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Annual Operation Hours of HIMAC Synchrotron ( Lower Ring
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Commissioning of the Accelerator Facility PATRO for Hadrontherapy
at Hyogo Ion Beam Medical Center
Akifumi ITANO, Ph.D.
Hyogo Ion Beam Medical Center

Hyogo prefecture government has started a design and construction of accelerator facility PATRO
(Particle Accelerator for Therapy, Radiology and Oncology) for hadrontherapy (Particle therapy) in 1995.
The facility consists of two 10 GHz ECR ion sources, 1 MeV/u RFQ linac, 5 MeV/u Alvarez linac,
synchrotron, high-energy beam transport system and patient irradiation system. Beam particles for therapy
are proton (230 MeV) and carbon (320 MeV/u). We have 5 treatment rooms including two isocentric
proton gantry ports. Beam test finished last year and we have now a full intensity beam which enables a
dose rate of about 5 GyE/min. Transverse dose uniformity is obtained by the wobbling method. Ridge filter
is used to obtain a spread-out Bragg peak (SOBP). Clinical trial by proton has successfully started this May
and treatments of 30 patients are achieved this November. Clinical trial by carbon is expected to start from
January 2002.
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Development of Accelerator Dedicated to Ion Therapy

Koji Noda
Department of Accelerator Physics and Engineering

HIMAC accelerator system has been improved in order to increase accuracy and efficiency in an ion

therapy, and to widen a scope of biological and physical experiments. The following studies have been

carried out. (a) In order to increase accuracy in the ion therapy, a time-structure of a beam-spill in the slow

extraction has been improved. (b) For efficient treatment, COD correction in the horizontal and vertical

plane in synchrotron has been improved by the response matrix method and best corrector one. (c)

Key-technologies in the ion accelerator have been developed. Especially, an electron cooler was installed at

the lower ring, and beam cooling in both longitudinal and transverse plane has been successfully performed.

The paper reports the development of HIMAC accelerator system.
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Proposal of Cancer Therapy System without Rotating Gantry
Masanobu Kodaira

Association for Nuclear Technology in Medicine

Beam therapy is one of useful methods for cancer therapy. Many results in National Institute of
Radiological Sciences (NIRS) show many abilities of beam therapy for cancer therapy. In Japan, several
beam therapy facilities are constructed or under construction. If its construction budget becomes to be
smaller, beam therapy may be used as the general cancer therapy. But in the present beam therapy
facilities, the budget of its construction is very large. One of the reasons of big budget is the construction
of the big buildings equipped with thick shielding walls. Most of space of the facilities with thick
shielding walls is devoted to the treatment equipments such as rotating gantries and beam transport lines.

This proposal is that using oblique beam line and rotating treatment bed, multi-portal irradiation is
realized without rotating gantry. At the same time, we designed adequate beam lines to minimize the total
facilities. '
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A Project for Advanced Compact Accelerators
Satoru Yamada, National Institute of Radiological Sciences

Advanced Compact Accelerator Development Project has newly been founded by Japanese
Government to promote developmental studies of compact accelerators especially in medical fields. Total
of 9 research institutes including 4 universities cooperate to make this project a success. Beside a part of
developmental work, NIRS is expected to be a secretariat of the project.

Scientific target of this project can be separated into two major parts. One important purpose is to
develop a compact synchrotron for particle therapy and the other one is the development of intense hard
x-ray generator based on a inverse Compton scattering or inverse Thomson scattering processes. The x-ray
generator will be usable for coronary angiography with digital subtraction technique.
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Development of the comparison system for dose
distributions in each patient body
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In heavy ion radiotherapy, it is strongly desired to measure dose distributions for individual patients, and to
compare them with the results of the treatment planning. A Multi-Layered Ionization Chamber (MLIC) has
been developed. This system can measure of the dose distributions in water equivalent materials quickly.
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Three-dimensional Irradiation at NIRS
Tatsuaki Kanai, Yasuyuki F utamiV, Nobuyuki Kanematsu, Ken Yusa, Yuka Kobayasiz),
and Katsuyuki Miyamoto”
National Institute of Radiological Sciences, Shizuoka Pref."’, BCC?, Mitsubishi

Electric Service®

For improve dose localization of the present heavy-ion radiotherapy, irradiation system for
three-dimensional conformal therapy at NIRS is developed. Present passive irradiation method using a
ridge filter, a scatterer, a pair of wobbler magnets, and multileaf collimator can not change the width of a
spread —out Bragg peak(SOBP) in the radiation field. Adopting an active method for making SOBP by
sweeping the Bragg peak in the depth direction, it is already proposed three-dimensional conformal therapy.
In order to safely perform patient treatments by this three-dimensional conformal therapy, moving devices
should be watched during the irradiation and check the synchronous stage of the devices. The system
constructed was tested from a viewpoint of safety and the quality of the dose distributions realized.
Through these tests, we reached point just before the three dimensional conformal therapy.
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Fluence Reduction

Uniform Condition for 290 MeV/n beam
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Conformal Irradiation Technique for Respiration-Gated Proton Radiotherapy
Takeji Sakae
Proton Medical Research Center, University of Tsukuba

A new irradiation technique for charged particle radiotherapy is developed to reduce unwanted dose
transfer to the normal tissues around tumor. The filter is made of many layers produced by using
stereolithography. The new filter can make a static irradiation field where the width of the spread-out Bragg
peak (SOBP) is two-dimensionally adjusted to the shape of the target. In the case of a moving organ by the
respiration, the new filter has an advantage in its less fluctuation of the dose distribution in compared with
the simple scanning method. Conformal irradiation fields are realized by the new filter in experiments with
intensity modulation. A comparison between the new technique and the traditional one is shown in dose
distributions calculated by a treatment planning system including the function of the new filter.
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A Review of Rotating Gantries for Heavy Charged Particle Therapy

Although advantages of rotating gantries for heavy charged particle therapy are clear to anyone, a first
proton rotating gantry was firstly installed and used at Loma Linda University Medical Center (LLUMC),
USA, in 1991. This is due to large magnetic rigidity required to bend such an energetic beam having
enough range in patient. Up to now, only proton rotating gantries have been manufactured and used since
proton has a relatively small magnetic rigidity due to Z/A=1. However, even such proton gantries have a
diameter of about 10-11 m and weigh about 100-200 tons. There are a number of types of proton rotating
gantries. The one is an isocentric gantry. The other is an eccentric gantry in which the irradiation point
moves with the gantry rotation. The example of such an eccentric gantry is the compact gantry installed at
Paul Sherrer Institute in Switzerland. The isocentric gantries can be classified into two categories. The
one is a standard large-throw gantry which has only one bending plane. The other is a cork-screw gantry
which has two orthogonal bending planes. The standard long-throw gantries are installed and used at
University of Tsukuba, National Cancer Center Hospital East, Hyogo lon Beam Medical Center in Japan
and at Massachusetts General Hospital (MGH) / Northeast Proton Therapy Center (NPTC). The
cork-screw gantries have been used at LLUMC. Gantry design is affected by the beam delivery method.
In present double scattering systems or beam wobbling systems, the beam is spread out and shaped in the
straight section after the last bending magnet of the gantry beam optical system. The required length of
the straight section is about 3.0 m. If a beam-scanning magnet is integrated in the gantry optical system
and placed before the last bending magnet as in the case at PSI, shortening of the straight section is possible.
Now researchers at GSI in Germany are designing a heavy ion gantry for the Heidelberg clinic. A pair of
scanning magnets is placed before the last bending magnet to decrease the length of the straight section.

The characteristics of the gantry beam optics lies in the fact that the incident beam is rotated in the
reference frame of the gantry when the gantry rotates. This results in the variation of beam shape if the
beam emittances in x and y-axes are different in general. This should be considered carefully to control
the beam size at the patient position as in the case of beam scanning. Since the gantry structure has a
mechanical distortion depending on the rotation angle, beam misalignment could occur due to the
misalignment of gantry magnets. If precise beam alignment is required for the beam delivery system,
beam steering should be made by a pair of the steering magnets to correct the shift of the beam centroid.
Since we observe some hysteresis of beam centroid shift depending on the direction of rotation in some
cases, we should be careful for locating the gantry at some specified angle with a pre-defined trajectory of
rotation.

We will review the proton gantries manufactured so far and a number of new proposed design and
study the future prospect of rotating gantries for heavy charged particle therapy.
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Energy and angular distribution of secondary electrons produced by
6MeV/n ion impact on water vapor

Daisuke OHSAWA , Yukio SATO *, Hidetaka KAWAUCHI &,
Toshihiro HONMA *, Takashi FUIISAWA *, Fuminori SOGA #
Radioisotope Research Center, Kyoto University, Kyoto, Japan

National Institute of Radiological Science, Chiba, Japan A,

Faculty of Science and Technology, Science University of Tokyo, Noda, Japan B

An apparatus has been fabricated for the measurement of the doubly differential cross section of
electron emission from water vapor with fast heavy-ion impact (6MeV/n). The ejected secondary
electrons were detected by a Chevron type of microchannel plate assembly after being analyzed by a 45°
inclined parallel plate electrostatic spectrometer rotatable from 20° to 160° with respect to the incident
beam direction. The scattering chamber was made of iron, and both of the electron spectrometer and the
detector assembly were mounted in a m-metal housing in order to avoid uncertainties due to spurious
magnetic fields including that of earth. By developing a water vapor generation and collection system,
where the spouted water vapor was instantly frozen and trapped as ice on a stainless steel panel after the
interaction with incident ion, stable (~10hours) and thin (10-2~10-3Torr) water vapor jet was obtained in
the interaction region without disturbing the over-all pressure in the scattering chamber (~5X 10-8Torr).

