015 42 E#F GEM oyRBE)  OyrBE) 2% 24m  80%  48%
-

*Bevacizumab (i 5 HrEEEHFD)
5FU:A AR GEM:S LI A EY Cape:hRVAEY (MAHF]) RTXE CIRT-EHFE

BEICHT SENFAROER

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

R AT EITRERE S
9 S EHFIAR

(0204)

B EITREERIC R T 5 .
GEM+E R Fa (0513) S ER

(12016)
aeaﬁa;]z@ ‘tﬁ;ﬂga]z'ﬂ 55. 2Gy (RBE) /12[H

B R F#RAMES5. 2Gy(RBE)I12IEI + G EM1000mg/m2

-
1007 — 08.4432GyE(m=19) & 100 2007/4-2012/3 CIRT
= == 45.6-52.8GyE(n=27) n 2G E (n=2
= £ 8 B3 GyE (n= 5%)
£ S 60, MST 23.98
& 25 & a0, 2FEAETFEE  48%
T T T 1 204
10 20 30 40
Time 1]

0 12 24 36 48 60
Month
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BEICHT SENFAROER

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

R EEATRETE (< B EITREICHNT S

XY D EH TR GEM+E R FAE (0513) SHEER
ﬂ.ﬁs&gﬁz@ fefpt 126 (12016)

55. 2Gy (RBE) /12[E]

47451 12451

B h 743 89855.2Gy(RBE)/12[8]+ G EM1000mg/m2
P SEFE SEFE

2013/4-2014/12 CIRT

100+ —— 55.2GyE(n=30)
80
60

404

_.

2

S
ival

—— 38.4-43.2GyE(n=19) E 1004 2007/4-2012/3 CIF

—— 45.6-52.8GyE(n=27) 3 — 43. 2G (n=2 %
— 2k

MST 23.9H
25 4 EE

\.
g

80

o
<
Percent S

60

Percent survival

N
T

40-

Percent survival

10 20 30 40 209 201

Time 0

0 1‘0 2‘0 3'0
Month Time(months)

@OST NiRS A D) ROCK

J—CROS 1403 (Japan Carbon-ion Radiation Oncology Study Group)
Z i HREER
BELE 7200 (REBF33H. Am245], BEE156)
R hRiE 13.6 (2.8-37.9) ~ A

=} 748 549%55.2Gy(RBE)/12[E + G E M1000mg/m2

100+
E 804
E 604
E 404
g .
°0 & 12 18 2¢ 30 %
Time from CIRT (months)
1FEEFE | 26457%E MST
55. 2Gy (RBE) 81% 60% 26.2R
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RFTETTIREIC® T S MARIEFRERSH

&£HFE (0S)
Loehrer 2011 34 3°§'§T‘X GEM 50.4 Gy 1.8Gy 1.0  50% 12%
lkeda 2013 60 PN s-1 50.4 Gy 1.8Gy 2% 162  72%
Schellenberg 2011 20 S?;)T(X none 25 Gy 25 Gy 5% 11.8 50 20
Ben-Josef 2012 50 'M’;)T ¢ GEM 50-60 Gy 2'2;'5'4 8% 148 - 30
. 50.0702 2527 . 76.8
Terashima 2012 50 [ ] GEM GyE GyE 10% - %
Sachsman 2014 11 B7# Cape GvESQ;:BE] ';.ig:é) 0% 18.4m  61% 31%
BEWH 55.2 46 . . .
oty 2015 30 EET GEM oReE)  GyrEE) % >24m  97%  57%
J-CROS 55.2 46 . . .
R 2016 72  EHT GEM L S 262m  81%  60%

5FU: BN AHI GEM: LI B EY Cape:hRUAEY (HiHNAHK) RT:X#E CIRTERFE

BEICHT SENTFRABROSROTE

K%Fﬁiﬁﬁﬁiﬁl:iﬁ'éb%&’i t“zﬁﬁi*ﬁ?ﬁiﬁﬁl:ﬂﬁ?‘é’ﬁ?&]ﬁﬁ%@
5B
2. CIPHER : A Prospective, Multi—Center Randomized Phase 3 Trial of

Carbon lon versus Conventional Photon Radiation Therapy for Locally
Advanced, Unresectable Pancreatic Cancer GREIUTSW&E ot FERER)

