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Dose and tumor control are limited due to organs at risk. 
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Physical	  Advantage	  of	  An1protons	  
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Initial Proposal: L. Gray, T. Kalogeropoulos, Radiation Research 97 (1984) 246-252 

An1protons?	  

The Good 
The Bad 
The Ugly 

The Good Fragments 
The (not so) Bad Pions 
The (probably not really) Ugly Neutrons 
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Not	  exactly	  a	  new	  idea……….	  
Dose enhancement expected from pion annihilation (star formation)  
led to active research in several centers (PSI, Los Alamos, TRIUMF) and  
was used in clinical applications on more than 1000 patients ……….. 

Stanley B. Curtis and Mudundi R. Raju; Radiation Research 34, 239-255 (1968)  

…despite poor dose  
confirmation to Bragg peak 

due to contaminations 
of beam from pion decay. 

Antiprotons 
can 
do 

better! 
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ANALYSIS:	  

 	  Study	  cell	  survival	  in	  peak	  (tumor),	  
	  	  	  	  	  plateau	  (skin),	  and	  along	  the	  en1re	  
	  	  	  	  	  beam	  path.	  Compare	  the	  results	  to	  
	  	  	  	  	  protons	  (and	  carbon	  ions) 

INGREDIENTS:	  

 	  V-‐79	  Chinese	  Hamster	  cells	  	  	  
	  	  	  	  embedded	  in	  gela1n 

 	  An1proton	  beam	  from	  AD	  

METHOD:	  

 	  Irradiate	  cell	  tubes	  with	  dose	  levels	  	  
	  	  	  	  to	  give	  survival	  in	  the	  peak	  is	  between	  
	  	  	  0	  and	  90	  %	  

 	  Slice	  samples,	  dissolve	  gel,	  incubate	  	  
	  	  	  cells,	  and	  look	  for	  number	  of	  colonies	  

The	  AD-‐4	  Experiment	  at	  CERN	  

V79 
Developed by Ford and Yerganian in 
1958 from lung tissue of a young male 
Chinese Hamster (Cricetulus griseus) 

Michael H. Holzscheiter for the ACE collaboration 
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AD-‐4/ACE	  Phase	  I	  

Antiprotons at 46.7 MeV Energy 
Penetration Depth in H2O of 20 mm 
3 Thickness 2D Ridge Filter for “SOBP”  

Plating Efficiency  
> 60% for 50+ hours 

Reference Measurement 
with 60Co for both proton 
and antiproton experiments  
at TRIUMF and CERN 
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AD-‐4/ACE	  Phase	  I	  Raw	  Data	  

Michael H. Holzscheiter for the ACE collaboration 



June 11, 2013 

AD-‐4/ACE	  Phase	  I	  Results	  
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An1proton	  RBE	  Es1mate	  

RBE(p-) = 2.25 
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AD-‐4	  ACE	  Phase	  II	  

Beam Energy increased to 126 MeV (502 MeV/c) allowing 
…..clear Separation of Plateau Region and Bragg Peak 
…..construction of a clinical relevant SOBP 
     (Spread Out Bragg Peak) of 12 mm depth 

Increased Efforts in Beam Monitoring and Dosimetry  
     through Benchmarking Experiments with Ionization  
     Chambers and extensive Alanine studies 

➦      Absolute Dose Estimation using FLUKA 
➦     Determination of absolute RBE 

Michael H. Holzscheiter for the ACE collaboration 
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Carbon	  Ions	  –	  SOBP	  at	  GSI	  

note:	  clinical	  beams	  with	  precise	  dosimetry	  and	  fast	  dose	  delivery	  ……..	  
	  	  	  	  	  	  	  	  	  	  Energy	  to	  achieve	  same	  clinical	  relevant	  depth	  and	  form	  SOBP	  as	  at	  CERN….	  
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RBE	  for	  Carbon	  Ions	  

Extract	  survival	  vs.	  dose	  plot	  for	  each	  depth	  slice	  and	  calculate	  RBESF=10%	  
RBEplateau	  =	  1.2	  	  	  	  	  	  	  	  	  	  	  	  	  	  RBEpeak	  =	  2.0	  	  	  	  	  	  	  	  	  	  RBE	  distal	  =	  1.5	  
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CERN	  DATA	  2007	  

Some remaining issues with SOBP build ……… low statistics ….. 
………….uncertainties with dose calculations……………………… 

Michael H. Holzscheiter for the ACE collaboration 
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CERN	  DATA	  2007	  –	  RBE	  Analysis	  

Extract	  survival	  vs.	  dose	  plot	  for	  each	  depth	  slice	  and	  calculate	  RBESF=10%	  
RBEplateau	  =	  1.0	  	  	  	  	  	  	  	  	  	  	  	  	  	  RBEpeak	  =	  1.57	  
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CERN	  DATA	  2008	  

Dose planning for SOBP successful …….  
……………………………..final doses need recalculations  
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CERN	  DATA	  2010	  

Complete data set …………. 
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CERN	  DATA	  2012	  

Two independent experiments  
                                    ………under identical conditions! 
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5	  Years	  of	  Running	  –	  	  
5	  Depth	  Dose	  Distribu1ons	  

Michael H. Holzscheiter for the ACE collaboration 
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Biological	  Stability	  
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Cell	  Micro-‐Environment	  

Cells are found to be fully oxygenated ✔ 
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Cell	  Survival	  vs.	  Dose	  for	  2010	  Data	  

RBEpeak/plateau = 1.52 

Michael H. Holzscheiter for the ACE collaboration 
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•  (re)do	  “forensic”	  dose	  calcula1ons	  with	  latest	  
(recommended)	  version	  of	  FLUKA	  (beta	  release)	  

•  Combine	  data	  2010	  –	  2012	  and	  study	  inclusion	  of	  
2008	  and	  2009	  data	  (changing	  set-‐up	  effects	  beam)	  

•  Calculate	  RBE	  for	  an1protons	  at	  every	  point	  along	  
depth	  dose	  curve	  	  

Remaining	  Work	  
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Antiproton annihilation causes spatially correlated DNA damage 
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CERN 
the AD-Team 
the AD-Users 

And You for your attention 

Thank You  