With the present apparatus, we have successfully observed the energy and angular distribution
(7~10000eV and 20~160deg, respectively) of secondary electrons produced by 6MeV/n He2+ on water
vapor. Obtained doubly differential cross sections showed an enhancement of high energy electron

emission due to high energy ion impact.
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Fig. 1. Apparatus for measuring the doubly differential cross
section concerning secondary electron emission from water vapor.
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Fig. 2. Doubly differential cross sectiong for ejection of secondary
electrons at 20-160 deg. by 6 MeV/n He** from water vapor,
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Monte Carlo Simulation of Radiation Track Structure

Shuzo Uehara
Kyushu University School of Health Sciences

Spatial distributions of microscopic energy deposition in biomolecules are important for understanding
the biological effects of radiation. Most knowledge is based on Monte Carlo track structure calculations of
particle transport in water. To date.  there are a number of Monte Carlo track structure codes for electrons
and ions which have been developed independently to investigate the microscopic features of ionizing
radiation. All codes provide all coordinates of molecular interaction in water. amounts of energy deposited
and the type of interaction at each event. The present state of the art of the physics and computational
methods of electron simulation is sufficiently advanced to provide the primary physical input to deal with
initial biological end point. such as DNA strand break. Recently, we have developed for the first time a
new generation of track structure code which simulates full slowing down of low-energy protons (1 keV -
1 MeV) and alpha particles (1 keV - 8 MeV) by taking into account all primary interactions. including
elastic scattering, ionization., excitation and charge exchange processes. This new development enables
us to work on biophysical aspects of heavy ions of therapeutic interest because the codes are effective for
the energy range including the Bragg peak. Tracks were analysed to provide confirmation on the reliability
of the code and information on physical quantities.

I. ¥

BEROEYFHRNREEMET S LT, ERDTFIIBIT 3 TRV F—F 5 OMEARZERS
MZEETHD, TOHABORBMNI. EED 10~80%% 5D BHK (KD B NWIIHM) I
BUIFBRTHEDE S THIORFEEHEICEBZBENTNS, REFEED— RIIBRHER
EKRBFEOMEERANEISZTRTOEFE, ARV MTEOIRNF—BTRERGOR
EERT D, ERINZRFEET — 5 3FICBHBERICE > TEIEEZIINBLFEN -
EYFRREONEENAETZ20DICANENTED., RERIER AN ZXLOBHIZELK
BEMZ LTS, BEBROEERADERIZ. LD THICE Z 2R, 51EHEN
TR DL FNERER TEYEANLF]5, Table | IR & BAHRER & OBRZERT.
e E BRIV F—EFHINA IR T &% SSB (Single Strand Break) %> DSB (Double
Strand Break) DIEETH B &, 60~T0% AWEANEREIC BT 2 ERERATRLbE TV F—
FEIZEBDHDT, BODIBMHABEDT PHIKINIZK HLZNFEBEERNES TNn5,"

ZZTRRBBHHEET— R, BFI—N kurbuc®. BF3I—R lephisf. akiFI—R
leahis® 3, FEE MRC Radiation & Genome Stability Unit @ Dr. H. Nikjoo & &%EE & Dt
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FFRICLDODTH S, BFRTIIYWENEREOAZERTSHI—RTHD, TR)F—
MHEBIUOEOREREREINSER - BEKS T, BEZRINF-LUTHEELAREF. O
VBRI EE5 X5, ZOIEHTI—REaI— RIZWERD “track segment code” &
B0, BRKBRERIEHEHEEZEOEELMEERAZIRDAND Z LIZXD T keV
FETHERICEHF LW “full slowing down code” THB., BRI FHROBENHAICBVNWTE
BRTIvITE—DERAN—TZHINE1F 20— Fid. BRFREBEBRIIOVWTOYI/0O
R A MHARZBEZDITHRLD,

. A—Ro#@=E

B TORBEEE THNOLI o~ 3 VITBEARANT—#13,

o EHE FhE. BAEEELOESWHEE

o Bl I & DO ERENTIR R

o ZREFOIRNF—ARY MV EANT

o HMBELOAN

HLTH5. MEBRFIIMEZEETHE. FCREETLOEBEFRIZX> TR
F—2RW, HTOBRCREZFIZECT, EBICKVBEBHEZRETNREL, RF2v
YNV IRNF—ZTWoLBREA A NTES. BIRINF—RFIIEHICLDZOIX
NF—DOKEDZRN B RBBEIZXS2BERTH S, BERELICL > TEITHRNEDD,
IXNF—BITIIBFTIIEIST. BERTFTROIMIREZS,

BTFI—RIZBWTIIEEE. B, BESEO SEHEOMEERAZZE L. BEEELT
B R Z2E] O A= Rutherford AR ZHWTEE L 7=, BEE L BT 2 2BEAEIL WY
ANAOEBMEBLOERMELZ I ANV L TEE, ZREBTFIRINF—ZARY MVTER
FEHEICK o TRz, ZRBEBTFOASMIL. BRI F—IZBWTILEE 2R, ET
INF-ZBWTRERBEZH W, INSDT—FEANDZEIZES T, 1 eV 5H MeV
EFTOBEFICENRI—REERTE, FENRETFI—F poca EOEBIZED, O—R
DfEEE 2N DT,

BFeahFOXIREREBN TEYBELOHEERDEANIIIETFLRAKTHS, L
MU, 1F2RBELTT Sy - EE (<0.3MeVu") IZB3 L, ERTBMNEERLT
FINF—HRIBRICERS. BNWTWIEOAACNEF2HEBL THERETIIARD, 2O
HETVETE2HEWRSNTHEOAA IR BEIR D, TH2BRHEREE KT,
BTFOHEERTENDO2BOA A NTES, ahiFOHEIIHe!. He'. He® D 3EOHE
REXBEND, ETHEREHRETEERETICY 5y "pFe1FdtL. BFEKT
BHEEFE—LOHEBTRE—LAERIUES THIAICROE TR, F—5y ko142
fLREZ &R, o FTR2ETHESC 2ETHRROEERDHFLETS. BIDS521F >
T LI BEHEET — Y PBEIZRD, TRTDIFCORSTICNT 2B THE, ETHE
%, BHWEEIIEREZNEL. RTFIXRNF—0OBEEKELTRBEL -, ERENFICA
572 WEIED K VB BELIERNGEIC K > THRMLZ. ZREBTITRXNF—ARY ML
&, HREMEIEEZHEERTSXS5EELX Rudd nodel? 2 HWTEEL -, HREILERLY
BRI REDBITRIETE 2170, BIERBOEEE 2=,
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I. BREER

Fig. 1iCEBTI— R kurbuc® \2 &> THSNZ, 1 keV BFBKFTHES 1,0 ® H0* 05
MBIERT, e BREOKIKICHBITZ 1.4V TOBET (Y THEET) 2XkT. EFa—
RiZd oW aEEOMRM I — ROEKIZARD, BRERSIEATFOHEEEIABTFRa T
KEBEEFH, EAFOHEITIEIZRORETFNERIN,. TNSBTFREFLSFANDOL
INF—BITEEINSTH S, Fig 2ICHEFI—F lephisPi2L s 1 MeVEBTF (LKD)
abiFI— R Jeahist" ik 2 1 NeVa (FH) OREFO—HERYT. By MIZRIVF—F
5ERERT, AU F—OMEDORBOKTIZ. N> MEEET DS LET D&
NWEIE-EVRLTVWS, EREIND2REFDOE, | eVEALOE I kurbuciZX > T
B L7z, ZKBETVE OBEEA 42 OEBITH L TEIE 90° HEITHH S5 OidE
B ERMNSEMND,

R EMEITT B Lick> T, M2, FiE. FFRMEILEE, MEAM, <A VORI A MY
EEONTA—FBRENSNSOYHBE/E I ENTE S, Fig 313 3MeVabiFOBIES
FRESHICOVT, EREYBLUMOEHEME DLEERT ., abiTOEKEH.Li &
F5EX900 oo, B 0.5 nn QOEEMABGRICHBITERIIGREZE MEELROBEKELUTERL
ZHDTH5, r=0ZRNWTIE, REIIRTZREFIZE>THESINTNVS,

