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Radiation Therapy for Cancer: Current Status and Future Direction

Yoshiyuki Shioyama
Department of Heavy Particle Therapy and Radiation Oncology,
Graduate School of Medical Sciences, Kyushu University
3-1-1 Maidashi, Higashi-ku, Fukuoka, 812-8582, Japan
e-mail: shioyama@radiol. med.kyushu-u.ac.jp

Radiotherapy has been one of the main options of the cancer treatment, and divided into three types of
therapy; external beam radiotherapy, brachytherapy using sealed radiation source, and systemic radioisotope
therapy using unsealed radiation source. Recent advances in the treatment planning system and radiotherapy
equipment, three-dimensional conformal radiotherapy (3D-CRT) is becoming the standard treatment for a
number of tumors. Stereotactic radiotherapy (SRT) is a special type of 3D-CRT targeting the well-defined tumors
using narrow radiation beam. It is used for the treatment of small-sized tumors in the brain, spine and body trunk.
Intensity-Modulated Radiation Therapy (IMRT) is an advanced type of 3D-CRT using intensity-modulation of
external beams in order to optimize the isodose distribution. These high-precision radiation therapies allows
better tumor targeting, and decrease the risk of side effects, and in the result, improved treatment outcomes.

Recently, particle-beam radiotherapy using ionizing particles (protons and heavy-ions) has been focused in
the areas of cancer therapy. While ionizing particles penetrate the tissue, the radiation dose increases up to a
maximum near the end of the particle's range (the Bragg peak), and thereafter drops to the almost zero. This
feature in the energy deposition profile is very useful to concentrate the dose to the tumor and to decrease the
dose to the important normal tissues adjacent to the tumors. Especially, heavy-ions represented by carbon ions
have high biological effect to the tumor cells; the relative biological effectiveness (RBE) is considered 2.0-3.0
comparing to the photon (X-ray, y-ray) and protons. Therefore, heavy-ions therapy is clinically very effective
also in the treatment of radio-resistant tumor such as sarcomas, melanoma and adenocarcinoma, and large tumors
including large number of hypoxic cells.
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Fig. 1 Three pillars of cancer therapy and each therapeutic
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Fig. 2 Classification of radiotherapy and used radiation
type

(10) -82-

352



(60-Co) ZRWeH v <HIBRBAA I TV,
BHAETIRIELAY, ERAESMER (V=7v72)
¥ LABTRNE—X BEOCEFRE BV RRBT
bhTna, ThTNORGRESFORBESEL.,
FEBBOEBICIIRT RV X R, RE (B -
ET) oBRECixEFaiAEicAnbhTng, 5E
DY =7 v 7Tk, BRHEBE2ERTIODOERTH
BeNFY—7a) A—F—RBRBEIhTW3, £
— 708 % PARTE 20 mm BBEE L Eho 78, JEETIES
mm, 3mm EFEFTHNTY A—F—REBEH, &

D EMRBRFEURTEE 2o TETRY ., BHER

BEIZFE LTS,

BEEORSEBIAROHEIIAEHER CT 2_—2X
A L7 s TiRpstE N EH & o T3, BRI
1. 1) BRERHNITREFRCAVW EERZ2IEN, 2)
RiT, EEERERREPRELBH 28D HR0
CT 2R, 3) 3 RTHERER Y Ea—Z 2AW
T TRRREEL 4) TREEHET — & ORI, 5) TRERERE
~DF —FEE%, 6) REEELVWIHIThTHDB, 3K
TRFRTEA = v Pa—# ZAVICRRHEIE, &
REENEE. BEBYSIARERY R/MBOAR, &
BRI AS, RAAE, BEFME £REFAORE
Bk, BiaE, BEEERORE, BRESHHALS
O REAREEND. WRHELT, RTRES
hAENETHIRBAERNERE (GTV) LEbhdb
DT, B (BEFTRLME) CHLPEENEFE
THMEL L TRESNS, BL, CT CIIEHERE
7R EERYIEEIZEE LTk, MRI *° FDG-PET 72 ¥ O«
RERES Y 74 — LIBREER CT LORAERE
fERk L EREREREABIO A TbN 3 3, GTV Il
EOBENBHEBESY VA ~DEBOY X7 %
R Uicv—Dv 20 LE b 0% BREERER
(CTV), EizH 4 ORNMEOEREOHELER
Lk —U v 2 U%E D D% BFE AR &N
PTV) MR, 3 LICHREBBICREZIhAHEN
TOENOBX RHEEL 2 DEAL T, F0BE 2E
B LUie—r & Lie b 0% g st (Tv)
ELTRELRIThER b2V D, Bl ik, ERER
ITV OREIZ4RT CTBREA L ShTn3,

