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Particle Therapy in Asia: Current and Future Developments

Radiation therapy (RT) is one of the important treatment modalities for cancer treatment. The
mechanism of radiation to kill cancer cells comprises a physics reaction, a biological response, and
clinical effects. One of the well-known mechanisms is that cancer cell death results from double strand
DNA breakage induced by ionizing radiation.

From the physics perspective, the RT strategy to increase the tumor cell control and reduce normal
tissue protection is to improve the conformity of radiation dose distribution in tumor. Through the
progress in technology including computer science, imaging processing, and radiation physics, the rapid
evolution is developing in radiation therapy field. From cobalt-60 to linear accelerator, fixed beam to
rotational gantry, static block to dynamic multileaf collimator, and photo beam to particle beam, the
improvement of RT technique significantly reduces the normal tissue side effects.

From the biology perspective, the relative biological effectiveness (RBE) is another factor to determine the
tumor response to radiation. The strategy to increase RBE of radiation consists of increasing radiation dose per
fraction or by using carbon ion and boron neutron capture therapy, which became feasible by the progress of RT
techniques especially in Asia.

From the clinical perspective, to cure cancer patients requires both local and systemic tumor control,
which means to prevent local tumor recurrence and distant metastasis. To achieve the goal takes
combined-modalities treatment, including local treatment such as surgery, intervention, and RT as well as
systemic treatment such as chemotherapy, targeted therapy, and immunotherapy.

In the era of personalized medical care for cancer patient care, the evolution direction of RT should
combine the physics, biology, and clinical perspectives and coordinate with other treatment modalities to
optimize the treatment for individual patients. A multidisciplinary collaboration allows the RT
development to meet the requirement in this era. This means more transdisciplinary education, dialogues,

brainstorming, and teamwork are essential for the RT evolution now and in the future.

s PR IT

Hsiang-Kuang Tony Liang GZ#£t)
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Fig. 3. T2N2b human papillomavirusepositive squamous cell carcinoma of the right tongue base in a 67-year-old man. (a, e) Positron
emission tomographic/computed tomographic scans showing avid primary tumor and cervical node metastases. (b, f) Isodose lines of the
multifield optimization intensity modulated proton therapy treatment plan in the axial (b) and coronal (f) planes. (c, g) Confluent mucositis
at the tongue base with no mucositis at the anterior local tongue (c) and grade 2 radiation dermatitis on the neck (g) after receipt of 66
Gy(RBE) with concurrent cetuximab illustrating treatment reactions consistent with the treatment plan. (d, h) Positron emission
tomographic/computed tomographic scans obtained 10 weeks after treatment illustrating complete clinical, metabolic, and radiographic
response. The patient remains without evidence of disease at 2.5 years after treatment

*Ref:: S.Frank et al., Int J Radiation Oncol Biol Phys, V0i.89, No.4, pp. 846-853, 2014
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LCR > 95%, a 5 year OSR ~ 50-60% and a cause-specific SR ~ 70-80%. These results
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has been carried out since April 2003.
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Charge Ex. Inj.
Cool Stacking

Four treatment rooms: H, H+V,V, O
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HIT Facility

= p, He, C, O:
Energy: 50-430 MeV
1 Gantry+2 H

The Heidelberg lon Therapy Centre

*ECRIIS: 2
=216MHz RFQ+IH: 7MeV/n
=Synchrotron(~60m)
Multiturn Injection
RF-KO extraction

= Variable Energy Operation
= Variable FT (1-10s)
* Variable Intensity
* Variable Beam Size
Based on GSI treatments of 400pts since’97,
HIT was constructed and initiated carbon-ion RT.

Siemens Facility

m[maﬂm' o} Caag i -'_u_:f-'Ef
JE - RIS

CNAO Facility

3 treatment rooms  Space for 2 gantries

Synchrotron f ions (z < 6) = p, He, C, O:
Activ Energy: p 7-250 MeV
= C 7-400 MeV/n

2H+H&V

*ECRIS: 2
=216MHz RFQ+IH: 7MeV/n
=Synchrotron(~78m)
Multiturn Injection
Acc Driven extraction
RF-KO extraction

Injector: GSI design
= Synchrotron: PIMMS design

= Active scan
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sgm
1% 2%

E ¢ 3 n ARk

34 | GEM+RT 504Gy | 50% /12%
ECOG 2008
37 [ GEMm - 329 | 4%
Ishii 2010 | 50 | GEM - 64% | 14% o
- 9/ & ar N —
Sudo 2011 ] 34 | SA+RT 504Gy | 71% | 25% ;ﬁﬁﬁu A% e
Schellenberg 2011 | 26 GEM+RT 25Gy/1fr 50% | 20%

NIRS 2014 | 52 | GEM+CIRT | 45.6-55.2GyE | 77%)|48%
GEM: it A, RT: X#RA8. CIRT: ik RIRAHE N
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N. Bassler et al., Acta oncologica. 49, 1170 (2010)

Biological Dose Specific Energy z*
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T. Inaniwa et al., Med. Phys. to be submitted.