BTRIFICBENT, B JOEVWKHEZEED, ZOMOMNEIRNF—2AEEBTIE. B
BT DB Lo BAH AT E > THEALBND, Lo 3EELINTZERB LET TH B, ahiFf
FEHBREAMIIBIZT I 7E—Y (0.6MeV) E0RERNEZS (5. 3MeV) TD L, ITZ
NZN 246, 85 keVum!' &720D ICRIP &K< —E L 7=,

—HXA ORI AN OERICENT. LEORFIMNEY —5 Y MIAE5ET 5%
WF—BHEWCEETIEERETH D, stEOLTE. AFRFILIAERIF—%
RO, 2EEORITEBORL TZOHENHER/RD, BERMEIRNF—2ROBERT
BRLEARY FYA R, HBENEERELED L I—-RETRLULAEY Z7 VTR F—IiTxt
THHEEMITEL, WIFnd LET &S, wall-less 7OoR—TaF oy 2H
Wiz LET B ic st S ® T 10, 000 D a hrFAaMRAEMZAIRIZS D FAITARTH L&
D LET iz RD7, Fig 413 5.3 MeV & 0.6 MeV D akhi A% 1un (EX) &2 mm (FEX)
DIRIZATHLAEZEZD, YT INIRNF— yiZHT 288 yd() ART VOB ERT,
lumEBRIZBNT, 5.3 MeVIIH T 25 EMITEREY L L —HLTWS, Ty TE—Y
TIXLET, MEBELEDITKRESR S, RIFHEFEHY 27 NI XNF—T, BBUN LJITEWY,
MMSHENEE ST, [ unBEOHBHARENY -5y FRSIE LET 2 OIER DIT/NE
L LB THREZFEELET 503 3y TEBLTHE W, HEEN 2mi/hE<R5 &,
IRNVF—f5BEOHETEBNEEICARD, LETREWERICAHT LSR5, 0D
BE. PHEISEVB®RERF RN LIRS, ZOXSKFAICEHE. ACIZRIF—0
BB THoTH. LET 35—y b A XK TETEZZENDMN B,

V. £¢&8
SEOETFANORPEEI—FICK>TET. BT ahiTOK G, ZELEE
& 1gen™®) ZBT 2T RN F—(E5OHBHZEMA ARG o0, REFT—5 Z2HHTY
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Table 1 Time frame for radiation action.
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2D example of the positions of the various species obtained from the simulation of a 1
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Fig.2 2D examples of 1 MeV proton and alpha particle tracks in water.
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Fig.3 Calculated radial dose profile around the alpha particle path with energies 3 MeV
compared to various data.
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Fig.4 Comparison of microdosimetric spectra yd(y) vs. y for alpha energies 5.3 and 0.6 MeV.
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Cytotoxicity and free radical reaction of high LET particles on
glioblastoma cells

PEHRER. BEEL M

Koji Tsuboi MD DMSc, Takashi Moritake MD

AR N T RESES  SSA S
Department of Neurological Surgery, Institute of Clinical Medicine, University of Tsukuba

[Abstract]

Background and purpoese: Ionizing radiation (IR) induces cell damages through two different
mechanisms, namely, direct and indirect effects. It is known that the indirect effect via free radicals plays
a major role in low LET photon radiations, while the direct effect is the main mechanism in high LET
charged particles. However, it has not been elucidated whether free radicals are involved in IR by charged
particles. Also, the ability of scavenging free radicals produced by IR should be closely related to the
radiation sensitivity of cells. In this report, the amount of hydroxyl radicals ("OH) was quantitatively
analyzed in irradiated culture media with or without glioblastoma cell lines, and the ability of radical
scavenging of glioblastoma cells was also measured using electron spin resonance (ESR).

Materials and methods: Cell culture media of minimum essential medium containing 10 % fetal calf
serum was used as material for measurement of ‘OH. Glioblastoma cell lines, A172, TK1 and U§7MG
were used for evaluation of their free radical scavenge. For irradiation, carbon, neon, silicon and argon
beams were used at HIMAC in NIRS, and 200 kV X-rays were used as control. Electron spin resonance
was used for quantitative analysis of ‘OH using 5,5-dimethyl-1-pyrroline-N-oxide (DMPO) for trapping
'OH after IR. In addition, the cells’ scavenging ability was determined by the decay of the stable radical :
4-Hydroxy-TEMPO (TEMPO).

Results and discussion: Production of 'OH in the media after irradiation of photon or carbon beams
were in positive correlation with absorbed dose, and at 20 Gy, their signal intensities decreased as LET
increased up to 90 keV/micron. Signal intensity of "OH after irradiation with carbon beams of 20, 40, 60,
80 and 90 keV/micron were 86, 78, 73, 69 and 70 % of that of X-rays, respectively. It was indicated that
the indirect effect is still significant in the lower LET range. Glioblastoma cells significantly lowered the
signal intensity of ‘OH produced after various irradiations. Furthermore, gliobalstoma cell lines with
different gamma sensitivities demonstrated different radical scavenging rates. These results indicate that
further analysis on the relation between radical scavenging rate and radiosensitivity of cells should be
performed for the elucidation of radioresistance of glioblastoma cells.
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BFEBIIMKRE L TEDLD THBRELRMKERE TH S, BEHHREECLFFEICHT 282
HEMENZ ENEZZFEERD—DTH DA, HMHABROMGEEIBHRAMED DN 2E
BETIEEDRE, FELUTKDFEAIMLLAEKRECDERE (S0 Tk
DEBEHRO 2EENRHHEINTNDS (1,2,3) . HOIBPIY I AROEDITRIRIV
F¥—Af5 (linear energy transfer: LET) OEWEFBR TIIMBEDRISMREEHEOEE L
25M, BRIZX-OTECEZZRBEBIIEE N 28T 2ERYRBEAEL. MIREED
BEF 0 SIIMEZEDRENERT, BORBZIOZKREFICLPBEEDRIZED EHEINTNY
5 (2,0 . —H WEBNTRIE2TEEEHERRHRTHD, LET AFWES T BT hTF
BOEBETE NI VEBTEC DI DNNOBENERICE S RBZEHIZTTHIELO
HEANRE, BREUTHRNRERSENEARERSD (2,3) . LML, EBICE LET0E
B FRVKBBEPICEDRBED T DN EZEEL TOWENEAHTH 728, RL3ENZ
electron spin resonance (ESR) FIEEEZMANWTHIERRETHD I LEZ®RELZ 6, 6) .

—%. MBOBNBEZEL DNA OBEECKEEKEL TWS ZEIEETHD., TR
HNES INA ICHEENEZ ZHIIIEOMITHREIC Th 22, ZOROEEREDEVIH
DEMEBRET D, | EVNIEBIDVELSZITIANSN TS, MBICERBINBRIRN SN
2358, MENTRIN O TEEBRETSEEHIC. AR TRYENZKITOEHE
FhESE Z, BN TIERERNRBR A AERINE EBITTOHINNER I N T DNA O3 FRBE
INBZEITRD (1,2,3) . Boag ldsaifgic R I NAEE. FTOMEE (4>
{BIZEE IV 1085 10O E. TOBRDOEENBRBERINIE 1 NS
1°BOMIZEES EBRRTNWS (1) . £33 &, MRS DI I OHEERENBRR
5L, BRIZED DN OBERBVREZZANCEC TS DN BEOHEDRIZH> T 57
BEMENHITL 3, BRAITRk4 RBHEMIKICBNT, K LET OXFRBH TIIMsHRRZ
HNRZR S THE LET OB FREBH TIIEZENBD TGEMT S ZL2HEL. TOF
3. S LET BETII DN BENEZICK<RHEDEZERLE 8,9 . LML, LTS
EAK LET TR AN OB PRI XL D B2 O TRERZEICTENH 505, & LET BH
T BiZIOANOEENRDELIRBEDONB LRV, T TRLMEORDI DN
WONBELBZEEZROIERBRETFEEX,. SEZTOMFE2HRAE.

(MR, FHixl .

MHREELTIRETHAEMEEERTHS 0%FCS 250 MM ZHNWTHRNZEOE FOF
IS THI D) DERZERELE, (H., 20 2EORBICIXS VAN DOERDZELER
HENBMoT, ) MFTIXBEEMAaL USTMG. TK-1. A-172 ZA W=, MRS EHITTT
WCHELREEBOTHS B9 .

