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RT TARGET DELINEATION

DEFINING TUMOUR 

1. MRI Gold Standard
T1 gad / T2 FLAIR

2. FET-FDG PET Imaging

PREDICTING SPREAD

1. Patterns of Infiltration 

2. Patterns of Relapse



RT TARGET DELINEATION

OPTIMAL MARGIN EXPANSION

DETECT NON-ENHANCING TUMOUR



RT TARGET DELINEATION

OPTIMAL MARGIN EXPANSION

DETECT NON-ENHANCING TUMOUR

AVOID 
GEOGRAPHICAL MISS

RT DOSE 
ESCALATION

REDUCTION 
NORMAL BRAIN DOSE



RT TARGET DELINEATION



RT TARGET DELINEATION

60Gy



RT TARGET DELINEATION



RT TARGET DELINEATION

46Gy

14Gy



RT TARGET DELINEATION

46Gy

14Gy

46Gy



RT TARGET DELINEATION

46Gy

Only 
46Gy

14Gy
Boost



RT TARGET DELINEATION

OPTIMAL MARGIN EXPANSION

DETECT NON-ENHANCING TUMOUR



RT TARGET DELINEATION

OPTIMAL MARGIN EXPANSION

DETECT NON-ENHANCING TUMOUR

Understanding White Matter Tract Pathways



Understanding White Matter Tract Pathways



Understanding White Matter Tract Pathways

Neuroanatomical Regions



Understanding White Matter Tract Pathways

Connectomes



Understanding White Matter Tract Pathways

Relapse Patterns



Understanding White Matter Tract Pathways

Autopsy Series



Understanding White Matter Tract Pathways

Diffusion Tensor Imaging



Understanding White Matter Tract Pathways

Pattern of T2F Abnormality



GBM (60Gy TMZ) :  2016-2020

Volumetric Study

 : Volume of Preop T1gd and T2

 : Initial gyrus and infiltration detailed

 : Relapse site detailed 

 : Relationship to T1gd, T2, White Matter Tract

 : Relapse distant if >20mm from GTV60
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GBM 2016-2020

Volumetric Study
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T2pre (orange)T1gdpre (blue)



GTV60 (yellow) =
• Cavity +
• T1gdpost  +
• Non-Enh tumour

CTV60 (blue) =
• GTV60 x 5mm +
• T2post

PTV60 (red) =
• CTV60 x 3mm 

ESTRO-EANO PTV60  15mm margin

routinely recorded (brown)

55Gy



Pattern of T2F Abnormality: CTV60 non-isotropic expansion down WMT

WMT Exploratory Audit 



169 patients : 60Gy TMZ

ECOG PS 0,1: 71%

Near Total Resection: 42%

MGMT methylated: 41%

15 Neuroanatomical Sites: 

 Lat Temp(19%), 

 Lat Frontal (12%) 

 Ant Temp(13%),
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Infiltration Pattern

Vols Median:  T1gd- 18cm3 and  T2- 37cm3 

83% had white matter tract (WMT) abnormality

  34% had T1gd in WMT

  49% had only T2 in WMT

 These had predictable tract involvement
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Infiltration Pattern

83% had white matter tract (WMT) abnormality

  

 These had predictable tract involvement
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Infiltration Pattern

83% had white matter tract (WMT) abnormality

 

 These had predictable tract involvement
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Survival

169 patients : 60Gy TMZ

Median OS : 18.3 months 
(95%CI: 16.3-20.3).

Median RFS : 11.9 months 
(95%CI: 10.6-13.3).
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Infiltration Pattern

Presence of WMT abnormality had worse OS (p=0.01). 

• No WMT abnormality: : 24.8 months 

• T2 WMT abnormality: 19.7months

• T1gd WMT abnormality: 14.8months

The lowest T2/T1 quartile (relatively less T2 WMT 
abnormality) was associated with better OS (p=0.04).
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Relapse Pattern

42% distant relapse (28% isolated)

Relapse Site

47% in initial T1gd 

71% in initial T2 regions. 

77% in adjacent WMT

 

    

WMT Exploratory Audit 



Patterns of infiltration and relapse of GBM 

• vary with neuroanatomical regions

• relate to initial T1gd and T2 MRI regions

• relate to adjacent predictable white matter tracts. 

This has implication for target volume 
delineation protocols based on uniform 

geometrical expansions around T1gd lesion. 

    

WMT Exploratory Audit 
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CONCLUSIONS

Not all tumours and sites in 
brain act the same way

Infiltration and relapse quite 
predictable based on 

neuroanatomical subsites and 
WMT T2 abnormality

Understanding 
infiltration/relapse patterns 
may allow dose escalation
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