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Definition of the clinical 
volumes in GLIOBLASTOMA 
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a)  Preoperative or 
Postoperative MRI? 

b)  Inclusion of edema 



PREOPERATIVE 
scan 

POSTOPERATIVE 
scan 

Contrast 
ehnancing 

lesion 

Edema 

Edema 

Surgical bed 

Surgical bed + any residual 
lesion + margins 
 

Postoperative edema + 
margins 
 
 

Contrast enhancing lesion 
+ margins 

Preoperative edema + 
margins 



Inclusion of edema: to be or not to 
be? 

Edema Yes No 

Peritumoral 
edema is directly 

related to 
infiltrating 

tumors cells  

Peritumoral 
edema is the 
result of mass 

effect and 
vascular 

permeability 
factors secreted 

by the tumor  

- Burger, JNS 
1983; 

 - Earnest, 
Radiology 

1988; 
-  Halperin, 

IJROBP 1989;  
-  Kelly, Mayo 

Clin Proc 1987 

- Stadlbauer, 
Neuroimage 

2004; 
- Ganslandt, 

NS 2005 
-  Farace, BJR 

2011 



Postoperative 
scan 

Theoretical plans Real plans 

Up to 
46 Gy 

Preoperative 
edema  
+ 2 cm 

Up to 
50 Gy 

Surgical bed 
+ any 
contrast 
enhancing 
residual tumor 
+ 2 cm  

Boost 
46 -> 
60 Gy 

 
Preoperative 
contrast 
ehnancing 
lesion 
+ 2.5 cm  
 

Boost 
50 -> 
60 Gy 

Surgical bed 
+ any 
contrast 
enhancing 
residual tumor 

	
  	
  

Preoperative 
scan 

n=48 



Theoretical plans Real plans 

Volume of brain irradiated 
in pts with large volumes of 
edema (>75cc) 

p<0.001 
 

Most failures (90%) occurred with a central or in-field recurrence pattern. 
 

Theoretical plans Real plans 

Failure in central and in-field 
localization p=NS 

Despite the coverage of edema, three marginal and two distant recurrences failed 
to be covered by the theoretical 46-Gy isodose volume 



Postoperative 
scan 

Edema 

Theoretical plans Real plans 

Up to 
46 Gy 

Postoperative 
edema  
+ 2 cm 

Up 
to 60 
Gy 

 
Surgical bed 
+ any 
contrast 
enhancing 
residual tumor 
+ 2 cm  Boost 

46 -> 
60 Gy 

 
Surgical bed 
any contrast 
enhancing 
residual 
tumor + 2.5 
cm  
 	
  	
  

Surgical bed 

n=105 



Theoretical plans Real plans 

Volume of brain irradiated 
with 46 and 60 Gy p<0.001 



CTV 
Up to 
60 Gy 

 
Surgical bed + any contrast 
enhancing residual tumor 
+ 2 cm  

	
  
EORTC criteria	
  

	
  

EORTC Protocol CORE 

Contemporary planning is based on POSTOPERATIVE IMAGING 
   McDonald, IJROBP 2011 

take	
  home	
  
message!	
  



Protocol	
   CTV	
  up	
  to	
  46	
  Gy	
   CTV	
  boost	
  
	
  

RTOG	
  9710	
  
RTOG	
  8302	
  
RTOG	
  8612	
  
RTOG	
  9305	
  

Rec	
  IFN	
  
Hyperfract	
  
Iododeoxyuridine	
  
RS	
  boost	
  

Preopera1ve	
  edema	
  +	
  
2	
  cm	
  

Preopera1ve	
  GTV	
  +	
  2.5	
  cm	
  

RTOG	
  0525	
  
RTOG	
  0825	
  
RTOG	
  0420	
  

Dose	
  intensive	
  TMZ	
  
Bevacizumab	
  
Low	
  dose	
  TMZ	
  +	
  
Irinotecan	
  

Postopera1ve	
  edema	
  +	
  
2	
  cm	
  

Surgical	
  bed	
  +	
  	
  
any	
  contrast	
  enhancing	
  
residual	
  tumor	
  
+	
  2.5	
  cm	
  	
  

RTOG	
  9803	
   Dose	
  escala1on	
   Surgical	
  bed	
  +	
  	
  
any	
  contrast	
  enhancing	
  
residual	
  tumor	
  
+	
  1.5	
  cm	
  	
  

Surgical	
  bed	
  +	
  
any	
  contrast	
  enhancing	
  
residual	
  tumor	
  
	
  

 
RTOG studies 

 



 
The CTV margin may be reduced to 0.5 cm 
around natural barriers to tumor growth 

 



corpus	
  
callosum	
  



 
Proximity to OARs 

 

	
  
	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
  	
  

PTV overlap 

chiasma PRV 

PTV 60 Gy 





 
Proximity to OARs 

 
CTV1 CTV2 

MDACC, 
Chang 2007 

Up to 50 Gy Surgical bed +  
any contrast 
enhancing 
residual tumor 
+ 2 cm  

50-60 Gy Surgical bed +  
any contrast 
enhancing 
residual tumor 
 



Definition of the 
clinical volumes in 

LOW GRADE 
GLIOMAS 



Gross total resection 

Partial resection 

take	
  home	
  
message!	
  





