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Report on Proton Therapy According
to Good Clinical Practice at Hyogo Ion
Beam Medical Center

Masao Murakami'?, Kazufumi Kagawa'’,
Yoshio Hishikawa"?, and Mitsuyuki Abe'

The Hyogo Ion Beam Medical Center (HIBMC )is a hos-
pital-based charged particle treatment facility. Having two
treatment ion beams (proton and carbon)and five treatment
rooms, it is a pioneer among particle institutes worldwide.
In May 2001, proton therapy was started as a clinical study
for patients with localized cancer originating in the head and
neck, lung, liver, and prostate. The aim of this study was to
investigate the safety, effectiveness, and stability of the treat-
ment units and systems based on the evaluation of acute
toxicity, tumor response, and working ratio of the machine,
respectively. Six patients, including liver cancer in three,
prostate cancer in two, and lung cancer in one, were treated.
There was no cessation of therapy owing to machine mal-
function. Full courses of proton therapy consisting of 154
portals in all six patients were given exactly as scheduled.
None of the patients experienced severe acute reactions of
more than grade 3 according to NCI-CTC criteria. Tumor
response one month post-treatment was evaluable in five of
the six patients, and was CR in 1 (prostate cancer), PR in 2
(lung cancer: 1, liver cancer: 1), and NC in 2 (liver cancer:
2). These results indicate that our treatment units and sys-
tems are safe and reliable enough for proton irradiation to
be used for several malignant tumors localized in the body.
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BT X ) BOHERTFZ AV EREE(C 2 T3k
G E VI, REEZRBEICHIETEAZ 25,
RO BEHRIEEIC RS L IEFER R  BIERAP A 2w
EVIABEZALTWA. Quality of life(QOL) 522
MBAZFIETEDHBENLZINTWD4H, KFHRIGH
BCOBEZIEZ A ETh oL b LEEENDDEDT
bH5b.

EREECII[ UL ) THPAEE D) —T4 v 770y
7 b & L TRV FRERYE 5 —dETH S, 9%
T20014E 5 ACBABE L7z, 4t > & — IZIBERSARE T
PICHEE L, BRI A 4 V5, IEEE, s ZEORHEIS
7z 5 FBAHARAH (12,000m?) L IRESORK, BEE, WEZ,
HEED S 72 BIEEEHE(4,500m2) 2> SHERL SN TW A, it
ICIEEARER DY), BEOT AT 14— EELIZE
2o TwhY,

BIE, EHRICED N TRIGHREROMEKRHHDO
72O DEERAER(BER) 2 EBL T 5. THFROBER
MPoRES R, EEEEHSA, WA, FI5A, BIZERAA
IZBWTHIf@A Y ORREFRONDDH 5. HEROTFH &
% o7z 6 BIOBHRID, — KBRS S AT G HRIGEDY
Mg LIRS 5.

HEBEIUFHE

IBERHAMA F TR TR RER 10 L T2 5 TN AE
WnakER & B 5 BRI RERASE M S 1, AEE DT LM,
AREDFERR S NIZY, S BIFERE L 7iERITARE O RIEK
RHFED 2O DRAEE T LELBRARTH Y, EHEA
B.Mgood clinical practice (GCP)¥ 1230 X FERL S N7 1RER
EfEIEEICEVERS N, ABRNE I HEERIEEES
HEBETH), BROBWIZEAEFAZET HEE 6 EbZ
xHE LT, RRTHIGERER LA THFRERET-
rBoREN, ARk, BEMERETLIZEIHA. T
FAR) LY KRSV MIREMET, B#EFBKI0H N
B A4 U7 B BUE (NCI-CTC Version 2.0)Y DF#
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EDrGEHL:. Eh 7y FRA ¥ MIhiEgEHE
Mo RN, B L TR BT 5 EREB)H
Mo AR E T 23 e L.

