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ABSTRACT

Despite the progress that has been achieved using modern methods of therapy,
cancer currently remains one of the greatest problems within medicine. Proton
radiotherapy is one of the most economical methods of treatment for malignant diseases
with a relatively high rate of effectiveness.

This study aims to examine (1) a worldwide industrial development general view
on advanced medical systems; (2) the evolution of global proton beam therapy; (3) how
Taiwanese enterprise will be at forefront of delivering the last innovative cancer therapy
to emerging markets.

Case study methodology was conducted for this interview survey with CEO of
biomedical technology incorporation in Taiwan. Medical regulations, industrial policies,
and technology patents were observed as three principals in this investigation.

Proton beam therapy is an rising form of radiation therapy that can maximize
radiation doses to the target tumor, while sparing adjacent healthy tissues. Proton beam
radiotherapy apparatus is one of robust radiation oncology technologies which
comprising (a) energy selection system; (b) medical accelerator system; (c) beam
delivery system; (d) beam output system; (e) gantry system; (f) patient positioning
system and (g) robotic couch.

Results reveal that the strengths of biomedical technology incorporation are (1)
integrated modularized manufacturing ability; (2) medical treatment scheduling and

information management; (3) advanced clinical curing system; (4) cost-effective

customized products and (5) affordable cancer therapy services.

The findings were summarized as the following statements; the business strategy
encompasses three dimensions: branding promotion, core technology competence
strengthening, and proton radiotherapy medical education hub network establishment.
The entire advanced medical system can be conveyed to emerging markets based

on “build-operate-transfer” model; the major determinants are (a) initial fundraising

management; (b) larger size facility acquired; (c) medical criterion constructing

techniques; and (d) strategic alliance with regional hospitals.

Keyword: advance medical system, proton beam radiotherapy, business strategy
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Fef ALY FIL Y CPRACE B o s %8 T R R | (invasive cancer) e
B EEAED BB E P H e B R E ST % Mok (secondary cancer)
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i (bacterial) ~ 3 4 (virus) & 2% 2 f (parasite) /4= T g 4, (infection)
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(metastasized) -
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iR RE

1895 & 4f W~ 72 & R _RONntgen # J x4 r7s A (fR 4 1996 )0 1901 & 12 pt
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M=% 1999; =< & 2007; ¥ W4e% 2008; gpt & 2012) s fkiz 41 *
bR 2 B B T 2> BURE AT M MR A R 2
LA %‘%tbéﬂié%‘::}fﬁ,& p R 2 2010; 3 R4e% 2013) 5 7 A A kT gt

RpcF TR F SR S PFHR)D 8 EFIHRETERL > R &AL G
X-rays ~ yrays o[ 2xstih A 4 2 KL > F N RESK  E LR 2 F
(radioisotope) P'|if * N K2 (6.9, > 1+ % 2005) - F &+ sme 7 ¢ F
B3+ ~ £4 T 4% (heavy charged particle) % s+R%5 o Sxbinpk & ¢ 38 T 2 8
(systemic)fe & &+ | (blood-borne) #iin f B A2 ¢ #rig * ki 140

ke ik 2R 250 D (DM BIERE IS oRZE > ¢ 7R %7 ~ e
B o~ F A B BEFI sk £ K (DR ITEEROTS AR E 0 bldek

Sk 3 (seeds) ~ & & 25 47 B—{s % i 1 (applicators-afterloaders)fr & + 3\ iT iE4

Yoy ms TR mEALE > %Y L% 0 http://www.canceraway.org.tw/pagelist.asp?keyid=33 (7 2~ p # 2014/10/30) -

12«wilhelm Conrad Rontgen — Facts”, Nobelprize.org, Nobel Media AB 2014, available at
http://www.nobelprize.org/nobel_prizes/physics/laureates/1901/rontgen-facts.html (accessed 11 February 2014).

Bagn 4 (2014)  fBEE MBI PR TR S0 P R SHAF R P ARiLS
http://www.nicenter.org.tw/modules/tadbook2/view.php?book_sn=&bdsn=1274 (5 ¥~ p #§ 2014/12/12) -

14Podgorsak, E.B. (2005), Radiation Oncology Physics: A Handbook for Teachers and Students, International Atomic Energy
Agency (IAEA), Vienna.
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2z %15 % (electronic brachytherapy) % % & 2 2 (3) %8 P 2z )5 F i3 0 (& %
-10(Boron-10) ~ 42-169( Erbium-169) ~ # -131(lodine-131) ~ 4-153(Samarium-153)
& ¥4%-186(Rhenium-186) % s+ ~ 2 10 1 B fopk o B ¥ 4o ST o
(L)%Y #h g pEgE 36t s B 2 (external irradiation) » = FL % 48 “F 22 b2 o 3%
bRt B oF Mt - TR Y RET A MR RN

a. @ Yuid ek 2L R o2 (conventional external beam radiotherapy; EBRT)

SRR e RSB A 4 A AE DM A AR 2 G T ek
BRI L TR BE G R RlG 2% X k2 F b G TR

irenit § 4wz (Shipley etal. 1995; Fussetal. 1999; Kingetal. 2000; St.
Clair et al. 2004) -

b. = a7z FFigas3c s+, % 2 (3D conformal radiotherapy; 3D-CRT)

) A LR A o AR Z R B e N I F A R LS
A BTSRRI B ¥ et BlenEE 0 om T RS R
=z #(Miralbell al. 1992; Shipley et al. 1995; Cozzi et al. 2001; Hug et al.
2002; Zietman et al. 2005; Sheets et al. 2012) -

C. 5 B 3% 4 7% 3t 5 2 (intensity modulated radiation therapy; IMRT)
¥R E = 37 & H(magnetic resonance imaging) ~ it + 7 0¥k F 4
(positron emission tomography) ~ & #& %7 & #& % ~ & 242 § /4 (ultrasound)
i Fe i QRAZOR 4]0 § R R e e ot I g g 2
¥ € (King et al. 2000; Cozzi et al. 2001; St. Clair et al. 2004; Weber et al.
2004 ; Hall 2006; Schneider et al. 2006; Dowdell et al. 2008; Nguyen et al.
2008; Cheraetal. 2009; Fontenot et al. 2009; Welsh et al. 2011 ; Sheets et
al. 2012) -

d. B2 51 5% 2 sy 5 % 7+ (image—guided radiation therapy; IGRT)

Rk i m 2R o I RALEKE  FREAEL Y BT &
= T g 57 3 (Jaffray et al. 2002; Xing et al. 2006; Dawson & Jaffray 2007 ;
MR & 2009) o

5National Cancer Institute at National Institutes of Health, U.S. Department of Health and Human Services, “Radiation Therapy for
Cancer”, available at http://www.cancer.gov/cancertopics/factsheet/Therapy/radiation (accessed 2 June 2014).



> B8 T 3N s s oR £ (stereotactic radiosurgery; SRS)£2 838 88 2w
39Ty s oRy £ (stereotactic body radiation therapy; SBRT)
Y dmre ¥ KR dr X-rays & yrays o BrE @i a g et B o f & ¥ AT
T A B 2 A s & (Baumert et al. 2001; Silander et al. 2004;
Vernimmen et al. 2005) -

f. e e 38 475N 28ty 5 R 2 (respiratory—gated radiotherapy )
ARET o R g Tl iR S i) B b m R s 2 B
Moo i ok T AR K :‘\mwfr:/,;‘s,&uﬂzﬁﬁﬂz%%é”?ﬁ: BEApM =R T
AR & e ode R kT M i B G R R S A iR
hE SR o P E BB d e s »x % (Kini et al. 2003; Tsunashima et al.
2004) -

(2)%8 P 1T EEZE TS5 % (brachytherapy) » * FERE P 3 bdio gy 2 o B2t R
BAiS e~ A BER Ea‘%ﬁﬁ%’?ﬁ%ﬁgfﬁh PR RIS IRYE Bl UDRE
PRI ¥ e g X PIE e S Ie R E T g § A 2% 7 (King
et al. 2000; Ollendorf et al. 2008) -

()% p b 5% 2 (internal irradiation) o #-2c b ~ & 2% 8258 5d v JR
BRI N E RN HEF AR REF R R (TR F
2000) -

2009 # 4=> p A& FIRST (Funding Program for World-Leading Innovative R&D on
Science and Technology) & B 5 #p 7 & 3+ 3]16» L 45 p A% i~ 8 (Hokkaido
University)fe. #% < & (Kyoto University) & ¢ 3 & =t £ Do+ s AR
(Real-time Tumor-tracking Radiation Therapy with 4D Molecular Imaging Technique) -
A AR GRS DTG BGYF S sk kB (real-time
tumor-tracking proton beam therapy system) > . AR FTREE e P
X-ray is & kv (four-dimensional image-guided X-ray therapy system) o = 3 #-

SR AR LR B o ff IR ACR] 1 T o

1BHokkaido University Graduate School of Medicine, “Project Outline, FIRST Program (Funding Program for World-Leading
Innovative R&D on Science and Technology)”, available at
http://rtpbt.med.hokudai.ac.jp/cgi-bin/index.pl?page=contents&view_category lang=2&view_category=1001 (accessed 19
December 2014).
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mamsas | umEax | mmEms BeER
Conventional RT TET & Es SRT &4 %E IMRT Motion Tracking Molecular Tracking

o
mall E—f (1960F ) ETR (2000F/) F=R (2005FK) MK 010FR)  BAEK 201581K)
H (@)
5 #
A 7
; fnEs 7] — o b=
= S i
= BEAXTHE S 7
;E tomography, PET) &

mmEEE(t | S#ERMsEAR(3D-CRT) || M44D) A

BEhiak
e (motion tracking) 5
=iy JJS:F:\EEt 2 S L g A T
=1 ARZE e EEEZE B
—a (horizontal (rotational gantry) J— %
it e EFEE 57 =
Bt (spotscanning =
U IBEpasE conformal dose i
o (< = ": ) A A t# (scatterers) distribution ) il
3 ocuwar FIBE|E 43 F5(flat dose distribution) A
. treatment) =
= S
‘;E* IERERARSENESR SREFHsaERE EREE FHahaEE
#ER (1950EK) HEEZHA (1990F18) =R (20006 18)

B 1 dcsdis B AL i e & 5 B o ¢ R iE R
(F#L &R : Hokkaido University Graduate School of Medicine, Japan, 2014)

¥ 8 B asickiE
ORI RS RBRE

TP AEY Bi 2R bA- 8.5 0 #1285 &9 5% - 1930
Lawrence ¥ Livingston i University of California at Berkeley 2 p? 1% % 4v i#
KRV AS FE NS &Y o Wilson(1946) B g 4sm 7 #F ¥ 5 i £+¢
T H %?%5 8z st n R 18 5 1946 & »+ Harvard University 3% 2+ - & 150MeV 5
A SeE B o T T TH Lip K T 4w R E] 1950 £ % - Larsson et al.(1958) 4 !
B et st in o o0 a4 o 1961 # »+ Harvard University Cyclotron Laboratory
B4 0B R B o % (intracranial lesions) < 1970 & & » d % B B RREF 3
| AP e 7o Suitet al. (1975) R 3k U F S s s R ik i LR AR ¥
Sk K o o Miller(1995) 32 37 + e bfin i 49 M Js 2 A= b fr 4% Smith(2006)
N DS REb SEREL/ £/ S R al A B S

