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2008/4/18 TT-8h10 Korean National Cancer Center (KNCC) #Y Proton
Center, B Chief physicist, Dr Sung-Yong Park, PhD #fsf * Dr Park &8
TFEBEEZ BB » BP0 2001 SFRIBALAAEE » Dr Park —BRAAELIIA
[ > E—(EEEEAY) - 3 B AR GIBETE - 558 A REE
10 fiZ physicists (4 staffs, 2 fellows, 4 residents*) - 3 {yZEIHEREH
B Fria B %2 B R BEN 6 20 (3 fellow> 2residents)
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2002 - 6 FA#E A 2005 45 2 FFAIAEEERR I - SR — SRt -
MR 15 S RATASEE o DR FIXFRENERE - MR RDTE - B S a A
SRTHIBER 3 4F) » 2007 4 3 A 19 HPEMAMYE » BRTMIEE RS EN
T FTLURABCRZ » TORRSHREME: - B2 chordoma » FFHERUY (F392
AHRERIERM » FTLAFRDBEES A EA %) -

BRGNS 3 GRa AR - B A REER » iR B
£5$20,000-30,000 [ (EE$ 30,000 © HA ¥3,000,000) » fEEHBR/T B
DI TRROREIAMTET  Varian Bclipse, CMSXiO, Pinacle, Varian RPM,
Elekta IMPAC, Varian Aria : (GRS R 0 BRARRE 25 A BX 75 A
4275 K WFEFRBIGEHEEARES ¢ 1F 2008 4F PTCOG 11745 8 fam~ iz 58
% {SEMEEEE T $8.000. 000 * EIHT KNCC Bil TBA {84 REANHERESHT » FI{T
HEE - SERH KNCC A B AE » IBAEA 3 ATEHE » fETHSY T 0F

HEH R RER B [EERS B 2 — R ARIRE - cyclotron HREE 220 Mg -
ATHFRY 2 2 4 alRGy - KA, - 8RR ARNEE 4 AR » @SR - =2
5 xNZ68 » gantry FREE 110 W > $77) 18 REE#EGE - B TREH45H 80 X 100
Ko HREE3S Kk GEEE) -

2008/4/20 1-“T-5h Hyogo Ion Beam Medical Center (STJEENAYIR T-HREx
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* 5 rooms:horizonal and vertical, 1 horizontal, 1 45 degree, 2
gantries

* Dimension of layout: 100x100x20 M

 Gantry: 10 M in dia, 140 tons

+ Synchrotron diameter 30 M

* Wall thichness: 3 M

« Switch from P to C: 15 min (P3¢ C H—7EM)

« 30 min/fr, about = 1 hr/pt

+ 2-3 medical physicist, 13 physicists, main (accelerator) control
room 3/shift, treatment control room 3/shift, 2 shift/day (Two
control rooms are separated to far away)

e  6:00 am to 10:00 pm. 50-80 pt/day

2008/4/21 L/ AN EHARELEAEH e (National Cancer Center
Hospital East) B9 Proton Center, HH Dr. Takashi Ogino $545F » &Rl 1995
CEPRAAEEE > 1998 4. 6 ASE 1. > 1999 4 1 HPRIATHRESR A G I 128 — (a8
FIREERE » 25—f4E Loma Linda) - BI#EIFME PTPLAN (A ETTHSE -
B H AT < adE ) o ETH (Down time) < 1%

* Floor size: 50X31 M

+ Height: BI -5.6 m from the floor, 2F +6 M form FL, 3F +10 M from

EL
« Wall thickness 2.5 M
« Gantry size: llm in diameter, 7 m in length, 150 tons
« 2 parts of annnal maintenance (5 days each)

SR PHEIRIT - BUHFROREERYY » RARE 30 MR » 4.5x2. 8 M (A4S
R 3.8 M) » TAEABANT ¢

* . 2(5) from Sumitomo

» | technician for fabrication (bolus, compensator)

* 5 physicians

* 1 resident
* 4 medical physicist¥
2(11) therapist®
#*For conventional R/T (3 LINAC) and PBT
+ 2 cyclotron operators

=R =g i

* Photon-resistant tumors

* Re-treatments (EHEFEZBEMIBEGER)



Decrease fractions
Stereotactic approach

* Respiratory gating
Image guide - online PET, CT

?ﬁﬁﬁ%ﬁﬁ%@ AR AR TSR TSR

Proton or proton/heavy ion
+ 3 gantry room+l fixed beam room+IBL?
+ Pencil beam scanning (PBS)
« Hxternal beam trigering interface (EBTI)
* Respiratory gating
* Multi-leaf collimator (MLC)
* Robotic patient position system
* Cone beam CT
* Universal beam trigering interface (UBTI)

A

=(J1(1

B 1ER e — R T O — E AR RS RS AR R
KAV TS E (RRERPRIT S B ERRTRI 2 » FIIAA AP A IS E A BRSO
— (L E YRS (EBINRIEZ TR R 2 B (AR T BIEEENES
RAAEGARR AT RERS AL A E AL (BT chordoma) » i A BB & AR
M -

THESAZRE ) JEREE > BT > NT$30 18 F5 5 4rderh
SIS - RFFIEESEI TR > 95% (RZMrh LR 98-99%) » FEE
FFEREL - Foin ETETEJEI’J{?IEH(downtlme)m#“"kﬂﬁ}ﬁ%(>
NT$1.5 EHHE/K » >NT$0, 15 EE//NR) o EHEEEH ONTS0.75 T8I/ R) H
TEESHEA TR R (upt ime) » & EZHEE S B HORTRE -

ﬂ%ﬁﬁiﬁﬁﬁﬁiﬁﬁﬁi(Carbon / heavy ion) TEEFILIRN T B HESHAL

1R A EBHIEE IR (Evidence-based ) 37 « BMIMEZAYTIE 7 IMRT +
‘image guide AJAERE BTG » BURITHIEEFIFIES$20,000-30,000 - H
A ¥2,800,000 - 3,140,000 » HBUR RS ST > WA ¥2,883,000 (40
DRI AR AR ¥ 3,460,000 BORFREAHEEERK) - J8E$ 30,000 -50,000-

BFRfismEomn 20 7 SOYERBREIZ RESIRRGR - B PR
FRHRF RS SR - IR R SR T DU E ) 3 A AR R E
i3 PG ERER R A P e F - WHHERN S - BT R AR EEE
C ERECHIRYE S TRERRINEREAE - AR - M » TR -
| B eI T RG4S residents, fellows )JEHERIE » B DR