PUEBERI AR DOHE I ZIGEHE T 12 4~6 BRFLOCT, /2l
MRIFE{% 2 Hvy, FHIW REHRZE TIRWHOD FEHE |IZHE - T
complete response (CR), partial response (PR), no change (NC),
progressive disease (PD) {2 & U g L7z, BAZIRATA Tl
G & B HEPRE LG ENL . TOWE, GHHET
% Dprostate specific antigen (PSA) D ZELASHHAN R D)
ESNEHTHDZ EDMONT D720, RiHRFEDR
WEH DS~ — F — OFFlEY ICHEVy, CR | REHIEDS
IEHAEICAE L7856, PR D BEHMEAS0% L EOSEZ S
TAHPIERMEIZZ TRAES o 7284, NC | RERIMES
50% KiHOWED, 25%KMOELELHE, PDI R
HRIMEAT2S % L BN 54, IEEBEASREMEIZ 2 -7
e, L hHEL.

FRBROBISHE & L CHGED A, WA, HHhA, 6§
VR AEBIR L2, Z0BENZ, HEEHAAZ, (1)EE
DIFEIFRESEHTH 5, Q)IEHIIE) e L - £/
FOBBIENEZOQOLEHE L {4, () - Fili - Kk
k% EOBEFEEREHT 3 KT MBS 5, &
DY HT A, TMPA L IFPRAREREFGE S £
USSR B 5728, (1) RSB E»H 5, (2)F
BN EESGET S, REOHE DS, F1-,
AV RRAS AN B REED HLIALET 5728, (DFEFEL DK
bIRWEMLICHFET 5, Q) AEICEEGRBENAHET 2,
(3) BERY NI IEF AL (R ) SFET B L vio 7o b
D, fEoT, ThOHOEHH, ME, EE, S#IBoEE
AN T B B TG OR ML X UL RAET 5
etk B, BeEOEHIIETEIS WA, fho
EOGREALI A U7l 2 xS L ¥ 5 B FEHRIc oW
Th, ZOBERBOERICES W TEEOHEZILTT
ELBLODOELEETELNLTHS.

FELltssEmt, ()G REFEF(PS=0,1,2)Td
%, ()EFEROIABE THAAIEEN RO TR 5,
G)EHI & L THOGEES AR r B2 REEL 727 &
FrEEIND, @)HETHED 5V IIFHETREFEEE TS
(RIS A ZBR ), () HEBIEDERATAL R\, (6)
12¢mEL T DSOBP (spread-out Bragg peak) & D [ 1-# Tif
WUTRETH B, (7)BITAR ((LARERHETHREE) & ORME
HAGEBLLED B, (8) FEMIA~D LRI O BHRiG# OB
A%y, (9)JEAIE L THERIZ20EE ETH S, (10)HEE
BURESCXHBILIAESBONLTEILTHAS.

W hEx DR F-HIGRE B ONHEEERIE, 22004 F Vi,
RFQEIEMINESRS, 7N/ s LEIEMINESE, 7ot o
YE0RD, ETRERA 4 1L, ®RE, BTORA4 >~
T, RFEQEIEMHANEIL L 7 b /N L B E 1% 25T SMeV/u
FC, FLTCY» 270 0y TRA3R20MeVAE ThES L
3. BERICIZETFHT0~230MeVuz i L, RARIRIIK
i T40~300mmTH 5. EHE — L1345 MG (A

18

%), AT - EEBFE GEHEBE), KERHTEGEREC
F), MHEA Y M) — 2 Z(AHFEEGL, G2HE)DEFSED
BEHRE IR SIND (EER). FY M) — I3 Mg
RET, AMEOIEEOHED» S DOMED i TH S, M4
Y — L3 B BRI 2 S N7 BB R 2@ L T
BEICBS S NS (BR). BEFEEEREIC-L2%2F
WHSOBPIZHEAT ) v V74 My —, ¥4y FNEHD
ERiCE—anfiimEfRKY Aba) A—-%, E—2044
MIEEZR PO DB L VY 78—, KRR IR O R#E{L %
19 R—F A EOEFERB TR S, ThoZmil
TE—ARIEEY — 7y PERIC—B L IREAER ISR
ha,

HE SR (A D TG M TEBED S 5 HHIE L TR
L, BHSEERASA . 65GyE/26[ul/ 7:8 (2.5GyE/[])'?, fiiA®
A (JE/NER) - 80GYE/20[E]/ 538 (4.0GyE/[E) ', FFASA
76GyE/20[0l/ 538 (3.8GyE/[o]) 2, HIAZBRATA . 74GyE/3718l/
838 (2.0GyE/[|])* & L7z,

HERERORNIITROLEBY TH B,

(1) A& % SRS 5.