4. FOREEEISCRRTRR

BORIAROBRRSE YR ES®B 1oDFELE L
T, ThETR, HSAR L ORRBGHARE (bik
HEURE) OESMENIER Sh, £< ORFETHO
B A Gl S EIERIE L R0 TV B, £
T, SFERNES & W) EBEORFAICEET 5
BEOSTFEEVEDLITBH LNF A FOHES
SKHI & D HERRIRICE LT S BRRBATbh Ty

%5, LinL, Th b0 L O FRREIIIRREIEN
¥ A KE, BEREROBER LRI 2EAIH
HOBKRERHBETHD, OB, BRBIEROZM
HBENTERETE7 FTu—FRLEL Eh5, 2
9, BNER~ORESRPEER LY, BE~0
RESINC X A FIEESROR L, EFER~OHRE
BRI L AEHEROEEEZBELET I u—FTh
B, FDOL 5 BTSSRI BN RSER
HRBETHY, 3 REFERHE (3D conformal
radiotherapy: 3D-CRT). TEALBUNHBRRAT (Stereotactic

radiotherapy: SRT) ., SAEEZE A BRIAHE (Intensity

Modulated Radiation Therapy: IMRT) 72 ¥ B¥EhicEE
h3a,

FOHT, 3D-CRT T b EARN R BHEEMTHY .
T NF Y —T7ay A—=F—Z X VEREFEHROBRIC
—HSERAFCESFANORETIFETHS,
BEShEEEAE»LRHET I FEEEESMR
4t (static conformal radiotherapy) . Z&{E & EiAYIC IR
ERRNORBHT I HFEPEHRERS (dynamic
conformal radiotherapy) & PFER, ¥7o, MEREHEZ
FERIT, EFRORHAERET 1 ECEVRESR
£ R B B 2 I BALESTR RS & FEOR,
B - SR OB T 2 mm DA T, R EREEIR
CiX 5 mm I TORECIRRT A LB/BEL 2o T
W5, BEE - ISR B A RBAICE LTI
EARREELERIN TV, BEF—Z & LThH,
F RS0 B B B 45 oD /N BB IS S5 B T AL AR TR
B LY RIFICCET 3 BIF2BRRES T Eh
T3 %), Fig3 WX BHEIC R 2 BAL KRR
SowzRT,

—75. IMRT IX. 3D-CRT O 2 HIZEH I E=D
DT, FREFRNORBRE LB L > TELIE,
T 2 EFEGOBRE L2 FITER Lo oER AR
~OpEARE R R S REENTCH D, THES
SR OISR IR CRRIC R 22 AR
VW 1D 3D CRT & IMRT OB OEV 2 Fig4 12
Y, BRI, £ FRORMICBVWTREFAE
BEOET AN (T 74—V ) o CRET
B Lo THEBIC L ABEDRBTE2 T, Ei,
EBHFAOBRBEOT =— bEFEGHTHZLITLY
RESMERFRLOLTIHETHD, FEFICHE
T, bITRORREEE NEHO P TE X TR & IC1RR
HEZITO Z L RARTRRERETH D, EEITIE,
ERARICRS LEWRERER Y X 7 BB B
ENBBEOHNR L Offix REHFEREL. IREE
B2y Va—FKEORESG T RERBR
HEZHEISRZISN VA—ZXTF =T ndl
EEHAVALERD B,

. -83- an

353



Fzg 4 3D cenformal mdloih rapy (31) CR’I‘) and Entensxty«madulated radmﬂzerapy (IMBJ‘) 'I’he *diﬁ'éxenc;é csf dose

dxstnbutmn -

e1apy:
%nﬁ%ﬁ&%ﬁ ?&”‘
7‘*% !&Bu &: % 1; M

i’mﬁ%ﬁﬁz) %ﬁ%%énmv




Fig. 5 Conformal radiotherapy using X-ray and Particle-beam radiotherapy. - The difference of dose distribution -
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Fig. 6 Facilities of particle-beam radiotherapy in Japan
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