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Whole Brain irradiation 

Multiple brain metastasis 
Adjunct to radiosurgery for limited brain metastasis 
Prophylactic irradiation (PCI-SCLC, ALL) 
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Most critical issue  Prophylatic irradiation 
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PCI SCLC 

Incidence of Brain metastasis 
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PCI SCLC 

Overall survival  
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Effekt also  

in ED-SCLC 

(ZNS Metas.) 
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Effects also 

in ED –SCLC 

O-Survival 

PCI SCLC 
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20 Gy in 5 or 8 fractions, 24 Gy in 12 fractions, 

25 Gy in 10 fractions, or 30 Gy in 10 or 12 fractions. 

PCI SCLC 

Slotman et al. 
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PCI SCLC 

Slotman et al. 
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LQ after PCI SCLC 

Fatigue 

Global Alopecia 

Cognition Emotion 

Role function 

Slotman et al. 



Klinik und Poliklinik für Strahlentherapie 

und Radioonkologie 

KLINIKUM DER UNIVERSITÄT MÜNCHEN® 

Outline 

 Anatomically and physiologically critical structures for neurotoxicity 

 Clinical Data Neurotoxicity  

 Distribution of brain metastases 

 Technical strategies for reduction of neurotoxicity in whole brain radiotherapy 

 Example 

 Conclusions 
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Anatomically and physiologically critical structures for neurotoxicity 

 Neurogenesis persists predominantly in subventricular 
and subgranular zone 

 Neural stem cells contribute to intrinsic brain plasticity 
& repair 

 Radiation can depopulate these regions & impair 
neurogenesis by inflammatory processes 

 Radiation to SVZ eliminates proliferating neural 
precursor cells and migrating neuroblasts 
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Anatomically and physiologically critical structures for neurotoxicity 

 Irradiation increases hippocampal apoptosis and decreases hippocampal proliferation 

 Loss of hippocampal neurogenesis even at doses <2Gy 

 ( irradiation of murine embryonic brains)  

POSSIBLE CONSEQUENCES   
 Responsible for short-term memory formation and recall 

 Deficits in learning, memory, attention  

 and spatial processing due to radiation  

 induced hippocampal injury 
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Neurotoxicity of whole brain radiotherapy 

 Spectrum of different toxicities with variable time course 

 Late toxicity: dementia in <11%: several months to years following RT 

 Early toxicity: verbal and short-term memory recall: 1-4 months after RT 

 No decline in neurocognitive function if fraction size <3Gy 
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Neurotoxicity of whole brain radiotherapy 
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Anatomically and physiologically critical structures for neurotoxicity 

 OAR definition:  

 - SVZ: strip of periventricular striatum (= lateral wall of  lateral ventricles + 
5mm) 

 - SGZ: hippocampal formation + 5mm 

 Estimated dose tolerance: 10-20Gy, notable fraction-size dependence 
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Distribution of brain metastases 

 Intracranial metastatic disease  spares the limbic circuit 
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Distribution of brain metastases 

 Within hippocampus + 5mm: in 8.6% of patients and in 3.0% of brain metastases 
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Technical strategies for reduction of neurotoxicity in whole brain radiotherapy 

 12x 2.5Gy: hippocampus mean 6.1Gy, max 13.5Gy; V95% brain 81.7% NON IMRT 
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Technical strategies for reduction of neurotoxicity in whole brain radiotherapy 

 12x 2.5Gy: hippocampus mean 6.1Gy, max 13.5Gy; V95% brain 81.7% NON IMRT 
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Technical strategies for reduction of neurotoxicity in whole brain radiotherapy 

 LINAC: 10x 3Gy: hippocampus median 7.8Gy, max 15.3Gy 
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Technical strategies for reduction of neurotoxicity in whole brain radiotherapy 

 Tomo: 10x 3Gy: hippocampus median 5.5Gy, max12.8Gy 
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Gondi et al. 

Technical strategies for reduction of neurotoxicity in whole brain radiotherapy 

LINAC 

TOMO 
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Hsu et al. 

Technical strategies for reduction of neurotoxicity in whole brain radiotherapy 

 The prescription to the whole brain was 32.25 Gy in 15 

fractions to 95% of the volume 

 Dose to brain metastases was 63 Gy to 95% of the volume 

for lesions >2.0 cm in diameter and 70.8 Gy to 95% of the 

volume for lesions <2.0 cm in diameter 
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Hsu et al. 

Technical strategies for reduction of neurotoxicity in whole brain radiotherapy 
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Conclusions 
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 Sparing of hippocampus structures is possible  
 IMRT, VMAT, Tomo seem to be suitable  
 No data on improved neurological outcomes available 
 No data on tumour control outcomes available 
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Conclusions  Clinical trials 
Does IMRT, IMAT, tomotherapy reduce the neurotoxicity of whole brain radiotherapy?   
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