QOEB L OLHETHNT, BEZEz L L2041 >
TH—LAFartr RV, KESHEIT-7-HO%RH
PlcIe IR - Y

(3) MG ERHCEE ~ Dk & IGBRUORE OB 2 HERE T 5.
(4) G FHRGHETE 2 B2 %) .

(S) BRI S T L, AR INR, BTHEHT
FtGES 5.

(6) BIZHIMIM T E CRBLBIET 5.
(NEGOEREHES BEELAFERIE - FEFRIBDOLN
T AR EE R B 2 v Lk T 5.

(8) A T-HUGHER B ORREN DA U7 O plias 2
B E>T adiEE Il 5.

RIS, BT GHEaT i 2 oW TR SRR
(N BF T Ll 2 EE A2 L2k, FOEERALHE
#H L7ZIRBET 2mm A 7 4 AR CTiB#EE A O HALXHCT
(HZASTEION CT Port) 3 & U[EMEAL THfE L 7MRI( 7
1 1) v 7 AGyroscan Intera 1.5T Master) I {§ % #iig 9
4, SHSEEASACIBHED O THE T, MATAISHE L
WS T KA T, HATA CTIIAEBRIEEE 2cm7 & T
THRET, RIIIRATATIZE S B LI ORBIETE
WML 4 5. Q)MAARHATADERIZBWTIIIFR
MEREE) % LR L7 iG AT 2 50 & L, CTHZREZ b IF
AR E 2R 5. (3) GHERTH 2 E (CMS#FOCUS-
M)IZCT, MRIE§% 4 > T4 Yirk$ 5. (4) WIRAYIES;
15 (gross tumor volume: GTV), ERRELHYAFE (clinical
target volume: CTV), Zi:& e+ (organ at risk: OR) D
BADOBIZIE, SO EEXHCTR MR & OB HT
gL BT A, OB, CMS#HFOCAL FUSIONZEE % 7|
H L CIEEtliCT EMRID A A=V 72— 3 YHEET
H5H. 5)EHFEOREIZCTEIZIC X 5 3 RICIHHETTH
IZHT X, CTVOIMINZ UEERBIID L@t e~ —T >

AARER SR 62k H2%
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Table 1 Cases of proton therapy

Case Age Sex Cancer TNM Stage Histology PS  Pretreatment  Operability Reason of not Start of
originated performing proton
in Organ surgery therapy
No.1 62 M Prostate ~ T2aNOMO 2 Adenocarcinoma 0 None + Reject 2001/5/22
No2 68 M Liver T2NOMO 2 HCC 0 None + Reject 2001/6/6
No.3 71 M Prostate  T1cNOMO 2 Adenocarcinoma 0 AB + Reject 2001/6/13
No.4 61 M Liver T3NOMO 3A HCC 0 TAE - Local advanced 2001/6/13
No.5 81 F Liver T2NOMO 2 HCC 1 None - Aging 2001/6/14
No& 81 F Lung T1NOMO 1A Adenocarcinoma 0  Chemotherapy - Aging 2001/6/15

PS: performance status, AB: androgen blockage, HCC: hepatocellular carcinoma, TAE: transarterial embolization