_66_



QSTA BRI INARENIBEREHLS

- HTFEIER
HWNEBAAZE VRA VN ER
- BT (UL—T R
SARERMEOSREBRICLELARMRENS

S Pl HFBHR
ey + BUTAUR—T
NV a{é
- —r |:|
| EfhSA (RXESHR) | g
i
¥

€ = '
emn THELME m
BIEAA DI

“ELQOLHE S HI AR
-HNADEEERIEG j|/ =W)$E|1%ﬁll(§af'-‘flj71"sz§£)‘\ﬁ
Pl ] z 8, ¥
- REEERT THoRIEREICEYNAREEREILT S

F2- 31K
=i [ E T
(&) = } = g
—' E A 4
19944F 1 EE B 2010&2%%7:57‘- Fore v
120x65m, 320f8M  60x45m. 140f&M a5xaam (1/6fgy)  1020m (1/40REEE)
(1/3) &EEREL

BFARRERTOO I

S>EA txﬁéé’éﬂﬂ 7 BIZHEF=A FFEE @ !

o WA TIIEZROELREIFTE TIEARL
S>ELLEEEREIE B E

68

BiEHFIZLE OO O EE

© IRNF—ORQDEVEEEEMIZEY, X L t10) <T%3
= REROMBELEOR/D&LS. BHE O/PMULATEE
= BERAENEROREELHHTLSI /OO OXRIBLZ/NEEATTRE

" AENERE
[ wmesnznsaaimmon | iyl | “n

L =

. (<8m)
.’:'_M‘r )

69

— IR LD A S RONE

BRNMTRELEZMEBRICEY5—7 vk
R@EAL5IESHEhmESh=A 4> DT

QSTTI43MeV O I5 F#RMEIZ
BIRLX—BFAG—7 Y RENSRBL& B A FEETLBER

SETBLICEYBRNEBAARREORE | | BOEFBEY vevE T

= fERD1/1000LL F D RS THIE

IBBHEOKEA EIZLY, ﬂ&lﬂ—lbv—*f—ﬁ»f T DRFIRNRBETENIEEN /R —2aV 4B ED. |

(EE#@rB%LE':EQLTﬁE)
(2 TOMNATIEIES A A EE

FEER (BFAR)
R—b—R—)La—+

_67_







<BEEF3 >

mnas (288)

OBHIRICDLNTHSBS D
ESNVINE 27 VNI v =
EFERR EFIEF S
QAR DEZFIA
EURFEAN WRARFE EFEERR
BERER Y 2V BZF B0 &

ORI S ERR
—HIBEIE5EDT D ?HHAENENRAIR
BRIl EEE—
NRIURFEN BERIERKZE
EFE ERREFR)
BERKEERSFEBE FE RS/ BE

@S T EHI B hiERE

BiUXFEAN WRKZF
EFERR BHARERS BH RE

_69_






P
¥ ¥

i ‘gg—ﬁmﬁ&iﬁit&ngf
ﬁmyapgﬁf{%j%?l’i?rz TI45_ 5

Medical X Engineering

* ST MR R b HITACHI

University of Tsukuba Hospital

Inspire the Next

i PRY2958H298 (N) ~30H (2K)

MRASHBMRIFFANIVRA T PEIYR XAy I~
B SRERSREEMER Y S —

NNl EES

' N& g a1 U P N 1R DR S (11 a1 L D AT
% ASSOCATION PoR NUCLEAR TECHNOLDEY 18 MEDICINE RN YREE R RS TOYSA

v BHMRAEOEFEISNNTED AR

,‘ EEIDF v ) PN R EEZADEFEDR

_71_



~2HB8~

[(RZ5T)
TR AR YRS

(PrtER) B D IFHRAR2-1-1

JO035 A

9:30 ~ 9:40 BAIRE - JOU S AERE

9:40 ~10:30  FEHRICDWNTHSD

SRV NE 7PN ) = =
EEEER EEMER
2 HIT B

10:40 ~ 11:40 WMEHEOEZ=FIA

@JX%/%A /EX%
EFEEHER WNEHRER X ORZFE
[l B8 iR

11:50 ~13:20  1ERREE BFReER - BR

13:20 ~ 14:20 MEHRSEEEE
—BIEESEST B
ST DR IB S [T IR UTE &S —

NYARFEN BERUENAF
EFE GRREFR) MHRUSERFERE T

REINBER 2=

14:30 ~ 15:30 LIS FITEIHALBE

@JK?/%A /EK%
EFEHRR NSHREES
BH RE R

15:45 ~16:30 BZ% (Omy FZX—=Y/\)L)
16:30 ~ 17:00 T

_72_




MAHRIZ DL THAS

ISR D ARIEISDNT
(R ICIRIRIRSTIR)

I g

FURKE

M=

« MEHRA R Ao RBIRESVSELH,

« AHRIEDOEESF (ERILEEOLE)
o MEHRDMEE

- FEHEDEHELE

c RIBVIRDE. ADLDVIRDE

s EvhUE

o EMRBMELTOMETHR

- HRHNSDRETHR ELEBEDIKR)

- &fE

s EViR—ILAAS

« AVTIUAAS

BEHRD AR BEES 5

RS ERBEERIET SO0 (B, ERBERE. F)ER<
RAT4IL LR, FBFAEGERZERRS

« D DR IRELA T
- BYE. TR —YE REER i
- P, EREICIIRES

Bt

© HEHRAR
CEM O csrenm
© BEBATR (R A—0F TN BRE) Tk

o BB (yAAS, AV TRUAAS, GPSKA—Y)
EX, wvELYT

MERRIZETDH
BEHRD AR

KEKAJLZEER

A== hZANT hm AR—S kY T

REHRDMEE

(MBEOREICIHEETD
BARSHS (SEVRR) . FERER (S2—HT)
(2) RZ7E0 amcmtsohsiin
(3)FEBT S (NEIZEET D) >2h
(M IRVX—45525, TibFET
MRS E D> EMEMNLEEEER5
MENIEEEDSEMNEEELEL D, RELZD