RSHT, BRI FHRAABEER HIMAC) £WERARS =T Carbon (290 MeV/u), Neon (400
MeV/u), Silicon (490 MeV/u), Argon (500 MeV/u) ZFW/, £/, HBEL TR v
A& (200 kV, 20 mA) ZRAWE, KEKEEZISHRZERORSICIE. LEEOEA T RO
RS TR EMRBHAR (B 1mm) 2AWN,. Ty ARBRHTES y—LEAWE,
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"OH DERizid electron spin resonance (ESR) HiE%:i& Free Radical Monitor
(JES-RFR30, JEOL, Tokyo) ZfW /=, ESRZEEOREIILTFDOLEBVTH S, [ magnetic
field: 335. 5 mT, power: 4.0 mW, modulation frequency: 9. 40 GHz, modulation width: 0. 079
nT, time constant: 0. 30 sec, sweep time: 4.0 minutes ]

HHHEO O - ZHE L THIE T 2401, BFEANIIHRERKIC spin trap FITH S,

5, 5-dimethyl-1-pyrroline-N-oxide (DMPO) (LABOTEC, Tokyo) % Hm#IREEM 200mMiZ/23
KD ITHMU 7=, BEBE S IO RBKRZ GERR LI ~B L. —ERRE#IZ DMP0-0H adduct
DT FINERE L, EBERIZIZ DMPO-0H > 71D 5 bIEBERDE— 7 )V EWNEa
DhO=VOIHIDTTFIVEDLEER L., MRS T FIVREE U TRITICERL
7

¥z, BELETVHIVTHS 4-Hydroxy-TEMPO (TEMPO) (LABOTEC, Tokyo) ZFiW, &
DT FNERENEEL TO< HEZBRF L. BB, spin label %I, TEMPO ZxtHRDEE
IR E - ISR ISR S uMIZ R B K S5 A. EEN S ESRICTHEEL TY < TEMPO
DT FINREZEZ—EREEICAE L THRI > M a—ILO > Ho DI T F N EDLREE
HU, M 7 H)ViRE & UTRTICHERL 2.

(R, 8]

B - 1a, biZ. 20 keV/micron OpRFERRE Ly 7 ARBEHE 10 712B1T 25 DMPO-0H DFEXH
LT FNREORIREIZNT 2R bERLE, MELE 20 Gy £ TIRIZIEREKERICS
DHIIVOEERTEIML 72, Ty 7 ABRE TS Gy A FOERE TIXRNENEWZDIZ
BIEAIFIEER EIZESN, 10 Gy LETIIRFRHENEZ 50— EEEI N
DMPO-OH SR P ICHEL . H B EHMEITIE DNV TOEKRFIMEZ S, TNSDERITELS
RFERELY 7 ABO 06y TOWEMEZILETDE, RERTILT. Ty 7 AWTK2.4
T, REBROFAMENEZRL TNS,

Kz, B EZ 20 Gy ICEE L T, LET % 20 keV/micron A% 90 keV/micron £ TZ1L
SE. [FERIC 10 2@ DNPO-0H OMMES VIV BEEZRE L . €OR. 7 FIILI
LET o#ginE & iz L. 20, 40, 60. 80. 90 keV/micron TIRZENETNTL Y7 ARRSH
B$D 86, 78, 73. 69, T0 % &72oT. K -2 IZRTLDIZ, LET 2R EKICES L EDER
Lol IOBEAF U BZHNTESIREWLETERTHRN L TAB E. FREZERT
BHOSNEN, TS OEIZ—ER LIRS Mo, TORREIE. BZF5ENTND
BITIZ &> TR TF OB E KRBT OREIZENEHD, TNOEVNELEIVHINDOEER
NEBBDEEZEND,

INSDHREMNSITHENMZLET N LEFT5 L 00 OEARIIEADTLINEOELOEEIR
TRIOONRVDahoT, LML, Ty 7 ARICKSMEGEED 0% HEHRIZES
EREL. ISIZMENROMBGEEEN O OEABREKAITEEREELEZLET. 20
DMPO-OH DAEXEE B Z, T TIZHE U RBROEYZRIZIRLL (relative biological
effectiveness: RBE) OZ/LEERNZ L, K-3DKDICRD. T Tid LET fEZ & HICE
D, Ty ABO LET % 0. 5 keV/nicron LT, TQEEDTIPHINEEERE (1.TELTNY
%75, DMPO-OH D&k 0 LA RBE IZBIT 2 EHEDROEE T, MO THEEHROEFSITR
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HEEZEZOEND, ZOERERS &, LETAY40 keV/micron < 5WETIHER & LU TRIER)
EMKERHEZ 5D, TN L TREESROEIENTH> ERESRD I ENDNS,
T, ZOHK%E 290 MeV/u DpRFEMRD Bragg peak MU TIEIDTEZXTHD &, KIZAH
9% EEOLETI3IZIX 13 keV/micron 722D T, ZZH5 5 40 keV/nicron £ TIPS DHh
WORENEREDN, TNXOFERTRZOXEIEFRIIH AL TP I &ITRB, TD
ZEZREBOAMRICH T 2RFICEZ A THS L, LET 2EFITH W target volume NT
SEERVKRESEALTVEY, ZORETIIEENROZEDLRBMIEO TSI LE
RLTWS, ZOBRE,. LU HKEBEEATENTFRBHIEOICHNEHET DI ENT
EUL. target volume IZMT BEMFMBIRIZFIEALETITTIC. AEMBICBITZID
AN X BEEEERNCTIFEND I EERET 2O TIERICEREN,

RCBHFEMRO S DhVAEEZRNLEREREZAS L. K-4aiTRUAEK DI, Ml
BEOLEREEBITMPO-0H DT FIBEALTOS ZENRENZ. 5T, MRBE
% 2. 5x10%ml iCEE LT, LET fEZ2E LS TRROBHNEZTD &, M4 DRI TS
WV OFRMBNGE SNz, & LETICBT S, BEMRICKDERROL T IV OBARIZTIZ
E—ET, BLT /3 ThHol. €I T, ML DMPO-0H ZAET 2 HEZ T Y 7 AR LK
FREANTRAT 2 &, MRFERD SV FIVEEIZKR - 53, bicmlzkdic, 12iFE
BEIRAICHES 2 2 LARE N, Ty 7 ARBHEELD bRFRBHEOIZ S 2HERIC
KBTI PHNUERENELS 2D ENDMS,

RIT, BELIZZ VAN TS S TENPO 2RIl ERICHRKE S 22D K 5HmL. 20
UFINEEZR I SBEICHEEL THEREZRA Lz, TORER, MROBRAICK-> T
TN OBWEREENRLD ZENFASNTRD, MEICE> TS IHINVABBICENHD &
AR E N (K - 6) . BFEMEETHERT 5 & A-172 OBRERNERD E <. Fl T USTMG.
TK-1 DI &Iz o7z, HAETOI O —BRBICK DEHFHRN SR TSH &, H I HRITHT
LRBZMER TK-1 BEBHELS, A-172 & BIMG IRIZEFRBE TH > EMBEZXDE, F&
BLARWE, 2<EERTHERICOR>TWAW (9 . J0Z—BRFTIE DNA BENE
ETHSBEBEZEDEYENRIBEEHREZTATND EEZASNDN, ZOFTVHIEE
REIBES<HAOHIICL D S PANMERIIEDAHAZRTHNDDTINS ZHHMICLLEKT
B2 EBTERN, LAL MEZDODRBLENS T IHNAAR LDy —DEIITHE.
LOABMBKRICE > TEDRANBRRD LR REBRENIETH S, MIBENICA-S
PANERIRSSI IR TREDFNARTCHZ2BERTUEIND M. MERNIC
HBIEIIVEDEXIBIVANAANY Py =X o THUBIND LHRINDY, FiE
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Bystander chromosomal aberrations induced in mammalian cells using a He-ion microbeam.
Masao Suzuki
International Space Radiation Laboratory,
National Institute of Radiological Sciences

| In recent years there is evidence that biological effects, such as mutation induction, sister chromatid

exchange (SCE) and gene expression,occur in a cell population exposed to low fluence of o particles
beyond estimation to be hit directly by o particles. We report here a bystander

effect in chromosomal aberrations using He-ion microbeam. Human-hamster hybrid cells were
irradiated with He-ion microbeam (5.3MeV; stopping power 90keV/um) generated by the Columbia
microbeam system. When 20% of the cells were exposed to single He ion, the incidence of cells with
chromatid-type breaks detected with the technique of premature chromosome condensation (PCC) was
coverd wide range from O to 6 breaks per cell. In contrast, the distribution showed a mixed two-peak
pattern, such as non-exposed and all-cell exposed patterns, under the condition of assuming no bystander
effect by treating with an effective inhibitor of cell-cell communication.