AT ~ 5~ B AMMEE ISR AT MR B R A o
SRTBCES NIRRT ~ B EPIET T T - 3 BT TR BRI SR AL e -
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apig (03 i) | CEAETTERIEE e e
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BT 10 A » WO LR | P BSR4 A
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BEASIEAR 2 A | DIRESERE 8-10 A | MESSIEAL 1A
; SRS B T | Se B B0 T BT
2008 4F 4 PRI | MR Ma® (S | 2mas (SIsE
| ) pE)
[ EFiAE - RREAGS

REFAREERL A1 AR S TR
WRGEB IR o A AR AR

PEE T A
ucite bolus Bl brass
: - Lucite bolus Hl&4i
| RN - SRR MLC %4t
Z i il H 1
MLC ol B AR - SRR MLC
X E B A4 X B S A PER
b A E #

#r CBCT R X RH B A 1 In-Room CT Z#E
Varian Eclips 8¢ CMS CMS FOCUS-M Sumitomo PTPlan
OEFREFEEILR) (R FIaE ) (BT EREE )
FHIE 2008 KB THIE 2008 R PIEH A

A1 EL AT I B :
B - R 2000 (R | T LS AR AL P8 B
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D R ROA B o 6D IR TERIL « TR
B o gk | D PERAUR | e e op b

SRGHIET 4 5+ EER | B 3 5 e 4 | BEA LG Sl
3& 0 HEEE 2 & & BTE AN ] £

R B AR = B R e IR R I RIS A - b R R iR e
LEEABRET SRR (AEARINERS ) MR AR - MHFTR2 e 2y
AR WHEELUE FIARE B Ak e iRt
R X SR B IR R A RO E A R REL R Ty 1 % 2 SEHEfR
% FRREEFHRERBEH 1 X G 4-5 % 5 2-8 R - B 7
 IBRHE AR A IS RERAE » SRS TG RO IR R ey —
B IR EGEE S AN ERERY 30-40 1% » IREENE TIGEHRIENNE 3-5 MaHE
= MR REGRERERACIERZS - S T8 iRet g DOginEs
FASR R i FFE AN o AL » EEANSR RIS BB TA R = - (AN SR
SRR — R R SN U N R L AT R AR = O B 2 L
Loy {EEES b RO BRI A R Ay — i > WiRRIAHIE] o HeUEDvs A B F Ik
R B IR R RS T B R B i - BN E T O AR E =M B H A
15 - 20 A HARNFER O RS 3 1 FHEBEM 10 - 15 A SEWE
ERBEIAI N B » S AN R LR T DA A - RN 5 > TR
BIR RS SRR AR OB TARE S BEHEREE 60 A 0 ZuiE
e R R LD H{BES ST FERE S AR L - S8 BRRIR SR AR R A T
R LA LR KR G GRS s R A B5e PN e I B A
T RGP B AR R R 2R > Hopabe s MR EEBGIB  ERIBE S M E Ry
TR BBOR IR R B o A AR 28 A DAL # IR
I ALE
EHFAE TG S B i — IR = I R » a8 B AR v e e
T SEVE RIS o BV S ol PR O R R B - 2 I R A e
LA AR A AR TAE A BRI (B RREE TR E O
PR AR R T T BRAT 2 - 3 ARIIEHSSERE 2 -3 & REE R
B B B YRR B S A - S SRR P DR AR BB S i
11 RRBE =88 - Hrh T HAN | AERESAEE » R HIHEA 1
FAEABI BT o B A TR B G N B SRS R R o
- BEIERE R R R o PR SeRAEIER (RETIERE R R ) -
ARBHHEEE BN 7S 2 A b R % o SIS PR ohRE
IR 3 IR I o Hop ARG B A SRR A A (spot beam scanning
- system) » FPUGERIRIGREGE » ST AEEAN  ASEEMEEER T En
- BRR » DUBGEERARIRRYRRS IE TR A% (In-Beam PET) - AR 23575 i
H8 EH BURR A. EUAEA FETTRIB A S LT S RBRO R B A » IRAE F AR BRIN TS o
EXBWFGHRTERAL > In-Beam PET R » BoRGIRES HURHARE » ARITTE LLRER
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SR D IR RS - 5 BARBRRTRYE TastE bR B 1R - AR
TRAERF R AGE I | - A AR R E e R e HiE e hig - AR5
TR THEGN - BB G FALESHIB S -

FIA =SS PR g B SR HA KB R B 24
ARSI e R R - YRR e 2 RS H  SRBIRTEAE ORI R
FFEFRERGITEST - H 2008 45 4 HEHh R FURRIE &4 - Sl H TR R
e » A HF R ARAE ARG L ARIE A - R THS S S HT - WA R T
IR T B Re (A S BRI - PG BRI e PR S 2R T IR R e 59 - L
— R SE A\ R AT » FEARBE T DURME R ROk - B FRURTR
MR G HRE TR R RE > AR E o RIS B FRehs -
ZR—XWE 5-10 £ 2REEH - KR ZENSINEFEREIAS - 2RMA
iSRRI E R i B R TR 2 SRR RS 3 2 10 £RE G (3
10 R0 OB E R S H AR AR CRR G RI E » RIRAeIR I RRE
BARAEN » Mt R SRR U R R -
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ILARZIRENE - H =M ERERR T 02 » B 5 ERR R
17 » BRI TREREE H PO S BWGa - 17 NINE T B SR TRl T 13
KR > $HE N SRS AT DUBADE S RGeSOk
A AR R, - SR A 2% o AR K GRS - S5
ST

— . BRIRA

T EEHEAK
e SRR AR
B B T
B T R SR
WAL (bolus) BUERALVRZR G4
EAE TE o2 S TR
SRR R o B

[l

otoBE

=
’ o,

SEHE D,
—  PIEHIERM (Dosimetry system)

(—) &

—HRERETA GRS R RS B SR TR T o2 P M R L SRR P
LRI - W AR T E A SEARLIERRE T S IR - JTREE S A A
IR o A S B R AR SR B BRI B < B BRI - BRAGE RIRT
W EARRE -

(Z) Sih LR
o —iRmE o e AR R B BRR BB R A5 S
SRR PTW Bl Wel lhofer » #RAEHR (LB fitlh - HERRH(R 1BA 2 T-20w]
T80 1BA 2 B -1 YA RS AR B 8e % Wel Thofer ZKMEHE ET BIR RN ZAAE - vEERIBE S m
DATERAIZ IBA BT IGRGER R SRt e Wel Ihofer /KB B BbRHIRAR -
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DGR AR RN - AT B D BTSRRI IR 2
Tk o |