(B) NEIDKIZHEEZS5Z 5,
hEEDME < BE~NDOFA

ARG ESH S SH

o MATIRRELEE - MERF/HDS
XIRDOFER MEE. LUV DEER

« BMEMEMEN D
Fa—-)—kAN:FVVL
RIEMSTRE: SR> - Ay

o FEMD
Sa—HF

_73_




FHROBEHELE

—% REDDRAHEDHRATR
T
Gevil E « FTHR
90%BF N SEGAREE  REL FFOL
SAHLF ., KRLF *& - REFEZE HUDLL0. 95V ML
: FEMD. T A8
- BEMSH TR
=F EEMDal, N—A8R
HU2R ERACY e
~ ‘x F00% KR TA— S8, ol
KRV T—I2ED 15 TﬂELL AENSH 2R
= RS | NSy
e FIR AT IR
EvhE
ETHR (B L) AT RIEGME
ADSDVEDE
eI
BRhoE
NUYLA0 67Ba/Ke .‘:I:."'CL\iﬂ‘
At ol R—ER)
TR s AE AR
# TBX &% B¥
A LAt SRS Ay | s
IR SR ettt
SAbF7—rR2TATSTUDIO PHOTON] X 8 gy < L
REAZAMHERAWEY &3

199575\b7r‘f$ﬁo)$?£‘r%%%ul,§! RZ53%IC
ExXLERED)—XE =, EFICKED

HKEfE otﬂi ml %HS(U‘?EO’:. #?H_ R Sy
Luna Project ( % —H~UI/+—|/2000) [E$z3=]
w8V %, 2001 &Y FHEZERHEI _ﬁéh‘énmd)_lﬁ 4
I_OL\rNASDAt;tE]Eﬁ%?,EﬁDQ |ENERTS
ARE2[E (T, HEEE | RIREEFRIZKDHFLL
T—hDREEITI BE. FALT—FDESITHY
HFEEELTEMEEIS é:ti__ 59, BEOTIRTIL
40)“%‘1‘6&&2?%0% RRERZEEGE. NT

I“o)uxl_ g Yo

http://www.takuro-osaka.com/

_74_




EIRS B L |
R—LR—T 4

HAREIF
s ERHDENLDIETANE-TLNS
o Cs:BIREVIRMHETLNS

e KEEAELTDFEEL1.8g/cm3
RARIEZRF ke

Cs137 30y B0.514MeV 94% 135cm 1.6mm
Bl.176MeV 6% 419cm 5mm
Cs134 2.1y  (0.089MeV 27% 12cm 0.Imm
B0.415MeV 3% 100cm 1.2mm
0.658MeV 70% 190cm 2.3mm
$43100mBA £ ImE S TOERZH
Cs137 v0.662MeV 85% 2.1uSv/h / MBg/m2
Cs134 y0.605MeV 98%
http://www.takuro-osaka.com/ v0.796MeV 86% 5.4uSv/h / MBa/m2
- . b Cs 40000Bq/m2 > 0.3pSv/h
HMEICHSTEMELHDIHE B ERETH

ESCEYBSHROKITESE D LD

BIEEATH
LGy

2ETIH D1 2ET25 M1

VERD
b

BRIE3mM®D BizHD

TSRFUITLES

R AYS (SRR IZH TN

DAV DERE(1897E (4K R)

fARk#EASZ. BIECKYBRATIZT S,
RERIZZF->TEMNTES,
STIA—=IVERSATAREFESHZER
SABMRFRHESE (REDOSIL)
SEERRIMIR LR

aVY)—FEEARADIFUHRRE

BRI
. SEUHR BAORE,DHAE
EB5t SRy BA%E T7OYVL(EE) (S,
ESRTF SEUHRERERE
#Bq/m3~ 6B DT 0.5/
#10Bq/m3 100Bg/m3&9 H&
23,2008q/H
IRIZAE: FRHAEERE. WEDET0%
TMEHRE LT BHERDIRHE ZNHE30%
HEf-1%5E 910002 NEY
I7RJANIILE—IEED
238U>—>"
226Ra—>222Rn
SIRI%FE
SIRI%IE




FEFEOENE
ALEXE
YOUTUBEKY

k%

2999,

1001 9:9:

RERa—F

RE SR E
_'#

R/ \E/’Ff:w \—(f8F#. EA1957)

wRE
R

FIRET#

THENMECRPL. BROFEAVETSEREAL T T
BYOANEROOERCUTTOREE L.

LT
AL naFS
ChREFINEN 1

EMARIREaH

RIN—IF T\ —DEH
TIVIDRE
YOUTUBE&KY

BRI
DIHE

VRN AS D EHE R IR

TRTIEFEDE, EBLHLEADHLEN

WWE 1ARF Y

AAVE—LOEE
(EWVEE#)

EZ2i=DES]
R BitigR2 HiER3 ey
Evhk—iL
TLARHERE

A/‘,-/"‘/JJ\.\,\’: aAvTrIhAS
MeV4BityiS =

BTRBRLEEQTR>NXFTO
T8I E—5 0T 5x suwe=s

HATRE (105 18 % Theami Time
e el f E £ 8. Projection
FRBLT2A-—48M¥ Chamber

e ey P ]

EL riOREA LT F—£ W

CrMSEEARLI AN IR TR

| AR L 01 BV s
’ | G E Electron
. P e | T AR, Multiplier
Micro Pixel Chamber =E¢tﬂ)lu££§!tﬂ~l#‘lb
Hi "\-iH =IRTRBELFAF—oPET
1 sk Dk

T iS4 LTRRY TED
=MEMELT. 3l :

