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Carbons Protons
Superior dose distribution of Carbons

Carbon: dose concentrate on tumors
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In addition to the superior dose distribution of carbon beams, the 
beams have superior biological advantage to x-rays/protons.

Radiobiology of Carbon Ions 
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DNA damage

DNA damage 
along the track

● X-rays/protons produce single strand DNA breaks which are easy 
repaired by the radiation resistant tumor cells. 

γH2AX foci 
(green)→DSB

● Carbons generate denser ionizations along trajectory than x-rays/ 
protons and can produce double strand breaks directly and severer
DNA damage and stronger cell killing than x-rays/ protons. 

DNA damages

Cancer 
easy to 
death
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The strong effects offers greater tumor control benefits for radiation 
resistant cancers and locally advanced / large cancers than protons.
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Short Course Carbon-Ion RT

Cancers
Head & Neck Ca. 
Lung Ca. (St. I)
Liver Ca.
Prostate Ca.
Sarcoma
Rectum Ca.

•With this short course of treatment, patient’s load and 
interruption of daily life can be minimized.
•, Many patients can be treated (600 ~1000 pts. / year)

Fractions/    Periods
16 frs /    4 weeks
1- 4 frs /  1- 4 days  
4 frs /  4 days

12 frs / 3 weeks
16 frs /   4 weeks
16 frs /   4 weeks

※ In conventional RT, it takes 6-7 weeks with 25-30 sessions.



inoperable
Pancreas ca.

Carbon therapy for liver, Lung, pancreas ca.

Liver ca.

31 Mo. NED

φ98mm Before Before

20 Mo. NED    



Gingiva
Malig. Melanoma

3y NED    

Sacral
Osteosarcoma

Carbon therapy for radiation resistant tumors

PET

PET

before

2y6m NED    

before

5yNED

inoperable



before

Carbon therapy for radiation resistant tumors

NIRS
NIRS

Uterus Ca. 

3 years NED    

3m    

before

inoperable



Brain tumor
Eye tumor
H&N Ca.（Salivary Gld. Ca., etc.）

Lung Ca.（ non-small cell type）

Liver Ca.

Pancreas Ca.
Prostate Ca.
Uterine Ca.
Colon/Rectum Ca.（recurrent）

Bone/Soft tissue Sarcoma

Hopeful
Breast Ca. Pediatric Ca.

Unnecessary
Gastric Ca. Colon Ca.
Leukemia, Malig. Lymphoma

Favorable

Types of cancers effective for carbon therapy



・He～Ar
・Max.800MeV/n
・Beam-Woblling Method.
・Respiratory-Gated Irrad.
・Layer Stacking Irrad.

Original-version

HIMAC @ NIRS

Standard-version

GHMC @Gunma

・C
・Max. 400MeV/n
・Spiral Wobling Method
・Respiratory-Gated Irrad.
・Layer Stacking Irrad.

Technological Development

Largeness: １/３

In future
Hospital based machine

Rotating Gantry

3D Scanning System

Developed / Improving



Thank you for your attention!