IR R R DMERR I T RRIR T BRI T L 58
S5 » LR PR R AR S T PR MR A « W A SRR e B 35
RO » R FAHIEAG A B R RORL R R B B - A6 BT B R
AGEE o YEIRET AR LA HBRA » JEE DR RS » R
(RS A R B -

R AT BSOS Y AL - A TR R 2 S s B
BT RS [ R I o DU AE R A PR S e AT 5 TR B
S AR SRR SRR TR, » 16 e
IR T JTEERF TR ER BBk -

o IBEGETEAM (Treatment planning system)

(—) &M

T AR I B AR AN TR IE B A AR DI RERYBTER [ » B2l T R sH A
TRt SR - AEA L - O GRRRYIET T SRR e BRI G RR [ &
ata TR IRROAERE ~ TGk » MR TR E AR L TR TGS - BEaET
HEDIEMEIE RS T BRI EETE R (Radiation Treatment
Planning System > f&f8 RTP System) -

SCEERY RTP System > PRTZERFIEST SRS - IR E THIZHEE |

(1) FAGHMENIHRE

a3 EERG el A (Computerized Tomography » CT) Bl
% — tNIE R TS 5B ekl (Positron Emission Tomography » PET) sifgieit
% (Magnetic Resonance Imaging * MR ) o H Fi3 v fo G LU — B B
LDEBIR T T R EE (Digital Image Communications of Medicine -
DICOM ) -

(2) elGpRERe

@’%‘Z‘lﬁl%ﬁ%ﬂ@ﬁﬁ'ﬂ@@%ﬁiﬁﬁ Rl R AR R ROEE - bl - Bl
S35°% « RTP Sys ten (SAGUEVRTIRG » WY DICON BAGHS B B ET S f
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ER R E R AT TR R o FIAME A BRI s B2 - B BRI
BT S 4t 2y e (Organ at Rick ° OAR) T&JER » FEEH CT {HEUALSRZE45,
HEFAB L - 3 T A A T A S R e 4 ( Body ) 3 AT 73 AR Hefthas B
ANfEH: (Brain Stem) » BERISREESAE (Clinical Treatment Volume » CTV) % »
RIS A AV B BB - Mt eyEie s (Planning Target Volume » PTV)
] e BB BRI A EET =R x, v, z SRS
H1 CTV A5t BT THE
(3) WEHESBHIE e SRR LIRS
EHRWE (Portal Numbers )~ ¥H /TR (Gantry Angle) ~ W7 AN
(Field Size) - e ~ HTFSY)LIBIN (bolus) ~ JHIEE S (Block) 5
ZREAHEER (Multi-leal Collimator) FUfHE > BLas S ARIHINRER S -
(4) HlSEETHER
AT HRERINE N » FHEIARTT - BB -
(5) B ATEUREAATIIRE |
IR RS R DA oS MR iR iR - TR R SR ME
P 22 il A TE S R TR ZE MIRER - VR E L R TR RIS TE - vt
B R AE R I T S RS B SR 8 R R R AR Rl T B — G RT B R
(Dose-Volume Histogram > DVH) » $2HtBaR EHESEN - FRE Al RIWETER -
BV R M A B AT FH AR S M98 3 T I T A B AR -
(6) FEITAIEEREILEENAT (Monitor Unit » MU) FTHAIHARE -
Pl B A B MU RoVARee | & R ek B SR - YU R I AR AE
ZIREF TR BT R o Se ARG T E AR I JRNTR S MU A
(— iR '
RTP System i-NUEHIERE) - HETE AT (4) B K55k
HIPR[E] - BB & B 7B — e MU SR MR -

() 2Eh 058

Huaimis LB ER S Ay E MR (FDA, Food and Drug
Administration ) PRV 2B T-IEEETEIAM » 340 Varian Eclipse, CMS
XIO ves 0O

1|
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Sumi tomo F 4.2 ARG HIR#4E PTPLAN fRioRAS FDA R8] » HEEHI T i ThaEA
2 RAA - B RERIEICER TN WBEGETHIRM SERET ST
FUZLES ¢ 46 FDA RN ~ R & DICOMRT JRHE - FIE DEFIE T35 -

PEALE B AR RL I B TR

July 2005

TREATMENT PLANNING SYSTEMS FOR PROTON AND FON BEAM THERAPY

The following Table is and extension of that originally presented in October 1999 by Skip Rosenthal, MGH at the Workshop

on Treatment Planning Systems, PTCOG X{XI. Please send conections/additions to Janet Sisterson.

Year Created By Systemn Name Status
1979-93 LBL. LBL system Not Available
1980 MGH Rx Distributor MGH
1980 MGH EYEPLAN Distributor MGIH — EYES only
1990-96 MGH/Seimens V-Treaf(AXIOM) Not Available
1087,1991 PRI ' P51 systenyPion Distributor PST
1905 DKFZ/Roval Marsden Voxelplan/Proxelplan Adapted by NAC, DKFZ
1996 Radionics/MGH/HCL P-Knife Not Available .
1957 LLUMCYPeiMedics OptiRad 3D FDA approvad; conumercial
1998 Tsukuba Hitacht system In-house system
1998 NCC/SHI PTplan In-house systemn
1998 DKFZ OCTOPUS Under development — EYES only
1994 Orsay/Curie 18IS Distribution 7
1998 CMSMGH FOCUS Commnercial Release 1999
1998 DKFZ KonRad Plus Protons Research Only
1989 - 2000 | CCO, Clatterbridee, UK | EYEPLAN v1.6 (VMS) | Available free;eyes only; research only
1699 GSI TRIPOS Research, Clinical, Scanned Ions
2000 Varian Polaris FDA approved for passive treatment modalities
2001 ITEP {Moscow) Pro(3am Adapted in PTF ITEP
2002 MDE Nordion Helax-TMS FDA approved: commercial
2002 CMSMitsubishi FOCUS/M Commercial Release 2001
RenderPlan ?
Adne 7
Michigan ?

