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Vision: Molecuar Diagnostics & Therapeutic strategies 
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Agenda 

1.) Introduction: Current risk stratification & molecular 

classification of MB 

2.) News from the ICGC project PedBrain Tumor 

  - Li-Fraumeni-associated MB 

  - Novel recurrent mutations and common themes 

  - Tetraploidy as an early event in tumorigenesis 

3.) Outlook 

   

www.pedbraintumor.org 
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Childhood brain tumors (WHO) 

 

Main histologic subtypes, WHO grade, and frequency of central nervous 
system tumors in children  

(Data from Kaatsch et al., 2001) 

  WHO grade frequency 

 Tumor entity  (%) 

Astrocytomas I-IV 41,7 

Ependymomas I-III 10,4 

Gangliogliomas* I 3,2 
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Oligodendrogliomas II-III 1,1 
    

Embryonal tumors IV 25,7 

Craniopharyngeomas I 4,4 

Pineal tumors I-IV 1,3 

Meningeomas I-III 1,2 
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Others (e.g., lymphomas, germ cell 
tumors, metastases) 

n/a 11,0 

*Gangliogliomas are mixed neuronal-glial tumors 

Pfister-S and Witt-O Recent Results in Cancer Research, Springer 2008.  



Current status of stratification (1) 

Medulloblastoma 

M- 

M+ 



Current status of stratification (2) 

Desmoplastic 

& extensive nodular (5-15%) 

classic (70-90%) Large cell 

& anaplastic (5-15%) 

Unsatisfactory! 



Current molecular classification of MB 

Northcott et al. Nature Reviews Cancer 2012 
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The ICGC Landscape 



The ICGC PedBrain consortium 



ICGC Pilot study: Li-Fraumeni Syndrome 

cMyc 

First sequenced LFS-MB 

 

Li Fraumeni Syndrome Medulloblastoma 

Chromosome 8 



Further unexpected results… 

Chromosome 15 

Rausch and Jones et all, Cell 2012 



Chromothripsis 

Cell 144, 27-40, January 7, 2011 

Chromos = chromosome + Thripsis = fall apart into pieces 

 2-3% of all tumors 

1. Pattern: Co-amplification of oncogenes 

Stephens et al. Cell 2012 



2. Pattern: „Shattering“ 

= Alternation between two copy-number states 

 
 

 
 

Stephens et al. Cell 2012 



Textbook: Multiple-Hit Model 

Stephens et al. Cell 2012 



Alternative model: single catastrophic event 

Stephens et al. Cell 2012 
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Co-amplification of SHH oncogenes in MB 

Two known MB 

oncogenes are getting 

co-amplified in one 

mini-chromosome 

Rausch and Jones et all, Cell 2012 



LFS – more common than anticipated! 

Rausch and Jones et all, Cell 2012 



Clinical relevance: Surveillance 

Villani et al. Lancet Oncology 2011 



Sporadic MB: Mutation rate ~ age 

All medulloblastomas Only SHH medulloblastomas 

Jones and Jäger et al. Nature 2012, Kool et al., in preparation 



Novel recurrent mutations in MB 

Jones and Jäger et al., Nature 2012, Pugh et al., Nature 2012, Robinson et al., Nature 2012 

n=189 



Common topic: Chromatin modifiers 

Northcott et al. Nature Reviews Cancer 2012 



Tetraploidy highly enriched in groups 3 & 4 

Jones and Jäger et al. Nature 2012  



Genetic patterns in groups 3 & 4 

Northcott et al. Nature Reviews Cancer 2012 

Copy-umber driven? Copy-umber driven? 



Outlook MB: SHH inhibitors in the clinic 

Polkinghorn et al. Nat Clin Pract. 2007  



Primary and secondary resistance 

GLI2 Amplification 

Northcott et al., Acta Neuropathologica 2011 Buonamici et al., Sci Transl Med 2010 

GLI2 
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SMO inhibitors: Who is going to benefit? 

Kool et al., in preparation 



Conclusions 

• MB is not a single disease – even within subgroups it is 

very heterogeneous 

• Germline predisposition (e.g., LFS) seems to play a much 

more important role than previously anticipated. LFS is a 

clinically actionable readout. 

• Chromatin modifications and tetraploidy seem the most 

promising novel avenues for therapeutic interference 

• Response to SHH inhibitors in the clinic may be predicted 

within the SHH subgroup 

 

 



Outlook: CEFALO germline study 

*Data was derived from ICGC PedBrain and Broad sequencing projects (n~220) 



Molecular Diagnostics of Pediatric Malignancies 

DKTK: German Consortium for translational cancer research 

Berlin Whole exome sequencing of rec-ALL 

Essen/Düsseldorf Whole exome sequencing of retinoblastoma, AML and NHL 

Frankfurt/Mainz Whole exome sequencing of soft tissue sarcoma 

Freiburg Whole exome sequencing of MDS/JMML, Ewing Sarcoma  

Heidelberg Whole exome sequencing of T-ALL, brain tumors, neuroblastoma       

bioinformatic data analysis; data storage 

München Whole exome sequencing of osteosarcoma, hepatoblastoma 

Tübingen Whole exome sequencing of cALL 

Principal investigators:  Peter Lichter 

   Stefan Pfister 



Pediatric Neurooncology 
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