These findings provide clear evidence that single He-ion irradiated cells can induce bystander
chromosomal alterations in neighboring cells not directly hit by He ion.
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BN TFRICEZVBABEERTIE. BEHRVBHINZFFICBWTENFROKEE - £5
—HBHTHEEEIAOND., BEZOLIBRTFROBEERFFIIBNT, EFERTHR
DOty FEZITEMENZDOA ML RIZHL T “—RE” BIEEZ LUZHR, TORHEICH
HEZEEY FEZIFTOEWMIICMSh) “Z0RM” RISENET. MKERE UTHS
REMERAZEHT S, TROBEREY FEZTTOWARWMRIZNT Sy b 22137
FOMBRZENE NS, EVISEBRERBBREINTNS, ZORBNAAY > F—5HF
EENDHERIL. 1992 412 Nagasawal) HIT & o THE & NAERERIHIC X 2iskRan
BXBFAREZRT0IC, EHESROBRSTRAR. LZHBEITHL THE < OGN
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AI|ETIE, KEIOLETYRZEOYA 7O — LAERBR T - 2R TR O KBRS
TR THEHEINAINARAY 2 F—SRICET 2R ERAEO—mE, (1) Zno
RFUMFARICBIINAZAY T —ROFE (2) ZFOAAZZXLD—HELTD
gap junction OBE O2HBICERERD., EENERTOLEZBREREHBNTT 5,
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um) ZHWT o7, 70FABEIE. BV F U ALK THFEI NG 2 OB
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acentric fragments) &L TR L, —BDOANU T AT F > 22MREIZH L T 10050
R DRIRBC RS U= 376 & 208 OMIFL OIS U7=3/E & T chronatid fragments
DERDHERANR, MEZLHBETEZ LTI >IN RY U F—ROFEERFN L. £
7z. gap junction MORAEH &L T 40uM @ Lindane (r-isomer of hexachlorocyclohexane)
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N G, 4.5, 6 EOUIE) I2503FIEA 25%T, 1. 2 O UINEZE R > /oMka sk
F 408 LR LU (K2) o /2. 1fED He 1 A > % 2050 B LU o F#ia
EEEFITERNLZFET T 3, 4. 5. 6EOUKEONHICLEDSEGIE. MAEMORE
BRIZEZEEELRWRE EFE 45 ThH 7208 1. 2 BOYIBEOAHI LD 2 EE&NIER
MEEFRT, BREUTHERNOBEOUKZ RO D 647 205283, 4. 5. 6
BOVIMERZEZFFONANESL T R LAERIZRo (K2) . BEOERIE. 1EOHe 142>
% 05 OMBEMICIBH L ZH/ITIE. He 1 A2 EEEY NLTZO0F UM ERI N
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RERFRERIIBVTH, 2<EROKENBEENTSED 2,3 . TNSLADET,
NARY T —HROENFE LU T, gap junction 2N L 7= MIBREEZENEERRE Z R
LTWa EED ZEERMIT5N5.

4. ®mRIC
BANIBRARZL D12, BMERNRE I N HRICBNW TR FROEEE - L8R
THDEEZIONDIBER TRICKDVABEIBNTIE, HRELTINTIZAY DR
GO TEBROBENMTON TN DD EHEIN. ZORBYROFEEAT X LEM
L SXN~DTFLRIIVTHERATS &K T X OEBRICEN FREFE2I ho—)b
THZENTREE RO, DAMBEE X DRI SHEL. MHDBEBEOEEHBGNOZEZ K
DBEFETED LS RRINEDOHELRIEEICRD EE A D,

5. BiEt
Z OZEIL. KE Columbia K%, Center for Radiological Research @ Dr. Eric J. Hall.
Dr. TomK. Hei. Dr. Gerhard Randers~Pehrson. Dr. Hongning Zhou & D3&[ERZE T, National
Institutes of Health Grants CA 49062, CA 75384, CA 36447, NASA-NSCORT W19133, DOE 522507
DY R— Z2ZT TN,

6. ZEXM

1) Nagawasa, H. and Little, J.B., Induction of sister chromatid exchanges by extremely low doses of
alpha-paricles. Cancer Res., 52, 6394-6396 (1992).

2) Zhou,H., Randers-Pehrson,G., Waldren,C., Vannais,D., HalLE.J., and Hei, T.K., Induction of a
bystander mutagenic effect of alpha particles in mammalian cells. Proc. Natl. Acad. Sci. USA, 97,
2099-2104 (2000).

3) ZhouH., Suzuki,M., Randers-Pehrson,G., Vannais,D., Chen,G., Trosko,J.E., Waldren,C., and
Hei, T K., Radiation risk to low fluences of a particles may be greater than we thought. Proc. Natl.
Acad. Sci. USA, 98, 14410-14415 (2001).
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Fig.1 Induction of chromatid-type breaks per cell from human-hamster hybrid cells (A L cells) in
which either 0 (A) or 100% (B) of cells were traversed by single He ion through the cell
nucleus. The data present average and SD from four independent experiments.
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Fig.2 Induction of chromatid-type breaks per cell from Av cells in which 20% of cells were

traversed by single He ion through the cell nucleus treated with (D) or without 40 uM Lindane (C).
The data present average and SD from four independent experiments.
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Impairments of learning and memory in the rats after brain irradiation
Nobuhiko Takai
Japan Science and Technology Corporation, Domestic Research Fellow
Heavy-Ion Radiobiology Research Group, National Institute of Radiological Sciences

Clinical trials of hadrontherapy have been carried out world wide at several facilities including NIRS.
Cerebral dysfunction is one of the major concemns associated with radiotherapy of brain tumors. However,
little is known about the neurochemical basis of brain dysfunction induced by proton irradiation. We
investigated and reported here the early consequences of brain damages caused by proton beam. The
animals that had memorized the location of the standard position were locally irradiated to brain with either
70 MeV protons or 290 MeV carbon ions. At 24 hr after irradiation, impairment of the long-term memory
was not observed in the irradiated rats compared to control. Irradiated animals, however, required
substantially longer time finding out the standard position than control rats when the standard platform
displaced to a position different from memorized position. This follows that a single doses of 30 Gy, either
protons or carbon ions, impairs the working memory of animals. Function of muscarinic acetylcholine
receptors was analyzed by an in vivo binding assay using radioligand quinuclidinyl benzilate (QNB).
Irradiated rats were intravenously injected with 5.5 MBq of *H-QNB 24hr after the irradiation, and
decapitated 60 min after tracer injection. The autoradiographic studies showed an transitional increase of
*H-QNB in vivo binding in the early phase after proton irradiation, even though no change in in-vitro
*H-QNB binding was seen in brain autoradiograms of irradiated rats. The cerebral blood flow and the
histrogical features of brain were also changed at 3 months post-irradiation. These results indicate that the
memory impairment caused by radiation is closely related to the early change of acetylcholine receptor in
vivo.

1. #E |
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DffpT &2 OEEQORBICHI - EBARNLETH S LELSNDA, BRES KRR
RIZBVWTH, BEHRRICK DMEEEREO AN Z X LIZET SRR SN TS ORER
TH3. TITRLE, FTIYVARTy %Y - ETEOEEIBEZHBE S U HE
RICKDEEBIIDVWTRHATS I LT, BERRBHE, AROBREH BN TAHALNDELXM
BEEfRE L, RRICERERET 2 DB ORBEMBENEL S OBEEICDWTREL .
EBHREEEZEOZDD TREVWRHIZED SN2IEEPAIEREEICONWTIE, HEERE
EYPRICEERKREEES, HDOPET R bhorxIvya s hEST74—) N
FARRERHREEMEB LRI A REZORAREOHAEREBFELL, EHOEEHE
BEICRE D D RN DA LERICEDS 7 2FIV O UZBEERITDONWTRINZMA .

. Ak

8GO Wistar T v FBXUCHTBIc T RITR > T & — )V Rk i L SR & EE 1R,
TOMeV BB 7#% (30Gy) BXTF290MeV/u E#R (1~30Gy) ZM/ATICHG Lz, FHamE
FICBLTIE, HRGS 24~36 BB L U3 » ARICRA L, EEHERICE L TIIRH 12 F
MEN S8y AT TIHEREZMNRN 21T o 7. 2R BITESHBEREO A=A
ERET D20, TEFINIY CREEROEFER A RTHS H-ONB, R/XI 2 D ZEHKD
Bk 1> R SH-SCH23390 2B &k L=, 60 ARICHiEERL, EBICMERVML TF
—hSIFT T T4 — TN, REKEOKORBEEEZRA L.

. BRLER

R 306y B 3 » BRIZPVT, iBBICEE L E X SN TV S HHEEBOBIRNIZHRE
MRFERECTHBO (Fig 1), TEEEZORNN S IEMERB LCEHRREROEENR
Doz, UL RE 36 BEZORMIZBNTE, EHEEOANEEINTBO, RS
DRBEZHEOCREROBEIIRD NNk, ZOREEEIX I~106y BHEHERICS
RBOHLNZ. I 5T TR 306y BB 24 RefRICS, EHIEEOEENFRRIZED SN/,
INS ORI OBMBEEREED A I XL ERHT S0, PET SHUICSAREETHZ 1 E
AL —Y—EE2HANT, BRUT Y REEZAREOREGHMBEEZRNLAEEZA, K
RFBHICXOZBERLOBEEEEE () NHEMLTWS ZEHBALE Y Fig 2).
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Fig.1 Photomicrographs of the hippocampus in control (A, C and E) and irradiated (B, D and F)
mice. In the carbon ions irradiated mice, the pyramidal cells of CA2 and CA3 regions (D, F and

arrows in B) are reduced in the number, whereas the dentate gyrus remain unchanged.
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[rradiated side

Fig.2 In vivo binding of *H-QNB in irradiated rat brain. Rats were intravenously injected with 5.5
MBq of 3H-QNB at 24hr after the irradiation, and decapitated 60 min post tracer injection.