3. BEICHT IEHFRX YU BHRHVRTLARVAY FY—2ANHE
1 hn s B = _=
[& 5% 3 wEBMRER|

4. BEEICHT SEHFAREGBELRROGARE
\ KESAK /
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. @Q;T ,ﬁflié e @ AGA HIMA

0 (I:S}:?g?l I cStagelVa cStagelVb

o 5% (5
= £
SRR %B"gﬁg” %) GBF

e
BE

SR R TR GT#R 1t$§§?ﬂ‘%iﬁ

g =237

WENEFE ATV NEE, NASRERE, IR R
P

FR®CK

s g 468 O L 85 SEMMERE  ERE
JCOG 1106 (B AEEKRIEBHES )L—T) Median | 2&27%®
X4 S-1 19.15 31%
% GEM 128
N=32
-1
GEM 12W GEM 12;8 17.2H 22%
N=33
X 50.4Gy/28fr S-1 80mg/m2/day GEM 1000mg/m2
FHFHAER E GEM
SEEERPhII -
Chemo =3
i
N=82 >
? >23.9A| 48-60%
CIRT 55.2GyE/12fr GEM 1000mg/m2
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5&;&,&@0)&& EFHARM P R{E EHFEE
JCOG 1106 (B KREGFRIEZ Y IL—T) Median | 2eF& 77
S == 1
1588 2EH 3EE ARBTHIL2EHFT
GEM: 1000mg/m2 58 1 EI3:EiR 5 & 1Bk #iFLERE
i i ’
EHTERAR 128,38
BRFEE EHF GEM
S ERPhI :
Chemo =3
N=82 i ?
' =23.9A| 48-60%
CIRT 55.2GyE/12fr GEM 1000mg/m2
® HEED %ﬁﬁﬁ*ﬂ @QST NiRS Ao O LR®CK

CHIBA
UNIVERSITY

32-3RIEEMRMEIE R URIER EEAM
WH # BAREFLAPRNRER
BZx HE BEXFEUTFHREFHEL>5—
wE W ANERENTFESARREYS—

328 &

il BF #RIRIFAEE—

-AFRWERAS
IE

327 E=4YLY
FEREEZHMHEHRRE BESARE T=4UvJ=

HRE A, Gk BR

WA OV —RBRF EEHM

= B, HE R

329 EPIBFRUVT—EIRIAVF

$HE EHRER R A TR ATREE FRERAFEFHMBERRE BEREBRH T—2IRIAVIE
111 BEAREZRERRMZR 4RE 1t EF
BE %% FRATECHRERRE FRANEH 3210 ShEHRRHF
%R, IR EHRER mAeH FEASELHMRAGE WAHBSH ERGHE
R ER  TEAZELHMEAN SRR mR A
WH S8 TFEXFEFHHRERERE ERERE 32-12 ESpEY L—F
HH £ FEAZERDHERER KRB B B HSSESBATEF  REieRy
g
3-SR HEBERD XKE Fz BEREFRETRT HHESREEZE
M #HE FEAYESDHRESR BEERBRSD #BH E— BHAREFREWRT BRARREEE=
[T S S ERGATIET R S FE Bz HEREFRETRT mREFWEE
HE S8 FEATESSHERE KRR BE #7 KAKREFLSWRT MERFIFH
EE B FEATESDHERD EEABRIS B #lz BAEREFRRESWRA NEFRIFH
HE £ 2 FEAFESDEESE EHERREL KW B BAREZREATRT ERFIER
#hk NF BASEFRATET HEVRZEE &% & HEXT EMTRERHRLOS—
NLEERT BAREFRAWET BREFEXE=E e & RREAY BEMTREFHRLS—
BEEES HNAEESRATRT EETEXER wE % AMEREHFRAABRE S — WEE
BEE BAHRERBEHRAN EEE
3213 FRYEEES
- HRERLUFMERS hE Bk BB KEEFIAT RS R
o #ME BFRAEXEREFTRHESARFEEE W 18X FERRRREHLENT
A BA  FEENKAEUS—HELBRT Al TR  TFEENKAEUA—HLBAT
HFU X BIEERAFARNES =5 MK FEREPEZHHECBEAR
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CIPHER | A Prospective, Multi-Center Randomized Phase 3 Trial of Carbon

gEma=r | lon versus Conventional Photon Radiation Therapy for Locally T
Medical Center

Advanced, Unresectable Pancreatic Cancer CNAQ__
RERIE e - American
’ B8 ‘ RiE = Italian
* * Chinese
= Japanese
S VA LE
Arm A (at CNAO, NIRS) Arm B (at Italy, China, UTSW)
C-ion RT 55.2 Gy (RBE)/12frtGEM | | XRT 50.4 Gy/28 fr+GEM |
FTEFMIER 24 FE
#HBEEH 1034 (Eﬁi?ﬁ?%ﬂl : X$R3449) B SR EARI3EERT
WEH 3561 - CNAO 344

UT Southwestern Medical Center
Dalas, TX, USA

CIPHEREREX Di#x1g

BEICHT AXREENFRABOSHERIERS > ¥ L LEEKHER

20145E12H

201649H
201745A8
201746 A

201746 A

CIPHERASILZE
UTSW,CNAO,NIRS (QST)T#&&t

UTSWIZ TCIPHERGTEIAERE =h b
CNAOIZTCIPHEREtEAEKE TN S
CNAO MEMFTHQAAIE

BEHOREZAIRICRE
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£ % (M 4% B BED(Biological effective dose)% AL =48 %D LBk

ﬁsﬁi mgE | O / B 1 (Gy) :

50.4 95.8 [ 99.5

X#%
R 68.4 38 1.8 130 | 80.7

90 o0 1.8 171 |106.2

EMTE 552 12 A6 1822 | 806 |agy
EHTAB 736 16 46 2429 | 1065 |

B 672 12 56 2554 (10438

RIRIREIS A5 I

\
" Z’:%Faam(ﬂj%** BB, WhLTu

< BEE(CH U ISR R R E DR R
(e ~ #A) .

