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Rationale 

• inverted depth-dose distribution 
• mild lateral scattering   
• improved cell-killing efficiency (Z > 1)                                  



 Medulloblastoma 
 

conventional charged particles 

  Dose comparison 
 22 Gy bone marrow < 1 GyE 
 18 Gy  heart <.5 GyE 
 20 Gy  intestinal <.5 GyE 

Target dose 32 Gy/GyE 
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Beam Scanning 

Ions @ synchrotron 
Haberer et al., GSI  
raster scanning, 3D active, 
2D magnetic pencil beam scanning                              
plus 
active energy variation in the accelerator 

    Protons @ cyclotron 
    Pedroni et al., PSI                              

spot scanning gantry           
1D magnetic pencil beam 
scanning 

• plus                                     
passive range shifting 

Haberer et al., NIM A , 1993 



  
Rasterscan Method 

scanning of 
focussed 
ion beams 
in fast 
dipole magnets 
 
double feedback: 
IC => scanner  
      treatment time 
 
MW => scanner 
      precision 
 
Haberer et al., NIM A , 1993 
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Scanned Carbon vs. Intensity Modulated Photons 

 
 

scanned carbon 3 fields IMRT 9 fields 

reduced integral dose 
steeper dose gradients 
less fields 
increased biological effectiveness 

courtesy O. Jäkel, HIT 
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Carbon Ion Therapy @ GSI 1997 - 2008 
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Heidelberg Ion Therapy Center 
„Flexibility and Precision“ 

• compact design 60m x 70m 
• full clinical integration 
• rasterscanning only 
• world-wide first ion gantry 
• > 1000 patients and  
     > 15.000 fractions/yr 

• low-LET modality:  
     Protons (Helium) 
• high-LET modality: 
     Carbon (Oxygen) 
• ion selection within minutes 
• R+D in a broad range 



Parameter 
ions protons and carbon (2 ion sources);  

planned: helium, oxygen (3 ion 
sources) 

intensity 2 x 106/s to 8 x 107/s for carbon     
intensity upgrade in progress 
8 x 107/s to 4 x 108/s for protons 
10 steps; maximum extraction time 5 s 

energy 88-430 MeV/u for carbon 
50-221 MeV/u for protons 
255 steps, 1-1.5 mm spacing,  
2-30 cm range in water 

focus  3.5-13 mm FWHM 
11-33 mm FWHM  
4 steps 

→ a total of 2 x 10 x 255 x 4 = 
20400 settings per room! 

     … the gantry  (0.1° steps)           
adds something … 

HIT Pencil Beam Library 
protons and carbon: 
                   clinically used 
 
helium and oxygen: 
     under commissioning 

: clinical or technical limit 



1st Patient @ HIT 

15. November 2009 
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Gating  / Moving Organs 
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static target 

moving target 

moving target + gating 

Martin von Siebenthal, Phillipe Cattin, Gabor 
Szekely, Tony Lomax, ETH, Zurich and PSI, Villigen 



 Breathing signal recorded with an Anzai gating belt 
 

• 4D-CT from each breathing cycle of the patient 
  
• Gating signal used to trigger the beam extraction 
 

Example of a breathing cycle 30EX-70IN: 
 
 
 
 

Gating @ HIT 

Breathing signal Gating  
window 



Carbon Radiotherapy for Liver Cancer: 
Response 

Habermehl D, .., Combs SE, Radiation Oncology 2013 



Advantages of a synchrotron 

• It works and fulfills all requirements. 
 

• proven technology 
• stable & reliable operation 
• built-in flexibility  
    (particle types, energy, timing) 
• active energy variation 

– maximum beam purity 
– minimum radiation protection effort 

 



Disadvantages of a synchrotron 

Particle therapy facility 
• size of foot print 
• initial cost 
• (several treatment rooms required) 

 
Objections (no real disadvantages) 
• current uniformity 
• repetition rate 

HIT today 

GSI 

• 440 patients 
• each field verified 

HIT R+D 



Potential of Spill Feedback 

• beam-on time reduction up to 25% / 45%!  
– reduced patient stress 
– higher throughput 

• higher acc operational stability 
• dose delivery at increased precision 
     (S/N – ratio) 
• less interlocks 
 