UEDZ Linb, HEHIT X DMEEOBERMEIEE 1L, BMlE OEENIBOLND L LD
W2, BREROBROZBEICLIVECSZ LAFRIN, IBRESORBIIL, A
EALEWME L £ OZBFROBEBHBORED, IBHEBKEL L OFERREICEE LT
% AIREMEA R STz,

BAE, 2T 1~106y O FFTIRE 2372 S a OB R REREE R B T 5020
THRHEPTHY, XBTFRERFERODRE LB T 5 FTETH LS. 5% T EERNOLEAIHER
BT HMEDEPIL) &\ D FIER T OB R ETEN L, 2 OIEEREROMRERE
FRLLZVFARBELHEET 22 & T, MBSO 2BIMER 2 M2 T2 B BRISR O ) )
OFEIMERETHILNATEDHLEEZLND.

1) Osamu Inoue, Kaoru Kobayashi, Nobuhiko Takai, et al. An increase in 3H-QNB binding by

proton-beam irradiation in intact rat brain : an apparent positive cooperativity of binding.

Neuroscience Letters, 250 (1998) 33-36
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Estimation of Clinical RBE for carbon ion radiotherapy.

Tatsuaki Kanai, Tadaaki Miyamoto, and Hirohiko Tsujii
National Institute of Radiological Sciences

Clinical trials of carbon beam radiotherapy have been started at National Institute of Radiological
Sciences since June 1994. Now we have already treated over 1000 patients. In these clinical trials, dose
escalation studies were performed for a test of toxicity of the carbon beam. Miyamoto et al. have shown
very clearly a dose dependence of local control rate of non-small cell lung cancer. This result was
compared by the results of photon therapy at MGH and Gunma University. From this comparison, it is
found that our clinical RBE may be justified at higher level of local control rate.
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RadGenomics Project

Mayumi Iwakawa, Takashi Imai, yoshinobu Harada, Sadayuki Ban, Yoshifumi Matsui,
Yuichi Michikawa, Masashi Sagara, Atsushi Tsuji , Kumiko Saegusa and Kenichi Ishikawa

Frontier Research Center
National Institute of Radiological Sciences

Human health is determined by a complex interplay of factors, predominantly between genetic
susceptibility, environmental conditions and aging. The ultimate aim of the RadGenomics (Radiation
Genomics) project is to understand the implications of heterogeneity in responses to ionizing radiation
arising from genetic variation between individuals in the human population. The rapid progression of the
human genome sequencing and the recent development of new technologies in molecular genetics are
providing us with new opportunities to understand the genetic basis of individual differences in
susceptibility to natural and/or artificial environmental factors, including radiation exposure. The
RadGenomics project will inevitably lead to improved protocols for personalized radiotherapy and
reductions in the potential side effects of such treatment. The project will contribute to future research
into the molecular mechanisms of radiation sensitivity in humans and will stimulate the development of
new high-throughput technologies for a broader application of biological and medical sciences. The staff
members are specialists in a variety of fields, including genome science, radiation biology, medical science,
molecular biology, and informatics, and have joined the RadGenomics project from various universities,
companies, and research institutes. The project started in April 2001.
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Treatment planning system for carbon ion radiotherapy

g & T (Hiroko Koyama-Ito)
HANBREERETIIEA 8BS A7 ABFE

Abstract

This paper describes the treatment planning (TP) and its peripheral system for carbon ion therapy that has
been developed and in clinical use in recent two years at our institution. A new treatment planning system
which is FOCUS customized to our irradiation system will be launched in clinical use soon. A new DICOM
based PACS has been developed and in use. Now MRI, PET images are ready to be utilized for patient
definition with image fusion functionality of radiotherapy TP. We implemented the exchange functionality of
TP data specified by RTOG 3D QA Center in FOCUS, Pinnacle3 and heavy ion TP. Target volume and
normal structure contours and dose distributions are exchangeable. A database system of carbon ion therapy
dedicated to analysis of therapy data has been designed and implemented. All accessible planning data and
treatment records of more than 1000 patients treated for seven and half years have been archived. The system
has a DICOM RT server and a database for miscellancous text data. Limited numbers of private attributes
were introduced for ion therapy specific objects. On-line as well as manual registration along with edit
functionalities is prepared. Standard web browser is used to search and retrieve information. A DICOM RT
viewer has been developed to view and retrieve RT images, dose distributions and structure set.

These system described above are all designed to conform to the up-to-date standards of radiation
therapy so as to be bases of the future development of the therapy at our institution.
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Fig. 2.
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Comparison of patient positioning between using fluoroscopy image and using CT image
Shinichi Minohara
National Institute of Radiological Sciences, Dep. of Accelerator Physics and Engineering

To improve the accuracy of patient positioning, two medical imaging modalities were compared. One
was a fluoroscopy (x-ray TV) image, which has been using the patient positioning at HIMAC routinely.
The x-ray TV method was based on the comparison of anatomical bone structure between the reference
image and the positioning image. However the identification of organ position from x-ray TV image was
difficult. Therefore this method didn’t directly detect the inter-fraction organ motion. Another modality was
CT image. The CT image for positioning was directly compared to treatment planning CT images and was
easy to identify the inter-fraction organ motion. In our study of CT positioning it was possible to detect
three-dimensional positioning error in high precision. But CT scanner was so large that the beam-port
nozzle interfered with CT scanner. In this paper we mentioned the present X-ray TV positioning at HIMAC,
and considered merits and demerit of CT positioning.
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Clinical experiences of treatment system
BT AR

BERERTERYEE 5 —Hbk

Abstract

Carbon ion radiotherapy will provide high biological effectiveness not only for tumor volume but also
surrounding normal tissues. There will be no repair from lethal damage in high LET radiation, which is
seen in low LET fractionated radiotherapy. Therefore physical characteristics of carbon ions is important
in clinical use to avoid unnecessary normal tissue reactions.

In clinical trial of carbon ion radiotherapy of NIRS, many of high technical system are applied to de-
liver superior dose distribution. In this report, the systems of 1) patient’s immobilization, 2) MR image
fusion in treatment planning, 3) patch filed, 4) multi portal irradiation and 5) respiration gated irradiation
are introduced as important treatment technique in carbon ion radiotherapy.

Many of systems are working well and excellent clinical results are accumulated with high tumor con-
trol and less normal tissue morbidity.
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. Image fusion
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. Patch field technique
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Patient Treatment System at Hyogo Ion Beam Medical Center
Takashi Akagi
Hyogo Ion Beam Medical Center

Patient treatment system at Hyogo Ion Beam Medical Center is presented. The system consists of
treatment planning system, beam delivery system, accelerator complex and so on. The treatment planning
system is mainly introduced here. The planning system was constructed by Mitsubishi Electric Co.. The
system named FOCUS-M for charged particle therapy was developed on conventional X-ray treatment
planning system. FOCUS-M has some important features for the charged particle therapy. The system
has worked well and 30 patients were treated by proton beam without any problem.
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Fig.2 : dose estimation in a patient body from dosimetry with the water phantom (1)treatment setup in planning
(2)dosimetry setup in planning (3)actual treatment setup (4)actual dosimetry setup same as 2
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(1) plan in the water phantom (2) calculation (3) measurement
Fig. 4 : verification of dose estimation in a patient body (1)treatment planning in the water phantom for the
verification. Drawing spherical target virtually in the water phantom and making treatment plan for that

(2)Dose profile calculated (3)Dose profile measured in the water phantom according to the plan.
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Fig. 5 : QA-planning (1) Planning for actual patient ( 2) Dose profile in the water phantom with the same
beam delivery setup as 1 (3) Another dose profile calculated (4 ) dose profile measured in the

water phantom
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X-ray Radiation Therapy System - Intensity Modulated Radiation Therapy -
Yuichiro NARITA, *Kazuo HATANO
Div. of Radiation Therapy Physics, Chiba Cancer Center
*Div. of Radiation Therapy

The dosimetric verification for intensity modulated radiation therapy (IMRT) was evaluated in terms of

prescribed dose and its distribution. Ideally its verification must be performed in a patient to perform accurately,
impossible in reality, it is performed using physical phantom and dosimeter such kind of ionization chamber,
polymer gel dosimeter and portal film. The both combinations of RANDO phantom and portal film for dose
distribution, ionization chamber and MixDP for prescribed dose were able to use for dosimetric verification in

purpose.

I.
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Fig.1 Diagram of the dosimetric veritication.
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Fig.2 RANDO phantom with multislices of portal film for the verification of the
dose distribution for prostate-IMRT.

