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specifica;ons	  
•  Full	  range	  of	  lighter	  ions	  including	  Lithium	  and	  boron.	  

Lithium	  because	  of	  lower	  LET	  then	  sharp	  Bragg	  peak	  and	  no	  
fragmenta;on	  products	  

•  Horizontal	  and	  at	  least	  one	  ver;cal	  beam	  
•  Good	  range	  of	  biological	  facili;es	  for	  cell	  culture	  and	  3-‐D	  

and	  some	  analysis;	  par;cipa;ng	  universi;es	  will	  provide	  
very	  detailed	  techniques	  

•  Beam	  specs	  ,	  dose	  rate,	  energies	  close	  to	  those	  of	  	  to	  
par;cle	  therapy	  centres	  with	  passive	  scaMering	  and	  
scanning	  controls.	  

•  Control	  photon	  facility	  essen;al…linac	  if	  doing	  IMRT	  
comparisons	  in	  humanoid	  phantoms;	  Cobalt	  source	  would	  
be	  minimum	  requirement	  but	  would	  need	  synchrotron	  to	  
match	  the	  dose	  rate	  with	  Co	  source	  decay.	  



Biological	  Issues	  
•  Determine	  the	  important	  	  LET…RBE	  rela;onship	  in	  greater	  detail,	  

with	  specific	  aMen;on	  to	  ini;al	  slopes	  and	  turnover	  point	  
posi;ons	  and	  for	  each	  ion	  species.	  Greater	  number	  of	  data	  points	  
than	  previous	  experiments	  for	  beMer	  resolu;on.	  

•  Determine	  changes	  in	  RBE	  with	  dose	  at	  clinically	  relevant	  doses.	  
High	  priority	  to	  test	  protons:	  since	  fixed	  RBE	  of	  1.1	  in	  all	  ;ssues	  
and	  all	  tumour,	  at	  all	  doses,	  is	  almost	  certainly	  	  incorrect.	  Exis;ng	  
data	  can	  be	  cri;cised	  easily.	  	  

•  Test	  all	  exis;ng	  and	  developing	  models	  of	  LET-‐RBE	  
•  Use	  many	  HUMAN	  cancer	  lines,	  including	  typical	  paediatric	  

cancer	  types,	  with	  range	  of	  doubling	  ;mes	  radiosensi;vi;es	  and	  
established	  gene;c	  characterisa;on.	  	  

•  Establish	  poten;al	  biomarker	  responses…..especially	  differences	  
with	  low	  LET	  responses	  



Beam	  ballis;cs	  

•  Tes;ng	  of	  predic;on	  and	  confirma;on	  of	  	  	  	  
dose	  and	  LET	  in	  3-‐D,	  using	  novel	  detectors	  in	  
phantoms,	  and	  their	  rapid	  3-‐D	  calcula;on.	  

•  Placement	  of	  cells	  at	  posi;ons	  where	  dose	  
and	  LET	  known	  with	  high	  precision	  in	  similar	  
phantoms	  for	  RBE	  studies.	  

•  Look	  at	  different	  ion	  species	  for	  dose	  ,	  LET,	  
penumbra	  and	  fragmenta;on	  details;	  
compare	  with	  photon	  dose	  distribu;ons	  

	  



Opera;onal	  features	  

•  experiments	  determined	  through	  advisory	  boards	  
and	  discussion	  groups.	  

•  Open	  access	  to	  data	  
•  Free	  beam	  ;me	  
•  Funding	  clarifica;on	  required	  for	  grant	  
applica;ons.	  

•  Computer	  storage	  and	  grid	  available	  for	  remote	  
analysis	  

•  Dosimetry	  must	  be	  confirmed	  by	  Na;onal	  
Reference	  Laboratory	  Standards.	  



What	  clinical	  impact?	  
•  More	  appropriate	  hadrontherapy	  dose	  to	  tumour	  &	  normal	  

;ssues	  –	  beMer	  tumour	  control	  and	  reduced	  complica;ons.	  	  
•  RBE	  to	  fall	  safe,	  perhaps	  in	  children`s	  cancers	  to	  unity	  with	  

confirma;on,	  so	  no	  possible	  risk	  of	  reduced	  tumour	  control	  
due	  to	  wrong	  RBE;	  but	  with	  tougher	  constraints	  on	  normal	  
;ssues	  essen;al	  for	  quality	  of	  life.	  

•  Probable	  that	  beMer	  results	  will	  be	  achieved	  with	  a	  CERN	  
verified	  system	  than	  presently	  obtained	  ?	  	  

•  BeMer	  interna;onal	  coopera;on	  and	  adop;on	  of	  best	  
prac;ce	  a`er	  tes;ng	  CERN	  proof	  of	  principle	  experiments	  in	  
the	  clinical	  facili;es	  of	  coopera;ng	  countries……	  

•  In	  vivo	  and	  all	  complimentary	  developmental	  (	  smaller	  data	  
point	  numbers)	  research	  to	  be	  performed	  in	  Universi;es	  of	  
coopera;ng	  	  countries.	  