= SR HIENEE RME (Record and verify system)

(—) ®H

AOSR I A SIS R E FAARM (Oncology Information System)
75 AR AR » EHRATARRG B IG I 2 UE e AR U - (2 SR H (Por tal
Numbers )~ BT 71 (Gantry Angle) ~ 7K/ (Field Size) ~ REEERE - IH
o2 AL (bolus ) ~ PHEES 6L (Block ) sKZEEXMEE A (Multi-leaf
Collimator YAt » B4 B SRIIMIMEEE S I FHBREHUERNA B RO B FE g -
FH A T BRA ER VA DU A T AR IS RGaERR » M T HEE fCeRRE AL

2R TR -
(Z) SEpLHEES

| BAYFREER B 2B N A i HVarian Aria, Elekta IMPACHRENRUARES -
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H 400 i IR T BRI Rt 2 fsd s Bins » HLBRIBAERR »
. ELiEDA certified for proton therapyRIEJZEAIAIBAE FIGHGELR -

IRIMEARAC Sk b Bt AR L —F0 MR TE RIS » DM S ARARITR K - idtes ]
TE RS Y

1. FREUE TGRSR - PO IO RAH A DUE R N Ra 2 > IR
ERIL VNG

2. T IBRESRTE AT B RVE M DUEEIRTT » RIS AL A HUERT
. & DICOM RT ZJH#i -
3, BEEAHIE b A AR (R E FEDE TR ) GRS IE
C EBEE FEERTT o DMERIRIGHEEIE N -
4, bl B AR R SR A AR A A T B AR R < R R
FAIDAER -

P9 ~ {5 FH e BBl b iEFE (Automation for clinical treatment)

(—) &H

_ T2 SRR ARG S G R B R (S VB R DT
B 2 M B BRI A - AR T IR O R AT RE I Y ISR -

() 2l HEAER
100/ E” )i = e Al SRy o A W N S 8 T S T

i BEEHET A (SOP for therapist)
(—) B

B T R (R + AT ¢ SRS S N (RS » B AER
A T S T A (R o 7 SR P 2 D TS T sk i e
VR » A B R AT PR el A -
() SIS

: SRR AR AR o SRR SRR AR T - A
TR T BRIRTER » R RIENAH BEER -
BA 2 e SRR e AR R TS N[5 i 5 Pt » 7EF: Indiana ProCure sl[##

HH L PRI PR L A A0 SR R R o SRR -
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75~ Vot B E R iR Bkt (Manufacture and stock of bolus and

collimator)
(—) B

B TRAGEIE SR » £ AL o H B
7 230V MIELEAERIPITHAN - @ELIBS W8 TSR
R
(=) BT | |

PR S EREANT L » FEBPEAERER » ML ENARE R
I D UTRIRAL - ARG T — DR 20 A0 RIS TH 5
i E TR B » RS R

RS2 BTN » (TSRS AL - I
ofe - LTI B SRR - MEAREILS - O R SRR - TR
R TIE -

SR - TR FROEAT) » ST - R Ea
RS R

+ ~ BHE TR WS TR A2 (Periodical QA for prdton beam)
(—) @ *

RIS E TS R A EAE U R 16 hR b » A A A E BB
Frf] H ARG A 2L OER IR IGEA B A T4 -

(Z) BHOEER
ERULETHER  WHERREREE - P E - H - AE LRz -
I\ BEHTRREA AR (The achievements of the latest developing)
(—) &M%
R AT TH H B2 » B RLa (S A i A R F Y B R
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IR SR TR L T A -

(Z) SHSEEE

‘ 4% HIBMC
BRI NCC (IBA) (MITSUBLSHI) HANCC (SUMITOMO)
eniess, [0 e T SRR R AR
pencil beam scanning) i Hﬁﬂj&ﬁ/\ 2008 477 A ] wobbl ing BYEEFET
F VA5 FDA FRAJ -
IR R AR R - o
(respiration gated ﬁ—éﬁ”m % L B AR BTTHHEE - TR
treatment)
g | ZIAREROLC, o smancmprat | EUR
o Imulti-leaf collimator) _ __
25 : H BisE FH 218 1 A2 3 i)
= SIS R e R (CBCT, | B v (flat panel) » £ A H w6 A I 1 %2
i cone beam CT) %@I%’J\I‘Ik%ﬁﬁ%tlﬂ ; : [RERZ(I] tube)
. TEEt 2009 5EHE
G S W {E AR A
H B R HE » JEE TR R . B T (B e AR H
(robotic couch) . [ Nz ProCure » ELHH i3 -
AT ARG FDA #ET
[GE 4% & in-beam(on
Hfth ARAN line) PET Scan > Ef
IZREDE!

MRS

ﬂtﬁﬁnﬁiﬂﬁ. 3 NCC (1BA) ~ HZA HIBMC (MITSUBISHI ) ~ HZ NCC (SUMITOMO) »

Hrp HIBMC (MITSUBISHI)RYBESAARA 2 LB A

At R B 2

ARTRAM BRI T IO RS A T AR B A B

HYERLEE -

A2 T 52 230Me VE B R BLATE T A AT iy LOMVOE - FIrigi i

BRI B R N EIHYRRE - BRARE IE 7 Hh OB/ N E BE s s BT HY %

EFEE S > TP IAE O IR BAR 2065 LA ERyE e intias - BAE i <F Ml
Z o WSt WMPRSR DTREEER T BELE - B EEE R Y E SR RE T
PR WA R (*i—?ﬁ“%kﬁi‘i?%’%?rﬁi (30MeV) (Za%hfi) Rl

- IR R - B S LA B GO - SR SRR TR

FEHER O M\éﬁﬁé\ﬂmZﬁa » HIRFREZR B fre FA R E TUE - #8
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bl gk -

FHBZ AR

TECr P R ST e A R R i B LRI TS R

e N

ﬁﬁﬁ%ﬁ@ﬁﬁ%ﬁ# RCHEE » FEE A SRR HE R MARI TS o R
A AL AR o BRG]

— ~ RAGHERO LB RO REWIB TR AR - ORI (F%) SRl -

» VESR TR 2 e -

» B B T 2 S e RS L

» VESEGFT B mk B IRER Bt < A B RE R R -

SRS R TE P B s AR A '