_76_




fus e Fre—

FREATV/IL
EMARb=SX e
BEfEXZE ot i

RAT
+OER A ARTL |
SCRETETRET LS TR

SRERT | BEE AR

LU TEE RS T L3RRI T B
LR ] Lt T, o T L
I Amm A S & = ammie, jidsl &1
HRN TR S

AV FrovFr—

BEMElt 2 Ty —AFLkidBes b
Wy A
NEWA TG T — 2 FRRaOEE, BN

Tl b LpS N BT

i = %}
T ‘4@‘ BART HHEBR M
o HASRE RGNS
G ;ﬁxi—
e K
'.';_!’_ = IST

TN TR T
R EEERSE O AGEEEE
re

LT

wl it

_

L] .F'I.'J FSI-TRTEN (TRREEHETY T

aAVTPHAS
JAXA, BB B KRS, IST, =8ET

BHAEMRRASEDAS

WEHTHhAS

BIHUThAS
J

| el [
A aresamems |

& AR AE

mr
ﬁ:ﬁﬁﬂ

350 300 250 200 150
e R CT AR G

100 50cm Ocm
cm -1




YYFa2-EOEETDEDEN
PTEEYYF 2

oy RRTY b

rosi

Tos Los
<131-I1> <137-Cs>
12 12
1 1
08 08
06 06 —
0.4 — B 04 —
02 | i 02
0 . s - 0 L . & .
Loz FToE #E =N oz Tox s =R




H2OEEHSHRES A —T V2T —) 2017488308

MEHRDEF A

RRAFEZERR
08 %E
(tiso@md.tsukuba.ac. jp)

&

B&oEEE

MeHg > T ?
*FICRHITSBNTHDET
‘BETE<HT BRU “REOMEVERER”
s RFRMMENDHREICHETSD “BEONF” ©
IRF—EROIE “SHK"

(BERD

E! (IRIVF-ES52D) WMoY L
= \\\
HFENRSEDEE
] () \
L BT
\\\\7%7777! ) / — -
[p—— S~p0R0Y KEET BEHREFE. BWIRIVF—ZER/KD. T - SR
D 8
RRIEDT TOREHRFA
SRIBIRE, MROEH DRI, 280
R e eemeeemeememe X2, vig — TENA — samas, a00Rt (@ROEE
J CBE DB C 1 7, BEE0S P 5E) BTDR
B & KT, BIRRISS

(or e 2 S =R, b8
‘HE (B) &% (&

‘7 TR e IB TR, R, efe,

-EE (B

FRBRIFAR - Pt FAR
-uE (B  BF (W

1 2 W XIREM, VIR S, PET %
%——%?%ﬂﬁﬁ{
BRI XIR, VIR, BFR, BHTFHR S

g% ErokEe —RBEN —BHBORFHIE
g
@ — NA {

SR, RENR F

— ZOfth —— BRHR, BERE

_79_




FREHE |

ZZEOFRIIRE

BaZE WCBOVT—TIL BIERTASAP
DF

<%, 77
4 FBTSRF v IRD

BEHRELTD BENE<BD

EHIES
DNAICXI S DERHFAEMAINT
WEI D EN'TEE.

BGETORER. ZEHEIDEL. A
HEDRNEIL)

LoD\ EDRFIE

HRREMRY (WHO) (310000 Gyl FOERRIRS

BRICONTERSMICRIENRNECES

20015 DR CI52AEIBASHORARRES
TLTHOD, HFIRELI00BELEICELTND,

© BATRY v A1 EORSMHLRAIESNTNS.

Lot \EDEE | BBERSY|

“Cs...._

p
SIER- BRERSTIEN— B8

- v/ EDOPICRRIBRBI KN
CrobthEoss ZCT

BARERHET D

Cettns LN ORFERILTES |

h— &

ChisE Bk EERESRA2>5—)

SR DEFRNMA
BigRa

REHREE

BRRE
—RREATIRE
XIFIRE BARE
HETRIRE XHRCT
BRESRE
MRIEZE

BRIRE - BiE (E)_ ARERE

RESRIRY

—AREBHUIRE

_80_




e R
i

i

B

10000 Mﬁ% E)ZSI&}\ED

0 :
1976 1989 2002 2015
BEET
/ {Eﬁﬁﬁ : m7% BEUNARELYS— DAMEEY —E2HP(2016)dk D
VB ME :

=) —>‘ ‘ > P = HBE
100% ~2% TS
58 s

JLIL LY wevexsos
h— 5 » -
I 0 0 U © BB UEXRDE %@HEE

|

2L L % ® 3 o7 =2

90000 ADAh FETE 55:%#%2 7730 FIBEZ DI
80000 _pproyg (20125)
70000 oo m ot - AEDBERSIENERD - REHRREOESE
ol 900004 - BACHI BABRD
20000 | - BRI TIICRDLRIRE) DT
30000 4 13,584 A - 20035, BEH@BEDLS MABRBICIYVETS
20000 | 1L212A (2015%) D1 ZH#ET D EOHBtsHEne

4

[RENICYVETS D « ZEA ULIBRIDEA |

NVYET ST 1 (mammography : MMG)

HBEXIRIBRRE

+ ABDXIRERDC &,

« XBED 1)VA (RH3) (CRE
T IXRDASZBROERICLTND
28, RBDHRFELSDNDER
ZBBITHICIE. XEHBEBLTID

ESHF EB 1 DESZ[UICT
DTENME, — EBIRY

RBMEH®RTY
AEEY B EDRE

BEEES (cm )
*20 keV'
IEltEsE : 0.45

) zisEs 0.8

» A : 0.85

- BOBEELSRBTIXR!
iR

_81_




<EEBMOUE > <BERHIDENAB>

CE &
(DMZDBREZIEID
VHER: 8
Vgl : 8
VEE:E

1

- FLiRAEBIOSR
EBICK O TAEL R
3

B SIS, R
PEEARCRES<. A
BOEEAEESDS, T

XiRCIIZRBDPIFEETES) !