# & ORI LAY (planning target volume: PTV) % 5%%E T
%. (6) ZOCTHig A% L L GHaHHEIZ L 2 3K
Ty Iab—va D, BEORHSFIAE & IEE
OAERFEHIZIE U TR ¥ — A F%iEL, +47
7 (Smm) 2 EE L7299 L THRESMZFHT S, ZORE,

mafk - B - B, B, BF, B, B R CIEE AN OM
EIEHAESEEEA 2 VEIZIERL, CTV, PTV, ORDHE
Rt B 4R % 40823 % 72 ¥ dose volume histogram (DVH) %
ERL LT, (7)HEETmERICL Y ML 77—
B, WK, VvV TANE—, LYY 74—, SOBP
LEDONRGA=FHPESN, TV A—FBIPFR-F A
DRET— ¥, KMEORGHEE, BHETRAT Adigi-
tally reconstructed radiograph (DRR) Bi{£ 4551 4, TfE
#Hd VIS RICER S NS,

s AR AT A 7 EWRPERSE % 11 72 ) BERYICHRET T %
wer, BUOMIESR NIRRT (UERT) TH%E & A7z [E
W=y b W CBEEEYERIL, 2oy
MIBE ORIEE IZ[EE L 2T % BAHAHA O IZID
FF72TVH X7 TR, WRICE>TETT52ETOH)
Xz e LTE=4 ) » 7 LER TR S, 15
DEAIyFEryroborliEmEsy, BEHIZY
78FAXLE—L Y HTZEDTRETH S, G
FHEICTHR M b BGHR & [ LR E 2= v b &2 HwT
T 5. CTHIEHHZIIRARMEI I CEIE L e L, Wk
Fiz=>y F LD/ AEFECTEBIEXTAILT
BRSNS — 3 L 2GRt BICTE A R T & 5. L7
CT#E IImulti-detector CTTH A 7280, —EDEET4 A
TAADIRE SN D, HRETHFICIE, TR T OXH
B CHES OWRER B TORMILTB &, CTV-
PTVHEIO~— 2 VIR EBEGEmMET A L L L.
H 2 SRR & LT E I R KR &2 & fi K
S E COREED 1/3 OFEEEE V7.

PBHRTE B E T N—F N 21T . BEDORERK
DRFH, BEEOMHRE, BT A — S {ZEDOHEE, BLU
ZREEOERDOBITITON S, BREE L IZBEHET

% L721EM 2 /ADRR X#MEHE, B X UXMBEVHEIED
Z ET, §CICIEBHERT I E A O (5% S /s [E WS L g

F144E2 25 H

L, RS2 L2 LT, BERy— " —I12RFT
5. WL, HAOBPFEEOBEMEMHZEO/ODEE
HEMfR L 2 B,

HROMRE L7 BHEII6HTH A (Table 1), 2D
LFMAREZIFDH Y, FHTETH P FMizHERL
THERA 3 Bl o7z, $_TOBFIZALT, YiABOM
HAfThh, L CTHEESOLEEIN:. REOH
REHASA 1 %4, DA 3%, BIVRPA2BTHY, B
4%, w2 %, el ~81M CFT1E) Th o 7-.
PSIZ0 F72ik 1 TH Y, 6 EFIEBIAMMETN % EMERE
HEE SN THB Y #ig &g s hz, [T ADL B (FEB
No.4) IXRTiGH#E L L CTHBIRERAMT A TN, RIVERATAD
| ] (REINO.3) 1X R V& B HAT STz, 2
Ia7r 6 R aettd X U E O REMEICEE L Tid 6 flapl
TRHIETTRETd o 7275, HUMEEAIRICHE L T, fEFINo.3
DROLIRFE RV E Y REROEEZETH ), W% LSS~
—H— ELFHEARRETH o /2708, ZOREME RV 5 E
BITEFAMG L 7.