	
  	
  	
  	
  	
  	
  
GTV	
  	
  
Biopsy:	
  any	
  abnormality	
  in	
  T2	
  weighted	
  images	
  
from	
  the	
  preopera*ve	
  MRI	
  scan	
  

Surgical	
  resec1on:	
  resec1on	
  cavity	
  +	
  any	
  
abnormality	
  in	
  T2	
  weighted	
  images	
  from	
  the	
  
postopera*ve	
  MRI	
  scan	
  

	
  
CTV=	
  GTV	
  plus	
  a	
  2	
  cm	
  margin.	
  	
  



n=78 



Five years after CRT, only the decline in 
spelling scores was clinically significant 



CTV=	
  GTV	
  plus	
  a	
  0.5	
  cm	
  margin 

Radiation Therapy in  
Treating Young Patients 
 With Gliomas 

NCT00238264 trial 



Margins 1 cm added to the GTV may not be necessary, because excellent local 
control was achieved by adding a 0.5-cm margin and by dose painting 

n=39 

8y-PFS rate 78.2% 
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Role	
  of	
  PET	
  in	
  	
  
neurooncology	
  

Differentiation between relapse 
and pseudoprogression 

Differential diagnosis 

Biopsy- guidance 

Differentiation between relapse 
and radionecrosis 

Evaluation of tumor extent 
in radiotherapy planning 

Piroth, IJROBP 2011 
Crippa, J Nucl Med Mol Imaging 2012 
Gotz, Front Onc 2013 
 

• 11C	
  MET	
  PET:	
  11C-­‐methionine	
  PET	
  
Miwa,	
  J	
  Neurol	
  Neuros	
  Psych	
  2004	
  

Grosu,	
  IJROBP	
  2005	
  
Mahasi=wat,	
  IJROBP	
  2008	
  

Lee,	
  IJROBP	
  2009	
  
Matsuo,	
  IJROBP	
  2012	
  

	
  
• 18FET	
  PET:	
  18F-­‐fluoroethyltyrosine	
  PET	
  

Weber,	
  Rad	
  Onc	
  2009	
  
Piroth,	
  Rad	
  Onc	
  2011	
  
Niyazi,	
  Rad	
  Onc	
  2011	
  

Piroth,	
  Strahlen	
  Onkol	
  2012	
  
Rieken,	
  Radioth	
  Oncol	
  2013	
  

	
  
• 18F	
  DOPA	
  PET:	
  18F	
  dihydroxi-­‐fluoro-­‐
phenylalanine	
  	
  PET	
  

Pafundi,	
  Neuro-­‐oncology	
  2013	
  
	
  

• 11C	
  CHO	
  PET:	
  11C-­‐choline	
  PET	
  
Li,	
  Nuclear	
  Medicine	
  and	
  Biology	
  2012	
  



PET in the definition of tumor extent in 
radiotherapy 

Analysis of discrepancies 
between pre-radiotherapy 
volumes (MRI-volume vs  
PET-volume) 

Miwa, J Neurol NS Psych 2004 
Mahasittiwat, IJROBP 2008 

Lee, IJROBP 2009 
Li, Nucl Med Bio 2012 

Pafundi, NO, 2013 
Rieken, Rad Onc 2013 



41 pts 

10 pts 

2013 

2013 



PET in the definition of tumor extent in 
radiotherapy 

Use of PET for target 
definition 

Weber, Rad Onc 2009 
Piroth, Rad Onc 2011 
Nizayi, Rad Onc 2011 

Piroth, Strahlen Onkol 2012 



n=41 
CTV = (GTV     BTV) + 1,5 cm 
 
 
MRI-based PTVs miss 17% of 
FET-PET/CT-based GTVs  



n=44 
n=19 Focal dose escalation: SIB-
IMRT 72 Gy in 30 fractions on GTVPET 



n=22 
SIB-IMRT 60 Gy in 30 fractions on PTVMRI 
              72 Gy in 30 fractions on PTVPET  
 
 
 
 
 
 
No significative changes in neurocognitive performance and in quality of life 
No increased toxicity 

No survival benefit 
 



n=17 
CTVmorph = GTV+2 cm 
CTVbiol = BTV+2 cm 
CTVfinal = CTVmorph     CTVbiol 
 
 
Conformity Index =  
CTVmorph     CTVbiol 
________________ = 0.73 ±0.03 
CTVmorph     CTVbiol  
 
 
 
 
 
 
 
 

GTVMRI GTVPET 

Inside 6 Inside 6 

Marginal 3 Marginal 4 

Outside 3 Outside 2 

Data on tumor progression n=12 
 



Role	
  of	
  advanced	
  
MRI	
  in	
  	
  

neurooncology	
  

Differentiation between relapse 
and pseudoprogression 

Differential diagnosis 

Biopsy- guidance 

Differentiation between relapse 
and radionecrosis 

Evaluation of tumor extent 
in radiotherapy planning 

 
 