Loma Linda University Medical Center(LLUMC )Slater et al.(1991)¥ Harvard

University & i€ » £] 2 B 3 2xitinf 1 %] 2 (Proton Therapy Cooperative Group;

Lawrence, E.O. and Livingston, M.S. (1931), “The production of high speed protons without the use of high voltages,” Physical
Review, 38, pp.834.
Bwilson, R.R. (1946), “Radiological use of fast protons,” Radiology, 47(5), pp.487-491.
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PTCOG) » %k 3 @ §ig 4 - Slater et al.(1991) ATk 3+ + M bfin iy T 38 X
e 7 0 (L)% & < - (beam size) ~ #5 3 {4 (homogeneity) ¥ 53 & 4+ (beam control
for intensity); (2) it £ ¥ % (variable beam energy); (3) & i ﬁm%] % %c(beam transport
system) ; (4)>zd& 4% A& & si(gantry system) 2 2 (5);5% & B friz ¥ 2% (room and
site configuration) - & 7 i@ ﬁi%l g ruengss 4 llinois Fermilab(Fermilab National
Accelerator Laboratory) ¢ # 3% 3*(Coleetal. 1989) - 1991 # = & § > % - B ¥
PR it BRI SR FE Y s 0 1992 & B4y E

€4 245 (heavy charged particle) &4 {7 & #c (¥ + e [ = Feinfr)
FRAANFI (FPRIP) FREEDFTTLI > 6lde p (F3 ) akd ~ 7
i B % - FFanfidks: 1o migs hfeEss 12 R FhFER:
T 1/18000 4 G  F LT R LW F L0 1800 0 paES
Pl 2 % F¢721,600 19

EFRTRF (FFEmiEs ) 5RZLFFET LG T a5 7 2

IAEr o g SO BEERA T 0 BAR E A 0 F P S o] 2 97T
Frasra i gl 5 M ahbhiSor 23 @2 THa 24

£ | (high energy dose) » L% " # &+« | (Bragg peak)(Pedroni et al. 1995) -
A 2w oenT B L T (plateau) o 4 £ A MEE 85 - BT KR (tail) o
BHFRE ST AR B Ak & Dt B F 2 9% | (spread-out Bragg
peak; SOBP)(Paganetti & Goitein 2000; = R4%% 2013) - 11 7 "G i (fk % 4F
o B Sk 2 Ak ol By o LR IR o =
FFaxmesn 2 by I hel » FPHFI Y eRGT  Friohili
PRARA A éﬁ%—?‘zo °

% & (2008) L F 3 S bdin fr F oW BALE Mo BA A sk 3 i
2 fe WRPIEFS T REN VB URFR 0 A FERANSAE > TS

RIE sk 3 e btio i A § AR ISP o S apin i ¥ 0 MF BN AR Y

W45 n4(2014)  RBEE MBI AP TR S0 P R SHAF R P ARLS
http://www.nicenter.org.tw/modules/tadbook2/view.php?book_sn=&bdsn=1274 (5 ¥~ p #§ 2014/12/12) -
20| evin, WP, Kooy, H.M., Loeffler, J.S. and DeLaney, T.F. (2005), “Proton beam therapy,” British Journal of Cancer, 93(8),
pp.849-854.
12



# 4 801 %' Grassberger et al.(2010) 4y ’;”w sk A B e S
£ & # 25435 3% (linear energy transfer; LET) » 7 »o@ £ § 27 H 5 420 %] & (H]4e ¢
BEEEF 7 F L8 yrays) kot em 17 T Ap ¥t 4 F~ 2 (relative biological effect;
RBE) - # &2 4 B2 o2k g HE W 6| > 3 F 01 45-60 & 24 k3 HE s

wORCEE (FEi§ ¢ 2010; 4f 24 % 2012; Murakami 2012) -

Dose distribution

Heavy ions, Protons 100
+ Surface =small LET o
« End point =large LET B ,-'
260 ™ o
8 RN
Dose concentrates at the end point 040 y S
(Bragg peak) S o .
m A}
0 1 1 1
Gamma-ray, Neutrons o 5 10 15
« from Surface to End point = constant LET Depth in water (cm)
Cion
....... n
gamma-ray
(LET:Lenear Energy Transfer) = = = =proton

Bl 2ptdr= & ~ 7 F R~y MRS Asin Rz R E LR AT R
(F#L &k : Murakami 2012, Research Center of Charged Particle Therapy,
National Institute of Radiological Sciences; NIRS, Japan)

AN ERTEEY T $

Preuss(2010) s/ 1954 & % & University of California, Berkeley Lawrence
Berkeley National Laboratory(LBL) ¥ 3#14 B =+ & 1% & §ofk ok e B * 0% (7420
1961 # % & The Harvard Cyclotron Laboratory(HCL)¥? Massachusetts General
Hospital(MGH) R 4 & IF 38 {7 ffk i F 5 % © 1990 # £ B Loma Linda
University Medical Center(LLUMC)z= % Proton Therapy Treatment and Research
Center » 1992 & B 4 & * = i sinsf id 3ol s & 38 (79000 22 IRARZ -

BT it ia R B AR G A R e B A 4 o B e
ik FI(DNA)» E US4 B Asfinfiz R » ¥l & el 4a > Tt
FAB DR G o P ISR T 0 e LT i - BT
e oo ik §(2008)dp )T e bin B Ok 3 kb L R B e
Bie L el FORAE 0 F AR LR EBEHF R B BET

?
B

/N
iR

w}k\,

21DeLaney, T.F. and Kooy, H.M. (2008), Proton and charged particle radiotherapy, Philadelphia: Lippincott, Williams and Wilkins.
2y g e EAE(2013) 0 RHTFISRMREEL  KEHAFES - $ 2 0 F 2729
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r2 X-rays & 7 e 2T KK KAL) (sagittal view)fe" # v & 4R B (transverse
view) » 4ol 3 7 5 M F R Fioh o m b o AoBl 4 4T o VW REI 3 feRl 47

PUE T v X-rayS e R R 0 kAR ISR E TSI E o PRV E S B
eniG T R e A T+ AT ot Xorays LR TR E R EEE

3
i\

E

Rz cfpioie » TR MEAMI ¥ e RE ST R E R R A

E A RN R IR E AR kR R D

SAGITTAL VIEW TRANSVERSE VIEW

Bl 3 12 X-rays & {7 bt 20 KR AR Bl ok = 4R B
(F#L &R : Proton Therapy Center, 2014)

SAGITTAL VIEW TRANSVERSE VIEW

PROTON ¢

Bl 4 v 3 A 7 s n oy 2 KRAR Blo i+ AR B
(F#L & : Proton Therapy Center, 2014)
i P Proton Therapy Center(2014).p » B+ & 70%~80% & & #-¢ 48 & |2

= l} —

TR 0 B R B2 ¥ s er R Bt 3 e R PRC] o doB] B e 2o
s s bl FF RHF R R g AR BB AR S BTl
2w M F R F ) @R R o TR A D ¥

=Nl IV 4 rﬁi%;g > &VEIG»;L?__I:FZS

b

VISR PEEEFPHLE DM BRE S GR AP R

Z3proton Cancer Treatment, “Advantage of Proton Therapy”, available at
http://www.proton-cancer-treatment.com/proton-therapy/advantages-of-proton-therapy (accessed 11 November 2014).

24proton Cancer Treatment, “Advantage of Proton Therapy”, available at
http://www.proton-cancer-treatment.com/proton-therapy/advantages-of-proton-therapy (accessed 11 November 2014).

Zproton Cancer Treatment, “Treatment Step by Step”, available at
http://www.proton-cancer-treatment.com/proton-therapy/treatment-step-by-step (accessed 11 November 2014).



—60 Fchin Bk F o E AR BV B EF AR Xorayso e om BN IR dh
By le P s i 59t MR R A R T (R v 20105 A 4R E 2013) o d R iR
iR & R FR AL AWSRMPF AR FALZBEF R T S
Pl AEAF AR R o fe G APM T Rl B kM B R B hip ok o

— i | /
U= = . — ~
koot of th =
Dose in fiont of the ~— Dose in front of the
umout 4 w =

= tumour

No dose behind the tumour

Radiation

<€ Dose behind the tumour

|

?] 5 ?—* ’%I‘“/T/r' RES 'fr'x.é “t"’g’t}f]’/r'}%‘/;' iﬁ'ﬂl”\f ﬂﬁ- i?}
(F#L &R : Proton Therapy Center, 2014)

PROTON THERAPY

INTESTINES  LIVER HEART

70% 70% 70%

B 6 = dedfin it fr@ s csdin g 2 HAMI ¥ 285 T L85 L H
(F#L &R : Proton Therapy Center, 2014)

FART B AR EFRT S Fastio oo S A S 3]SI HOR
PRt B o R SR F S 6 R TR R SR TR S ]
AFE G BT B A TSR S eI > ek 14T 2627 .

Frosmdfio Rz ¥ - KPP PO N EEeg 0 LF A RT R Y
30~50 & 45 > - K ip R PERAE G 2~5 A4 o B B R AR R AR A e < o)
F L 48 % o F I RSN R B AN R 0 B T SRR

(D fep & 4 M ¥ B2 88 Rt S o3 (0 o e it

T8 EY G TV £ H 2 (Noel et al. 2003; % + % 2007;
Geenen et al. 2007; Timmermann et al. 2007) ~ p% 4 (Seddon et al. 1985;
Wilson et al. 1999; Gragoudas et al. 2000; Char et al. 2003) ~ #&3% ¥ 7%

Byr EAR A EFRFF ERSHLR Y 0 B R RS R 4 R
https://www1.cgmh.org.tw/intr/intr2/c33e0/guangzizhiliao.html#.VGTelPmUeeQ (75 B~ p #p 2014/11/11) -
LS R 0 & TR ORI ek o http://www.tastro.org.twihtml/index.asp (7 3~ p # 2014/11/12) -
15



(Baumert et al. 2001; Merchant et al. 2008)&%3&%8}1{(Benk et al. 1993;
Shipley et al. 1995; Nguyen et al. 2008)4p B 5/ 5 4 & B * o

(2)3cbfic iz > RELFKBERIA T 2 8 REFLHN LR
:}g]_ P TSR R ARE RS G RF RS B AR A g L M(RE g
1995) -

(3)¥cbipn i AR Y 1B A2 R BERE B B8 ﬁﬁiﬁ’%yﬁaﬁ, F O E R
= = H 24 chh ' (Hall 2006; Schneider et al. 2006; Fontenot et al. 2009;
Newhauser et al. 2009 ; Taddei et al. 2009) -

(4)rd &= 57 i f SR B LR e o i AR i R R
TE R 2 S f 8 Sk 5% 2 B (Seddon et al. 1985; Geenen et al.
2007) -