= ﬂ?"&l‘lﬁﬂﬂ SO EEIR3RITAF v
= > B

= A A= DT DORIFE ’

lm?ﬁ AN

hA@iU—k£§\ﬁE$¢ﬁ®
n:\qm*rwn:nt&uvag
ENTES,

= kFRRH> NU—DY1X - X MDER
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BRI F B RETE
[RELA]
« PTV1: 55.2 Gy (RBE)
/12[a]
+ PTV2: 2.4 Gy (RBE)¥"
D& hn
55.2-67.2 Gy (RBE)
/12[E]

& EHFRABRZOBEREBAL
LT. FHHEBAESE
(CTV1) Do DAHDEFEIL
DIz T=6, REEMITERSHE
B (GTV) OHIKB &

[V R ERDEEHK]

WILE (BHLUL—IEHM) ©  D2cc (2codmi-HT2RE) <46
Gy (RBE

- B B Dmax (FRX#E) <30 Gy (RBE)
B O V30Gy (30Gy (RBE)LLED{KTE) <50%

Kawashiro S Br J Radiol 2017

« GTV, CTV2: REEMICHELIEI
ﬁ% - CTVI: —EDIRE TR
- YRV igds HMEHFDITEZ TGN

a - GTV D95
60 |- CTV2 D95
__50 -k CTV1 D95
é 40 y . ————— £ 7 B D2cc ¥- D1-D2 D2cc
& 30 7| ke . S— 1 + D3D4 D2co
t-]—,, £ -8~ Stomach D2cc
20 IJE?"" ) bE—— - 452 H- Cord Dmax
12 4. - : U

562 576 60.0 624 648 67.2

M5 48E Gy (REE)

Kawashiro S Br J Radiol 2017
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#)[E B 5 AT (PET &

2[E1 H E RS AT - #I RS R 15E(PETE#) 2| HRAT4RE
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fEHIS6F Bt EHFHRARSEIE

prey 2% '."-‘

3E A Eﬁﬁa‘CTEf&)

36 B EIRSAT - EBST#R2.54(PETEZ) 3B REsT6 AR
CEA EET—H—DH®B CA19-9
(ng/ml) (U/ml)
100 BERFD - 25000
L -=CEA
%0 BEHIFQ
80 - \ 4 ---CA19-9 - 20000
70 -
60 - 15000
50 -
40 - 10000
30 1 BRFS
20 . - 5000
10 -
0 o o-C-o—o 0
0 10 20 30 40 50

$EMR (B3 (A)
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X#REH & ENFRVSIC K SMEBERDOEL(LM6E A EHA)

LM6 Osteosarcoma

o BF St i

20 10 20 30

10

Timme {days) Time (days)
L

O xemEst B FHES
;?' 160 -1 :2 T

140+ T

- 120 140

H”] 100+ 120+ \

80 100 =
Hﬂ_i &0 ek B0 —
B ol 60 ek

204 40 -
B . . . wl 1
] 0 Gy 2Gy 10 Gy o . . .

0 Gy 1Gy 5Gy

(T.Ogata; Cancer Res 2005)

XEBEE I & 2l ERE &R MO T (AL EMBMIAPaCa-2)
Migration Invasion

= *

9 &
°Z 0.8 = 8.0 *
T 06 8 60
- * B
2 0.4 T 40
s =
£ 02 £ 20

0.0 0.0

1} 2 4 8 0 2 4 8
Dose (Gy)

Dose (Gy)

EHFRESIC & TR L RBEOE L (EREEMMMIAPaCa-2)
Migration Invasion

0.6

_ 3.0

- a5}

= 04

g % 2.0

3 =

® 0.2 @

w - 1.0

g Z oo

0 0.0
0 0.5 1 2 4

MIAPaCa-2:human pancreatic cancer line Fujita M; Cancer Science 102:792, 2011
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\
N

BEHFRIINAREZFZET HAREENH D

ERTE

A3

Day 0 Day 7
SCCVI 1x10° EH T HA0Gy RS
EAMETREE (14,50 keV/ ¢t m)

",

/

Day 21
RERIREY
FABOHET
SCCVII 5x10° {8l

Day8
il

\
\
\

SCCVIID s @# & Eaﬁ%ﬁt DR

100

80

60

T R E———

fitveE & B 3

20

0
Tt EHEITHM0Gy BRI THA0GY
3 SCOVIEEE  (14KeV/pm) (50KeV/ pm)

AR TR F #R40Gy(14KeV/ 1 m) R T #R40Gy(50KeV/ 1 m)
(e dl g
56.5:14.8 15531 1304

R FRIGHNAREE
BET 5

Matsunaga A: Cancer 2010

Case 1: 85? %ﬁ J:ﬁﬁﬂwﬁfhﬂﬁ&ﬁ%

B FRARE BEHFHRAR2AR

Ebner DK:Advance in Radiation Oncology in press
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&asT SEFIEHABEG RESHK
RS T