Christian Schömers, Ph.D. student 
U-Frankfurt and HIT Heidelberg 

Presenter
Presentation Notes
This number of 25% reduction of irradiation time can be explained as follows:
Here we have a comparison of a spill with and without feedback loop, for same energy and desired intensity
Right at the beginning of the spill, the rate reaches its design value very quickly. It depends on the energy, but we can reach times between 5 and 50 ms compared to some hundred ms without a feedback loop.
This effect maybe looks small on this picture, but it is very significant, as many iso-energy-slices require small amount of dose and their irradiation takes much less than the maximum spill-time; many spills are aborted in advance, after one second for instance.
genauere Dosisabgabe
moreover you can see, that the magenta spill with closed feedback loop is on a higher level than the green spill in average. Significant intensity fluctuations lead to overflows in the electronics of the Ionisation Chambers and result in interlocks. With a spill control fluctuations and thus the number of aborts are reduced. As it has less fluctuations, the ratio of minimum an maximum is smaller, so the intensity can be tuned close to the upper boundary without having the risk of interlocks.
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Spill Feedback System Overview 

IC 

RF-KO  
exciter in  
beamline 

therapy control 
unit (TCU) 

accelerator 
control system 

RF-KO exciter 
control unit amplifier 

circulating 
beam 

extracted 
beam 

beam parameters patient 

Presenter
Presentation Notes
The present situation is as follows: the acc control system controls the exciter, dependent on the beam parameters
The Ionisation chamber monitors the beam for an accurate dose application during treatment, they are generally installed at the end of all beamlines

These IC provide us the actual value, it is forwarded by the therapy control units. so we use an existing device, no additional device has to be mounted in the beam path.
The reference value, which depends on beam parameters as energy and intensity, is provided by acc. control system as well as the feedback parameters.

and another information has to be provided by the control system, the active target: as we have several beam targets, as you could see on the facility overview, the switch and controller unit has to select the active ionisation chamber
the feedback algorithm, a PID controller, produces an output signal which is sent to the exciter control unit; there it is added to the predefined amplitude curve, and sent to the amplifier and finally to the exciter-electrodes
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The reference value, which depends on beam parameters as energy and intensity, is provided by acc. control system as well as the feedback parameters.

and another information has to be provided by the control system, the active target: as we have several beam targets, as you could see on the facility overview, the switch and controller unit has to select the active ionisation chamber
the feedback algorithm, a PID controller, produces an output signal which is sent to the exciter control unit; there it is added to the predefined amplitude curve, and sent to the amplifier and finally to the exciter-electrodes
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Treatment-plan-specific Feedback 
• Extracted intensity varies from rasterpoint to 

rasterpoint  
• Each raster point is irradiated by an individual 

particle rate: up to 45% time saving 
• Intensity can be increased within < 1ms, 
      decrease is relevantly slower => process data!  

fluence map 
range: 1 … 100 

Feedback on extracted intensity 

Presenter
Presentation Notes
An intensity modulated spill would somehow look like that: we see different intensities in one spill.
The given reference value was not constant in this experiment, the controller adapts the actual value
with this method, each raster point could be supplied by an individual intensity, although, they are in the same slice
that this is possible, we already proved: 
the time that is needed for the irradiation of one raster point is some, about 10 ms
the time to change the intensity is typically smaller than 1 ms
it is limited, as the beam makes another 1000 turns, before before it while it moves from the stable, to the instable part of he separatrix
to implement this in clinical routine, the treatment plan must consist the information for an individual intensity.
this brings me to a summary and outlook:



Patients @ HIT 

2009 
14 

2010 
214 

2011 
435 

2012 
564 

2013* 
128 

* 28.2.2013 

Presenter
Presentation Notes
215 Chrodome / Chondrosarkome



Synchrotron Duty Cycle 

[courtesy of E. Feldmeier] 



[courtesy of E. Feldmeier] 

Dynamic Magnetic Field Feedback 



[courtesy of E. Feldmeier / HIT] 

Good Field Region 

10-4 Bmax = 1,5 Gauss 

a) feedback  loop open   
b) feedback loop closed 

Dynamic Magnetic Field Feedback 



Reduction of Irradiation Duration 

horizontal beam position in the  synchrotron 
 

Beam position long term stability  
3 months 

[courtesy of E. Feldmeier] 

saving:  600 ms per cycle 



  

1st treatment at HIT‘s world-wide 
only scanning ion gantry 

October 19th, 2012 
oligo-astrocytoma 

Photons / Tomotherapy 

Rasterscan / Carbon / Gantry 



Rasterscan@HIT/H1 Carbon 430 MeV/u 

I would like to thank the 
numerous experts providing 
the information presented in 
this talk! 
 
 
 
 
 
 
 
 
 
 
 
www.hit-heidelberg.com 
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Naumann, R. Panse, … 
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