Gt RAASREEF I FRIEFRADERKF » R4 B

£ s T2 4p B 2 42 € 2 & (MarketsandMarkets 2014) -

FFabtin R p A L A& 5K > 2 fed gk (eg, 3% 2 +F 1988; R+
=g 1995; Shipley et al. 1995; 3 & i} % 2000; % pac& ¥4~ 2007; = &
2008; Dowdell et al. 2008; + K % 2008; Fontenot et al. 2009) 7% & gkl (e.g.,
Benk et al. 1993; % = H ¥ 1996; Zietman et al. 2005; #*x= % 2009; if =% %
2012a 2012b) % i - Daedal Research(2014) %= 3 3% 2 BEI® B 3 bl ofy 14 i
H:]Uﬁ’p(prostate cancer) ~ "4 (brain cancer) ~ P% BJ% (eye cancer) ~ £ ¥ £2 35 3% J% (head
and neck cancer) -~ ** & (lung cancer) - ¥ % (bone caner) - # = % #& (hodgkin
lymphoma) ~ %% %% (pancreatic cancer) ~ ¥2 & & (pediatric cancer) ~ 5* 7% (breast cancer)
g 76 7 (sarcoma) » i & i * % e

H=t A% H #F(eg., £ B4 1994; pksE 1996; King etal. 2000; £ &.p
% 20092 2009b; Fh =K% & 2009; 4 3% 2013) 2 % Heps * 4p b 4 5 (e.q., Slater
etal. 1991; ¥~ +:% 1997; A = % & § 2;£2004; % < 2005; =< i & 2005;

WFoE 2% 2010; it ® 2011; & % % 2011; ¢ 22k L3 2013; B pdL
13)-

JF»

2Daedal Research, “Global Proton Therapy Market: Trends & Opportunities (2013~2018)”, available at
http://www.slideshare.net/daedal/global-proton-therapy-market-ppt (accessed 1 March 2015).
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BEE(2004) M A YR s A L B S R 2 BEAGINR R AR
o~ B R £ B RS T ok e fs R Fa2 st 3 % (radiotherapy
treatment plan) - 12 % & & & 4 (isodose curve)= #| € -4 4% & % B (dose-volume
histogram; DVH) &5 b doe 1 & > 5 8 3% & 8 J BV 2 3 b5 PO 3o b5 3+
FERELY

Fpig = (00 # =+ 3asfip fFE P v d Ak~ RAESE
A FAFRADFEIRSA SRR FRAELRB A A FELEFRY

IR FEE 223 SR ONEEF LIRS SRER . SE £ 3

AFEPHDEA LB RREF R E o RNT FI7R

2017 I A A b s B dR A

BF7] #RET] #ANT] $21E ] a7 11035 7]
Proton Knife RapidArc Novalis TomoTherapy CyberKnife Gamma Khnife
BIRIELE Proton beam X-rays X-rays X-rays X-rays ¥ rays
[E5 MRS + —MESZINR | —REFIR | RELMERR | #RFEXE | SH#-601K
20 154 URRERENM | S+ FENF 2+ FHEF ~BIEE R BMNER+2 ghaEEER
) E AL E AL MURBEETE | MRS
fir
TR | —HIERAR | RERZRE | SRTEUE | BAENE | BRENE
HERE | %88 (taget | ®EEGD (IMRT) (Helical
spot scanning) | conformal Arc) IMRT)
HeRBEEE | B = = * (£ ]
S =5 (—R5 | 540 £5(10 =5, (ZEM | £5 > (BEEL - | E5EERS
N RREER) cm) » (—E | cm) - (GESERD | FHEUE - GEEAED | ABERER) cm) - (B4ERRE
(RARE) REEER | B ) 0
WESHEEERT | 2 DB~ D88 | <5 NiE <30 DiE <30 DiE 20 7EE~2 /N | <30 8
R s
BigEKReE | RS K5 E NTE N8 E # 15 F #20 &
BRELR
2EER SERMZEN | BRRE4 RIRER D4 RIRER D4R fetREf 4 fefREf 4
(EBEE APEER - BISN | N BUWEH | - BWER | - BZRER | 1 BSREH | - BWREN
WEBLHaME | B 4~587T | BB4~58T | A 15~258 | Bl 15~208 | B#10~158
BAR) | 150~250 7 5 - 5
BIEFEEE | RETAH 360 | BEER/NE | AEAIERE | A X-rays E | BIERAERS
B HEEERS EEIMEHS | & it e 72 1z fIavZBIE | £2ES
AR FRE
RIBEED FERRWK | AEHELN 10 | MEudTr: | BEPEMR | EEHEENN
fhEE & BERE | BXAER | A0 BERUBE | 8% AER | AR
SuhEEME | 2 mZaERE | BR
a8

(FA KR fhr £ AR EFRTT Eriah ¥ o - ATTPERFE § 2014)
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$z% 2RI RMIARR vﬁé?ﬁ ¥

2013 = IR F R EMD FARHCA L 3,280 BF L2014 &35 im v i F] 3,461
mEL o ERXEFLDB55002013 &3 2016 £ 2 EF4F & 2K FI G 5 6.1% T
DA FRETED 394 RE L LB TTHEET HFLENE RO L F 45.2%)
EXLi®mPEE RO & F315%); %= 2L~ % (3 & F21.0%)7 5 @ § 222800
bR (P 2.3%)%

DRI BUSH R A E S L F NS T5% 0 WAL TS Bk st Fop R
o FRVUEEEFTEAC LIS FEAINARIRIE ) P AT UEEER
F AT B8 EIAHEAE > B D AP L 6130 2L 57 BH G
3Mo R AFTEEFAe? HA BT RRET FTF AT LI AR RE » R
R3O0l fRARSIBEIH TR TR L 7T EAER T L
WESR R E B R & AT H(Frost & Sullivan 2008; 3 74e% 2013)

1295 MarketsandMarkets(2014) <%= 3 WL dpd 02011 £ 3 2016 & 0 2k
SRR AL 2L S 53% 0 2016 & % EIE R L 57.83 @mE A o f g %
SRR A B N AR IR SRR A (B 4 5 81.5%) 0 H =t £ P 1TEE
Hocshio Rk & (B 35 0.6%) 5 £ F AP soRp R & (B 5 89%)%F - F it
£ 4v:# E (high energy accelerator) & 24205 % 3k # B RS F-3L it &) 5 65% >
RS debdis gk g Y B E B ehie S Ao IEh T 2016 &M% £ P37 BE A o
FERAGFARER B IFFH e c BREFRFIAcER - p Ao p RERT
R SR IR R AEY ek IREE R R R pRUICRICE S I

rrfAv st n Rk WiEF F F W Accuray ~ € f i Covidien, PLC ~ £ |
C.R. Bard, Inc.~+* 4| p= Eckert & Ziegler BEBIG -~z &= Elekta AB-~ & K] GE Healthcare
v+ 41 p% lon Beam Applications S.A.(r2 7 i 4 IBA Group) ~ # B iCAD, Inc. ~ 4c £ =
Nordion, Inc. ~ # & Theragenics Corporation ~ # & Oncura, Inc.'Z 2 £ & Varian

Medical Systems % = @ -

2T A AL R R SRR T SREP R I FE T (2014) 0 2014 FREHAFEL MW
EALEHITE Y A FREARRT Y P o o
30MarketsandMarkets, “Radiotherapy Market by Products, Technology & Applications Till 2016, available at
http://www.marketsandmarkets.com/Market-Reports/radiotherapy-monitoring-devices-market-567.html (accessed 23 August
2014).
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MEDraysintell(2013)#7 3 47 4 & » 1990 & 2} ¥§ “#cFF 4 wxE 8
BER 3 2 sin e 37 3R B s %5 FIRF%-2012 & & 535 43 & —ff%‘i“ P Y
P 120 B3 asdiak s o B eso g 3 AL R EF) 13% - @ BT U
LR PFE Y s qprt s ) 0.9%- TR 1 2018 £ T2 Bad
T 300 Bicd ® o F P EPMHEE 0 e FOBAEE ]~ B L ERT
B RT ARG D 2030 # T vstisf 3 Mg 11 E & 10%4E 2 eh £ i 5] 1,000
BFstiof 3 > T abin k5 SR K LT 25 RhE~ -EF 2HBE
i B Poid H 4 - MEDraysintell 55 & > B3 cbdinf 3 4§ 1 x & 14%:0= £ 2 1)
1,500 ¥ 3 2 idisf 3 0 B3 R ba R R & P Fw a1 50 mE Ao

FrasdinhR g WP i g 5 I IBAGroup(# ¢ 5 29%) ~ £ B Varian
Medical Systems(# ¢ & 14%) ~ p 4 Hitachi America, Ltd.(# } 3 8%) > H s fu 7

f

i+

% % & Accuray ~ % K Advanced Oncotherapy PLC ~ “4c £ ~ Best Particle Therapy ~
% ® Compact Particle Acceleration Corp.(CPAC) ~ 53 & Elekta AB ~ % & Mevion
Medical Systems ~ p A& Mitsubishi Electric ~ # & Optivus Proton Therapy ~ # B
ProNova Solutions ~ % & ProTom International ~ £t & Siemens AG ~ p & Sumitomo
Heavy Industries vz 2 p & Toshiba % = & -

P - BT s F A e TI5Eg 5 3,000 ¥~15 % 2323 g
o oacstion 2 W R f nFRIRG . AL R TRP 2 7 4 (gross
domestic product; GDP) ~ " #uzs=qz » | (houshold incomes) ™ 2 ¥ & fieqfz » |
(disposable incomes) % TG ETER R P AR R AR <2
BRETHEED BPREP ok o
- & FRFIRMsRREAE

LRSS N B34, 2013 £ 7 B HEF) 12709 B E ~ 0 )
2IRF A H39.5% i 1 2016 E¥ E 15111 BmEFE Ao F R A v Bk

SIMEDraysintell, “Proton Therapy World Market Report—Edition 2013”, available at
http://www.medraysintell.com/attachments/File/MEDraysintell_-_Proton_Therapy _Report_Edition_2013-TOC.pdf (accessed 16
November 2014).

32Compact Particle Acceleration Corp.(CPAC), “Why CPAC?”, available at http://www.cpac.pro/whycpac.html (accessed 23
November 2014).

33proNova, “The ProNova Difference”, available at http://pronovasolutions.com/the-pronova-difference (accessed 23 November
2014).

344 %9? PO HRA T R BT AP S FAAE BT EE T (2014) 0 2014 FREHAREE MW
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317 R & 2R A v H44% > WY Rfop A0 & A T3S GDP 5 51§ %
e FR2FFRFMA NG 20782 mE ~ v & A TIEF KA ANG 9396 £~
FREHeigr - £i21]304% ¢

2010 & % FF & d B Obama ) Top & ik T F % 4 (Patient
Protection and affordable Care Act);# % » £ WA R3S HI90 » i E &' > &7 1Y
EE B 5 05% iR g £ AT RS 0 2012 E B s 0 2 @]%éﬂﬁtﬁq—a‘&@%‘r%:}%f’za‘;
BAFRET > FhFaR el AR FR > FRASCHFREHASDF
Feon FEBERD Faos L (GREPEE 2014) -

£ HDF I F R G B BN RBFATRE s A0 3 23kd ¥ 2013
ELER G AE S FRRAN FREHD S0 61 30.7% L 2 W T FRGD

A &5 (67.1%) ~ ¥R AR ok A F(21.8%) 8 H B LETR G B2 R
% (11.1%) - 1954 =& £ & University of California, Berkeley Lawrence Berkeley
National Laboratory(LBL) ¥ 312 3 & 1 5 ffk B o B s e (743 .