: . HFER AR

(SAEHEGEICEET 52 8R) BUNEBAAE EVRA > hIBR

Qr

<E§‘§r

RER

- fUEBREL

- BHTAY =T

ARREREOSREBRICLEIVARNRENS

;’\ﬁ — 57

REOTLU—FZMEILL., RSAREEREFLE, BBEKHL,

RAEMAL, BHEAOER
BT HARDERS X

=

BEFAR
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7y

1

“If we are satisfied,
we are lost”

William J. Mayo, MD
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Koto M, et al. Int J Radiat Oncol Biol Phys. (2017) 97:1054-1060.
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cT2N1MO stage IIB squamous cell carcinoma

Pre-treatment After 6 months

CIRT: 72.0Gy(RBE)/16fT,
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cT4N2MO stage IlIB Large cell carcinoma

Pre-treatment CIRT: 72.0Gy(RBE)/16fr After 9 months

BImETTAME PR

A prospective nonrandomized phase I/11 study of carbon ion radiotherapy
in a favorable subset of locally advanced non-small cell lung cancer (NSCLC)

Takahashi W, Nakajima M, Yamamoto N, et al.
c:nrnr 121(2):1221.1227 2018

May 2000 to Feb 2013 %g : LC(iEy}

ay O re ) S

Novof pationt 62 OSIIT3-4TIXRIF .

Prescribed Dose: 68.0, 7 LAL. N1-3[ZOSHELKLZLND T
Overall survival r ﬁ%h\MLE

(2-y) : 51.9%
Local control rate
(2-y) : 93.1%

e
3

e
2

Probability

£

§

T3-4NO OS (2-y) : 69.3%
LC (2-y) : 100%

Median Follow-up: 25.2 months

g

L 2 24 ¥ an &0
Time {(months)
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Overall survival rate 1995-2002(n=53) vs 2003-2015 (n=88)

—— Ty METEYMEIRAELTOET
5-y OS: 35.0% .8 1 2-y 0S [

68.0%
41.5%

2-y 0S: 57.7%

P=0.0218

1
8
6
4
2
0

0 2 4 6 8 10 12 14 16 18
0 2 4 6 8 10 12 14 16 18

Median follow-up 24.0months(1.4 —198.7) 27.7mo(2.4 - 150.4mo)

Stage Il n=23 n=42

Stage Il n=30 n=46

2-y0S
69.9%

26.1%  p=0.0030

2002F LIRTEER TIE
MEPDEFEENAR LTS

BPMETIMEEEME ZEFR

1995-2002 vs 2003-2015 Stage D flfE

Stage IlIA n=18 33.3% Stage lliIB n=5 0%
. n=28 62.1% _ n=14 85.1%
.8 .8 le
.6 6 LJ_g
) I
4 4
2 2 P<0.0001
0 0
0 2 4 6 8 10 12 14 16 18 0 2 4 6 8 10 12 14
1
Stage lll N1-3 NMEAD hTHY 2/ \Fidx i
n=22 22.7% N1-30D AN A ELT=
n=30 56.6% . .
: Stage migration?
N (= MR £)
0

0 2 4 6 8 10 12 14 16 18
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C-Stage* Nur::):r of Z-ézar S-Z;;ar Z-Z(e;ar PR>G2
1995 ~2015
Stage Il 76 60.7% 39.8% 94.1% 6 (7.9%)
Stage Ill 65 54.1% 29.4% 84.9% 9 (13.8%)
2003 ~2015
Stage Il 46 658/%\380% 97.7% 4 (8.7%)

Stage lll 42 ﬂQ.Q% 38.4%\ 90.9% 5(11.9%)

Surgery** A \64.7% 42.8?7 %ﬂﬁ":l&ﬁﬂ

S 1B 66.4% 40.3%

* \/ ?é’ﬁ"ﬁ !
UICC Ver. 7

**Japanese Joint Committee of Lung Cancer Registry, 2004 (Jpn J lung cancer 2010;50:875-888)
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P3 P1:P2:P3:P4 = 2:2:3:2

P3is a small target

ARIRSLE

61.2Gy(RBE)/9fr/3w
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#9303

#9701

#9802

#0001

Single
fraction

#0201

Phase I/II Phase I/11 Phase Il Phase Il Phase I/l

(n=47) (n=34) (n=50) (n=79) (n=218)
1994.10 1997.09 1999.04 2000.12 2003.04
1998.08 1999.02 2000.12 2003.11 2012.02

L

1] [2] [3] [4]

[1] Miyamoto T, et.al: Radiother Oncol. 2003;66:127-140.

[2] Miyamoto T, et.al: Int J Radiat Oncol Biol Phys. 2007;67:750-758.

[3] Miyamoto T, et.al: J Thorac Oncol. 2007;2:916-926.