• MR	
  spectroscopy	
  (MRSI)	
  
Pirzkall,	
  IJROBP	
  2004	
  

Park	
  ,	
  IJROBP2007	
  
Narayana,	
  BJR	
  2007	
  

Einstein,	
  IJROBP	
  2012	
  

Preoperative planning 



2007 9 relapses in 23 pts 

 New or increased contrast-
enhancement was within the 
pre-RT MRSI lesion in 89 % 
(8/9) of patients 

2007 

 All the patients failed in MRSI 
defined volume which had 
high Cho:Cr ratio 

Correspondence of areas of 
new contrast enhancement 
with initial MRSI abnormalities 
in 8 of 10 non–contrast-
enhancing patients 2004 30 pts 

12 pts 



  

Boost toward areas of 
MRSI determined high 

biological activity  
(Cho/NAA ratio>2) 

+ 
3DCRT 60 Gy 

n=35 
 

Median OS  entire cohort 15.8 months 
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Radiation induced neurotoxicity 
	
  

Tofilon,	
  Radiat	
  Res	
  2000;	
  
Temple,	
  Nature	
  2001	
  
	
  Song,	
  Nature	
  2002;	
  

	
  Doetsch,	
  Curr	
  Opin	
  Genet	
  Dev	
  2003	
  
Motomura,	
  Neurosc	
  LeXers	
  2010	
  

	
  

•  Injury to neural stem cells 



•  Injury to neural stem cells  

Tofilon,	
  RadiaYon	
  research	
  2000;	
  
van	
  Praag,	
  Nature	
  2002;	
  Mohje,	
  Curr	
  Opin	
  
Neurol	
  2003;	
  Monje,	
  Science	
  2003;	
  Rola,	
  

Exper	
  Neurol	
  2004;	
  Alvarez-­‐Buylla,	
  
Neuron	
  2004;Byrne,	
  Curr	
  Opin	
  Neuro	
  

2005;	
  Barani,	
  IJROBP	
  2007	
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  Radiotherapy 

Supportive care 

Shors,	
  Nature	
  2001	
  

Cameron,	
  Neuroscience	
  1994	
  

 Chemotherapy 

Radiation induced neurotoxicity 



Hippocampal avoidance 



n=18 



 Equivalent dose in 2-Gy fractions to 40% of the bilateral hippocampi greater than 
7.3 Gy is associated with long-term memory impairment.  

n=18 





Temporal Horn 

Amygdala Uncus 

Hippocampal Contouring: A Contouring Atlas for RTOG 0933. 
MR Images courtesy of: Holmes CJ, Hoge R, Collins L, et al. "Enhancement of MR Images Using Registration for Signal 
Averaging" Journal of Computer Assisted Tomography 22, 324-333 (1998) 



Uncal recess 

Quadrageminal cistern 

Quadrageminal cistern 

Temporal horn of the 
lateral ventricle 

Hippocampal Contouring: A Contouring Atlas for RTOG 0933. 
MR Images courtesy of: Holmes CJ, Hoge R, Collins L, et al. "Enhancement of MR Images Using Registration for Signal 
Averaging" Journal of Computer Assisted Tomography 22, 324-333 (1998) 



Atrium of the 
lateral ventricle 

Atrium of the 
lateral ventricle 

Hippocampal tail 

Quadrageminal cistern 
Splenium 

Hippocampal Contouring: A Contouring Atlas for RTOG 0933. 
MR Images courtesy of: Holmes CJ, Hoge R, Collins L, et al. "Enhancement of MR Images Using Registration for Signal 
Averaging" Journal of Computer Assisted Tomography 22, 324-333 (1998) 



Generate the hippocampal avoidance zone using a 5mm volumetric 
expansion on the hippocampus.  
 

Red: Hippocampus   
Green: Hippocampal Avoidance Zone 

Hippocampal Contouring: A Contouring Atlas for RTOG 0933. 
MR Images courtesy of: Holmes CJ, Hoge R, Collins L, et al. "Enhancement of MR Images Using Registration for Signal 
Averaging" Journal of Computer Assisted Tomography 22, 324-333 (1998) 



Hippocampus Dmax <7.3-11 Gondi, R&O 2010 
Gondi, IJROBP 2011 

Dmax <12-20 Marsh, IJROBP 2010 
Marsh, J Med Imag Rad Onc 2011 

Dmax < 30 Pinkham, J Cl  Neurosc 2012 
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Definition of the clinical 
volumes in gliomas 

-  GBM: Base your definition of CTV on postoperative MRI, t1-weighted images, without 
including edema. GTV+2 cm 
 
-  LGG: Base your definition of CTV on postoperative MRI, T2-weighted images. GTV
+1/1,5 cm 

-  Remind to modify your CTV according to anatomical barriers 

-  Clinical benefit of  PET or advanced MRI in radiotherapy planning is still to be 
confirmed 

-  Include among your OARs the hippocampus. Try to lower its dose below 15 Gy 





Grazie per l’attenzione 