1961 & The Harvard Cyclotron Laboratory(HCL)#? Massachusetts General
Hospital(MGH) B 45 % Fe 18 7 25k o 385 © 1990 # £ & Loma Linda University
Medical Center(LLUMC) ¢ sz % Proton Therapy Treatment and Research Center
Bt * B o ik %0 1992 £ B s s om0 4 & 1 Wk MR 5 L

Proton Therapy Center(2013) 4 s 33U 37 » -2 62 13 3 7+ o sin e F
Bew s Bepig o 3 AN B heig Beng X i B IR A 8 o dodk 2 A o
Y EE T EE T DR RN S S T SR R - —}-:T@T
4+ k3, (million electron volts; MeV)+ 4% i 200MeV ~ 230MeV -~ 235MeV ¢
250MeV % v 875 5¢ -

AT REID AR RE 2 ]F*Jé » 7€.1990 £ 3 2014 £ > 2R E G 14 FF s o R
%?v‘.u(a‘%fi S~ PR 2 Ay KR 9 A AFFE e F 10 B(F IR LA P
2/~ AT A)E A E%1 > ¥ 21 A AR R4 o 2FFF LR

preuss, P. (2010), “The Promise of lon Beam Cancer Therapy”, available at
http://newscenter.Ibl.gov/2010/10/18/ion-beam- therapy (accessed 6 November 2014).
Bip e  EAB(Q013) 0 FHFF iR RREEY  KEHAFE > ¥ 29 F 2729
37Proton cancer treatment, ¢ ‘Operating Clinical Proton Centres available at
http://www.proton-cancer-treatment.com/proton-therapy/proton-therapy-around-the-world/operating-clinical-proton-centres
(accessed 30 October 2014).
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%5_%‘1;6 IR S VA

/L

i

o o) T #EE o

F2ARFI SR FEY R RIS Hh A E- FA

MIE | R5E | KR BT RS AREE 028/ R MR | AR
The James M. Slater, M.D. Proton Treatment and Research Center Prot
1 1992 | at Loma Linda University Medical Center (LLUMC) in Loma rolciR 250MeV
; Scattering
Linda, CA
The Francis H. Burr Proton Therapy Center (NPTC), Harvard Proton
2 2001 | University, at Massachusetts General Hospital (MGH) in Boston, Scattering 230MeV
MA
The Midwest Proton Radiotherapy Institute (MPRI) at Indiana
3 2004 University Health Proton Therapy Center in Bloomington, IN Protons 200Mev
5 . . Partitial
4 2006 The M_.D. Anderson Cancer Center’s Proton center at University of Protons 250MeV
Texas in Houston, TX .
Scanning
5 2006 Unlversny of Florida Health Proton Therapy Institute (FPTI) in Protons 230MeV
Jacksonville, FL
6 2009 | ProCure Proton Therapy Center (ProCure) in Oklahoma City, OK | Protons 230MeV
=H The Roberts Proton Therapy Center (Penn Medicine) at University Mainly
7 2010 S - - Proton 230MeV
of Pennsylvania in Philadelphia, PA Scattering
8 2010 Hampton University Proton Therapy Institute (HUPTI) in Protons 230MeV
Hampton, VA
9 2010 | CDH Proton Center in Warrenville, IL Protons 230MeV
Princeton Radiation Oncology and CentraState Healthcare System
10 2013 (ProCure) in the Somerset, NJ Protons 230Mev
1 2013 Seattle _Cancer Care Alliance (SCCA) Proton Therapy, A ProCure Protons 230MeV
Center in Seattle, WA
12 2013 S Lee Kll_ng Center for Proton Therapy at Barnes-Jewish Hospital Protons 250MeV
in St. Louis, MO
13 2013 | Scripps Proton Therapy Center in San Diego, CA Protons 230MeV

(F#L & : Proton Therapy Center, 2013)
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(F#L & : Proton Therapy Center, 2013)

FRLE DT xbfie kR A2 ARF 5 Varian Medical Systems(# [} 5

x In Operation (14)

8 Under Construction (10)

J\ Under Development (21)

14%) ~ Hitachi America, Ltd.(# ¢ 5 8%) » # s f& % 5 Accuray ~ Compact Particle
Acceleration Corp.(CPAC) ~ Mevion Medical Systems - Optivus Proton Therapy -

ProNova Solutions 2 2 ProTom International % =- & o
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Varian Medical Systems i1 # % ¥7 §f/k %5 E e X Eok -‘,5 BAR B £ T
PR U T F RS hAp BB EF RS R A P B R o 3
P #H# ProBeam® FR Sk stin g R 2o HA e ¢ (D)~ 2w
v B{oi hiE # % ki(a superconducting cyclotron and energy selection system)
(2)- 2§+ & @ 4 »(abeam transport system) ~ (3)— % %4 3° 8 /& fr Fr ft 3¢ 5]
3;%? + & o7 % (arotational gantry and horizontal fixed beam treatment rooms) ; #ic %8
fa 5 (DARIA® % 7 = . F 31 % st (imaging enabled by the ARIA® oncology
information system) ~ (2) & #F % = » & > fodz 4]k s (sophisticated patient
positioning, safety and control systems) r % (3)Eclipse™ *z &t 75 % 3+ 4] & 3L (the
Eclipse™ treatment planning system) - 3% & &4% ¢ % & (1)Dynamic Peak™ i # #
$2 7% 70K 18 1% (active scanning with Dynamic Peak™ treatment delivery) s (2)«f s =
R 5% B A # - 4] (respiratory gating for organ motion) 2 #p i 7| 38 & 3% 72k b
7o (intensity modulated radiation therapy; IMRT)&»c% o 2% 2 7 iz 4 % B 4218
6,000 i B & it ¥ (linear accelerator)k # 4 g 2 ifingg ¥ & 38,

Hitachi America 7 426 20 & 57+ cbtio Bk & W dp Bl 5%k > ¢ #;3% g
Pt o R S e B2 P AR Bk o 320 P e PROBEAT ™48 7 5
SR R R o A AT R AR R oA Bk F e ok % (passive and
discrete spot scanning treatment rooms) » i SEF E R 5§ LA (US.
Food and Drug Administration; FDA) # /&8 * A% i~k Pk R * -

Mevion Medical Systems ¢ B F % & j5 o B M 3 & 2 % & 3
(LHYPERSCAN™ » %445 Heiis 80322 & p (7B 5 2 Mevion 250 # & T g & ;¢
x & Py o i3 1 iv5n 4% (streamlined clinical workflow with full optical image
stabilizer (OIS) integration) ~ & 3 T3 H A X F F T Bl X ;N FH ki
(high-accuracy beam pointing with submillimeter position tracking) ~ 1 2 T J-i# %8 4
ok &€ A7#F 4 (fast volumetric and layer rescanning capabilities) & » &c > 11 #p i£
X B A SR g%k ~ (2)- A @ * TriNiobium Tin (Nb,Sn)4z # £ v &

ExF ol 4z w %4 id B | (superconducting synchrocyclotron) o # 4% . Hje

3Bvarian Medical Systems, “Proton Therapy, Overview, Technology, and Techniques”, available at
http://www.varian.com/us/oncology/proton (accessed 23 November 2014).
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#i 5 TriNiobium Core™ > 7 12 & 4 250 MeV & ® # 12i% »

%a
T

Ei2 3] 32 2 i
)’ﬂ'*@iﬁ“i\%
B wRk Yy By A A~ (3)DirectDose™ 12 fo o i 3N e v g AL R %

"

Rood W RELEPM LS i BenE SR F 68 < (182

s
N\

(concentric nature of the two-gantry design) » # 2 > 4% 2 £ z_{= (full robotic
pOSItlonIng):}iﬁtr—fr' 2B B s if(multidimensional imaging) # it & @ = )|

PR S S SRR R ) S i D f ke
Fie & 142 (4)Clinical Systems ¢ 7 — £ ¥ Mg & m B R AR R AR
b AB eSS T ERIAR TN AR /2 s R A ik 5 (2D/3D
radiographic imaging system) 2 % % # & B 3! % (high accuracy image-guided);>
T e 30

Hois Bofd bl4e Accuray % 5 3 = BB G HES B R B ik stis k2 (3D
image-guided, intensity-modulated radiation therapy, 1G-IMRT):# CyberKnife® 4c
TomoTherapy® = 3citin % & 520 « Compact Particle Acceleration Corp.(CPAC)#
A R st o Ry i34 % - Optivus Proton Therapy 2 Odyssey B =+ 2z b i
f2:42 % ¢+ Conforma 3000 Hjitrd % ¥ s 7 BB 5% 2% - ProNova

Solutions & * SC360 B+ *cbtin Ry 24> % » A B3k - A2 5 QR4 e %
v 3¢ B (superconducting magnet cyclotron) ¥ i % 1~3 FF ARy s 3 Y20 2
ProTom International 4% & B = *xbd s f2 4> R i % 2-3 Faggiofh 30 H i@

* Radiance 330% 5w i e 7 T % & i, (orthogonal imaging)= ii » ¥ 14 ¢ p¥
£ ¥ o N S 4 A (isocentric gentry) 22 B 758 # % % (fixed beam room)zE % 43 »
S EBR KPR A LT s R & e

Fo8 BEFIRMISAREAE

BB S - 404 50 R Hed KR HS BINA o9 B IR L
;}'\;"EW ﬁlw‘/z@]\ﬁf—{ﬁ‘ﬁw%ﬁ?\%’kfll‘%i‘ﬁﬁg\LL?qﬂij

1y

21N

39Mevion Medical Systems, “The Technology, HYPERSCAN, TriNiobium Core, DirectDose, and Clinical Systems”, available at
http://www.mevion.com (accessed 23 November 2014).

40Accuray Solutions, “Overview”, available at http://www.accuray.com/solutions (accessed 23 November 2014).

41Optivus Proton Therapy, “OPTIVUS PROTON THERAPY SYSTEM: The Conforma 30007, available at
http://www.optivus.com/optivus-solutions.html (accessed 23 November 2014).

42proNova, “Total Solutions for Proton Therapy Centers”, available at http://pronovasolutions.com/total (accessed 23 November
2014).