[4] Yamamoto N, et.al: J Thorac Oncol. 2017;12:673-680. 16
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AmLits (single fraction)

83yo male cT2NOMO stage IB squamous cell carcinoma : 44Gy(RBE)/1fr.

3 months 6 months 12months  24months

<

24months

Prior to CIRT 6 months 12months

Prior to CIRT 12 months after CIRT

Grade 1
adverse
reaction

5 months 25
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RE/5E T/ ) (54)
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52.8GyRBE/4fr(T1)
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440 - 50.0GyRBE/1fr 84(44/40) 62% 80%
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40P DiSERNHR

66
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JAPRBICT, PET ARE
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Ad/SCC: 28/12

3-yLC 94.7%
3-y OS 94.6%

1: —1=;§:= . . . .

Probability (%)

o 1 2 3 4 5 6§ 1
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median follow-up 35.3 months (range 5.7 — 72.9)
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Texas Center for Advanced Radiation Therapy (TCART)
at UT Southwestern Medical Center

Heavy lon Research & Therapy Center
Aiming to be the 1tin the US
Dallas, Texas

Hak Choy, M.D.

uUT Southwestern
Medical Center
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1. Outline of New Facility

2. Status of the project

3. Expected support from NIRS

uTSouthwestern

Medical Center

World Wide Heavy lon th’grapy Centers

NONE

Operational (11) _\
Austria MedAustron, Wiener Neustadt
China Fudan Univ CC, Shanghai
China IMP-CAS, Lanzhou
Germany HIT, Heidelberg
Germany MIT, Marburg

Italy CNAO, Pavia

Japan HIMAC, Chiba

Japan HIBMC,Hyogo

Japan GHMC, Gunma

Japan SAGA-HIMAT, Tosu
Japan i-ROCK, Kanagawa

- o

Under Construction(5) 4
China HITFiL, Lanzhou

China Another Center, Lanzhou

Japan, Osaka

Japan, Yamagata

South Korea KHIMA, Busan
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¥
Advanced Planning(4) &
France ETOILE, Lyon
Japan Okinawa
Taiwan, CMU
South Korea, Yonsei University ‘

Total : 20



B USA pioneered the heavy ion therapy
o Clinical trials ran at Lawrence Berkeley National Lab
o First proton patient in the world 1954 at LBL
o First heavier ion patient in the world 1975 at LBL

o A huge therapy experience was gained with governmental
support

o Lack of funding closed the program in 1993

B Almost half a century after the first heavy ion patient,
there is still no heavy ion therapy center in the USA

uTSouthwestern
Medical Canter

Carbon lon Radiation Therapy: 2013

« PAR 13-371: Request for "Planning
Grant Proposal for a National Center
for Particle Beam Radiation Therapy
Research” (P20).

National Cancer Institute
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Planning for a National Center for
Particle Beam Radiation Therapy
Research (P20)

Key Dates

Posted Date January 28, 2013 UTSW Score
Letter of Intent April 21, 2013; December 21, 2013 1 1 |(1 0_99)
Due Date(s) —

Application Due May 21, 2013; January 21, 2014

AIDS Application Not Applicable
Due Date(s)

Scientific Merit October 2013; June, 201

Others
Advisory Council January 2014; Octeberf| 29: North American Particle Therapy Alliance (NAPTA)
Review UCSF¥Stanford¥LBNL¥SLAC¥UCLA

30: Univ. of FL

Earliest Start Date | April 2014; December § 34. colymbia¥BNL¥Best Medical
?: Knoxville¥Oakridge NL

irati January 22, 2014
TSIt / ?: WalterReed¥U.Penn¥JHU,
Due Dates for E.Q. |NotApplicable ?: Mayo
12372 ?: IU: Bloomington

. ?: StonyBrook. NY

" TED STATES 1. MAINE 6. CONNECTICUT | 3/
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UT Southwestern Medica_I_Center and

A

estern
edical Center

UT Southwestern Medical Center and

BM AT c

UT Southwestern )

Medical Center
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Texas Center for Advanced Radiation Therapy
(TCART)

New Conventional Radiation Therap
(opened in 4/2017)

Texas Center for Advanced Radiation Therapy
(TCART)

» ZFUTURE

~ -
o
oL ool

-
~—
-
~ -~

T
te

1]
er
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Texas Center for Advanced Radiation Therapy

Texas Center for
Advanced Radiation Therapy (TCART)
at UT Southwestern Medical Center

UT Southwestern

Medical Center
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uTSouthwestern

Medical Center

Texas Center for Advanced Radiation Therapy
(TCART) 2022 ?

NI *

Total Stories: 5
Total Parking Spaces:
Total Accessible S
Top of Parking Garage Height: 163
Parking Garage Dimension: 261'x122"

UT Southwestern

Medical Center
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Texas Center for Advanced Radiation Therapy
(TCART) 2025-30

~

Rad Onc Phase

e ————— Total Stories: 5
= Total Parking Spaces: 480

= Total Accessible Spaces: 9
Top of Parking Garage Height: 163’

Parking Garage Dimension: 261'x122'

uTSouthwestern

Medical Center

Proton Centers In Operation & Under
Construction the the U. S.