XIS IATST « ‘

XRTREEDHSEY (&
B) [CRDEBEANRZ

XRTFRZBEEAD
EREFRDBRETESD |

L TBABNIRDBIEER Bir---
B TR~ BT -1 LT, 31 : DT A — I iR A [ $100), RADIOISOTOPES, 56, 2007
PHFODLEEXBMCET/INS /NS ---
MEEOBEERIFIRIVF—ICREIKEF
- IXRIF— GEE) ICK>T3IDICHHE
(RFFIMEBISHE TR
B 0.001 eviiT
— ﬂﬁ#ﬂﬁb
PUFED UMRUED | cav (L ° 2.

(wors) | FEIERERN 0.5 eV < En < 100 kev
~

€0} @n = 100 keV

HORATBIRF—IDBICE>TRES.

BNCTTIX10 keV

BORTRELUCBVIRILF—ZFDOPEF (&R
- MEERm @ED FRC UTEE (R
— RECIIEEOMEERTEIREICED GAPEF)
CCTl

0.025eV  EfR:0.5 eV

- 0.5V S En < 100 keV

En = 100 keV

BBICEZDICITBSZNDE LR
o< D LEEBRICERIIDH E-----,

hUEFOMEICHICD MDD ?
MTICTI BERORNEENDD

1. SEMERIEL

2. JFHEAREL

3. PEFREERD (FEMFHER)
4. RFEDOR

_82_




SEIERIEL =
-PHFOEYP—R-
PHEFORFEICER L THERES,T

IRVF-—D—8lZ, B8F s OEE7

IXA=IBEUV—F m=xmpans! 1

LT

Sl —

= . RETEBE. .-

e

EHFTD | L
- B/FED
NSTEDE - - -

BUAZAT . 1)
STOP &
= PEEFIRK (V2 U—F) TLEFEDDI ]

[€:3=122:))

KoIVoU—k

REIRF
DIRIF— J

KELDAENTRICHOD T2 N
BEEEROIC---

PUFEEYRIYE (2.7 ) [CHAZNIE
0-16—TNLIR—IDESERS.
PHEF EH- 1DBERIEL

H-1 0-16

45.9 g (#116f8)
hEF & 0-16DBMERIE],

>

IEEFD ! =t

JWIOM—ILOEFRAKTED D, DRNRHDEPEFIIIE
HBAIRILF—ZRZ LTINS,

KDE
- (BRI PIEFOMIERE,
OKSREDBHEREL) (ROMDRF EDOFRHERE
EEheF [ matez
i ® s
: VX,
i P
i At
it 241 Am - o
(3He) Am-Be ga«?mv 7 1::;:
HIEED .
RPN KT
i3
PEFRIMORE

SR
(EEIRERRE (#) HPRD)

PMFSIFTST1ICRDE-----

REREIXEAA—IVTE—HE |
o BRI, MRS LTPHTFRER IUX—5,
WEA, BHEENSMD
JUX=H

woE | BESE | lawsas
‘ ‘ IZTRD !
@D ser s |[MED ey FOVL G
WS e
BT DT ]
— ‘ —p K
O a5
VN5 (6d) avn-s op 1 E
© TALAEIVN=F @Gd) Oty E ||+ 3v—8 By YRTOFIL) L
PEFERE L, IVN—IDED(0) AR L. REHLLEDY ) N\—57n
TESNBYRED < LLTHE BviEED 1 JLANES Uit

_83_




BBRHDENCKD BRIREEHDITD ! BRHDENICKD BRXREEHDITD !
® HWEAEN GBS ° WEENEBDISS
Xig Xig
- BB 2 - =8
E=L5 27 T &E 1A
TR TR
- =8 g ® =82
FEHdE---

o XiEDEBNEL
& MEFOEBEBIEBL)
BRARE

BEm+ERE D1 IlA

=8

o XIREPUEFTEIEERIY FSZARDERD !
o BEVORAZEN LN S8#ICAA |

® XiENEBN'E<
o PEFDBEBBEIDEN

®
®

BRARE

BEEEEDIIE « UK « AE « AL « BREZE(E
BEEPFTIBE I DC EEBNE LIEMEZER
RICES L. ®REZTD

‘é BORE (FRIZH)
BA iz

_84_




mEZS5LHTICE?

BB 2. SEE:

FILERAEH BER

DSA (digital subtruction angiography)

YISOV avg

- BROBECIOMBEEFR

B EBIIREDIEE

Q BIRBHECICHIODDDETH?
A ®=

1 )VEEMR

BIRPURMESRICHAT D
IVR
(interventional radiology)

XH#RCT

XRCTEROPNCHIREEUCHEZANT, GODDDEXRE
HT, EOPORFEIICHDD (HD) OHERTRRID

:':]I_: e
|-+- - i:t
O s e

Xﬁ:lJB:l—E

lﬁEPﬂk:‘ﬁ cT 9

_85_




CTiE

« CTIE : XIRIUNDESL) (CTERIR LIZHounsfieldDEZRID'S
Hounsfield unit : HU &BIEINS)

HU

1000
= (=)
HOKTERAD) - W(kK)
' = X

100

X 1000 I %
[eiN) 50 T m @

XAREBK

\ ﬁ é - p&ld XIRRNDOES (X 8 o+
/I SHBRED TH.