43proTom International, “Radiance 330”, available at http://www.protominternational.com/index.php/radiance-330-advanced
(accessed 23 November 2014).
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B~ SR F e R kg K B )% R R 2013 & B
£7]836.22 hE Ao f 23 FHI H255% 1 2016 & 7 ik 7] 904.85 th %

T ORCEi A v BT 415 o B¢ 4 R(8,383 F 0 & 20.2%) ~ i+ ®(6,432.5
F o4 155%) ~ ®R(6,308 F > & 15.2%) ~ & * 16,1005 F - § 14.7%)fcd 5T
7 (46895 § » ¢ 113%) %7 B4 A v} & g A ¢ #eh 76.8% o 4 4 T35 GDP
54068 § £ A0 WP HAMA DL 17570 hE Ao K L TISF R L N L 4,2886
i 44

PR HE R REL A o5 RREET 2R AL AR
Ef B AT RS AL S ERB S BRI R
%@ﬁﬁi@ﬁoZMB&ﬁ%%ﬁé?ﬂ®86%%i’Jiﬁ%%ﬁﬁﬂﬁ%’ﬁ

1 2016 # v i 18258 g o ¢ L it A v HiT 3129 i 0 H ¢ R gy

(14,268.2 3> + 45.6%)~ 5 5 f (4,537 § > & 14.5%)~ & 5 (3,817.3 5 & 12.2%) ~
BERL(2159% 0 & 6.9%)fr# 5 (1,063.8 § > & 34%)% T WA v} ¢ L
WA T ot b F g e82.6% 5 L THGDP F LI9F £ A o ¢ A mF R AL
52453 mEFE L F A iiaf:),%:x M5 784 %~ o

Nk A %Eﬁfﬁﬂ-tgjiﬁﬁ.lﬁl&ﬁé*ﬁﬁi’A-%iﬂzvj:iﬂiéﬁ
#2013 £ R F R EMA S FUMERE FREHD FRHIE 2585 R4
o BP9 F gD B, 2144 E o L T R 5E 274% ;5 ¢ L E HAR
Wi 441 mE o> PP AETD HaE 295% - H 3 Ef)%*ﬂgﬁﬁw LRI P S LR
B LR R BREKA A RE O RRRE - F REF AR

1965 # & B #7 = >> Moscow ¢ Institute for Theoretical and Experimental
Physics(ITEP) B 4 & * B+ 3 bdin 3k & Pl;iﬁ--‘}}% B > 1967 # > Dubna > Joint
Institute for Nuclear Research - St. Petersburg =2 Gatchina Medicine Radiation Facility
% 1988 & 54 & Uppsala Universitet # The Svedberg-laboratoriet (TSL)~ F£ 4 2
3 % 2 g iF o Proton Therapy Center(2013)45 #1%» gciv'§ 8 & F + & i+ 2«
e FEY vr pyEEY SBT3 ALY S ) dodk AT o B D

MBI R R SRR T SEAP ARG R  FE T (2014) 2014 FREHAFEL MW
EALIEEEE T RA LGRS v oo
4Sproton cancer treatment, “Operating Clinical Proton Centres”, available at

http://www.proton-cancer-treatment.com/proton-therapy/proton-therapy-around-the-world/operating-clinical-proton-centres
(accessed 30 October 2014).
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SRR A PR B ST L 5 A BREAE o [ R
AHE Bt i B 7 2 230MeV e 235MeV B A5 0 BA S R SSRE F R

% # 430MeV/U B+ i £ -
LI il iy & h A R S AL TR Tl L

fERMF
MWE | 4mEE | B BEFMEHAEBEP LR R /RIME ot EABES
[Z T
1 2007 | Paul Scherrer Institute (PSI) in Zirich, Switzerland Protons 250MeV
. A Protons
2 2009 | Rinecker Proton Therapy Center (RPTC) in Miinchen, Germany - 250MeV
(scanning)
3 2009 Heidelberger lonenstrahl-Therapiezentrum (HIT) in Heidelberger, Protons/ 430MeV/u
Germany Carbon lons
Centro Nazionale di Adroterapia Oncologica per il trattamento dei Protons/
4 2010 | tymori (CNAO) in Pavia, Italy Carbon lons 430MeV/u
ErER - .
5 2010 Westdeutsche Protonentherapiezentrum Essen (WPE) in Essen, Protons 230MeV
Germany
6 2010 | Centre de Protonthérapie de I'Institut Curie (CPO) in Orsay, France Protons 230MeV
. Protons/
7 201 Proton Therapy Center (PTC) in Marburg, German 430MeV/u
010 4 ( ) g y Carbon lons /
8 2013 | Proton Therapy Center (PTC) in Prague, Czech Protons 250MeV
(F#L & : Proton Therapy Center, 2013)
Uripsaia . St. Petersburg
“ —Dub
Stockholm < Protvino g MLCJ) Sl;gw
g Kiel
Clatterbridge = Berlin
Groningen 2 ——— STen
Delft Soe—r———— Woot?ne
Maastricht st Mareura,
Darmstadt L et «— Ruzombero
Caen—== - «—Bratisla
Orsay . T *——Wiener Neustadt
Villigen .__‘: ____l\rc}_léglt%h
f}g\ﬁg T e Mestre
Nice
Valendg ﬂln Operation (11)
§— Catania a Under Development (20)

W 8RR #RUT M B S REA W

(F# %k : Knotternerus 2009)

Knotternerus(2009) %= 3 4§ 4 4cit®® > grp § 11 & 75 Sl dp 5 2asdin g ¥

Fdup h i@ 18 AF & #k Rar(Moscow, St. Petersburg, Dubna) ~ 4& B (Berlin,

“SKnotternerus, J.A. (2009), Presentation horizon scanning report, Proton radiotherapy, The Health Council of the Netherlands.
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Darmstadt) ~ ;= ® (Orsay, Nice) ~ 5 2 (Villigen) ~ & + 4/ (Catania) - 5 £ (Uppsala)
r1 2 3 F](Clatterbridge) - ¥ 5 20 &k ;?—"r B A S A bt L R %5 g p A AR
¢ 4@ 8 Hrom o

R AR DEF sk E WP 5 IR IBAGroup(F b & 29%) 0 H 8
R % ¥ B Advanced Oncotherapy PLC £2 5 & Elekta AB & = & o

L fUpE IBA Group £+ BB kst R R Fhl RAFH S o 0 PR
Proteus® & &8 17+ 645 34> % k51> & 35 Proteus® ONE 7 12 830 ipf @ o
BT bt ehdh e~ 2 HE 4% Proteus® PLUS i B ET 4 il 34 B A
alSVENRSEL KRt RIsE 3 BRI -E SR NRIE o s A I o8 {3ad ekl R S RME S
2 2 (1) B 3RE 2 30 (small fixed beam treatment room) ~ (2) # #_3* (fixed beam
treatment room) ~ (3)# &3] ¥ ;% (compact gantry treatment room)£2 (4)360 & *&_
#& ¥ 4 (360" gantry treatment room) % 7 e A58 o F cH F bR Fﬁ By o

Ty Elekta AB + £ 2+ R 3 sk & hi £ 47 54 2 - -Elekta AB
P2 k|3 b f24> % 0 ¢ 35 Versa HD™ - Elekta Axesse™ - Elekta
Infinity™ - Elekta Synergy® - Precise Treatment System™ ~ 12 2 Elekta Compact™; #
Pooksdinhpee 70 & @@?ﬁiqﬁ(delivery techniques) ~ B .31 2 st %
(image—-guided radiotherapy; IGRT) ~ * 8 %_= *x 84,5 % $ it (stereotactic radiation
therapy) ~ % i ¢ X H jis(motion management) ~ & =+ & # 2 #r(beam shaping) -
& T e B T e (positioning and immobilization) £ 7+ e st B4R A3
% (particle therapy solution) -

H & B 4% B Advanced Oncotherapy PLC 3% 7% % & ~ A A # 3K »52F
B A g R 2 Lk 513V B AR 4ok 5p F e (linac image guided hadron
technology; LIGHT) » » £ & & % P % 4v & i 3 2o f2id—> % o
FZE P AFIRMISRRAAE

PARAFIZITNESHRSILEE AP 2 AL RERELEL R
BPRRo EEP ADAREFINERE Y A EO2E S 2 L 5 02013 £ 7
iR 2975 mE A o0} iﬁ:ﬁ;ﬁrf,g:f# H 9% L 2rk% - < %5)%« RS B o I
2% 2016 £ 7 i 30188 ME Lo p A A rHcg L 1.3 R & A T3 GDP
5390469 £~ o p AFRHFMA DG 4644 5 E 5 F A TioF g L N5 3,652
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% 247,
Biﬁ%%%%ﬁﬁéﬁﬁ%WﬁﬁE%%#WwiﬁiﬂWﬂﬁﬁﬁﬁ%’
# BT D 2o S 02013 ELETRANFAS L FREN FHEHD S LY

B 215% 0 A G BB FR EY A S(229%) e FATA & (17.1%)

F oA s (154%) - ﬂszF B2 A S(105%) 1 2 7 48 A 5 (6.6%) o P #f
A S HANE8LT R
59u%>«g%ﬁ%$%ﬁé;x
w%~, 15.67%) -

NN

Su R RS e A (483 R E A,

6%, 2521%) L ETR Gt B & et (128

o ﬁw
Al

I

A

S

i

Proton Therapy Center(2013)#cit*» p 4§ 8 & [+ & gk g+ cofing ¥ 4

S R R T T Py R N T SN G gen
R hid o A AREISR R A B i B F 3 1 230MeV - 235MeV e 250MeV = f&
A3 0 ARAES R s AR A Bl 800MeV/u B it £ o P R A s e
BT TiY N R
LAP ATIERPT AR FEY SR IR ERA R R G- T

£ 5 230MeV -

=R
ME | 4wk | AR B s ABBEG LR/ RITHE, e RABEE
B
1 1994 | Heavy lon Medical Accelerator Center (HIMAC) in Chiba Carbon lons | 800MeV/u
2 1998 | National Cancer Center (NCC) in Karshiwa Protons 235MeV
3 2001 | Hyogo lon Beam Medical Center (HIBMC) in Hyogo Protons 230MeV
4 2001 Proton Medical Research Center (PMRC) at University of Tsukuba in Protons 250MeV
Tsukuba

=F:
5 2003 | Shizuoka Cancer Center in Shizuoka Protons 235MeV
6 2010 | Gunma University Heavy lon Medical Center in Maebashi Carbon lons | 800MeV/u
7 2011 | Fukui Prefectural Hospital Proton Therapy Center in Fukui Protons 250MeV
8 2013 | SAGA Heavy lon Medical Accelerator (HIMAT) in Tosu Carbon lons | 800MeV/u

(F# %R : Proton Therapy Center, 2013)
P e R s R OB e BT AR F R DR fo

VAR AR R R T EAR - F R RIS EE T (2014) 04 FREHAEEE HME
At ‘T—;ii'fﬁiﬂ sz% 4’— ";_/"f“h i\%‘bﬁﬂ ol - SRR
“8proton cancer treatment, ¢ ‘Operating Clinical Proton Centres”, available at

http://www.proton-cancer-treatment.com/proton-therapy/proton-therapy-around-the-world/operating-clinical-proton-centres
(accessed 30 October 2014).
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1084 & 4 Tk 10 £ 5x £ Wog 324 NN 325 o p Penig fr > Bapid B £

ARG Seid B(HIMAC) - 1994 & B4 * AR AT SR GATRAAS T - P A A& &

EFRTRFHA K I a2 EE B9 FP A AFEARERY gk
}']L""’%Fg%?“““”’\#’g] A I FE oG T R I R K
HHFEFLFL ARG 4 BT B RER 2 R+ A F R ¢ < (Hyogo lon Beam
Medical Center; HIBMC)#&73 & F % - & F+ fosldp+ & Aot L ¥ L3 @ * 7%
% > 2003 B e & O kel 02010 EHE A B LT HRFEE]
= (Gunma University, Heavy lon Medical Center; GHMC) B 433 38 > 2c it L F § 4%
FATL TR LA R BAlRR S e B HERB ARG ER A

SR mg;? 4130 &/ P @50,51,52,53 R

"Wryms

FOR »J s Spdps bic g FEY SREA T B
(FA &R A7 1 4 2014)

VR e btis R A LB 4 p = B iEerE @A 2 P (Hitachi America,
Ltd.) ~ = ¥ T % (Mitsubishi Electric)## i % £ 1 (Sumitomo Heavy Industries. Ltd.)
EH S s R A R AR

.-\

AN

4584 (2014)  RABER HER PR TR S AR P AR
http://www.nicenter.org.tw/moduIes/tadbookZ/vnew.php?book_sn &bdsn=1274 (53 p # 2014/12/12) -

50.]apan National Cancer Center, “National Cancer Center Hospital East”, available at http://www.ncc.go.jp/en/ncce/index.html
(accessed 24 November 2014).