ARSI T Ya e

LR R  JEMR I B Y B ARSI S A B AR 2 PR R A 2 -

I\~ EH SRR AR -

RIS 3K FSEB TR e mi il - S TRINE -

— ~ ST B B A -

> EREREAT T R e PR T -

= MR (BT Y)) BEBEAE -

9~ HAMR A RER TR

FHEE MG 2B TR 1 SATSRE R 2 il ~ 2P i ] e o BT &

ST TRSRE =T HR EheltlaRs ST EsEE M a okt

TR EIERT V] - SERRGUEITE - FEE AJER =1 H AR TSR R

Wi TR o R EEBREE M AR - FERGHETIRY TR ¢

— ~ TR -

o NERREIESR

= GRAHEAC e o

ro ~ HAAE F R EE

=

BRI E B rI B A WP R B E A RIS

BE |

R A (LA et ) < RERT

[ AT A R s O DU PR BRI ACHY T BR (30MV) (2Bt -

= (R TR A iR a L S RE R AR T RN (30MeV) 2k -
o RSB EEREIAR —TIR TS (1000TBq) (s -

B

TR 2 R R A AR IR B I UE R HRIEE AT L
FHRREERIR A B R85 RS A R s i A P A - (SRR G
7% AR NSO - AR e R HEBR AR - SRR AR
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A E B S E R A B3 E

— ~ {ERREE -

= FEREE L R R SR S A
= e AR e -

Y~ aschtEi R eI (SRR ) 52T -

B

62 A MR o SO M B R O A (I~ R
TR ) Z A, - G - B RN S R R - Tk
FEBCT A DAL/ »

B TGRSR 2 2 I A SR

HHIEOR

W R P

B SRR B Rt TR Y
W R 7 A e
W AU B AR Y e B O B IR B R E (B — )
W RS TR AT B B A A BRI RS e T

WS R AR S BB (00

W —E VSRR LA T B e e S Yy B ik

W A R EEPE E A

=~ EAEE
AR BT GRS RS A
LR FRS | ARBE I E S A S | AN R AR EER R

R fff e G RS AR —
T /BRI A B2 F R 31

BRI bl T~ TG - TR
2 s B 3o A B S U e B
HHHETERE -

2. AR

BB e T~ R Tlin il
Gt

RSB S ARG 2 2 ReR TR
SRR R TR

3. TR
AR,

A R e LR TR
e

AR (A0 ) AT * SRR A A
CABER - BROHBEHINZE -
R R e BT T
HEmE -

4 BAEERT ]
i L1 TR

R 4
S A S

Hitiadr SR a R G A il
TEABRIRE » BRI ]E
0 o S % - IEREG e E
TE ARG A EE I -
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o B R ERAEES
W TR BT
® St EE - EEHIR{E (2 NCRP-144 ~ 151)
& SR G 2R
& EREER
W REER
AR (L o4 Pl Wi
& AR A
& RN EA BB S LB AE
& BREUR R E R E
¢ BN EAREEEAR
& BROREE AL E ORAE VRS (IRIFURGER)
B ENLE
TR R A B (R R R 85 —A) -
kI R ~ MRETE N EGE S AR
PN =V
RIS (T 7 B RS ) ~ TR AT SRACER R
EPREEE - Bl AR » SRS
U BN 7 > BB B AR R
ORISR R A I
WA L
& CHEA B IERS R R AR T B A (s A
B E R RTINS & - FERAT BN iR o) -
& i A QBRI TAEAS -

LA 2B 28 2 2B B 2
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T ARFEIE RS 22 (o DA BB 1R U ARSI T S O S8 2 R v RS T
TR SRR B, AR LRI H KRR B A B TR AT AR &
B~ Bz LUK AR A 55 22 B A e S R R PR B 2 T AF © B S22 H i Ad
HEENE-FGETO2 S T ERFECHRZE - 2—X i EE
BRI TTRMRAER ERIbE RS T2 A BRI E — DI B R
e B I v D AR T DA HH S B2 Rt T 1 1% - AR A SRR

1. PET Scan P8 T-1&E:1E (Proton therapy planning ) JEMME{AIFE A M
A HE AT o ERIEE LB e B TRy R -
2. in-beam PET Scan fEIGREEMI S HE M REn T AR HAR % -

3. PEAHENARGE A E FIRZ s S R S PE TRl R &
A A R ] FE A S L

4. BT GREL KA E RS R -

~ ~ PET Scan $23&%31# (therapy planning; treatment planning)

(—) 3

PE e 8 H R B AT AR R BRI BB morbidi ty - EIRTROH
AT TR Y0 [ B R TR CT scan HUBZAR » SUIAIA 1980 4EACHI -
RIS Fitt#2 IGRT (Image guided radiotherapy) e WEE{TZ %4 » {HE »
W CT Scan FBHRGHAIRIGURLIE M AR ST RS » WHAERIT
= HREY A AR R R — (AR SRS 2 - R » AR T
R T DA S R I 2 AR - AR ~ R4 » I L
HENGS » T3 LR T A5 WA T A R M B AR 490 (he terogene Ly ) B
eI, > T L - U E S A SRR T L AR 2
I S B AT AR AR B » TR A T A
VR AR > B -
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B TTEAE S e B R e B LB e R R B » BB H AR
il » NSCLC (non-small cell lung cancer) ~ Bl  FH S SEHHECAE
TR R 2R - P RLI AR & TR AR G E TG
TR A BB T LB I S (R ey - LEARE RO EETER F-18
FDG DAACLFEEH F-18 F DOPA (HHHA neuroendocrine tumor)» F-18 FLT (H
ARG 4 ) » F-18 F-choline (FHRARTYIINE ) FHEESE ARREEEN
BLARETHEES o PRI M SR IE i T S50 B PR AR HERY Target
volume » f3RAE 7155 4E 2D Treatment planning 22” dose painting” BLRE:
BHIE— 3D Treatment planning 2" dose sculpting “nJ 5 HEfE o

FIIFH PET Scan B3EL¥ERY TV(Target volume)BEFH CT FEL#ERY GTV(Gross:
Target Volume) ~ CTV(Clinical Target Volume) @&~ IHIY » FIF PET Scan FsHk
HERS AT 5% BIV(Biological Target Volume) = #SEets fRH A W HIAHT
A 30-60%HIFERE « EATE TG 1R R AW/ N - CT B PET 2 RELEH
FEBE » SEAERAAF IR (personal ized therapy) - RR/EF R » I
PET Scan "ZEF(FR{IL#E— Target delineation HYHEE «

FUFF CT fifiifE therapy planning EATZFHE » KEREHT -AIRIREET
figgpit o #Rif » F PET scan fF therapy planning 17l S8 — {5 L RE(E 2 (G0
HYTHIRE » AR5 PACS fRegBdli HASE & A& » PET/CT scanner Hi
therapy planning workstation FR#EZ ] DICOM HUASAES i [RIRE B B TH AR -
RIEZEHR 7 I Ea R IE 7 I AR B S A S Y -

