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Response	
  to	
  Frac0ona0on	
  Varies	
  With	
  Tissue	
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Late Responding!
Tissues - α/β = 2Gy!

Acute Responding!
Tissues α/β = 10Gy!
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Single Dose!
Late Effects!
α/β = 2Gy!

Single Dose!
Acute Effects!
α/β = 10Gy!

Fractionated!
Late Effects!

Fractionated!
Acute Effects!

If α⁄β ratio of tumor is the same or less than that of the critical normal tissue, then a 
larger dose per fraction (hypofractionation) is preferred, i.e., prostate cancer, breast 
cancer "

If α⁄β ratio of tumor is high (often 10 or greater) and > α⁄β ratio of normal tissue (often < 
5) a lower dose per fraction (hyperfractionation) is preferred, i.e., squamous. Ca. H&N"
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Therapeutic Ratio

Therapeutic dose ratio = D2/D1

• Want to maximize 
therapeutic ratio

– i.e., separate curves

– Parameters used to 
maximize the therapeutic 
ratio: 

– Time, fractionation, hyper-
fractionation (greater 
sparing of late-responding 
normal tissue, radio-
sensitizers, cytotoxic
agents,  ),   
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Posibles razones que explican la eficacia de SRS/SBRT



Comparisons	
  between	
  the	
  effects	
  
of	
  different	
  dose-­‐frac0ona0on	
  schemes.	
  

Total	
  dose	
  delivered	
  in	
  an	
  infinite	
  number	
  of	
  infinitesimally	
  
small	
  dose	
  frac0ons	
  that	
  has	
  the	
  same	
  biologic	
  effect	
  as	
  the	
  
dose-­‐frac0ona0on	
  scheme	
  in	
  ques0on.	
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Universal	
  Survival	
  Curve	
  

•  Combine	
  the	
  LQ	
  model	
  with	
  mul0-­‐target	
  model	
  at	
  high	
  dose	
  

Universal	
  Survival	
  Curve	
  
(Park	
  et	
  al	
  IJROBP,	
  Volume	
  70,	
  Number	
  3,	
  2008)	
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Universal	
  Survival	
  Curve	
  
(Park	
  et	
  al	
  IJROBP,	
  Volume	
  70,	
  Number	
  3,	
  2008)	
  

Survival	
  curve	
  of	
  H460	
  fihed	
  with	
  linear	
  quadra0c	
  (LQ)	
  model	
  (using	
  
points	
  ≤8	
  Gy)	
  and	
  with	
  universal	
  survival	
  curve	
  (USC)	
  model.	
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•  Conven0onal	
  
–  Daily	
  dose:	
  1.8	
  –	
  2	
  Gy	
  
–  Total	
  Dose:	
  	
  40	
  –	
  70	
  Gy	
  
–  increase	
  dose	
  to	
  the	
  tumor	
  while	
  PRESERVING	
  NORMAL	
  TISSUE	
  FUNCTION	
  

•  Hypofrac0ona0on
–  Dose	
  per	
  frac0on	
  >	
  2.2	
  Gy	
  (3-­‐6	
  Gy)	
  
–  Reduced	
  total	
  number	
  of	
  frac0ons	
  (10-­‐15)	
  
– Ra0onale: tumor has low α/β ra0o and there is no therapeu0c advantage to be

gained	
  with	
  respect	
  to	
  late	
  complica0ons	
  
•  Extreme	
  Hypofrac0ona0on/SRS/Abla0ve	
  

–  Daily	
  dose:	
  10-­‐30	
  Gy	
  
–  Number	
  of	
  frac0ons:	
  1-­‐5	
  	
  
–  Overwhelm	
  tumor	
  repair	
  capacity	
  	
  
–  Causes	
  “late”	
  effects	
  that	
  may	
  be	
  intolerable	
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SRS:	
  Clinical	
  Outcome	
  
Trigeminal	
  Neuralgia	
  

AVM	
  Radiosurgery	
  

Acous0c	
  Neuroma	
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SRS:	
  Clinical	
  Outcome	
  
Meningioma	
  

Brain	
  Metastases	
  

6-­‐Mo	
  LC>80%	
  for	
  all,	
  12-­‐Mo	
  LC:	
  >80%	
  (Rx≥21Gy);	
  >60%	
  (Rx	
  ≥	
  18Gy);	
  <50%	
  (Rx≤15Gy)	
  
Kamil	
  M.	
  Yenice,	
  PhD	
  



SBRT:	
  Clinical	
  Outcome	
  
Phase	
  II	
  trials	
  of	
  SBRT	
  in	
  early	
  stage	
  lung	
  cancer	
  

Phase	
  II	
  trials	
  of	
  SBRT	
  for liver	
  metastases	
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Predic0ons	
  of	
  Mathema0cal	
  Modeling	
  