51proton Medical Research Center, “University of Tsukuba”, available at http://www.pmrc.tsukuba.ac.jp/engindex.html (accessed 24
November 2014).

52Hyogo lon Beam Medical Center, “About Particle Beam Radiation Therapy”, available at
http://www.hibmc.shingu.hyogo.jp/english/ionbeam.html (accessed 24 November 2014).

B g n 4 (2014) ) FAER MEE AP TR o poARAFR P AR
http://www.nicenter.org.tw/modules/tadbook2/view.php?book_sn=&bdsn=1274 (5 ¥~ p #§ 2014/12/12) -

5Hitachi America Ltd., “Proton Beam Therapy”, available at http://www.hitachi-america.us/products/business/protonbeam
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ZE RO I S R fRA S AR G R E 550 XE 28 0 % s
BB H e Beide & 5 (DFF & %25 #uiF (beam shaping orbit) ~ (2)
B+ & 4o g SR 92 (beam accelerating radio frequency cavity) £2 (3) £ 4 (magnets) ;
FHm A Pt arhg s TR RS LHELELLFE RS RAN
11~3 FF > & 7 (1) & 58 kT 2 5 (seated type fixed horizontal treatment room){e

(2) Mrh 3N > 4 5N 4% A (supine type rotating gantry treatment room) - 3 & 4% 4% 5

}:’l—i—ﬁ- °
25p A= F %‘;"f—mwfm%r}iuﬁ B4
BT shasRE
MFE= BPE
INEE=REIT, B NEeR
Bl E=R =2.0Gy/min
MELAEZEERE EAREREMEARLREE
EEBEXNE e EZE
= ALURHATR T
EFRMEHARER (horizontal) ~ 45°(45 mif_ng’? R RE
degree) ~ BUR ZE H (vertical) (rotating gantry)
iEEIN=p -3
[l Ehp=g = B E LS EE
AR
HESARRMESMANMBLOR | przcimes | emzomes |0
VERE B
7242, 5%# E Z R E 1) =) BAISAS | 2) &K0w0A |
X15/\/\ 6]\ L7
BIRATE Wobble method
ERMHAEIE
Spread-Out Bragg K8 Ridge filter
Peak (SOBP)
®E Range shifter
SEEAE

oREEE 0.5~127.5823K(mm) > 055K IE(mm pitch)
B SIS (K& END

R B E I =5 X-raysHa#E 28 (FEXEH B E M)
= 225K (mm)
(FH kR : p ~= F 7145 2014)
AR g I N EERE RS n R fR A R AL - AR e » H B 230MeV
i B o B r 32 24 ER o AR i (1) F 75" (seated type fixed port

treatment room){=(2) %24 5 # & (gantry treatment room) % 7 e 3] 3% 2 1~2 B 57+

(accessed 24 November 2014).
SSMuitsubishi Electric, “Particle Therapy System”, available at
http://www.mitsubishielectric.com/bu/particlebeam/products/proton.html (accessed 24 November 2014).
56sumitomo Heavy Industries. Ltd., “Proton Therapy System”, available at
http://www.shi.co.jp/quantum/eng/product/proton/proton.html (accessed 24 November 2014).
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TSR R o B R bl4e L 2 (Toshiba) # r4 3% i 5+ & @ % i« %t (beam
transport system) ~ £ 3 A2 R 48 2 g 5N A 2k 805 % % A (rotating gantry
irradiation system with superconducting magnets) f= % E 4 £ &% X g5 & 2 f &
(robotic-arm type patient couch) % #p B 4 B8 3k & cruz § 5 o

B AR R RSISRRE

PRABERE R A OFREHD B8, WA E Rop & 22013 &3 B
AAET] 171465 %~ LRF R BMAL FRER o & 2 F R H 5.2%
fpfe 3 2016 & ¥ ik ) 283.63 fgE L o ¥ R K pEenih 4 v fokiT 13.856 oo
iﬁ&kvﬁﬂ&m%,iAibGDPﬁ&%5%£°£@§%§% It % 5,218
i~ FATHFRHL NG 36385~ FhEMEr L EFET33% -

2013 # ¢ B R FEF R ok 2 B o0 A& BVHRE i 4 B
23R Hir 2013 ELERGMA S FHRP FHEHI S L5350 95
40.4% > = F 5 3 W F R B A 5 (19.7%) ~ F A< A 5(16.6%) ~ # e E &

5 (14.1%) ~ *F fL 2248 ~ g A 5(5.9%) 02 2 7 #14F & 5(3.3%) o P ETR
A& HARBMET) 692 RE A~ ARASEH S TRRGIEFHE R T RIE

=

IS

)

AR MEBRARERFFILIDEFREN - R DT RA IS
WAS(128 % =) Huw Fr Xorays ki i 4 5 (124 % ~) & T8k Fd
&k A F(106 RE~) -

o HFRFEHAFRLL e > LY AR o7 BF

§w§%% HAlscd R40) 0 p 2009 & 3 2011 & 4%~ 4 %% 8500 5 (7 AT F
epcie2012# 10 ¢ MRERPHIVGE R FRERPHAES T BARY
FEZAKRT 29 FABFHREHAFOFRE S v {op o
i%%ﬁ&@§;%§&03&§&égmigg\ﬁi%ﬁﬁﬁ%
FFFERICHEFIR e - B F R BA D RafFln . - &3 BFRUE Y
AR T EE OB Fr o - BFRILH ST i L e B H ISR

oo B - BRBEAIT v v AR Hd T REG o 28T XFRAL A

5"Toshiba, “Toshiba Selected by Japan's NIRS to supply World's First Rotating Gantry with superconducting Magnets for Carbon
lon Radiotherapy”, available at http://www.toshiba.co.jp/about/press/2013_08/pr0201.htm (accessed 24 November 2014).
B p it g AR kD R T EAP L FAR MBI - FE T (014) 0 FREHALEL HE
FALERIF T IRAEFEAREERFT Y o
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http://wenwen.soso.com/z/Search.e?sp=S%E4%BA%8C%E7%BA%A7%E5%8C%BB%E9%99%A2&ch=w.search.yjjlink&cid=w.search.yjjlink

BenFr

Poan® RS e btipp B R A e 3 s PR o HET NN

fx\q.

> g &Pﬁt‘?@ R AES R o e E b a R B ot B 5 4 3R (30%)
BB (55%) 2 Rh(15%) o K ~FRBEL b 2 2 0 BB A BT T i B
IMRT ~ IGRT %548 P o 3 3 BocnF i 8 = pl AR * X-rays & &y rays &7 &
BB LR o @ BRE B E® * A fhdeiE B R 45-60 b (7 - AL v Rk
Btoe o (B 74e % 2013) o

PR R BRSSO R R P B 2IR M L BT RE%T e A& @ 45 0 2 K Marian
Medical Systems - General Electric Healthcare - ¢ & Siemens AG ~ j= @ Philips
Healthcare ~ p 4~ Mitsubishi Electric 12 2 Toshiba % = & - 3 2014 # 6 * 5 it » 2
’ﬁ ¥ R g ]‘?%5-‘},% Sk .?fﬁfiggﬁﬁ VUE AL iR o R A 1'3}‘5‘55?5:}%: &
Fip b A5 %“ﬁfé oA %’%‘Lfrﬁ‘ 2 rg R S SR R B G F

AFFILRF T P (L jEATE & 1 600288) ~ At gk EEOR GG LD P (Gt &
% 600855) ~ A H A FoREA LR TP (F L F R 1 600055) + L K ATEF
B ERLGG U F (RTEF R - 600587) ~ it A B F FR ARG (4
Fop 1 002223) ~ B A2 K E GG AP (2 E K 1 002016) B A REF
PEEFF AP (REF* 1000603) 1 2 FIEHRA L FHTF UGG AP
(Mindray Medical International Ltd (ADR), NYSE: MR) & = & o

LR K LR ERN e 0 BPE R R  WERS B
FEF)FRERT 2P EBAHFR (] 2P0 Fpa(Q B)FRE
B P I EAP FRERT PN B FERRERECRIDF AP
62y u,;k,-»,gﬂf Kﬁi?ﬁﬁﬂﬁtﬁr’;ﬁ ,\2\,630

598 e 4 a2 TR & Wi B ok A & 0 http://lwww.npicem.com/CHS/Product/RadiotherapyProduct.aspx (i 2~ p £
2014/12/5) -
eoé\ﬁi ¥l GALF AT kg kA http'//medical neusoft.com/products/1522 (7% B~ p #§ 2014/12/5) -
Lz gsh FhEW 12 d > A %R 7 o hitp//www.jshaiming.com/product.asp (35~ p #r 2014/12/5) -
62;% FEPHHEECGRYDF 2P ,:z PR
http /lcn.masep.com/CN/GammaSystem/Intracranial/General Introduction.html (35 B~ p #7 2014/12/5) -
3 > ¥R 7}4?3 FHEEF 2P 0 f2i42 % http://www.cdinc.com/channel.asp?id=6 (75 B~ p # 2014/12/05) -
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BT g (2014067 5 4 4 1996 & ¢ RESTS 4 % g

o=
ET0S
X
i&
%
%=

FHEPIT 3l !i”'g-_ﬁ'fm%ﬁ’—)- B SR T T o JRPTR R D
B 2xbtic R A % & % F Loma Linda University ¥ & * 4cig R B f
BT LR §f§h$ M LA S

1999 & Lk g A WI(ST H 7 :600223) -2 § — & [+ sebfinfr FH ¥ wo
2000 & = = 5B F A & g en® (7RG 3 2001 & 12 7 2 4 pF IBA Group
& OB 451 02004 £ UTRG R B L BB AR T FREK O REisk 9 2000 ¢
B p ko BWIoR R AeL 50 B A AR 1568 ~ 2007 £ 5 A F B F) LR
FAAPEFRG QLT g 02 FRPE £ L0200 # 3 6 ¥ -