#J1000/BFEEDRLEC ZOICH SHEBEULXBOEE (985 — + KD CTEEO | 5
WENIEXIBERONTICIE > TEEDOR 5) BRHBICEHZ som () CTIEE -1000 EXES -100 - 5
DEDER (360° TSANDXRERD SHBOCTER>—CNSICAT D

HETRY, -200 g

EEOBHIHBIC B DXBBRFED " IV —SCTRILEL, ERER
‘ P YD (@REWR)

-1000 ]

(=5)

BRSESH. K,
F=IIZ, go-stop

_ o | BRE T-TLzKs

2FyTIZFvY PR RUyTUYD) ©
- £BEnLHE. B-TIAO
EROE,

;—7»!& BB

\ \ °

YV NRSAZAY AR Y i
i- 4024
VIFRSAZAUALRF Y
a .
@Es #EZS (Nuclear Medicine) &(d
EIEETTE (radioisotope : RT) DZDILSIDERRID
HBEADEDZBH L, DW. PEEGTIEZIT TH3,
BEZDDEE
in vitro (GRESEN)
ﬁﬂﬁﬂﬁﬁé—t MEROREED SHILE VRS MBMEEAE
in vivo ({&R)
REFRE FBERIEANICTS L. SEIREOMED
MEEDEHAER > ;
BigRE g )
o = T
BRI IBE FLE OEBIRIRD A DBIETE &

_86_




in vivo 188 i

HEOERR R, v

XIFRBEREFRE (in vivo) DEL)

]
DRAEESCANER
St Sksena 4 £\ XiREE N
— ! it - XRREBEDSRET BXEER
; : OGRS L. B8 TEEXEE
e r B (D)L, TP, FPD BE)
X CTRAS,
- ERBEOX R NEERRUE
\ ) [xemusE| WMEEEIESNS,
SPECTE®E
e o
RESEE
—  HACRID SIS NS VE S
0 VAASICTRZS.
F==_,0 () - EADECPNR SRR
— CE BT SHADAES - BEADSD
= BRIBSNGD (HEE - A
\_ ® .
DADIKEBEE

NABEICE—R !

FERE

o BARPGHRIKETHO. MEHREERNMENTNE

o —EFIE T FMAMORED ADIERZRIT DD
[CfESDNETH O

‘s‘?ﬁﬁ‘t‘f&t---

® BinE. SHEDHDBEEBICEAMTESD
® ENEDBMITHEIMISTED
o MEE, MEERELD — BSOQOLOME

-

NAEFREICEI CENS, EREMDIF CEXT, BILL)
BHTEREND !

—BBLOETDBETIIEN) |

IEHRDADNTNDD?

_87_




#BARMDDNADEY] |

DAMEREIEEMBIRDZ)

NAHBEE

IERHBIE TSR e
HTRE

, @ i
7@@ @ @@@ B
A R Nl L 1

& cuscenr @@ @7 i i%{**
D AMSDIEEMBIRERE CRICIEDNTNBDTE? @@ @ iﬁjﬂt{ ** %
DAMBREIEELBIRDEL) D AMRBEIEEBEDZEN
@ o & @E% ez i{%
X @ S e ¥
@@ @@ -
veg ¥ *
VL Yoo *
Yo e ¥ © ¥ %

EEE#MIRCEOAMEIETIE” OEDICE 1'HD

—EICRATDE

DEILTIRHATDE

b e #**

BADBICKERIA—IESZE5ND |

EABRTIETHAICHEIRE
RAITDD?

_88_




ﬁﬂ%ﬂﬁfﬁﬁ@ﬁﬁﬁ ‘ SEEARER (S8R, external radiotherapy) 1

EHIMSEEAMR (brachy therapy)

et HERAREY
WREAND) RRERIT)

'’

VAR (1910, 157, 554y, 0o, 700)
SERSISRAR (WSS, RT therapy)
N EDRE, BRIEDA 1

o a
- NaTcap Iy oo
A runcanzenEn
BE = g,

Xig. BFR

AOSUTS | BRFHR. BGRIR -

PH5HTS!
BEHREID
SR

FHOMEE
NALT—

ADSHTET !

HABBEREY (external Radiotherapy)

BETERAHRAE
(Intensity Modulated RadioTherapy: IMRT)
E%(DX%? B 19—RE IMRTICKDIREDT | F19—

E%%ﬁ%

TER AR

EEHRICESIRE | ESHBN HERE |

AINTF12
s AYNFTAITER, BEMDIDC BN SHMRE—mICED
LTRSS ETRODOBEELRT DE
+ 191F[CIIBARICEEASN, [ELIE (2012F7B1RE) DAY
NI INBABRTHEEL TS
A

.

v o
<4¢°Co »
e

60Co/*20118 !

JAIN—TF1D

ORy ~FEBFRIES (U= v D) ZHIESDOELHE
ORy ~P— L\’ééﬂb\lfCJ%%LxJbfégéiﬁﬁﬂﬂ\bﬂn%jTéZaotDLX??
SREVILZEND L TREIT D,

_89_




REAZTICARCES !

