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Topic	  –	  Radiotherapy	  Planning	  
•  In	  radiotherapy	  planning	  medical	  physicist	  wish	  to	  maximize	  

the	  treatment	  dose	  while	  minimizing	  the	  risk	  of	  side	  effects.	  
•  The	  convenHonal	  models	  for	  assessing	  treatment	  plans	  do	  not	  

account	  for	  the	  mulHdimensional	  nature	  of	  the	  problem.	  
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Present	  ComplicaHon	  Risk	  Models	  

•  Lyman-‐Kutcher-‐Berman	  model	  reduces	  a	  dose	  volume	  
histogram	  (DVH)	  to	  two	  values,	  Veff	  and	  Dmax	  .	  

•  Uses	  values	  to	  calculate	  	  complicaHon	  probability	  (NTCP).	  
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Use	  Big	  Data	  to	  Reduce	  ComplicaHon	  Risk	  

•  Current	  treatment	  
planning	  can	  be	  
informed	  by	  prior	  
experience.	  

•  MulH-‐factored	  view	  of	  
risk.	  

•  First	  step,	  use	  dose	  
locaHon	  data.	  
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Team	  Member	  ResponsibiliHes	  
•  Fred	  Brooks	  presents	  a	  “Surgical	  

Team”	  approach	  developed	  by	  Harlan	  
Mills	  and	  F.	  Baker	  at	  IBM.	  

•  Chief	  programmer	  leads	  the	  effort.	  
•  Other	  roles	  naturally	  divide	  into	  

administraHve	  and	  technical	  funcHons.	  
•  Our	  project	  requirements:	  

–  Thirteen	  project	  related	  arHfacts.	  
–  CreaHng	  a	  soWware	  pipeline	  
–  PM	  and	  SE	  responsible	  for	  “1st	  draWs”	  
–  TL	  responsible	  for	  refining	  draWs	  and	  final	  

data	  mining.	  

	  



Deliverables	  
•  We	  have	  created	  an	  

analysis	  pipeline.	  
•  We	  have	  obtained	  usable	  

results	  for	  paroHd	  glands	  
via	  data	  mining.	  

•  We	  are	  working	  on	  
applying	  the	  approach	  to	  
the	  larynx	  as	  part	  of	  our	  
maximum	  deliverables.	  	  

þ

Q	  

þ þ

þ

þ



Project	  Plan	  Management	  
•  Demo	  of	  ProjectLIBRE.	  

–  Project	  tasks	  completed.	  
–  Task	  notes.	  
–  GANTT	  chart.	  



Timeline	  



Timeline	  



The	  AnalyHc	  Sandbox	  
•  Separate	  from	  

Oncospace.	  
•  Dose	  grids	  benefit	  

from	  ~75%	  data	  
compression.	  

•  Consistent	  
BigEndian	  encoding.	  
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SoWware	  Design	  
•  Data	  loader	  classes	  load	  data	  from	  

analyHc	  sandbox.	  
•  Roi	  class	  is	  a	  volumetric	  mask.	  
•  DoseGrid	  is	  a	  mapping	  of	  voxels	  to	  

dose.	  	  It	  uses	  a	  k-‐d	  Tree	  to	  find	  the	  
nearest	  voxel	  to	  a	  given	  point.	  

•  RoiDoses	  uses	  a	  Roi	  and	  a	  DoseGrid	  
to	  return	  a	  dose	  value	  for	  each	  Roi	  
voxel	  in	  world	  frame	  coordinates.	  	  



SoWware	  Design 



ParoHd	  Structure	  

•  ParoHd	  gland	  is	  irradiated	  during	  treatment	  of	  head	  and	  neck	  cancer	  
paHents.	  

•  Oncospace	  provides	  3D	  treatment	  data.	  
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Features	  
•  Included	  LKB	  values	  for	  Veff,	  Dmax,	  and	  

NTCP.	  
•  Defined	  five	  dose	  bands.	  

–  5-‐25	  Gy,	  25-‐40	  Gy,	  40-‐55	  Gy,	  55-‐70	  Gy,	  
and	  >70	  Gy	  

•  Created	  gross	  leW,	  right,	  and	  both	  
DVHs	  for	  each	  band.	  

•  Percentage	  of	  each	  dose	  band	  in	  
fiWhs	  of	  each	  dimension.	  

•  Selected	  18	  features	  based	  on	  
informaHon	  entropy	  reducHon.	  



Results	  

•  Evaluated	  ROC	  for	  LKB,	  Random	  
Forest	  and	  Linear	  Regression.	  

•  Performed	  straHfied	  cross-‐validaHon	  
with	  k	  =	  10.	  

•  Both	  Linear	  Regression	  and	  LKB	  
outperformed	  Random	  Forest	  
(n=364):	  
–  Linear	  Regression:	  	   	   	   	  0.731	  
–  LKB:	   	   	   	   	   	   	   	  0.723	  
–  Random	  Forest	  (1000	  trees): 	  0.683	  

•  OpportuniHes	  with	  larger	  data?	  



Summary	  

•  Used	  recognized	  knowledge	  
discovery	  procedures.	  

•  Completed	  data	  mining	  of	  
paroHd	  data.	  

•  Will	  be	  presenHng	  results	  to	  
mentors	  for	  evaluaHon.	  

•  Beginning	  work	  on	  larynx	  data.	  

Image	  from	  (Cios	  et	  al.	  2002) 



Thank	  You	  
}  Dr. Todd McNutt, Mentor 
}  Dr. Scott Robertson, Mentor 
}  Dr. Russell Taylor, Instructor 
}  CIS II Classmates… 