B/ R

s TR OB - EIRIEITI S 4 DEBIIG U7
1 FF4 )G ahsz. HLG TR AL
IiAsA © 150MeV, HFASA : 150%F 7212190MeV, RV HRAS
A L 230MeVTH o7z FEEPIEUE | PTIAA) v L2
HEHIFAS A, RIBRATA) TIfThisz, BidsATh LTl
G TR T ASh - 17z, 1 ST E Lz, FHTA
Vo LTI EAS 2 FIFRST 3 213 mi st 2 FIIRST & L7z,
WS A, FFASA SN0 A i #RET i Lk =40 T g
WEAT 272, 6 EFIDR154[E DR FHIGEEICB W TEB A
MR L A BEHIM OERE 2 {, &iCBWTTFEED
DERDPERTE .

s FHG R SR T A AR &g B L R0 Bl
TR - BRI - WigHT A 5NCI-CTC % v TEFill
L, W KGrade®#HH % Table 2, Table 3 (278 L7z,

Grade 3 L EDO G 7 7R LA fEBL A - 72, Grade 2 @
BBk 1 2 B (FEFING.2, FEBINo.4) 125 &L/ 77,
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Table 2 Acute whole-body reactions

Case Fever Weight loss  Appetite loss Hb WBC Plt
No.1 GO G0 GO G1 GO G0
No.2 Go GO GO G G2 G1
No.3 GO GO GO GO GO G1
No.4 GO GO GO G1 G2 G1
No.5 GO GO G1 GO G1 G1
No.6 G1 GO GO G2 G1 GO
Table 3 Acute local reactions
Lung Liver Urological region, Lower intestine Skin

Case Cough Dyspnea RT  Clinical ALP  Bil

ALB GOT GPT Dysuria Hematuria Urinary

Rectal  Proctitis  Diarrhea RT

pneu- liver frequency mucositis dermatitis

monitis  failure
No.1 GO GO GO GO GO GO G1
No.2 GO GO GO GO Gt GO GO G1 Gt G1
No.3 GO GO GO GO GO GO Gi1
No.4 GO GO GO GO Gt G0 GO Gi1 Gt G1
No.5 GO GO GO GO Gt GO0 GO Gi G2 G2
No6 GO GO GO G2

FRIZIRGUE 2 SR TIREBIEOATARERL /-,
Grade 2 DGPT LA VIFATAEE 1 H GEFINo.5) 12 BRGHE
THBDH LN, BBBROATHRERLZ. ¥XT
DREFI KBRS E R & i-hs, iR % (Grade 2) £ T
F o 72 fEBIE 2 B (FEBINo.5, FEBIN0.6) Td -7z, JEH]
No.5 IIFERER < 123 5 F25A TEXR 2 MBS Thbh,
REHE TR —20EL ) DR S N7 (68.4GyE) IZ
—F L TR g %0538 5 17z (Fig. 1a,b). fEFINo0.6 1X
e R AR AT AN LT 1 FIMBET 24Ty, 55~64GyEMiE
BWoORBIREEERER SN, LaL, MEED AT
04 FERERA T2 ARMPICER L. WEICRS SR
7Bt A (FEBIN0.6), FFASA (EBINo.2, JEBINo0.4, FERI
No.5) D 4 JEFITBIEIA M P BRI 133860 H e,
EBIERIFCH o7, &% EL T, BFRIEEICELD
SUSIIES TEMTH Y, BUERIBITER 5 EEEPIT
Bl L, HEMOBFAETLED L LEFIRELERT
=

E{EFFM T & 72 5 BlO—REDFIZPR 3 fl, NC2 I, &
BE60% T - 72, BILIRFED 1 6 GEFINo.1) DPSAIXIA
B THIEFHEICELTEY, BHE~— 7 —26/R:HE
TCRELHE SNz, ITNEED/HBAEFHITIZCRIF], PR
25, NC2 ¥, ZE%h#60% TdH -7(Tabled4). PRD 2
(A AT A (EBINo0.6), FFASA (FEBINO.5 : Fig. 1 ¢~f) T
H, NC® 2 ¥l (EFINo.2, JEFINo.4) XL HIZHFITATH