7 4 WNEDA®
."-'-'.' bs¥.ﬁifé‘§' H

“r RIREAT
B BFUFEDFLE

T Py o S B A R

[ FiReE K

X

RE
. A §
.
2 Kb T
E—L, %5 il
B 0 I
gL i
30 7=
(% 5 —
= ‘

FEAZHRARBFEREZNRRAREY S —
Proton Medical Research Center (PMRC)

End of Slide

_90_




MR K EER

~HERLEST D BT EM BN RARF IR L L -

Rall A%
BERIEMNKY BARKEERFHRE KR
BEHRKEERE - RRAERPHEE. KHR2 L 5—

M R 2017468308 13:20-14:20 "
e BEBESA TR R RRALHERR W

1. RERERE
2. FREDAREELZTDER
3. #Eib- B ERE

aES

1. BEBERE
2. FEDARELZTDER
3. b B ERE

ANFE D4

+ &40 ignorance

#ER8I0) indifference

FI 21D selfishness

o T2 7D X0 luck of imagination

FBIZBYGEN21=DI1F

B
(RFNAEEE) M AETHKES BEDMBELELESZ DI EH
TREiL

(RFHIZRST) FALGHEHE - BEDELR~DIEID]

Az KA DRIET H4EF Jean Pictet

BEFHRICLHERZE LMAR

[ RERIEIEE | << | MERHEORE
MEHROERES MEHROMEEE
- BEEMZEIFLL o BRERIHICEDIE
(RMEBURHRAEIR B D FEAEREL) (NERBBUAERARE)
g%a@g@% X st R A LR [« EEBIEFEDEM
: ERFHEA . izﬁl;ﬁﬁﬁa}i‘éﬁ

PRIk DI RBERIRY

Clinical Oncology 28, 237-244, 2016

East Japan Great Earthquake, Tsunami, and NPP accident

14:46 11* March, 2011 ¥

_91_




Tsunaml (Iiﬁ)after the earthquake

Casualties : over 24,524

Dead: 15,037, Missing: 9,487

EGAWA (As of May 14", National Police Agency)
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116 Survey cof Fukushima Soil Radioactivities (http://www.rcnp.osaka-u.acjp/dojo/)
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“Was the evacuation risk from nursing-home after the
Fukushima accident higher than the radiation risk?”
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The health risk associated with the rapid evacuation of
elderly residents from nursing care facilities after the
Fukushima accident was 2-to 10 times higher than the
radiation risk of the reference levels for evacuation that are
recommended by the ICRP.

PLoS One 2015;10:e0137906.
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(DParticle Therapy in Asia:
Current and Future Developments

Hsiang-Kuang Tony Liang CGR&FYL), B.S.
(Physics), M.D.
National Taiwan University
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My Career Path

«+20+ years ago: from physics to medicine,
and now biomedical engineering

10+ years ago: from neurology to radiation
oncology

«*5 years ago: proton center project and
multidisciplinary collaboration

Particle Beam Therapy in Asia:
Current and Future Developments

National Taiwan University (NTU) Hospital
Tsukuba Proton Medical Research Center

Tony Hsiang-Kuang Liang, B.S. (Physics), M.D., Ph.D. candidate
Opening School, Chiba, August 29, 2017

[&:\EE j ‘ rakiguide.jp/db-kanko/mt_tsukuba.html [‘:E: j 2

Outline
“*Introduction of National Taiwan
University Cancer Center (NTUCC)
“*Radiotherapy evolution
“»Particle beam therapy in Asia:

Taiwan

challenges and strategies TPE <> NRT flight
“*The era of multidisciplinary 3 hoursigl mifEi
collaboration in cancer research

Xiaolongbao

Formosa: Beautiful Island | —— 4

Braised pork rice

Beef noodles
&8 W

Tapioca milk tea & %%%(Taiwanese Food)

Pineapple cake Mango ice

-

Taiwan Tokyo Metro
Population: 23,500,000 Population: 37,800,000
Area: 36,193 km? Area: 13,572 km?

AT T
g~ I
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1. Introduction of NTUCC

Ern

Tokyo Station

vs.|NTU Hospital

(5 [l
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Inpatient Department

(5 [l
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NTU Cancer Center Project

Biomedical
Engineering
Center

Proton Therapy Center

Donated by YongLin Healthcare Foundation in 2007
E‘:,?‘.F"" n
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Milestones of Proton Center

Building

construction 2020

Proton therapy

2017-2020

2019
Photon therapy

)

2016-
Staff training

;,.--- Science and
oton Therapy Cente

(25 [l
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Construction Site

Radiation Science and
Proton Therapy Center

Photo taken on 2015/9/8

Radiotherapy Instruments

2 Gantry Rooms ¥ ‘

1 Fixed Beam Room

EE'J

Radiation Science and Proton Therapy Center

& EE'JE-

NTU Research Network

=gy

College of Medicine

’ - »
Proton Therapy, .
Center,, - % p¥

NTU Cancer.
A Center _*
ke -
4
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NTU research |
- network ;
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2. Radiotherapy Evolution
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Mechanism of Radiotherapy (Photon)

+*»Compton effect: photon; 10'1° to 10°sec; 101°m
+“*DNA double strand breakage: free radical; 10 sec; 10°m

++Cell survival curve: no proliferation; hours; 10¢to 10*m

b |2 . ;

o LA .
P00, 9% ) 74 .
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ety . +
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Khan 2010 c

Eric Hall 2010 Eric Hall 2010

3D computer
planning

Rotational gantry

2D manual
planning

Particle Beam Therapy

“*Proton therapy
“*Heavy ion therapy

“*Boron Neutron Capture Therapy
(BNCT)

G0 D

Particle
(Proton)

soft - blogger

Wave
(Photon)

Dose Distribution:
Proton vs. Photon

Dose difference
h in normal tissue

e o

Proton dose distribution

Promon, Sheresy PNy B ets fumwers rudscey Bw 13 darkn Gow
0 ety s poongred wely K-

__——— Spread-out
Bragg peak

Bragg
peak

- o Depth (mm)