2002 & ¢ FfErd 3% ka2 £ L B B(ST £ % 1 600706) ) 7 &2 0t
FipF IBA Group & ¥+ % tet A2 B F3cifin i FH Y o« o F WFELY P4
4 F B 4 2]k g F o ke 4 R £ 7702008 i A0 SARS B T 4 B8 FEE
¢ 2004 & 10 " 4= > m &1 - 2008 & % frﬁf}%;&lﬁ]ﬁi & op ;JHFH,D, T
R FFY o P REFEL NG AR R L Y g

2001 & # = ,%iﬂ?%?%&i 22002 ERABEEHRT P EITE G 4

R esticf FE P o 02002 £~2003 = P 1 pE IBAGroup s P A= F
TWMEPAOCRELEHE TP H - FR2ERERE 1 RE~ > ABEER
FToPF T &7 &gt %34 o p 2005 42> ¢ @%%ﬁ%ﬁf%’?ﬁ%%ﬂ%\ * w
CERBFR A N ERFR 0 301 FrRtE A E R R T R F
S

1998 = I /4 3 fiFd S thetfp v~ F i rhog ¥ ket § 91 i€ 2 B Optivus Proton
Therapy = % dis Rk # > w £ F * 7 02001 # + j4 3 fFd ki 2 gad 3 %
Stie R E P 02005 F ¢ RGEFARENF e (FLNMYR IR A EqEE
B F e R T3 0 £ 4 2ok Sehde o (PR R4 3 [2005]124 %)) - 2005 & T
THRIFIeF BE IR (PR F2TEFES L - BT ERLHR )

2005 #~2006 & ;&% fFd Bfofp L & %‘i’wfia*@%%ﬂ%@ﬁ% 3o SN
PFEFF et g3 Soid B A o228 22 (32 2 F 418 22008 # 4 4¢ B Siemens
AG } F xitisf & st~ GSI Helmholtzzentrum fiir Schwerionenforschung GmbH
FAed B seuEy 02014 22 % 2452014 & 60 xS TRAF % 0 T3 2015
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ERGYE 0 RERFT YA RIBRHA

2013 &9 > PAIFREfrici A f gAY BFREFREY R RS
v g],figf;;p;g}r&w# pvvmr\ BaBT SR T A §%$F§fm‘;g,kiﬁ*‘z ZE | E
Jiﬁ¢ﬁ<§ﬁ¢;m% EEREY & S CES A RS R

BiEH(R%EE#FE? 5 1801 5L) » Fp+30 2016 32 % = = -

PREIES F APET e E Y AR P T N AFE Y TR
MRS LB R A AT I s FEA Y A PR T RLEE TS e
ERRI IR o ek BRE FARY G PR RZF FioR o REATEE L
FEFEFLANSFEAL Y S NFFRR L BTSSRt
AR - BEMEARRS E IR0 A o R Ep f A2
FRUFERT REFRIEICR o

AFPTERLRF PR ABEEAES Fop e G0t @ B L BN Dl
AR O R AL EFE Y G T AT RN ek 60

(Dikr £EAR % A Fﬂ"‘g* =S - NN fgr; T bt o P wiE 2 Atk

AAXHFERRPF 0 RE 4 BT obio g2 10 B2 Sbeig

Eakt s R0 % P A A% £ 1 (Sumitomo Heavy Industries) 2. B+ ¥ &t

e TR o hALe - A 23bMeV ik ddviE B o fr- & 70~235MeV it
TERESE +@?+¢m@%ﬁw‘1ﬁi4ﬁ?+ﬁ%m%i°mﬂﬁw

WK 02015 E B AYE 0 - EIIRAHAL 1800 4 o o £ o p
gﬁaﬁ%ﬁﬁiﬁ%$%%i§%ﬁﬁw§%%’E—%ggﬁﬁ%%
4% 40,000~160,000 % = » p &4 25000 ¥ = o £ 4 > X EBE R 52T
PPN RN AT R AR EFRF LR IR
BisE ehg 4] & 10,000 £ AL o

(DR 2B FFFRGRFRT I R FEY o 57 FARGER
Fd fodg I3tz 8 0 2014 & & BB A AR R £ ¢ 2 % K Varian
Medical Systems #% %) # p# ProBeam® £ 48 # + i/ % 24 % - ARIA®
B R T Ik s &2 Eclipse™iaatia Rt gk s A K R 3 R R S

Sl (2012) > ¢ Bl- B §1Z S SR s 2 R PR ERSE
http://www.tech-ex.com/equipment/interview/00513112.html (3% 2~ p #§ 2014/03/16) -
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?T'T; bfic £ 8 2 B R A RSk E o TRk e A KOS R £ R

SATSR 2374 A R R R AR REHRMAIN S AT 25 BA
®4§ﬁﬁuéﬁ$$ﬁ%%9%20 B ROEFEER AR F

Fr(Fi# > 2010) - m & p H s 470 % 30 § ~ 0T o SEs 2017

EiE R A 5 2018 & T L E B4y 1E0560

(DB L AL EFIRTF Facsipf ¢« 12012 & &7 F3 R 7 RREFLAR
Fve HEHFpRF(RiFL FOPE  LFATW 465 ~2 3§ - 2014
EZNEPpALAEL FOHM BIEIRFTIIRKRA > R EE DR
ERE RRC AR E BEREY FRBE O REFLLRE
S IE e R ©

(M%ﬁ%ﬁ%@i§&ﬂu:&*%ﬁﬂBi%%%@%ﬁﬁ%&%#@
5000 = 22 o d EXFAAR(FB)RFF AT 24kt FRT
ﬁéﬁﬂ\’ﬂﬂx%fhﬁﬁﬁk 8% 0 2002 # % @ 1t FIBF IBA
Group PEF B cbfip Rk B 0 FlE T A& Ks A 1F2 @z £k
1T R4 02008 4 G oA FA BB A P e A FRE £
A o I RS E FlE L F s 24 - 2012 & 7

RS EES F P E VIS E S

S

YRR e B¢ RRGRFES IR 4
APLiae op iiﬁg«?rfov’ PEp 1 ehE o

(5)t a3 FrEgp Fr:tpY BFRFRY i L AREFEF TP
ibias g Fr( iR A EHEREFRT S L8 ng
w0 Bl disd g wgﬂﬁ@gmu%;é FF R ¥ hEEp
12 - i * 4 K Siemens AG E 22 =

e

yk
~

e deiE B oo HEFPEFFF
1Ak e < R fé_%l}] % 50~250MeV > g @+ 5 85~430MeV -
4 & Siemens AG ¢ 4¢, B Philipps—-Universitat Marburg- 7¢ B Rhon-Klinikum

AG -~ 1&, & Universitatsklinikum Schleswig-Holstein Campus Kiel £2 ¥ &} ;3

Spimiz 4 AitiER & & ¢ (2014) » stgkv’r%‘ Bt s 7w o http:/lylhealth.org/content.asp?kind=2&cgno=3&sno=54 (i B~
p #p 2014/12/12) -

86\/arian Medical Systems, “Varian Medical Systems To Equip New Proton Treatment Center at the National Taiwan University in
Taipei”, available at
http://investors.varian.com/2014-05-27-Varian-Medical-Systems-To-Equip-New-Proton-Treatment-Center-at-the-National-Taiwan
-University-in-Taipei (accessed 17 December 2014).
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Fres= FrRgs s T QRFTLAAFBR~ 7 7 10E53
%{jy °
(6)L A 4 i1 g AFRELETFinmFE Y« 12004 &5t {155 IBA

Group =+ scbfin ik & = 57 B ¥ - fl%’r—? R FE T v o FH
Bouehd BRA S (Q)- A 230MeV i veteit B (b)- R BER ()
- R RGBS BN (d)- B R EERRE A A 2
el R (6)- B IR RO ks
R Ko WUk ®ESE N 15 248 qe24 24 =
e e
(1) %% F e+ s ¢ = (Hong Kong Sanatorium & Hospital) : 2010
EiTm L& HEFTER
7~10 A g o BEE A (D)FF 4
ﬁﬁm’m?+ FOICESES &S RE - &-F F &l
- BEF g 2 ARG AR (A R E o B A SRR R
PR F R SRR eR )N R RS
RER-m R 2 dp g o ORI AR R R BTG

i B F 173 B0 02019 £ PEREN B IR Dl B

3 4=

-8 enfici X-rays 4p 8 e s e
2 IS PR B o B i b

¥ p &A% £ 1 (Sumitomo Heavy Industries) & %

a _% 2 / f*‘ (a)t‘}’ ‘;FJ‘: qa‘ff'

3% 34 s 3

G2 A I .1

B R o ’1'{ TR ARE B ARSI LR 0 - B o
163 R usp FEY o RIS AR RS- T
. . & N on ERRTF | _ . o
ME | w5k | A BFUSABERED LN B /RIIE, fat mABEE
2
1 2015 | MORRELBREFERGIAED L (KEM) Protons 235MeV
=g 2 2018 | B EEAEBERWRERE FHEAEREDL (Z6M) Protons 235MeV
3 2019 | SHERERLBREFENGIAEDL (S#MH) Protons 235MeV
4 2004 | MEEABRIBSETAEBEPL (LRE) Protons 230MeV
T Ed - Protons/
K 5 2014 | bEMEBEFERFER (LEh) Carbon lons 430MeV
6 2016 | dERFAWE FEED L (ABRM) Protons 230MeV
&5 7 2019 | BEENEBREFAETL (BEERESEE) Protons 235MeV
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Frid AR08 Ru s
- & BHRIFTELS L
PREERVAREF R
WEF s F S PECLERARTRESF DT ISR RE O BED

k2

bl
‘:W

P2 A L R SR R AR SN ILTRA R FER  SI BR HATA
R REFE > P RL Y P RREAS L RFINAE ST

o
MR - QREFMZZEIRGL > BZREIERY Feng R BRaF
PREEARL - 2 RE A SR LR Sl R ATES hd Ko
B2 T3 fie B iof 4 5 (iProton™ medical system) £ - i 2 4
o R R 242 % (turn-key solution) » & 7 ) Ao iE B S SRy FHd ook
BRG] o AR BE kSRl B2 2 2 R B RS oy B AT H WRAE o
Herg w2 T2 g7 AR 2= | (six-degree spatial integrated positioning)fiz &
Z R B AR B N ek AL T AR R b 2 A LR i A
AR F AR R IR A 3 T RE LN BT e o § RN E
AP L N R A B R P RITRE o {59 U R e 2t F R M
BEAREDGT > RENA S FMEL> F2 %2 R8PS (DF
=+ Ik JE B~ F i (ion source acquisition technology) ~ (2)#F & 3| %51%‘ e A Aok B
(compact medical synchrotron) ~ (3) & ¥= 2L 3k ;% & By % %t (target spot scanning
system) ~ (4) = %8 <_% x4, 5 % F (proton stereotactic radiosurgery; PSRS) ~ (5)#
W EF R 5U T H (robotic couch)£2 (6) & %8 2z &4 ;5 % 2+ % (treatment total solution
planning) - BR 2P F B2 £ & L BMAc & TH7T ©
Brada et al.(2007) <07 3 45 ) 7 3o io 3 & $HAE R b0 e snd
2R E KBNS FR AT I s A MY o ML E
R(e.g, F+ g 1995; pkalE 1996; 37 v k¥ 1097; v B £2005; 3F Mk
2006; P 4% 2007; ¥ w = % 2010; FiE ¢ 2010; E % % 2011; ¢
213k 72 2013; th 2% 2013; EEp4eE 2013) o Bk oo P00 A BT PONE R S
Pos o N B3 b h Rk 2K B BEoRRE > R R £ B RE R
SHp g AR BEHATRT o b S 2 IR LM S BT 2 BT RS o R R R e

