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Goals	
  of	
  Pituitary	
  RadiaFon 	
  	
  

•  Control	
  of	
  tumor	
  growth	
  
– Improve	
  neurologic	
  dysfuncFon	
  

•  Control	
  of	
  endocrine	
  secreFon	
  



RadiaFon	
  Dose	
  Schedules	
  

•  Radiosurgery	
  =	
  one	
  fracFon	
  
– Gamma	
  Knife	
  is	
  a	
  machine	
  that	
  only	
  performs	
  
radiosurgery	
  

– 12-­‐14	
  Gy	
  for	
  non-­‐secreFng	
  tumor	
  
– 20-­‐24	
  Gy	
  for	
  control	
  of	
  secreFon	
  

•  FracFonated	
  radiaFon	
  therapy	
  
– ~50	
  Gy	
  in	
  25	
  fracFons	
  (M-­‐F,	
  5	
  weeks)	
  



PotenFal	
  for	
  Iatrogenic	
  Harm	
  

•  OpFc	
  nerves	
  and	
  chiasm	
  (1%)	
  
•  Cavernous	
  sinus	
  nerves	
  (<1%)	
  
•  CaroFd	
  
•  Temporal	
  lobe	
  injury	
  
•  Secondary	
  tumors	
  
•  Endocrine	
  dysfuncFon	
  (8-­‐50%)	
  



Radiosurgery	
  Prior	
  to	
  CT/MR	
  Imaging	
  

Boney	
  anatomy	
  correlated	
  to	
  target	
  but	
  no	
  3D	
  informaFon	
  spread	
  outside	
  sella	
  



FracFonated	
  RT	
  
Prior	
  to	
  Image	
  

Guidance	
  and	
  3D	
  
Planning	
  



LocalizaFon	
  and	
  ImmobilizaFon	
  
•  Frame	
  coordinate	
  
system	
  (stereotaxis)	
  

•  Imaging	
  coordinate	
  
system	
  
– Orthogonal	
  KV	
  
–  Cone	
  beam	
  CT	
  
–  IR	
  diodes	
  
–  Surface	
  tracking	
  
cameras	
  

– GPS	
  beacons	
  

Lars	
  Leksell	
  treated	
  the	
  first	
  pituitary	
  paFent	
  
with	
  radiosurgery	
  in	
  1968	
  



Photon	
  Delivery	
  



Proton	
  Therapy	
  



Fixed	
  Gantry	
  

Mass	
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  Hospital	
  STAR	
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  ,	
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  2012	
  



RotaFng	
  Gantry	
  





UAB	
  Gamma	
  Knife	
  Procedures	
  

•  1995-­‐2013	
  
•  205	
  pituitary	
  tumors	
  
treated	
  with	
  
radiosurgery	
  

•  92	
  macroadenomas	
  
•  113	
  funcFonal	
  





OpFc	
  Nerve	
  Proximity	
  



Gamma	
  Knife	
  Radiosurgery	
  Process	
  

•  Pituitary	
  clinic	
  	
  
•  Radiosurgery	
  conference	
  (every	
  
Friday)	
  

•  CNS	
  Tumor	
  Board	
  (every	
  Tuesday)	
  
•  Treatment	
  day	
  

– Frame	
  placement	
  
– MRI	
  with	
  contrast	
  
– Treatment	
  planning	
  (1-­‐3	
  hours)	
  
– Treatment	
  delivery	
  (1-­‐3	
  hours)	
  



Linac	
  Radiosurgery	
  and	
  RT	
  Process	
  

•  Pituitary	
  clinic	
  	
  
•  Radiosurgery	
  conference	
  (every	
  Friday)	
  
•  CNS	
  Tumor	
  Board	
  (every	
  Tuesday)	
  
•  Treatment	
  Planning	
  

– Treatment	
  planning	
  CT	
  and	
  mask	
  (30-­‐60	
  minutes)	
  
– Virtual	
  simulaFon	
  (offline)	
  and	
  dose	
  calculaFon	
  
– PaFent	
  specific	
  QA	
  measurements	
  

•  Treatment	
  Delivery	
  (20-­‐30	
  minutes)	
  



Non-­‐funcFonal	
  Tumors	
  

J	
  Clin	
  Endocrinol	
  Metab,	
  July	
  2011,	
  96(7):1992–2003	
  	
  

	
  



FracFonated	
  RT	
  Growth	
  Hormone	
  

J	
  Clin	
  Endocrinol	
  Metab,	
  April	
  2006,	
  91(4):1239–1245	
  884	
  paFents	
  in	
  14	
  UK	
  Centers	
  1974-­‐2000	
  
45	
  Gy	
  in	
  25	
  fracFons	
  most	
  common	
  



Pituitary	
  FuncFon	
  Over	
  Time	
  



Radiosurgery	
  for	
  GH	
  Tumors	
  

19/40	
  paFents	
  (47%)	
  had	
  an	
  endocrine	
  remission	
  



Endocrine	
  Response	
  for	
  Radiosurgery	
  



ACTH	
  



ProlacFn	
  



OpFc	
  Nerve	
  Injury	
  

Int.	
  J.	
  RadiaFon	
  Oncology	
  Biol.	
  Phys.,	
  Vol.	
  55,	
  No.	
  5,	
  pp.	
  1177–1181,	
  2003	
  	
  

	
  

Mayo	
  Clinic,	
  4/218	
  paFents	
  treated	
  to	
  mean	
  dose	
  10	
  Gy	
  





Oculomotor	
  Injury	
  

OpFc	
  nerve	
  tolerance	
  8-­‐10	
  Gy	
  
Cavernous	
  sinus	
  ?	
  (>40-­‐60	
  Gy)	
  	
  

Injury	
  to	
  III,	
  IV,	
  VI	
  reported	
  but	
  is	
  
more	
  common	
  with	
  paFents	
  
receiving	
  retreatment	
  

Vaphiades	
  et	
  al:	
  J	
  Neuro-­‐Ophthalmol	
  2011;	
  31:	
  210-­‐213	
  



Marginal	
  Dose	
  
Predicts	
  

Hypopituitarism	
  

Neurosurgery	
  72:630–637,	
  2013	
  	
  

	
  
UVA	
  262	
  paFents	
  



Meningioma	
  vs	
  Pituitary	
  Adenoma	
  



Local	
  Control	
  of	
  Unbiopsied	
  	
  
Presumed	
  Meningioma	
  

-­‐	
  SRS	
  
-­‐	
  ConvenFonal	
  

p=0.684	
  

ConvenFonal	
  5	
  yr	
  LC	
  
96.7%	
  
	
  
SRS	
  5	
  yr	
  LC	
  
95.5%	
  



Conclusion	
  

•  FracFonated	
  RT	
  and	
  radiosurgery	
  are	
  effecFve	
  for	
  
tumor	
  growth	
  control	
  control	
  as	
  a	
  second	
  line	
  
therapy	
  

•  Decline	
  in	
  hormone	
  secreFon	
  occurs	
  more	
  
rapidly	
  with	
  radiosurgery	
  than	
  fracFonated	
  RT	
  
– About	
  half	
  respond	
  

•  Dose	
  schedule	
  is	
  dependent	
  upon	
  tumor	
  volume	
  
and	
  proximity	
  of	
  opFc	
  apparatus	
  

•  OpFmal	
  Fming	
  must	
  be	
  considered	
  carefully	
  due	
  
to	
  potenFal	
  for	
  injury	
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