Kooy et al. Protons and Charged Particle Radiotherapy 2008

G0 D -

Liver Tumors

Photon Proton

Normal tissue dose | Normal tissue dose

Tumor

SSPT: spot scanning
proton therapy

IMRT: intensity-
modulated
radiotherapy

Toramatsu et al. Radiation Oncology 2013, 8:48
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Pediatric Craniospinal Irradiation
for Medulloblastoma

Normal tissue dose |{ l l l

25
= “T-‘Zzu l plhomln: 3DCRT

Photon: tomotherapy

Normal tissue dose
Tumor

] | e

Proton: pencil beam

Yoon et al. Int J Radiat Oncol Biol Phys 2011,

3. Particle Beam Therapy in Asia

o~

Present Particle Therapy Center in Taiwan

N CGMH, Sumitomo,
proton, 4 rooms, 2015

TVGH, CHU,
BNCT, 1 room

Future Particle Therapy Centers in Taiwan

CGMH, Sumitomo, TVGH, carbon, ? rooms, ?
TMUH, proton, 1 room, ?

proton, 4 rooms, 2015 .>(
TVGH, CHU, e
BNCT, 1 room MMH, proton, 1
room, ?
CCH, IBA, proton,
1room,? NTUCC, Varian, proton,
3 rooms, 2018
CMUH, carbon,
? rooms, ? /

13 proton therapy rooms

KCGMH, Sumitomo,

oroton, 3 rooms, 2018 2 carbon therapy centers

g~

< S
el Pt ~ ¢
& IS e ko B
- —- 9 a Lkl
s i ik High density of
‘5 SR L\ Hie v
B proton therapy
o - SRR facilities by 2021
P \u-- y
- = o

Challenges for the Asia
Proton Therapy Society

COMMENTARY

Reconciling Reimbursement for Proton Therapy
Peter A5, Johnktone, M0, FALCR." and John Kerstiens, MBA, [FA

Reimbursement: debt loads
High cost: facility, maintenance, and

personnel
Limited demand: clinical indication

Int J Radiat Oncol Biol Phys. 2016 1;95(1):9-10 % .
[T
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Limited Clinical Demand

Proton Facility Economics:
The Importance of “Simple"” Treatments

Pl & = Jolirslon BEE" Johe Bersliorn, TP, Pl (saper ML

sceEedFREE
- - =

Capaccriy—Lvea Mo

b oo Jpe e 1
1TZALAET N RME TN
CompirnFudiatei: Caney

Pediatric cancer treatments are important
indications but do not bring projected income.
Sl

J Am Coll Radiol. 2012;9(8):560-3
e

&

Proton Facility Economics

Reimbursement

¥

\:\m\ted
wie! gome”
cost
ngrv n

L [

Ways to Balance the Budget

Reduce the cost  Increase the demand

Cost

Demand

A

T

e

&

Ways to Reduce the Cost

“*Reduce the facility size
“*Reduce the maintenance fee
“*Elevate the machine performance

Tl

el

Ways to Increase the Demand

“Price is what you pay.
Value is what you get.”
(Warren Buffett)

F()g}cs

&

“Value is what patients (health
insurance system) get.
Price is what patients (health
insurance system) pay.”

Sl

=

&

The Value of Proton Therapy

“»Decrease treatment toxicity
“*Treatable: dosimetry advantage,
technique, accuracy

“*Increase treatment effects
+**Curable: combined modalities

S akal

e

rﬁl

- 114 -




Ways to Increase the Value

Combined with other treatments
Radiotherapy (photon, carbon, 4. The era of multidisciplinary

BNCT) A .
Drugs (chemotherapy, targeted collaboration in cancer research
therapy, immunotherapy)
Hyperthermia, intervention, surgery
(da Vinci), and other treatment

modalities

Strategy to Cure Cancer:
Multidisciplinary Collaboration
It (cancer) works as one great armed

force, attacking by the equivalent of air
and land and sea and stealth,...

The hero scientist who
defeats cancer will likely never exist.

A team-based, cross-disciplinary
approach to cancer research is upending
tradition and delivering results faster.

ot .l

Mobile phone Smartphone
? \ S I

Strategy of Combination
APPs . o e

BNCT
Photon
Proton
Carbon
Surgery
Cancer Hyperthemia
Target therapy |4
Chemotherapy
immunotherapy

|
APPs? [ .
m o

L
-
=
SA0 i -

i
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Surgical oncology, medical oncology, radiation
oncology, and medical physics

o= Transdisciplinary
¢ i | 2 collaboration

¥ o
P ——
' -

Biomedical engineering,
medical imaging, and

Radiobiology Proton therapy mathematics

G0 SR

Competition: Limited Strength
et v V' -3
R x
Mgt
A e -
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Collaboration to Increase the Value

G0 T -

in cancer research

5. How to conduct the
multidisciplinary collaboration

A i -

Value Value
Lamb + Curry + Rice < Lamb Curry Rice

Sh+HLb—+542< TLAL—5/(4R

Combination

Connection, Communication, Collaboration
Partners, Listening/Sharing, Teamwork

S TR
G0 Jk ¢

“Boys, Be Ambitious.”

http://www.hitsujigaoka.jp/amusements/clark.html#chikai
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Your Career Path
i After 3 years:

“»After 5 years:
«*After 10 years:

Future?

=

Find Your
Vision, Mission, and Companion

TGN, - ’

W v
=
Taiwan A better future

CEBEHYMNESITINVEL,
B #% %! Thank you!

3 -

www.ths.co.jp/shitamachi_rocket/
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