* Operating
Centers
Under

Construction/
Development

Source: National Association for Proton Therapy website. Accessed January 2016,

20 Proton Centers in Operation in USA

16 Proton Centers Under Construction in USA
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1. Outline of New Facility
2. Status of the project
3. Expected support from NIRS

uTSouthwestern

Medical Center

between

QST and uTswy
-

January 10, 2017, Chiba, Japan

Slgning of the Memorarm'f
] \

3. Expected support from
NIRS
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Heavy lon Therapy is the most precise cancer therapy (avoid
damaging healthy tissue cells) and potent (kill the tumor)

: p T of radiation
>50% of all cancer patients receive Lo :
radiation for therapy with curative || e’ e
intent
¢ Photons (x-rays) é © @ 9 g 0 0 0
¢ Protons Bay® o Becton "B FHOY  oum : Carbon Necn silicon Argon
® Heavy lons Heavyion

B
A What Is the Best Radiotherapyfg
N ¢ Photons (x-rays)
C Neither precise nor potent
Ep® ® Protons
R Precise, but not potent

® Heavy lons g
D The MOST precise and s £
N MOST potent : 2
A

uTSouthwestern

Medical Center

"Carbon (Hadron) Radiotherapy is Superior to
Proton or Conventional Radiotherapy"

Superior ?

UT Southwestern

Medical Center

- 150 -




CIPHER: CIPHER PC
Carbon lon versus PHoton thERapy for
Pancreatic Cancer

Lead Institution — University of Texas Southwestern Medical Center Dallas, Texas
Hak Choy, M.D, Robert Timmerman, M.D.
Jeffrey Meyer, M.D., Steve Jiang, Ph.D.
Arnold Pompos, Ph.D., Michael Story, Ph.D.

National Institute of Radiological Science (NIRS) Gunma University Heavy-ion Radiotherapy
Chiba, Japan Maebashi, Japan

Hirohiko Tsuijii, MD, PhD. Takashi Nakano, MD.Ph,D,.

Tadashi Kamada , MD, PhD. Tatsuaki Kanai, Ph.D.

Shigeru Yamada MD., Ph.D. Akihisa Takahashi, Ph.D.

Yoshiya Furusawa , Ph.D.. Tatsuya Ohno MD, PhD

Naruhiro Matsufuji, Ph.D.

National Centre of Oncological Hadrontherapy Beijing Medical College
(CNAO) Pavia, Italy Beijing China

Roberto Orrechia, MD., Ph.D. Fuquan Zhang

Piero Fossati, MD., PhD Feng Xu, MD

Marco Durante, Ph.D. Xiaorong Hou M.D

Mario Ciocca, Ph.D.

CIPHER PC
Randomization
2 o— —~— 1
Carbon lon Arm Photon Arm
Induction chemotherapy Induction chemotherapy

v v

55.2 GyE in 12 fractions (3 weeks)

Weekly concurrent gemcitabine 50.4 Gy in 28 fractions +
(1000mg/m?) ¥ concurrent ca‘p‘)'ecitabine
Continued chemotherapy Continued chemotherapy

A total of 93 patients (62 CIRT, 31 IMRT) will yield 82% power at a 5% significance
level to detect a hazard ratio of 0.4847 based on improvement of 2-year survival rate
from 22% to 48% under the assumption of exponential distribution of survival times
With the assumption of 10% dropout, we aim to initially enroll a total of 103 patients to
this study.
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Expected Support From NIRS

. CIPHER: CIPHER PC
Carbon lon versus PHoton thERapy for Pancreatic Cancer

2. Enable access for researchers to analyze NIRS historical data (> 10,000 patients treated)
a) Toxicities
b) Local controls

c) Survivals

3. Collaborate and support on pre—clinical experiments to generation preliminary data for US Federal/State

research funding

4. Build the International Quality Assurance Standard on heavy lon Treatment based upon NIRS’

experience

a) Development of QA procedures for machine

b) Development of QA procedures for patient QA

c) Allow us to build upon NIRS experience with QA equipment

5. Support staff training and education

uTSouthwestern

Medical Center

IS IT 1nd International Symposium on lon Therapy
November 13-14, 2014, Dallas Texas
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IS IT 2"d International Symposium on lon
Therapy
October 15 & 16, 2015 Dallas Texas

Y, ; S ”
T s | ‘
— -t w A
o z\’ —
0 -
‘
-

",,. v v -
B

€ oumE g we®

IS IT 3"d |nternational Symposium on
lon Therapy
November 3 & 4, 2016 Milan Italy
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ISIT INTERNATIONol:L SYMPQOSIUM
ION THERAPY

5t ISIT 11/2018
Saga HIMAT

Local Organizing Save the date International Organizing
Committee Committee
Hak Choy, M.D. 4t h ISIT 20 17 Hirohiko Tsujii, M.D., Ph.D. K u S h U
UT Southwestern -ROCK, Japan ’
Robert Timmerman, M.D. Novem ber 2'3 Marco Durante, Ph.D.
UT Southwestern TIFPA & INFN, Italy J a a n
Michael Story, Ph.D. S p
i Preliminary Agenda Haraldh:’GaaarbeSn;\. Ph.D.
Steve Jiang, Ph.D. > Heavy lon Related Radiation Roberto Orecchia, M.D., Ph.D.
UT Southwestern Biology, Physics & Clinical CNAO, Italy
demck Proven 18 Research:|Results & Quynh-Thu Le, M.D.