¥NMSE =
0.4% for )30%dose

. = B ot P PR
Fig.3 Comparison of dose distribution for Prostate-IMRT
between patient(top-L.) and RANDO phantom (top-R), and
their isodose contour for 80, 50 and 30 2§ were also
compared in bottom left, plotting with solid line for phantom
and dotted line for patinet.
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Fig.4 Comparison of dose distribution in RANDO phantom for
Prostate-IMRT between calculation (top-L.) and measurement
(top-R). The isodose contours of 90, 80, 50 and 30% were
compared by plotting with solid line for measurement and
dotted line for caiculation in bottom left.
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Fig.5 Dosimetric comparison between calculated dose (left) in BANG polymer gel
dosimeter and its results of measurement (right), displaying the dose distribution in
transaxial, saggital and coronal plane.
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Real-time Tumor-tracking Radiation Therapy
Hiroki Shirato
Hokkaido University School of Medicine

To achieve precise three dimensional (3D) conformal radiotherapy for mobile tumors, a new
radiotherapy system and its treatment planning system were developed and used for clinical practice. We
developed a linear accelerator synchronized with a fluoroscopic real-time tumor tracking system by which
3D co-ordinates of a 2.0 mm gold marker in the tumor can be determined every 0.03 seconds. The 3D
relationships between the marker and the tumor at different respiratory phases are evaluated using CT
image at each respiratory phase, whereby the optimum phase can be selected to synchronize with
irradiation (4D treatment planning). That is, the linac is triggered to irradiate the tumor only when the
marker is located within the region of the planned co-ordinates relative to the isocenter. The co-ordinates
of the marker were detected with an accuracy of £ 1 mm during radiotherapy in the phantom experiment.
The time delay between recognition of the marker position and the start or stop of megavoltage x-ray
irradiation was 0.03 seconds. One-hundred and two patients with various tumors were treated by
conformal radiotherapy with a “tight” safety margin. Fluoroscopic real-time tumor tracking radiotherapy
following 4D treatment planning was developed and shown to be feasible to improve the accuracy of the
radiotherapy for mobile tumors.
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Secondary beam project in HIMAC
Mitsutaka Kanazawa
National Institute of Radiological Sciences

Since 1994, the heavy ion cancer therapy has been carried out at HIMAC (Heavy Ion Medical
Accelerator in Chiba) in NIRS (Nation Institute of Radiological Sciences). With good clinical results, many
kinds of tumors were treated and patient number was increased favorably. The important advantage of
heavy ion therapy is its dose concentration on the tumor, and less dose on the normal tissue. To obtain
correct ion range in the patient, we must depend on the calculation with X-ray CT data. Though this
calculation is checked carefully, there will be still error in the calculation. One reason comes from the
different process between the energy loss of the charged. particle and the attenuation of X-ray, and the
relation between these strengths depends on the material. If we use positron emitter, its shape of stopped
activities can be measured directly with PET (Positron Emission Tomography). Though this provide unique
tool to measure the range directly, the production rate is small. With the fragment separator in HIMAC, its
value is smaller than 1%. With this beam intensity, efficiency of beam utilization in the irradiation system
must be as high as possible. For this purpose, we have developed spot scanning irradiation system, where
the knockout beam extraction from the synchrotron is adopted. In this paper I describe the secondary beam
course and the irradiation system with some experimental results of beam tests.
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Positron Camera
~ Range Measurement System in Patient Body ~

Hideyuki Mizuno

Saitama Cancer Center : 818 Komuro, Ina-machi, Kita-adachi-gun, Saitama

Abstract

The positron camera system has been developed for use in the secondary beam course of HIMAC to
measure heavy-ion ranges in patient bodies. There are a few percent errors in the estimation of the range in
patient body now. Using the range measurement system, we can measure the beam stopping point with error
less than 1mm. ''C generated by projectile fragment reaction from '°C beam is irradiated to the patient. ''C
emits the positron at the end of its range and the pair gamma-rays produced by positron annihilation are
detected by the positron camera. It consists of two Anger cameras in coincidence and is set both side of the
beam line. In practice, we irradiate a few percent of the fractionation dose (one fraction of about 20 separated
irradiation) to a patient before the treatment and confirm the stopping point with the one calculated by CT.
After confirmation, treatment starts. Thus, we expect therapy of better precision.

Each Anger camera consists of 60 cm diameter and 3 cm thick Nal(T1) crystal. 109 PMTs are attached to
the crystal with 1.3 cm light guide. The camera was set last year and is now under test. The spatial resolution
of the camera measured by a pin-type *Na source is about 6 mm in standard deviation. At beam test, we
irradiated 350 MeV/n ''C of about 30 % of daily therapeutic dose. Result was that we could measure the
range precisely within the experimental error though it is still a preliminary data. The problem is high
background and now we try to decrease it and increase S/N ratio to use the system under practical dose.
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Fig.3 Energy resolution improvement by light absorption correction
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Spot Scanning Irradiation Using Secondary Beams
Eriko Urakabe
National Institute of Radiological Sciences

A scheme for spot scanning irradiation with secondary ''C beams has been developed in order to form
and verify a three-dimensionally conformal irradiation field for cancer radiotherapy. After the spot
scanning with ''C beams for a therapeutic irradiation, the distribution of stopping point can be measured
by positron emittion tomography (PET). The parameter of ''C spot beams and the irradiation system of
spot scanning was described.

An irradiation field of 35X35X43 mm’ in the PMMA phantom was optimized and spot scanning
using ''C beams was carried out. The stopping point of that irradiation field was measured by PET.
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Table 1. The course parameter for ''C spot beam.

Energy of Primary '*C Beams 430 MeV/n
Thickness of Be Target 51 mm
Angular Acceptance 26 mrad
Momentum Acceptance 2%

Range
Shiﬂey
Beamsé/ ﬁ—i / Target
Volume
Scan Magnets M
¥——Slices

Fig. 1. The schematic view of spot scanning irradiation at HIMAC.
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Fig. 3. The layout of the spot scanning irradiation system at HIMAC.
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Fig. 5. The stopping position of ''C, irradiated to the field of 35 X35X43 mm®, measured by positron

emittion tomography.
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Functional diagnosis of cancer using PET

BANREER ST BEMTERZER> YWk 2SR
IV
Kyosan YOSHIKAWA

Abstract

Clinical application of PET imaging of auto activation derived from C-12 ion radiotherapy was studied.
We have introduced the patient fixation system for auto activation PET measurements. Using this fixation
system, we can get PET images with the same patient positioning as with patient positioning of HIMAC
therapy planning CT. It is very important to perform the PET measurements under exactly same patient
positioning as HIMAC therapy to compare RI distributions.

We performed some clinical PET measurements and got superimposed images of PET and CT
planning of HIMAC therapy patients. We tried to use a fitting method, automatic multi modality image
registration method (AMIR method) of the Dr. View applications. In this method, we fitted the
transmission images of PET to planning CT images at the start, and then superimposed emission images on
the planning CT images. Our fitting results were relatively good. But some problems were found out. The
most important one was the difference of patients breathing phases between PET examination and CT
imaging. The difference of patients breathing phases should cause fitting errors of the fusion images of PET
and CT especially in chest and abdominal regions. We think that the breathing phases of PET and CT
should be in phase with each other to perform precise fitting of the two modalities.

wE
BEHOER FRIEETHWLNTNS WA TRES—F vy NCRRTSEAFNTES—

7y NRORTFEOHEERIZL> T BERIND ZERFENTVWS, ERINZ 0 IR
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% PET IC THEB(E TENUT U0 041 2 FENICGHETTRE S 20 BRI FRIERICBVWTHEICH
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HRPR IS O FIREME 2 St U 2 A EH O FE L @ RIFHMEO I 2R b D TH S, ZOHMD
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REDENL &R > 72 F F O PET B BIE N EE Th D, ERTHREBHFFOMNZ PET RAERICHS
L CPET B & INET 5 Z LI X o THID CIERERIREETE CT L ORI R FARETH D, ZD T &
72< L TIHIAREDBERA~DOISHIXREE TH 5 & HWr v, PET HIEH O BEEEEBORE - B
RBIRINT, T LY BERFRRIGROEN & &< AFEOENILIC X 5 PET BIERFIEEE 220 |
TRPEEHE CT & OXFHIC K 5 PR EEFRAHEE O EMEN TER L T,

PET Eifg & CT B D ERE b ERROESOE GO IIHEHREZ Y —7 AT —¥ 3 VIl LA
HL7-, EBEREOEICDr.View (Ver5.5) O HEMIESHEIE (AMIR % :Automatic
Multimodality Image Registration ) ZFIf L7z, 97245 PET @ transmission [Hjf§ & 15
S CT 26 L CEfitic L 27 1 v 7 4 7T &ATV. EOFER% enission ERIZHE TITDHT
autoactivation [H[fg & {5 EHE CT DENDADLHERRZITo 7=, T O AMIR EIZ X D EHBAE I X
> THERHRFZRERSDYEBRIE OV, M2 IC/E B B A ET & Wm B RIERIC T 5
BRI FRIAHRFD autoactivation PET Eif§ L {5 EHHE CT DELREDLOEERREREZ T,

