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Hlmgevelopment for key-technology . L

Slow beam extraction by RF—knockout method
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HIMAC

- Irradiation system of coincident with a patient‘s respiratory
motion - Ry X BN

Development for key-technology /

Accelerator Treatment control

Interlock system

'

Gated beam extraction system
(RF knockout method)

lon beam

Bl oD 4 e Planning
; T,'J Respiratio Sa o 250 K simulation
o waveform /gt Ax
Positioniimals Positioning area
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Irradra.t{qn room s using x-ray TV images




Operational statistics (Upper Synchrotron)

Operational statistics (Lower Synchrotron)

Year Total (h) |treatment g)) Trouble (j)
1996 4466 1084 200 (4.5%)
1997 4928 1413 150 (1.0%)
1998 5384 1451 25 (0.5%) |

i‘i_"_ear Total _(h) TreatmentjTrouble (4)

1996 4586 1265 B s 00
1997 5076 1404 29 (0.6%) |
1998 5207 1353 31 s 000
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Key-technology for medical use "y

—

HIMAC

Requirement for cancer therapy
1. Good stability, reliability,
easy operation & maintenance
* lon source, injector
« Synchrotron
2. Accurate irradiation system
+ coincident with a respiratory motion
3. Compact facility
* Injector
« Synchrotron
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Weekly Schedule /

HIMAC ¥ 7__5
Mon Tue Wed Thu  Fri saa sSun Monday

« Maintenance
Upper Ring Weekdays (Daytime)
Lower Ring | A ;

Weekdays (Night) and

Linac Weekend

» Experiments
Appl. Therapy #Biology W physics or Others

lonspecies @ C @ He Ne, Ar, .. H- Maintenance (No Beam)
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Bird‘s View of HIHAC*




NIRS
Requirements for the accelerator
HIMAC onsapant.

<
Several treatment rooms/accelerator
( 3 rooms in HIMAC)

v

Two energy steps

Quick change of

the beam course and the beam energy
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@ Requirements for the accelerator /
HIMAC sl 00 n <M

Fractionation of the irradiation
4~18 fractions/treatment

1 ~6 weeks
(~30 fractions with 7 ray )

Stable operation without long machine stop



Beam Delwery System /

Maklng of Spread Out Bragg Peak

Scattering material

\2{' Dose monitor
5 Wobbling Magnet
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PROBABILITY

CARBON ION RADIOTHERAPY

for H & N CANCER
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Local control rates in carbon ion therapy
(Treatment period 1994.6~1999.8)

Site Dose 12Zmonths 24months 36 months
(GYE)
d & neckI |48.6~70.2 |11/13 8/10 8/10
I1 |52.8~64.0 [12/15 10/14 5/10
Il | 57.6~64.0 | 45/58 19/30 8/12
C.N.S.
Astrocytoma |50.4~-55.2 |7/10 4/9 2/8
Malig. Glioma |66.8~70.0 9/25 3/19 2/16
Metastatic 52.8 3/4 2/3
Lung I stagel |59.4~954 | 45/48 29/46 23/40
Stage [1IA | 59.4~64.8 4/5 2/5 2/5
Lung Il stage I | 72.0~79.2  45/48 15/20
Liver I 49.5~79.5 |21/22 15/19 12/16
11 48.0~66.,0 | 52/55 20/25 2/3
Prostate I 54.0~72.0 |34/34 33/33 30/30
= Il 66. 41/41 18/18
Uterine cervix 1 | 52.8~72.0 | 16/30 14/28 12/26
II 62.4-72.8 @ 8/15 3/5
Bone & soft tissue | 52,8~70.4 | 46/55 25/34 5/10
Esophagus 48.0~54.0 @ 1/9 0/9
' (before operation) | 52.8~72.0 = 4/6 0/2 X
Skull base 48.0~52.8 | 10/10 5/6 1/1
Miscellaneous | 48.0~80.0 | 70/87 29/51 17/35
Total 486/589 254/386 128/219
| 82% 66 %% 57%




Total patient numbers (1994.6 ~ 2000.8)

= 94 | 95 | 9% | 97 | 98 | 99 | 00 | total
Head &neck | 9 | 10 19 | 31 22 | 38 | 10 | 139
'C.N.S. 6 8 | 10 | 6 9 7 54
Lung & [ 11 | 27 |17 | 28 | 33 | 21 | M3
. Liver 2B I DD 3 17|75
~ Prostate 9 |18 | 10 | 30 | 30 11 | 108
Uterine cervix 9 |13 | 11 10 | 11 | 6 | 60
Bone & soft tissue 9 | I3 19 | 18 10 | 69
Esophagus 1 16 4 0 1 | 22
Skull base 6 4 2 | 2| M4
~ Pancreas g 2| 2
Miscellaneous 24 16 | 30 17 | 32 [ 6 | 125 |
Total 21 | 83 126 159 | 168 | 188 § 84 | 829
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NIRS
@ Results of the Clinical Trials
- _ ~l-

Head & Neck cancer
(before / treatment planning / after)
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IISGDGBE CONTOUR LINES
Protons 150 MeV Carbon 290 MeV/u Range 15 cm
3

Carbon Aperture Diameter 1cm
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Fig.4 Comparison of dose distribution between
carbons and protons. (Blakely, E.A. et.al.
Lawrence Berkaley Laboratory, 1986).



Biological effect of
carbon beam

Carbon
direct reaction

Proton, Gamma ray
indirect reaction ( OH radical )

Carbon (3WeV)

Proton (3MeV)

10nm



@iﬁ Characteristics of heavy ion
c mnsﬁr_thﬁmnvg}L

Biological .
ngh RBE (Relative Biological Effectiveness)
Low OER(ﬂxygen Enhancement Ratio) 3
o
L
A
Physical @
High dose concentration 1
Bragg peak —
——OER
(Range — calculation with X-CT) . e St e e
Low multiple scattering 1 10 100 1000 10000
LETe(keV/ )

RBE. OERDLETH#: 4%
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Contents
HIMAC

Feature of the Heavy lon Therapy
- Results of the Clinical Trial

-Operation of HIMAC
- Key-technology for good stability and reliability
* Irradiation system, requirements

- Topics on Technology
+ |[rradiation with respiratory gate
* 3-D irradiation with broad beam
+ 3-D spot scanning

[.