»  State of the Art Heavy lon Stanfor, USA

Therapy Technologies

Texas Center for Advanced Radiation Therapy
UT Southwestern Medical Center
Dallas, Texas
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\We Understand
‘the Value of Your Health and Life

&

—

\B\t\\!t" e ¥ <.
e
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I. Outline of New Facility

@SE"ERANCEHistory of Yonsei (E k)

Kwanghyewon (& =[5t) 1885  Dr.Horace N.Allen I st Western-style hospit
Chejungwon (G5 B5) al

Chejungwon Medical School 1894  Dr. Oliver R.Avison It Medical School
Severance (1 = &) Memo 1904  Dr. Oliver R.Avison Donation from Louis H.

-rial Hospital /Severance Medical /1913 Severance

School

Yonsei University 1957 United with JEFE K24

1885 Chejungwon
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@ SEVERANCE | . .
Yonsei University Health System

Severance Hospital @ Organization
lincluding 5 Specialized Hospitals)

Cancer Center

Rehabilitation

Hospital A

Gangnam Severance Hospital

lincluding 3 Specialized Hospitals)

Spine Hospital

Dental Hospital

@® SEVERANCE . .
Yonsei University Health System

Research and Education

Graduate School of Public Health

College of Medicine (34 Research Institutes)
College of Dentistry (6 Research Institutes)
College of Nursing - Graduate School of Nursing
(1 Research Institute)

HEALTH SYSTEM

Sponsored by the national government as of Feb 2010

- 15 projects (including Severance Integrative Research Institute
for Cerebral and Cardiovascular Diseases, etc.)

15 Research
Centers

Medical Research Center
ABMRC [Avison Biomedical Research Center; scheduled to be completed in 2013)

MD Anderson Cancer Center (USA)

Children’s Hospital of Philadelphia (USA)

Tokyo Dental College (Japan)

Qingdao University Medical College Hospital (China)

Norwegian University of Science and Technology (Norway) and more

Network of
Overseas Medical
Institutions

- 157 -



Yonsei Cancer Center

*  First Cancer Center in Korea (1969)
— Supported from Columbo Plan funded by Japanese government
— Introduction of modern oncology
* Introduction of Chemotherapy
* Multidisciplinary Team Approach

: Yonsei Cancer Center | s e : Employees
Organization g o commes
‘ ] R — mmmmermem® |+ 500 beds
1 ol . [ st s tham 305 u e Daily average No. of
s = Outpatients; over 2000
o] I i -

i l il fe l i M T et e +  Daily average No. of Surgery;
H]];“i 1] {Eoeet — 48 (2016)

Prof. Sung Hoon Noh
Director, YCC
President(F), IGCC

Prof.Soon Paik
NSABP pathology director (Em) |
Director, IPCT,YCC [k
Development of Oncotype Dx in
breast cancer i

* 1922, Dr. Hopkirk

On waiting for a ship to tape them to Europe,
BASRAMK struck Tokyo (1923). My father

helped as many people as he could! After helping
|| to clean up the affected area, the family got on a
. cruiser and headed to Europe

Surgical Case Reports

145 | 4
SURGICAL CASE REPORTS; (1) SPINDLE-CELL ‘)C

SARCOMA OF THE NECK; (2) CONGENITAL \I» |

PAPILLOMA OF BUTTOCK * \f\\ E

A. L Luvtow, MD, F. A , Chosen (Kores)
SPINDLE-CELL SARCOMA OF THE NECK.

.

* First introductions of many machines and technologies

LINAC (1972) HDR Brachytherapy (1979) TBI (1983)

P

IORT (1986) LINAC-based RS (1988) Eye plaque with Ru (2006)

3DCRT (19%) 1685 A Y
: P

- 158 -



Department of

Radiation Oncology

* Annual new pts; 4550 (2016)

Professor: 6 Assistant pf.: | « Tx modaility
Associated pf.: | Clinical assistant pf.: 2

. * IMRT; 80%
Assistant pf.: | Instructor:3 . .
Clinical fellow: 4 Postdoc. trainee: 2 * 3DCRT; 19.5%

* SBRT;0.5%

Resident: 11 Medical physicist: 4
Nurse: 10
RTT: 36

Dosimetrist: 7

LINAC (5) Tomo (4) HDRbrachy (I)  Cyberknife
Mé(1)

=

Why YCC chose Carbon

I. Patient’s desire for high precision Tx, especially particle therapy
—  Continuous increase of cancer patients in Korea
—  Especially elderly patients; needs short term and less toxic Tx

