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Cranio  

P A L R  

Caudal  

All external and internal movement of the human organ 

Any motion seriously affects the uncertainty of the radiation therapy 

Only the brain area can be fixed mechanically via the skull 

Most obvious motion is caused by breathing 

   and heartbeat. 

Observed motion around lung area. 

Started at the simple desire by medical doctors. 

1. At the start 
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Breathing  

0.75Hz   

40mm 

Heartbeat  

2.0Hz 4mm 

Mechanical Tracking Capability 

Engineers provided rough schetch of the solution. 

2. Engineering approach 
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Isocentric motion 

Port selection 

Non-isocentric motion 

(1)Compensation of 

     mechanical deformation 

(2) Setup error correction 

      without couch motion 

(3) Real time motion tracking 

Quasi-nonisocentric motion 

> Precise aiming +/- 0.1mm 

> Setup error correction 

       without couch motion 

> Real time organ motion 

    tracking and shooting 

    0.5Hz 40mm stroke  

    with +/- 1mm accuracy 

Precise 

& Quick 

motion 

Engineers integrated a set of total solution. 

2. Engineering approach 
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The overall concept was published in 

IJROBP Vol.66 Number 1 Sept. 2006 

By Kamino et al 

Engineers and MD’s dreamt an ideal system. 

3. MDs’ and Engineers’ Dream 
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Side-coupled standing wave  

acceleration cavity section 
Injector Section 

Total accelerating structure=244mm 

CeB6 E-GUN section 

Side coupling cavities  

Accelerating cavities 

CeB6 cathode 

Prebuncher cavity 
Buncher cavities 

Half cavity 

Vacuum ports 

Driving cavity 

Vacuum ports 

Anode 

Focusing electrode 

Interface flange 

5.7 MeV 

E-beam 

Ceramic insulator 

200mm 44mm 

The key innovative technology gives reality. 
       (Ultra small and light weight C-band LINAC co-dev.with KEK) 

4. Enabler innovative technology comes 
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Basic Construction 

One 

Unit 

Complete 

Accelerator Guide Assy 

RF Parts 

E-Gun 

 Parts 

The advanced LINAC took shape. 

5. Technology taking shape 
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Ionization Chamber 

Primary Collimator 

Beam Flight Tube 

X-ray Target 

RF Window 

C-Band Accelerator Guide 

CeB6 E-Gun 

Flattening Filter 
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MLC Leaf 
MLC 

MLC 

Drive 

Mechanism 

The system are integrated.  (Gimbaled X-ray Head) 

6. Dream system taking shape 
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O-Ring 

kV X-ray 

Tube 

Pan 

Axis 

X-ray 

Head 

kV X線管球 
MLC Pan Servo 

X-ray 

Head Flex WG 

The system is integrated.  (Complete system) 

6. Dream system taking shape 
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The system is refined to the real clinical equipment. 

6. Dream system taking shape 
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The performance was validated by MD’s with phantoms 

7. Performance validated with phantoms 
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MD’s need the way for therapy planning. 
                                                       (Innovation cascade triggered )  

4D-CT 

4D Dose 

Calculation 

Deformable Image Registration 

8. Innovation cascade triggered 
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MD’s are developing many clinical technologies.  

8. Innovation cascade triggered 
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Clinical Know-Hows are accumlated.  

8. Innovation cascade triggered 
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All technologies are integrated and make the difference.  

8. Innovation cascade triggered 
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Case Unwanted Dose Conventional Dynamic Tracking Reduction 

1 Mean (Gy) 9.3  8.0  -14.0% 

V20 (%) 17.2  13.7  -20.3% 

2 Mean (Gy) 2.7  2.5  -8.5% 

V20 (%) 4.1  3.5  -13.2% 

3 Mean (Gy) 4.3  3.1  -27.2% 

V20 (%) 6.2  4.2  -32.4% 

4 Mean (Gy) 5.1  4.3  -17.0% 

V20 (%) 7.0  5.5  -22.0% 

Unwanted Dose on Healthy Tissue  Dose on Tumor 

Dynamic 
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Clinical gain has been established and many lives are being saved. 

8. Innovation cascade triggered 
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Many peripheral technologies are being developed.  

8. Innovation cascade triggered 
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MD’s are developing many other clinical technologies.  

9. Spin-off Medical Technologies 
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Many people are saved and have a better QOL.  

9. Spin-off Medical Technologies 

Brain Tumor Tumor disappeared 
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10. Conclusion 

>KEK’s C-band LINAC technology has enabled the development 
  of the dynamic tracking radiation therapy system. 
 

>The system development has triggered technology innovation 
  cascade in the imaging and computational medicine field. 
 

>Many clinical Know-Hows have been accumulated clinically. 
 

>The total technology cluster is saving many lives daily. 

>Technologies developed in the ILC project will trigger much  
  higher and deeper technology cascade in much wider area, 
 

>The ILC project and superconducting accelerator technology 
  will open the door to the future in an unimaginable scale. 
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