Brown	
  et	
  al	
  2010	
  IJROBP:	
  V	
  78, pp	
  323-­‐327	
  

Fowler	
  et	
  al	
  2004	
  IJROBP	
  V60,	
  pp1241-­‐1256	
  

Both	
  studies	
  suggested:	
  if	
  
cell	
  popula0on	
  is	
  assumed	
  
to	
  be	
  mixed	
  (20%	
  hypoxic)	
  
and	
  no	
  reoxygena0on	
  
occurs,	
  then	
  currently	
  
used	
  dose	
  frac0ona0ons	
  
(SBRT)	
  are	
  not	
  sufficient	
  to	
  
control	
  tumor!	
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Endothelial	
  cell	
  apoptosis	
  at	
  high	
  doses	
  

Kolesnick	
  R	
  &	
  Fuks	
  Z.	
  Oncogene	
  2003;22:5587–906	
  

HYPOTHESIS:	
  Ceramide	
  mediated	
  Endothelial	
  Apoptosis	
  causes	
  indirect	
  cell	
  kill	
  at	
  
>10Gy!	
  	
  



4Rs	
  Revisited	
  for	
  SRS	
  
•  Reoxygena0on	
  

–  When	
  tumors	
  are	
  treated	
  with	
  SRS/SBRT	
  the	
  intratumor	
  environment	
  
will	
  become	
  hypoxic	
  leading	
  to	
  secondary	
  cell	
  death	
  due	
  to	
  vascular	
  
damage	
  

•  Repair	
  
–  Vascular	
  damage	
  and	
  ensuing	
  chao0c	
  intratumor	
  environment	
  may	
  

significantly	
  hinder	
  repair	
  of	
  radia0on	
  damage	
  
•  Redistribu0on	
  

–  aier	
  irradia0on	
  with	
  extremely	
  high	
  doses	
  of	
  radia0on	
  (>15-­‐20	
  Gy),	
  in	
  
a	
  single	
  frac0on,	
  cells	
  are	
  indefinitely	
  arrested	
  in	
  the	
  phases	
  of	
  cell	
  
cycle	
  where	
  they	
  were	
  irradiated	
  and	
  undergo	
  interphase	
  cell	
  death	
  

•  Repopula0on	
  
–  Since	
  SRS/SBRT	
  treatment	
  courses	
  substan0ally	
  short	
  (1-­‐2	
  weeks)	
  

repopula0on	
  of	
  tumor	
  cells	
  will	
  not	
  be	
  substan0al	
  during	
  the	
  course	
  of	
  
SBRT	
  

Not	
  significant	
  factors.	
  Differen0al	
  biological	
  effect	
  between	
  tumor	
  and	
  normal	
  0ssue	
  
is	
  largely	
  gained	
  through	
  minimiza0on	
  of	
  normal	
  0ssue	
  volume	
  in	
  SRS	
  and	
  SBRT	
  



Summary	
  
•  The	
  LQ	
  model	
  cannot	
  describe	
  the	
  response	
  to	
  very	
  high	
  doses	
  

because	
  the	
  predicted	
  radiosensi0vity	
  would	
  be	
  too	
  great	
  
•  Vascular	
  effects	
  occurs	
  increasingly	
  at	
  higher	
  doses	
  per	
  frac0on	
  
•  Extreme	
  hypofrac0onated	
  RT	
  (SBRT/SABR)	
  seems	
  to	
  be	
  capable	
  of	
  

overcoming	
  hypoxic	
  radioprotec0on	
  through	
  mechanisms	
  other	
  
than	
  directly	
  killing	
  tumor	
  cells	
  via	
  DNA	
  damage.	
  

•  An	
  important	
  mechanism	
  for	
  cell	
  inac0va0on	
  has	
  been	
  
*hypothesized*	
  to	
  be	
  ceramide-­‐mediated	
  endothelial	
  cell	
  apoptosis	
  
which	
  becomes	
  important	
  at	
  doses	
  >10	
  Gy	
  

•  A	
  truly	
  mechanis0c	
  radiobiological	
  model	
  for	
  SRS/SBRT	
  is	
  currently	
  
lacking.	
  The	
  correct	
  dosages	
  for	
  SS/SBRT	
  should	
  be	
  chosen	
  based	
  on	
  
clinical	
  experience	
  and	
  prospec0ve	
  trials	
  that	
  balance	
  treatment	
  
efficacy	
  against	
  normal	
  0ssue	
  toxicity	
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