2. New breakthrough for YCC
— Secure clinical and academic excellency

— Extend international network and collaboration

3. First Carbon ion therapy in Korea

—  Yonsei has considered particle therapy for last 7~8 yea

—  Already two proton centers (NCC & SMC) in Korez
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ll. Status of the project

Progress

YUHS - HITACHI
AMelE el SAX XIE7| LOI A

LOI with Hitachi
(2017.4)

* Weekly mtg with Hitachi for contract
* Make the contract this summer

* Ground-breaking this year

* Start Tx on 2021

- 160 -



lll. Future collaboration with NIRS

Collaboration between NIRS andYCC"™

* Clinical collaboration for carbon ion therapy
— Sharing Treatment protocol
— Clinical trial protocol development
— Participating in clinical trial cooperative group
— Generation of evidence for CIRT

* Research including medical physics and biology using
carbon ion

— Exchanged graduate program & Visiting researcher program
— Joint national grant collaboration using CIRT

1885 AE W ¥Y

et
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Collaboration between NIRS andYCC™

* Education for carbon ion therapy

— Physician, Physicist, RTT, Nurse and other staff to learn more
than 20 year’s experience from NIRS

* Next generation’s particle therapy development

— Gantry for He, Advanced scanning system, imaging guidance,

deep learning and other application

— RBE, Immunotherapy

e Other areas as mutually decided.

1885 AEY BY

“We Understand
“the Value of Your Health and Life

3
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FHEASE, KR, 20175F786H
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EFRPEMIZLD

@QST HIEREIASIRTAF ¥ Z D EDIERE #assstrons

ey

_!__m ‘|

|

\ |
Ly

100 150 200
Degpth [mmWEL]

8 times rescanning

P e
Jos-otgr-s-

20 <+25% !

0 2 4 6 8 10 12 14 16 18 20
IC No.

02 4 6 8 1012 14 16 18 20
IC No.

BEFRFHEMIZLD

QST aEmREo 0> o b W5 S HEORLE

HIMAC Linac Ion Source
Synchrotron —/
- e\ / o ¥ 2
\f'/‘ﬁﬂ“" p——
< i = ‘
‘\“;N-""‘V/'
n%i
g Room C Room A
New Facility ) \!.\'\ . ) oo B
| \ oom
5=\ W
- : ‘ﬁ,

Room F Main specifications

- \ s.C. \ \ Ton species 12¢
— ' Gant L
¢ T o ry ] Room G lrradiation method 3D Scanning
; 2 . (under construct Beam Energy 430 MeV/n (max.)
Maximum Range 30cm in water
Maximum Field 22%22 cm? (E, F)
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EFRPEMIZLD

QST FalEmREo 0> o b B 5 S REDRE

Ion Source

Roon

™ .Y . = Sy \
. . \ S.C. 8
e A Gantry )
P | ", B Room

(under construct ' Baam Energy 430 MeV/n (max.)

Maximum Range 30cm in water
Maximum Field 22x22 cm? (E, F)
- _— - EFREHMRIZ&D
&QST BEELES > M — W55 SHIEDEIE

> LIl

» T\
e\ L

,\’

A
U
Field :1.8T
Weight : 450t
Diameter :14m
Length :15m

e
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®QST BEEEEH> MU — Bing s RomE

BEFRFHEMIZLD

&QST RIEIRILF—EIZELL BAHESHEORE

Standard Operation Pattern Variable-E Operation by GSI etc

Reference pattern Operation pattern

=

Long treatment time

SV

Time Time

Momentum of
circulating beam

Momentum of
circulating beam

Standard Operation Pattern ~ NIRS = Variable-E operation in one cycle /

Reference pattern Operation pattern

Momentum of
circulating beam

Momentum of
circulating beam

High Duty Operation

Time Time
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EFRPEMIZLD

&QST RIEIRILF—aZELL WSS SREORE

IRIILF—TIL—F%KIC/T 55 m
> BERRXTAAIEE
> E—LHAXERKOME = SHREESR

> 2R HFEF D HNH = ZRAADHNH
= INRDBA~DEA

me

Standard Operation Pattern ~ NIRS = Variable-E operation in one cycle /

Reference pattern Operation pattern

High Duty Operation

Momentum of
circulating beam

Momentum of
circulating beam

Time Time

- BEFRFHEMIZLD

@QST FIERIIVIRIVF— - AFv > sussshtons

Lower energy

Beam direction »

'

Higher energy

Current pattern of BMH

Scanning magnet (X) 26 Energy ID
Scanning magnet (Y)
Extracted beam

Beam currentin ring M

Irradiation gate ™
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EFRPEMIZLD

QST 3DRAF v =2V DIRKIGH W55 SREORE

BE—ANGEYDBREDFE S HEFRM

PFARPIRE 132 (BHHERD &AFv=Y)

BEFRFHEMIZLD

&QST IERER 3DAF v =20 BAB2SHEOHIE

« BB — ~EIEEIEIG
SMmIUTOBET—EL

sy rPwT 6.0 min
- BHIER: 3.5min/field
« E—AONXK: 38.4%
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