(=) 2850150

TR S R Uty (National Cancer Center )& —FiEychulH Bl Ffst FHAY
Treatment planning system FFFFZARIRIEES HADLA CT @/ RBEaEZ
ARG o B AIIE - S ATERA L S R AR B O L TR A A Mt st A
HRE - EATER OIS & 1% TR 3 &6 PET/CT scanners
1% PET scan WS EEREIE FiaRR O AE 7 HTERYER O » BEAEAT PET scan
6% Treatment planning HOFEZ{IERIFFFEREES - M P& ASE M - 3R
M EFH O TERTR WA E T REN R -
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YRR IAEY (> (National Cancer Center)

FHAAfAHE AT TBA FR4EG M Treatment planning FYEET » (EE > TBAKY
RAESHEAALRES TBA 1AM A TG A E ARG PET scan 51
~Treatment planning system * SBTERKFTERMSHIFMERLLE - halEa s rmE
FZAGPE Treatment planning system FAEMG Lil#E FAYRIRHATE 1BA HUHE
FRI o B TR LR R A YA Treatment planning KRG
FIFSHOIRE o TR R ROE A -

7€ Hyogo Ton Beam Medical Center BYARESEK respiration gating 4%
BofRAEE R o KL - £ Treatment planning B%A Respiration gating
BUESFEN » AfE CT scan 8 PET/CT scan W J/JTA] °

ZFAHA National Cancer Center Hospital East {3z Sumitomo B
WM HTTBH#E < Treatment planning system » HAEEEFAMEMBE ARG
= RIBIEL N o '

L4 » FEREIE B E b (R PET/CT scanners FthEAdSiSa Rt
PRIE AR RERE B GRY H Y » TR TYOR AL 2 Z HiRE W] DALATE S G
Y planning sys tem eidf TEES I LA B RAHARY IS — %R [E 1T A A
.%ﬁ'iﬁlﬁlﬁ - FEIHFREEEL R ETEREE H b .
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= ~ in-beam PET Scan 82 dosimetry, treatment varification

(—) &R
AT T AR 2 28 D3rlN TR eES C-11 -
0-15 = FIFHFTHE" in-bean PET Scan” F#f (Sumitomo f#:Z on line PET Scan
AR A TIE M B TE IR I IR R R R B AL R B R R B B - EH
AR FRER 10305 T H ARG E I R (A — - B
SRR RS A R R B S A A R SE - A salii PET Scan Wit
o I TR ELEAlT > PR R AR B R -

(=) 3015

SIS SR E AT R 1BA BTG il & in-beam PET scan :Z3%
Rl R ZE AhAEH TR R R A IR i At faile o2 138 - P — H385% in-bean
PET Scan BB A& I » ARk OR B B Fo By ST I35 xR SR A AP i 2
in-bean PET Scan o 44 RANNEE cone beam CT ERHHBRAERIRIIEE » BIHHT)
FIATFEEH BAR R GG RGN ARG T -

#R1f7 » Hyogo Ton Beam Medical Center RYRREERIAER « )i PET/CT scan
T Treatment verification system o fiffTRIHMIAY PET/CT scanner {E
PR AR B A T IR R SRR e AL B R IEHE (FRRFHY 30
248 ) i H A ERTAE 2002 F8 K T (Int J Radiat Oncol Biol Phys
53;1388-1391) -

a. ERVEHEAT CT treatment planning BE7R.ZJEBIFTAE + b. F3I5¥E4% PET/CT
BEAZ R e o JEE B I F R R 2 REE - (riEHE -
% Hyogo lon Beam Medical Center RURRESTSEISIS MRS » RARE KT

E T 0 PR B B S W R PET/CT scanners S HEART AR« IHETT PET
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treatment planning ZEEAHEAA « BET LRI ELMIGRE RN —
8 PET/CT scanner {FfS PET treatment planning ¥ Treatment verification
system 2 f -

H7s National Cancer Center Hospital East #RFIHY Sumitomo 23 HZE
5 gantry BCf# in-beam PET scan £ in-beam PET scan 7R EIGEHILHAI
HETT IR 200 B(H 3 24 A5 HRE A A (EE LAY machine time
BPEEARK » R A I B TR B RN

LA bR 5 0 v 5 & -

PO~ #%BEES PET/CT scan 2 JERRSREIS

(—) #H

SREEERETE - i e s S mn - BN aRaIERA]
F PET Scan fELLHE ~ SBEES: - fRRREHTTE » LHEZEA « NEgHEARR
IE TR e - REER - SERUNT  AEETREE TR EALS evidence
base « Brahme 2 2003 2 BUEHARBHIARTLAR 1aR%—Z PET Scan H[LA
SIS I A S TN < SEME—2R » AR AR A e B T IERE T R R,
TEEATIEMILEE » KRG PET Scan WIFEK > PN L PET treatment
planning i Treatment verification system > HPSERFHIZHRIRIER PET/CT 2
R B2 HEREE SR L TR -

(=) 2505 0E0E _

PR SRS U A PR 3 5 PET/CT scanners » Hyogo Ion Beam
Medical Center fiGm7E treatment planning T Treatment verification E#F
{fiF PET/CT scan » CT JIL.E PET scan BRI EAABE R HUR—TE CT scan BUZE
(7B HE o KK PET/CT scan TEMIAINE R R MGEMY - R G RevaEe
B3 L0, 0 BT (A AN v SR O © BRAMAME B R SR St R S T
HIBd &

2004 EAHE RFIEENY PET/CT scanner FiAZORIRENCN respiratory
gate, flat table, external positioning laser « {HR » fRBRIC SR IARE
FH treatment planning sys tem MEEAHZAT B RS G it/ e - B
— 7 1A R B B PR B AN I L3 SR A R L 75 42/ PET/CT scanner SRHESE
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FEFEIIRIRICR -

FAA T PR RS A TAZ B SR — SR AR B Tl x& 3 BN 2L R
BIY treatment planning system % > HHEERR treatment planning system
ARG EESEETHY - TV REES Falldsk -

T ~ BRI B AR
(—) A

R EARAE ZE R AE B A R N ST T W B ae & B B P MR 78 L e
YRR > B8 T IR PR T A B T A R A e Ik 7 (cyelotron) TR ] A i B 4
(synchrotron)EEEEA K EAVRHITHIE - AHABHRE » AHATSHREIRERIMRE
{HEWRIZ 2R » thEERW R BATRRE - RER SRR B @asraET -
R B SR 20 A BORECTARIR - S EATE — PR R At < 2% -