20

ot b 2 BIDES~ — 5 — DIEIZ I IEFEL GEF
No.2 : PIVKA-II 227mAU/ml—35mAU/ml) F 7213358 (fE
#INo.4 : PIVKA-II 784 mAU/ml—59 mAU/ml) L TH Y,
JEFHEICE L TS BOBREDEIHFETE S,

z =

M T-w a1, Wilson(1946)91212 L $ 5. F0, %k
Eo—L ¥y AN—2 L AifFERT(1954), KA b (1954),
ATz —F - 7Y T(1957), HVE - EAZ 7(1967)
HETHEEN,., kKEO~HFa2—ty VBREWRET
iE, 196147 520014F  TIZ8, 700K &M HEHES LT W
519047 19904F, EHEHOEEL L THOTREDT <Y
Y REERYE Sy —(CEA SN EBIE, BES S MY
— %A L, RIIRDTA L SRR OATAIGHRASTRE & &
S>TWAY, BEFHIGH IR TBE £ T230Ea%, &N
28,000 L\ LD BEITHENI TR TV, BinEEIE
SHENO/NRR, HEBEEES, FEESA, BIZRITAD
%<, T~-8EEHDAH. Bilt, IF, &, fikEb#cs
NBEIhoTES.

HHE D R TG FIIE 2 B\ T19794E X 1) Flla &
iz, ZIUERETFRIERO-OICER SNzt 70
bo AR SNEEEBETH Y, AL F—1I70MeV
(FAIFRAE3.6cm) D720, TILERBIIEEH A, RERX T/

HAREREE He2k H25
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30.4-68.4 GyE

Fig. 1 Case No. 5(81-year-old female) We planned a total tumor dose of 76 GyE per 20 fractions using 2 portals of 150 MeV pro-
ton irradiation in the posterior-to-anterior and right-to-left directions (a). One month after treatment, patchy moist desquamation (Grade
2)is noted in the area receiving skin doses of 68.4 GyE to 72.2 GyE, and dry desquamation (Grade 1)in the area receiving 30.4 GyE
to 68.4 GyE (b). Before treatment, hepatocellular carcinoma measuring 61 x 50 mm was present in liver segment 5(c). At a tumor
dose of 57 GyE, tumor size remained unchanged(d). One month after the completion of proton irradiation, the tumor decreased to
38 x 33 mm in size, which was evaluated as partial response (e). Three months after treatment, the tumor is reduced and hepatic
fibrosis is detected outside the tumor. Sharp cut-off lines, which correspond to the distal end of proton beams, indicate both the
characteristics of proton irradiation and the treatment positioning accuracy of the daily setting (f).

Table 4 Response

Case Tumor size Rate of tumor Response in PSA before PSA after Response Response
before reduction (%) tumor size treatment treatment in PSA in tumor size
treatment (mm) (ng/ml) (ng/ml) and PSA
No.1 11x9 7.7 PR 12 3.5 CR CR
No.2 41 x 31 17.9 NC NC
No.3 immeasurable NE 0.7 1.0 NE NE
No.4 52 x 42 22.2 NC NC
No.5 61 x 51 59.7 PR PR
No.6 23 x 23 54.6 PR PR

CR: complete response, PR: partial response, NC: no change, NE: not evaluable

FEk144E2 A25H
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Table 5 Additional cases in a clinical study applying the particle treatment unit

