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---. Heavier nuclei, such as very energetic carbon

“Radiological Use of Fast Protons”

atoms, may eventually therapeutically practical. ----
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He, Ne beams were utilized for therapy.
Stopped at 1991 with the machine shut-down.
19 9 44 Carbon ion radio-therapy has started
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Cell survivals with X-ray and carbon beam
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HIMAC (1994)
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(edicated accelerator for therapy _
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HIMAC facility
Ton species: high LET (100keV/ (/m) =  carbon ( He—-Ar )
Range 30cmin soft tissue =  430MeV/u (800MeV/u)
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Types of tumors (NIRS)

of d (Jun 1994 - Feb 2012)
Prostate
Central nervous. Bone & Softtissue [T
e Head & Neck [T
Lachrymal gland | Lung [
Abdominal lymph node -~ L
% Head & Neck 5 Liver [T
Gastrointestinal | | Scull base 2 Rectum [
Pancreas [T
Lung Bne & Soft issus Gynecologicalregion [ I
= £ [@
|
Centralnenvous [T
Sculbase [T
Liver
Gastrointestinaltract [
i) ~—Pancreas
LAl Abdominallymphnode I Total 6512
P 1 Prostate Lachrymal gland
Rectum ,"‘_"C;_ Gynecological region Pencilbsamscanning
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Example of the Clinical Trial (Bone & Soft tissue) #1737 I2 = (Prosta
B I BT SLAR 4 (Prostate)

Feature of carbon ion radiotherapy

= Inresectable » Effective for high-risk diseases
us 40 109 P Low toxicity
e Nedertherlands® 4 . P Short treatment period 16 fr./ 4 week
Germany (12 fr. 3 week)
NIRS® 78 a2%
(<500cc) 39 6% Facility Beam Dose | Perod Numberof Biomedical  Delayed adverse reaction
(week) Pationts non-recurrence
5-year rate
before (P5A>20)

Rectum>=G2 Lower urinary
fract >=62

MDAndersonCC 1) Photon (Standard)  67-776y 78 197 51% 14.8% 8.5%)
FoxChaseCC  2) Photon (3DCRT) >T66y 8 232 2663% 11.0% 7.0%)
raionl resection - ClavelandCC  3) Phaton (IMRT) 706y [ 100 70% 10.0% 12.0%|
- ‘ LomaLindaUnivMC 4) Proton T56yE 9 133 5% 35% 54%)
NIRS Carbon ion 66GyE 4 266 89% 0.6% 1.9%|

Carbon therapy in addition,can keep the organ's function

5 ) LROBP 48(2) (2000)507. LROBP 483 (2000635
2)LIROBP 46(4) (2000 823

ossification 5 years after 3 JROBP 63() (2009 1463
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SN FETORE DT Outputs of clinical studyl Dedicated facility for carbon ion beam

HIMAE

1) BAEOAE(Radioresistive tumor) i

[ (Pancreas)
BEERIES (Bone & Soft tissue)

2) BRBXREOABRGEHRSTE) (small fractionation) e
HILRSE (Prostate) : 12
fiifE(Lung) : 4
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3) FOHEX (further) E
B (Kidney), 2LAE. .. [.=

Commpact Synchrotron Design
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Size: 65x45x20m

Treatmentroom: 4 (0° +90° ,0° ,90° ,90° for research)
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APF—IH)=7v% 3.5m 4MeV/u

ECR ion source
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Room A : Horizontal/45° Qblique (Wobbling)
Room B : Herizontal/Vertical (Webbling)

5 Days Weekly
Treatment Days 240 Days Yearly

i3

Number of Patients| - =
(Maximum) 800 patients/year .. I'i

Financial valance

Automatic patient positioning system

«Differentials of 3 parallel and 3 rotation

patient position are automatically determined

by subtraction of a measured FPD image
from a treatment planning CT image

*Average parallel accuracy: less than 0.4 mm
*Average rotation accuracy: less than 0.3 deg.
*Average computing time: less than 10 sec.

Pencil beam scanning method

Cglnaty

Dsse given 1 normal tasos
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Heavy ion radiotherapy worldwide

o Heavy ion

o Heavy ion (under construction
o Heavy ion (plannin:
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