T WD L BESP P AREE RATONF SN R R L SRS
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PEPRSZ A2 -2 PR S BEIPBEIFRI IR EET TR
AFchf{fecFTih  NBHEp 3 FMASS 27 EF L dh Pt 4 5
F Rk B R b PO 2R R e B IO R 2 i ARRK R B IR F AR
PFRE O RLFIRERET NS E 2IREARDT I SR K A AR M
W~ 7P BAF R TS AR S 2~ PRAE LT IRAE o
27 BELPHFERR L
2] SESH

"XD’

=
0%

-Hw

® 1
B A

%mw

Vil

A &

=

2010/07/01 | ATIALIL - MIURAKSIHEHE 5008 7T

2010/08/25 | AP ERBTHREREBPLERHEHNS

2010/10/06 | EHEEFTTREEE

2011/07/01 | EEHTEVEZEER

2011710001 | EBTHEBEXELSESMADOLRESESH

2012/03/14 | EAEARFR FARF BXEPORREBZEESIFHE SR

2012/12/06 | REHMRBERERS 101FEEIFHMFEE

2014/01/03 | BHMEAAPERERZSEEEEDO "AMER, (PERBAEE P/NEXEHRRE)

2014/03/13 | #ZEIEXE#HAIER

2014/04/16 | BB A DEREE S EEEE D ORBMA THER A R L8 20147 Bl E AR E |
(FH %R B%27,2014)

Fried BAFF %ok & ko senpie X8 (e, MOEBE 1996; 37~
th% 1997; M 4% 2007; £ £ % 20092 2009b; F % ¥ 2011; A pdnd
2013) o B * AT F AL et BRFRETAER @ BT R

70~ 235Mev%%p\ RER ISRV ARENTTEANE %‘«3 ~40 = & R
10cmx10cmx10cm &% & 4% ﬁiﬂ Jend B % 4B ke Gray (Gy/min) s 4p g 3%
NA #ic 8 &% B o
e astiof e By 7 A2 A5 1 (D sgseii F(cyclotron) ~ (2) F H 4e
i# B (sychrotron) 12 2 (3)#F & 4] % st(compact systems) o
(1) >g4ezd B 1 v fpF IBA Group ~ P 4 Sumitomo Heavy Industries 22 % &
Varian Medical Systems/ACCEL % 2 & 3% =R fd o i it BA 5 3 fA5g
A ¢ M 5] Y4 i B (compact cyclotron) 27 5 A B E i S 4e i B (sector
focused cyclotron) - +* 4 IBA Group # A e 52 St B > it £ 5
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235MeV > 3 &5 & i LuA (37 BrLE 5] 1000A) » 3 &2 kikefd
T+ 3+ 5% % B Harvard University ¥ £ Fe d 4 7= 2cstinr F 8 ¢ o
RN R S LY AR EE A - A SERLE I S (RS
g M R A 2o # § o 3L Paul Scherrer Institute(PSI) 7=+ 2 b5

o

B FE 7 RIS S 45 3l S i § (spiral-ridge ring cyclotron)
ACCEL(2006) .77 1 *g4vif BeniRBh A HEHE -V 02 8 & 2 ko F
TP A BRI AL 2 FFAIHITNE A A AE S Y
F o ERGHE 2R E LG b g o

(2)F # 4ci& B p & Mitsubishi Electric~ # B Hitachi America f= Optivus Proton
Therapy 5 i & 3% &7 o ACCEL(2006)%.F Fe # 4vif Benip 28 it £ 7
AFED R R EESE L Mo BEE TS & LA st L x (pulsed beam) >
HRTMERZL e o F - T & - BRI SHARES - %A
tid BAOGHET U S ¥k 5 4o o 2 & Loma Linda University Medical
Center(LLUMC) ~ p A A <~ BB inh® = ~ P A F N T3 30805 7
u§$@¥kﬁﬁﬁ$°

(M A e P abd ook BHAZLEF RS - P B EFH- N B M

Fy BREaRE 5 % K Mevion Medical Systems/Still River Systems ¢
Single-room cyclotron system » ProTom International > Compact synchrotron
r % Lawrence Livermore National Laboratory ~ U.C. Davis & TomoTherapy
m & 72 2+ & Dielectric Wall Accelerator -

B & o £ 25KeV ~ 5 & 15mA e & #t+ (negative hydrogen ions) » 1%
SEP AR A BT F o Hdvik B S i%@ 70~200 MeV > g3 **
1.8 214 (Tesla) (£ %/ i5) (WA R febeid F 05 AR (Hz) - B A h
G E RenRET R R G 30x30%x30 2 o AECE A F B FEF02 08K c R
EREFB KB BOPERR S 150 27 0 2T TP 20 24 0 fRITR G L
DB TR A L L R ATV RBEILOITRLZ AL B B

Big i Bend B4 4ok 8477 o
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28BEOP2pH i BRI L LB REA

EF EERI B BA = ESE]
PR | mmam | macop | Msb | i | e edcd
SHESrOEE 510K 510K 510K 510K 510K
N Emius iProton™ Proteus® Partig;z;l:;:rapy PROBEAT™ ProBeam®
it FIRHER - 30% 18% 15% 12%
ML HER - 1 2 3 4
EB(NTS)/B 3018 45 (8 45 {5 50 & 50 &
HES(H) - 7 6 4 3
EmEE P25 i &8 = compact C)Ecrl(?;rrﬁn synchrotron synchrotron C)éCSLO;L?n
EhENNE=R synchrotron temperature) conducting)
HHNmE iiij‘g:% Taiwan USA Japan Japan USA
% R
(FR KR BEaP,2014)

IR SRR A L AR P EHEEEE 2 23 2 4 (production by
B ABEABE Y AR A Aan Y L T E
LA R

confirmed order) > 4c:&

ELERE  AFTERIRFR b

%m

T B P A

Yo 9 FroE o
FORHFRT bl BRP L EA A
R N BEMASE | EHTEREHE .
BEFINEBHED Iz EE B A LTHERER
=2 EEAD B MES (6 B
LLFUS 1BA Group hEmEs & S5
7 Mitsubishi Electric B mEes 6 S5 %ii'?
A% Hitachi B s (6 a5
%[ Varian Medical Systems EhENNRER = B8
(FHR AR #%27,2014)

i %
Bl ¥ AR A e B
F 2 R R F s A R S
EEETA MR T T IRER

¢ 2 v -
;J_%? & I—E'—%&Fﬁ » ¥ A

NP Akt endeid Ba & 44 Cole et al.(1989)## Harbi and Lee(2003) 2
EATHRR o 8 7 Gk StAp B R
U F BT EAT MR T R

REBBREETF L o et o X

\iﬁﬁﬁéiﬁéﬁ%@

4 | (trim guard magnet) &

G- A S5 FEAIID 0 S Ul W
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FoRRra PR BrBERARTF Av I RRRED ¥EF AR
‘%@?4ﬁ%$%a%ﬁ@§; FEFehh G o APPETERBEIP2
%} ~ QZ "":‘7 L@ ‘zu'ét 1§ QZ J’ﬂ‘ﬁ_s. mkl‘ ﬁf& ’ -{1\-_"7\ 10 V"T—r o

1%

2010 4vig BARF R

EEATEL NER BiRREL xR
FEREBREAN 62x 6.2 FHAR BHE 10 AR
B REEE oJiREEEE ElEHEE
HFRER #HRI =B
i ERp=E - Fick: R BETE,
0 & T e B A8 2Gy/min A 2Gy/min
T3 i WEEELZEERNBERS
ERAFR 25~30 £ 25~30 £F

(FA KR B %2 7,2014)

M PRSP R AR LA e E BT R o e 24
PR PR R 0 G SR L R E R AR E A
BEOPFHE LB T I N R G N2 INAHUL > 7 L EEG M
ﬁwﬁﬁ~?ﬁﬁ@ﬁ%ﬁﬁﬁ&?’ﬁ?uéiﬁ%ﬂ“ﬁ¢?”W%£?g
> TiRL £z R | (competitive intelligence repository) o

BRSO AE RTINS RE RRIDFF R AT EE G RPR
46000 F~12 %%~ FREFRAARIL2BEY s T H1I5F-24

,.h

<
=

e

o MIFEA SR AL A 2R L B0 A B A SRS BR ok 1197
T
%011 A& SdE A R
BEATDEFHEHABERE ELfth B B F A AR R
RFMIAREERR | o e 0 e
BFGHAEREES 6,000 BETT~1.2 BETT 1 EBET-2 EET
BEEE T ST ARISE 1~2 B2 8~10 A2 28
B ST NEHABER BERE 15 BET-2 8 BERIZ 4 BET-16 BET
Y E 1}/%\ 2014)
T b ok AR 2 g BY BB e R R ks B R P

oz op A MR 4 o AR R LAY TEFASFPH LD LD
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Bk TR DT R L0
u£§%%%ﬁ§@%§ﬂ%é§
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particle treatment system)

R EE MEZ KN HEM FINREE (charged
particle accelerating device of synchrotron accelerator)

2 hEERE/102/ 3 BB/ BB R 102114277

3 EEENBEER Proton induced boron capture therapy

(FHR &R BZ27,2014)
BEPRFEFEREY G5 T2
(1) Design of a compact synchrotron with fast scanning charge particle beam for

medical applications.
(2) Using fix nozzle scanning particle beam technology with 6-D robotic treatment

chair for Particle Therapy.
(3) Method for the calculate charge particle radiation dose of medical treatment.
(4) Design of breast treatment for charge particle with prone position device.

(5) In room CT/MRI simulation device on particle therapy.

(6) Method of CT/PET verifying particle therapy treatment location.
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1 TOSHIBA KK H7z 1,530 11.7%
2 HITACHI MEDICAL CORP H& 885 6.8%
3 SIEMENS AG =EE 810 6.2%
4 TOSHIBA MEDICAL KK H& 746 5.7%
5 SHIMADZU CORP Hz 680 5.2%
6 | CANON KK SR 637 4.9%
7 KONIK PHILIPS ELECTRONICS NV Vil 589 4.5%
8 GE MEDICAL SYSTEMS GLOBAL TECHNOLOGY CO E=H 460 3.5%
9 FUJI PHOTO FILM CO LTD H& 414 3.2%
10 GENERAL ELECTRIC CO E=H 413 3.2%

AI+J4EE 7,164 54.9%
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5. Willis-Kingston Cancer Center

6. First Coast Oncology
7. MD Anderson Cancer Center Orlando
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iProton therapy

X-rays therapy

Carbon ion therapy
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