() 20 R
FH AR BRI B P O i B TG RS Sl R R 2 — Pt R R H R R AL
— BB YRERE - L - RN B I T RER A S LRI A
PR R BREROARR S - BRILG » PRI AL S TFIILER RN T 20T » ROEREAD,
AT CHRIBIOAR -

[BA /W] cyclotron
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ARSI T8 R 250 HA B -Fiafa b < SRRt 2 T
{FHEDL © |

TERHRM T T 25 £ EE IRV E TIERORM R < BRI A DUE
Rl AR E H IR R il < BRI RN 2 HE RN RIERESRM
(018) Byt 8 AR (TPS) AR L H B B FIH

S5t — (250 B MBI  fELt— 2GR R RS S 3 B A seR i
A TP 5T ARSI P2 » TR A B 7 AR B S R R TRt
TAF o AR SRAEAE R B S AR 388 - '
o EREPEIRARE TIRRORML IR CE A B R S ERL DL H B R
BRAEA EITAIREET Faf e o

JERE AR (Oncology Information System) y

HESRE B AR (R R AR ~ RTIS: Radiotherapy Information
System ~ AUEEIEERERME © Record & verify system){Elh—E FIGRCREHRY
LSRR 2 BT 5 A BRI, 638 RN S5 TR A e Al 4 SR S AR I Al
St A TR R SR B R GRS - HI—Else Ry AR B R
BATA o —H5EERE TIEE L EFGRRIRR A 1 -

LY

& 1 i SR
OIS eI B T Ia PR SR TR A BT I6ERE - B
TR T R4 -

PG R A B AL g PR R - R CT sim BRI
A HAD MRT SHEEIE R a1R e R IRAE « Bl RS- Wist EHRENE
T e 72 AR A OIS Hh - AiAE O1S HRE THERE DUE(S R HiR eSS
(PR RS EYE I S S LA RERIRRERE A I ARy 28 -

TG K E TR R BT QA » IS QA AR A OLS Hh i B iga Mt
R AARBHIAC S, ’ -

B R BT TIARERT SR RARNE OIS Tk vamea S EH S s iy
Collimator Jz Compensator Bl > HIRLRMEE L IBB T EINAILA: -
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B B EBHIATE RN BT IRERMIE OIS THAE 2 8E T EEse
TSIV I F SRR T A B AL VR B I Ya e » B SRR
A S HAAE AR BRSBTS TG -
FE A E T R R T P AE B SR IR AR G VAR BRI R Fh
B WE S FHERRES O FH 2 T DA FEI92ERYT > O1S FINFRERRHLY 75
B FIGREE NIRRT SRAORTSE BOGRRRR R E i A  B B -
KIIEAE OIS B—Tr MERT IS - DIRFE R ARHITE R 5T MG I I e
DUR Y B E BB R AR IR '
1. OIS MAHREEVE TIARMSRONIATEL » JEE IR DUE BN OIS Tk
HE2EO TR > SOMEE FIaTEEE e AL G I AT DL
OIS k1% » KL At 2B, MJHAEEREE DICOM 3.0 SN HAEHES
FR -

2. OIS DAZHAEE T Sy - BEE AR ISR 2SR v DU TRl AT - TR S
BT ER R -

3. OIS MZERBEEARE GG TR AMES » FHETH RS EE 8 OIS
17 DMERIOIATEIL A -

4, OIS AAZHRBEHETTIA b 37 B R R R T B A B AN AT P R TR S R A -

5. QIS DEREHIEXERY HIS(Hospital Information System)ifEfTEEiR » {RIEH
RiTEs T A RHGR A A B HE - ELE AT HLT (L AFHE o

iz OIS i TPS ~ Linac B IGRERMET A AABERIYTREE OIS R
HH AR AN R B G PR BRI LGER, -

BFGTE R (TPS)

B3 T AR BISRG o (RIS B e AR B A R AE A
B PIME 2 PR  EEEAARAONEE ~ CBRSEIE BE - I TPS ¢
Mini PACS Hr#ii A CT sim 8218 » sk Hifth PACS AATEA MRI SR /ER Rl s
FEAMET THERT B A A PR AR AR SRR e 1R RN B AR SRR
BlEIEAG T2 - G RERAERRE LR ER2E - :

5 T BERTRRIERAG 75 TPS A E BTSRRI RREHERST: - B4 Proton
Therapy System 3¢ Linac HUEEAE - RERFFEFERE - WK S daEma -
MLC 228l ~ IMRT 2285 -

b — 2802 WS B o AR TR R N TPS grsBdas s < I HA
G SR < BRFSS IR IR PTS AMEA B E AT 8 SRS S il & R R
WETTERE - DIAITE TS RS A RGE T E R A I
MEMECRIR - VBB TTRR TPS -

SRR LR LA A CT sim s Eish okl i A b an
MRI ~ PET &82& 5 0 BRI TPS AAVHRERF S B AR EACHATEYE DICOM 3.0
HARR -
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A E BTEE LR RT R SRR BESI A RIS S IR MR T
O R AT A R -

KL EEE PTS W b5 B G T A e & > ARefEH
—fETRETRA » HEEH AR A iRt SR A RN T R MR - 1T
LAY BT K A R AT 0 -

H AGZ5H01 = SRS ARG [ ERMUR OIS JaRyEFAT T -

Iba Mitsubishi Sumi tomo
TPS Varian CMS Sumi tomo
CMS (Varian)
(Elekta) '
(Neucletron)
OSI Varian unknown Sumi tomo
(Elekta) (Varian)
(Elekta)

FEERT I

AETEBEEHBS I ANRE F IR ARG (Iba, Sumitomo, Accel,
Siemens, Mitsubishi, Optivus). 2 » MEAHEC REMHSTETIEER
SR~ HEE -~ ARSI e EEHE -

HRAFES BRI AR - H AR LAE s iR v 6e
FHEEIE BT T E AR TR BeA B NCC ~ Higd Wanje ~ 35 Osya MEBHY
MGH » DA_E R FEE bR i Toa N EIRIE M » (BB EEbR 56 R HHHERE
E A R AR NCC B BT 5 AMEE/MEHETTHES - A O/ ssT
8 F 10 FRE I ST » THE] NCC R ML & EHE - EBlET
FERT S o RIBERE NCC Dr. Park BUERHEHMEZRATHEZEE] Partial service
contract ° )