2 Autoactivation PET & CTE A/ b HFE R
(218 T B EAT 14 Wi B R FEB1)

o ane 'Vl' ﬂ.! *7
SRR Vfﬁt‘ﬁ_

Lt Ilm;izv pet c'mi,(r 7”” ) j . " 3.4 GyE/] @

PETLCTOERS D HER

B B B ) 05 14# M

>

139



RMEsAOER

Autoactivation PET Eifk& ¥asatE (T DEREDORERN SRS 2o /0% FEICED

M ORI LS8 OMBBBETH S,

1. BEEATL INDOKES L PETHY MY —RBOME
BEEN TR ICERLERA L TWSBEETS V0L I PET H> U —0&D
RIRETPET H> M —RICASRWEANEN, ZOBRE. PV 2HWTEEZPEIE
B2y b7y TBIZV o IVEROAUTPET 82 LA T3R5 T. JlEoNERE
DHERERS PETHEEHO Y IV 23R ERT 2R EDTREBEEE X SN,

2. WRBHICLIRERREAROMUBOX L DOBIRE

B IR IEER D RE B IR F I & D BN THN DAY, 1HEEHE (T b EHkICFRE M
IZT (T ®BNTHOND, —F PET M (3L RETHIET 57280, FITHSIREDOF®RAD
Z KB L EENERE 2D, ZOK D ICHEEEHE CT #RIF & PET #BREF OIERALFHA
B2z bt ABHNEXLNEL, HEERADODBOBENELIERERS, ZORMEOMK
PRICI PET Bl I ek E 2 8 A 9% & Ay, CT #R&RFIC PET HIERF DB HRIT K DIFWIER
BOBBRETIBREOHRMVETH S, UL, PET HIE IR FEZEAT 30,
PET DBEZE T IEZ Z &I12720, autoactivation DD THERKSREEHIE T 245
BITIIEEE S DES WREEN D B,

IR FRANOBAT

Autoactivation PET EEIRHIEDORE L LT, KK TRICK 2HRREK D PET IBREIE 2% X
&, KRERASELUTRFRAICAAT ZRY b O U HHERIC K 3 B EE O RERN /M
PEITEND, 2K PET E&ROBEEOM E. #-> THIEEEOR LA INs, £k,
T R RIEREN FLA ENIUIIFEHFERIC K S PET B bR ER < EfFe]Re T, PET & (T OER
AOERROBENM LTS, ZORT, PET ZEOMEN 5 R FHRICEK 2IBEROEHNRK
WIZHIRFEN 5,

140



VI-5 2RE—LNOHF
Secondary carbon ion beam; clinical tool or research probe ?

HH IE

Tadashi Kamada

Research Center Hospital for Charged Particle Therapy
National Institute of Radiological Sciences

Abstract

The use of high-LET charged particles in clinical radiotherapy is expected to yield a better local
control in a deeply seated tumor and/or a radio resistant tumor because of their spatial dose distributions
and biological properties. The utilization of these advantages of the high-LET charged particles, secondary
''C beam, which is derived from '*C beam, will be expected to play significant role in the development of a
new irradiation technique such as spot scanning.
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Proton Treatment Facility at National Cancer Center Hospital East
Teiji Nishio
National Cancer Center Hospital East

In 1997, the proton- treatment facility that has the therapeutic AVF cyclotron accelerator (C235) is
constructed at National Cancer Center Hospital East. The facility has 3-irradiation ports (rooms) that are
2-rotationg gantry ports and 1-horizontal fixed port. The C235 can accelerate proton to 235MeV with the
beam intensity of 300nA. The external diameter is a very compact with about 4m. The radio frequency is
106MHz, the accelerating voltage is about 60kV, and the harmonic number is 4.

A beam stability of the C235 has an important relation with the uniformity of an irradiation field and is
a very difficulty. The measured result indicated that the incident beam position against the 2.5-% dose
uniformity must be into the 0.5- and 6.6-mm¢ circles with the double-scattering and wobbler methods,
respectively.

The proton beam therapy began at the end of November 1998. It has been curing 97 patients by the
present. Also, the proton therapy system at our hospital got an approval as medical equipment from the
Japanese government in April 2001. And the proton therapy at our hospital was approved as a high
advanced medical technology from the Japanese government in July 2001. The treatment expenses are
2883,000 yen uniformly.

I. @i

EMSAT YRR T, 19 9 745 BICHRRERER OB THIEFRER 2 5Em S 8.
FED1998HE1 1 ARPSEKRFAAZHEHBL TS, 200141 2ADKERT, 97
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FRBE OB FHRRIEHREEIL. 200 1F4ACEERR. T ACREAERROBTZ52T)
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5,
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P EDEMER FHRIGEMZR L LTI Rvn, V75— 2 E8HEGEOHm 2B LT
W3, Gl R— MIT T T —iE, 62, 63 FR— MI2EHKEBEZERAL TS, BHFA—FT
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72, Gl, G2 R — MIBEEEZ., 63 R — MIBERFERBEL T3,

Fig.1: The bird view of the proton treatment system at National Cancer Center Hospital East.
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2002401A8-02A8 : sk (FE) .
200240 38 : 15EHE (FE) .
1998411HA-20014124 3 9 741EBF (N1 440 BELEERES) .
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Fig.2: The MONO depth dose distributions at the each incident proton energies in the G2 port.
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Fig.3: The 190-MeV SOBP50 depth dose distributions by the F.D. thickness in the G2 port.
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Abstract

In 1983, Proton Medical Research Center (PMRC) of Tsukuba Univ. was established as institute to
accomplish basic and clinical researches relating to medical application of high energetic proton beam,
mainly for cancer therapy. This facility was built in a site of High Energy Accelerator Research
Organization at about 8 km from Tsukuba Univ.. In this facility, 700 patients were treated. As results, it
was clearly shown that proton beam was applicable to treat various malignant tumours deep-sheeted in the
bodies including hepato-cellular carcinoma (HCC). Explanation of usefulness of proton beam for cancer
therapy carried out in PMRC played very important role to introduce new medically-dedicated proton
accelerator facilities in Japan. As one of these, an institution of new PMRC connected to the hospital
attached to Tsukuba Univ. was constructed in March, 2000. Clinical trial of proton beam from a
synchrotron accelerator installed in this was begun in Aug., 2001. We can use proton beam of energy
between 70 MeV and 250 MeV. At present, maximum charge in one spill is about 5SnC, corresponding to
about 3 Gy/min of absorbed dose rate to ten cubic centimeter target volume.

[FU®HIC
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Present Status of Proton Cancer Therapy Project at WERC
(Wakasa-wan Energy Research Center)
Shigekazu Fukuda
Wakasa-wan Energy Research Center

Wakasa-wan Energy Research Center (WERC) is a foundation authorized by MITI (The Ministry of
International Trade and Industry) and STA (The Science and Technology Agency) in 1994. The overall
aims of WERC are to contribute to the creation of active local communities and to promote the
development of science and technology. Since November 1998 WERC has administered and managed the
institute built in Tsuruga City by Fukui Prefecture, that has tree sections, the exchange personnel ant
training section, the general research section and the radiation research section. In the radiation section the
accelerator complex (tandem/synchrotron) was installed for the multipurpose research as physical science,
engineering, biotechnology, and medical science. Especially, the medical application of accelerators, such
as proton cancer therapy is one of the important fields to be intensively researched, which makes a direct
contribution to the regional community. The proton cancer therapy system including the irradiation system
and the planning and database system was installed in August 2001. They have been examined to check
their performance and safety in the off-line situation and the on-line situation using proton beams. This
paper describes the present status of the project of the proton therapy including the coalition with local
medical institutions.
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On the construction of electronic patient record system

Daisaku Suga
Hyogo Ion Beam Medical Center

"The electronic patient record (EPR)" was constructed in order to centralize dispersive treatment

information. By the introduction of this system, the human error can be prevented, because the

information confirmation can be facilitated. And, information was accumulated with the medical practice of
the staff, and it was possible to also clarify the responsibility of the execution person. In EPR, treatment

plan, therapeutic planning information, treatment execution record are automatically stored. The

positioning image in the treatment was made to be a mechanism that it attached it for the treatment

execution record and that the confirmation is optionally possible. The communization of treatment

information enables the multilateral survey, and it can be expected with that the treatment accuracy is

improved.
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Constructive status of proton treatment facility in Shizuoka Cancer Center
Haruo Yamashita
Management Office, Administrative Office for Establish of Cancer Center, Hospital Bureau,
Shizuoka Prefecture

(B8

Shizuoka prefecture decided an enforcement of proton radiotherapy with a preparation plan of a cancer
center in 1996. Proton radiotherapy is more superior than other cancer treatments at a point of view of
patient’s QOL. We adopted a small synchrotron in an accelerator, in consider with using in a hospital. We
designed that the maximum energy of the accelerator is 235MeV, and the maximum electric current is
about 10nA. We adopted a wobbler method as method to spread to an irradiation field, with the results in a
precedence institution. We designed that the greatest irradiation field of irradiation device is 20cm, the dose
rate is 2.0 Gy/min around isocenter. For the internal organs with breathing movement, a gated irradiation is
possible. The irradiation room kept two rooms in gantry beam line, one room in a horizontal beam line. We
carried out a basic design of the treatment device from 1998 and started it in production of a device in 1999.
We started equipping and adjustment of the treatment device in 2001.
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