Case Age Sex Disease TNM Stage Histology PS Pre-treatment
PPO1 67 M Prostate ca T1cNOMO 2 Adenocarcinoma 1 None
PP0O2 70 M Prostate ca T1cNOMO 2 Adenocarcinoma 0 None
PP0O3 77 M Lung ca TAINOMO 1A Sqcca 2 None
PPO4 67 M Prostate ca T2aNOMO 2 Adenocarcinoma 1 AB
PPO5 60 M Prostate ca T2aNOMO 2 Adenocarcinoma 0 None
PP06 69 M Prostate ca T2aNOMO 2 Adenocarcinoma 1 None
PPO7 82 M Prostate ca T2aNOMO 2 Adenocarcinoma 0 None
PPO8 79 M Prostate ca T2aNOMO 2 Adenocarcinoma 1 None
PP09 76 M Lung ca T1NOMO 1A Adenocarcinoma 0 None
PP10 39 F H&Nca Unclassified chondroid chordoma 1 Surgery
PP11 66 M Prostate ca T1cNOMO 2 Adenocarcinoma 0 AB
PP12 66 M Prostate ca T2aNOMO 2 Adenocarcinoma 0 None
PP13 66 M Prostate ca T1cNOMO 2 Adenocarcinoma 0 None
PP14 54 M Prostate ca T2aNOMO 2 Adenocarcinoma 0 None
PP15 54 M H&Nca T4AN1MO 4A Sqgceca 2 None
PP16 76 M Lung ca T2NOMO 1B Sqgcca 1 None
PP17 59 F H&Nca T4NOMO 4A Sqcca 1 Surgery
PP18 77 M Prostate ca T2aNOMO Adenocarcinoma 0 None
PP19 67 M Prostate ca T2aNOMO Adenocarcinoma 2 None
PP20 68 M H&Nca T4N2bMO Sgcca 1 None
PP21 80 M Lung ca T1NOMO 1A Adenocarcinoma 0 None
PP22 64 M Prostate ca T2aNOMO Adenocarcinoma 0 AB
PP23 73 M Liver ca T2NOMO 2 HCC 0 None
PP24 81 M Liver ca T2NOMO 2 HCC 0 None

PS: performance status, AB: androgen blockage, Sq ¢ ca: squamous cell carcinoma

— <R EOFREMBHZIRE SN2, FEAFEIZ, 1983
i, EBEOE T AV F — DLE R FERERE D Pt P LR T-t
ERlgt s y—2@%L, 7—A¥—vrzuturyb
ks S5 500MeV DT 2 250Me VEL T (RN AFE30em
DIENCHES U T2 Bth L7z, R TR TERE FIn &
@E—A%%mﬁtt:& S#a) A—F2FHLEZ

, AR L EE) B I A B E 0 B 5820 2 & S BRAY
aHnLIh,%%# , FEMNA, HEAL ChEGRE
DOEENFA, SSIMAARHIA L EF A DS 5
fE#ATA & BT HERON R E LIRS T 2R L2,
19984F, [EVATAE ¥ & —BURBEIZ D ATE R T OBEHRE
GG HE S AT LHSEA S22, fEbeikER Tl
<) Y REERE Y =B RCTHERES 2 F T, 2001
6 AR CIS A T HRIGHBHIT S TWw A9, B
£, DHETIXL MR Z & U 20024 F TIZH 72 1R
VWA Y—, MEEAEREZ A Ve ¥ —
D3 iR S NLETFETH B,

T < I SN BA T#IET 7 v V=2
(Bragg peak) &\ ) MBS AT 5720, PAILE
MLAERESAE 525 EDTEL. ELICBETHIZY
— ADWHAL R WFEAH Y, ¥— AfEEHICBWTIE

22

WA~ OB Rt S €5, 2B FRIEERD X
M-y & [FERIZIELET (linear energy transfer) B 1253
Hah, TOEYFNIFEATERDXH - v & FIZFE—&
Z2b6NTwa, Hib, e EYZE%) 5 (RBE: rela-
tive biological effectiveness) 1£1.0~1.2& fitd 5 Tw
b, DD FHOEWFHHEICHEL TLEEOX
M-y & D IEBEO R AR R ZDE T WA S
EDTED L) BIHSH 5192520,

Aoy L7z 6 Bl G BULMgES, B, &80
EMBIES T Y, THEIBAADEEGIL 2D > 72, FHEER
AT BT HIAHIL, §l&HEIT-o TV 524BID%H
BB IAER] O HTHEM L T2 % (Table 5).

b Fa IR O E o £ LERT 57201218, #t% S

LEENBIGE D, CTRMRIZ H W 7ziGH T, SR ilins

AR S A DIEFZ B\ TIEIPIR R E 2 7 G
W, L THALORVHEROEBRFERSNE, Thb
6 BIDWVNOER I L THBMIeidd i <, FE@b
DEHHELZRGTEL, ZOZLEFImEB Y HRELEp
D LT RGEPEBTES HERTH Y, RHiGHk
FELENEV R - b7V AT LEEROREEERIEL
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