SRR Wanje BHBEARINE BITHEER - THMR A R E K
ez » ABIE T — SRR E B IRAME1E » FREMES FRIPY H BIAGHE Toa A RIERT
10 S EBMERE S » 1L — EORRRESE AN AR R
— {3 B AN ek B SR
RIS TEAERGY Tba J Sumi tomo 2 EISERH AR 10 4RI

HEESHY 78 10 FRTETHEAMEE W H Bt B R v AR A
BHLH - EEIGRK R R B e B THEERY I A -

EFEARER > Sumi tomo HERTFME T — (MBI G - A AIRE —EER
THAS » BB ER SRR DA g v TEIU ROl R BRI RE 1 -

{FEE T E R S99 » full operation and service contract HYfE
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R EHE 08 R AR AR < LERISERE » (RKIRE & M ENAHE Tba 5%,
Mitsubishi 8~10%, Sumitomo 4%, Optivus 5%, Siemens 10%, Accel K%l -
DA b iy EG B T DA TR S 1 2R o S R R A G AR A R MRS E A Y 6.4%
((5+8+4+5+10)/5 = 6.4) « | '

BN AMSE EA S  HEEGHIHRRMR S BTt R
& BFHIESH » U ER BT A OEEE R SEET T e R
FHAN A EAR A - BR B RTRAL  BR T ra R et S e — =R (A
4% B E R Rt R e —a e e s BB R B R G R AR IS
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. Introduction

This tripof site visits was supported by National Taiwan University

Hospital (NTUH) to evaluate 3 vendors (IBA, Mitsubishi and Sumitomo)
for cancer treatment proton facilities in 3 different hospitals,

Korea National Cancer Center (KNCC) near Seoul, Hyogo Cancer Center

near Osaka, Japan and Japan National Cancer Center in Kashiwa

(JNCC) near Tokyo. Our committee will also use this opportunity to

form a consensus in selecting the proton facility and vendor for

NTUH s new cancer facility in Gonguan.

Except at Hyogo, we had seen good operational demonstration of
proton facility including accelerator, beam extraction system,
beam line and treatment rooms from the hospital at KNCC and JNCC,
as well good discussions with representatives from the two vendors,
IBA and Sumitomo. We had spent only two hours at Hyogo and had a
short presentation and brief tour to see the model of the
accelerator complex.

., Comparisons for the proton facilities and cancer treatment

a. Proton Facility:

Both KNCC (IBA) and JNCC (Sumitomo) use -cyclotron as proton
accelerator with similar footprint for the 230 MeV proton cyclotron,
beam extraction lines, gantry treatment area. Each company has
developed and provided its own treatment planning system.
Therefore, we had direct comparison of these two facilities and
vendors. The IBA" s system at KNCC is built more recently than
Sumitomo’ s system at JNCC. The energy of the proton beam from
IBA is continuous and is calibrated in small energy steps, but at
JNCC the beam encrgy is fixed at a few energy levels. Although
Sumitomo claim that their new machine can have continuous beam
energy. This requirement is needed when we use the beam scanning
method for treatment. The beam extractions and beam line layout
are very similar in both places. However, KNCC has a better space
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layout and more room for beam line system. It is clear that both
vendors are capable to deliver the proton accelerator system to us
with good reliability and better than 98% up time.

However, Hyogo (Mistubishi) uses proton synchrotron as accelerator
and with a mere two hours site visit, we did not get a chance to
see any hardware facility or treatment room and treatment planning
system at all except a model of footprint of the complex and a tour
to their proton and ion sources area with some discussions of the
layout of the facility. Although Hyogo has both proton and carbon
ion beam for clinical treatment, but they use more proton than
carbon in clinical trials. It is therefore, safe to choose proton
only facility. The synchrotron needs much more space for the
footprint of the synchrotron ring, power supplies and control
clectronics system. The layout of the accelerator control room and
treatment rooms arc quite far from each other at Hyogo therefore
it is not a good design for efficient communication and treatment
operation.

b. Gantry Operation and Beam Nozzle System:

At KNCC we have seen one of their gantry room and beam nozzle system,
one improvement the IBA will have to do is to put in the treatment
floor of the rotating gantry for the safety of treatment. They have
a good laser alignment system. The beam nozzle system can have
single scattering, double scattering and alsomultileaf collimator
and they are developing the beam scanning system.

At JNCC we have seen their gantry room, fixed beam room and real
time patient treatment in a gantry room from the camera of the
control room with automatic beam delivery system and respiration
gating system. It is quite impressive to see the whole operation.
We have also seen their treatment planning systems. One issue for
Sumitomo will be to have their designed planning system translated
in English and Chinese and also be linked with NTUH hospital
planning system.

¢. Regular Opecration, Maintenance and Self-Maintenance Issues:

The tegular operation and maintenance for both IBA and Sumitomo’ s
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cyclotron and beam system requires very few technical persons and
engineers. Therefore, after the initial guarantee period I
believe that we can work out a 5 years transition maintenance
contract with a goal to selfmaintain the whole system in the future.
The spare parts replacement can also be done at some fixed period
for a few expensive items. Most of the other spare parts are
relatively easy to do regularly.

However, the self-maintenance will not be easy for Mitsubishi' s
synchrotron. It will require a lot more technical persons and
engineers as well as longer shutdown period of each year which will
have the schedule impact of the patient treatment.

k]

. Recommendations

With the impression of this trip of the three facilities we visited,
I will recommend two vendors IBA and Sumitomo, Both are using
similar cyclotron technique for the proton accelerator as well as
gantry treatment room. Both have demonstrated their ability and
the reliability of their proton machine and beam delivery system,
aswell as the gantryoperation systemand patient treatment system.
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1. Two nurses work together

2. Dose of 2 Gy delivered at the tumor for each fraction

3. Dose rate of 2CGy/min

4. Treatment in Scattering only, fraction total irradiation time 1s

I min, field irradiation time = 1 min/# fields.

5. Beam preparation is 45 seconds.
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6. Beam turning is 15 seconds.

7. Beam availability 1s 100%.

8. No verification of the target position after application of the
correction vector. '

9. Daily operation time is 16 hours, including 14 hrs. for treatment
and 2 hrs. for QA and field calibration.
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# of fields/fraction 2 2 2
# of fractions/pt 11 25 40
# pt/yr for 1 Treatment Room 1116 491 307
# pt/yr for 2 Treatment Rooms 2232 982 614
# pt/yr for 3 Treatment Rooms 3348 1473 921
# pt/yr for 4 Treatment Rooms 4464 1964 1228
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