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Medulloblastoma 

• As a group, most common malignant 
childhood brain tumor 
 

• Current therapy is maximal safe 
surgery, followed by radiation and non-
specific cytotoxic chemotherapy, 
possibly with BMT 
 

• Patients with high risk disease get 
more therapy and more toxicity 
 

• No targeted agents as part of routine 
clinical care anywhere in the world 

 





Subgroup is prognostic everywhere 

Sick Kids, Toronto Kool, Meta-analysis MAGIC cohort 

HIT 2000, 
Germany 

United Kingdom India Vancouver, 
British Columbia 



• Metastases present in 30% of patients at presentation 

•Very poor prognostic marker 

•Largest cause of morbidity in children with medulloblastoma (craniospinal rads) 

•Present in most children at time of relapse 

•Major cause of death 

 



Metastases Respond, 

Primary Does Not 

Chemotherapy 



Primary Responds, 

Metastases Do Not 

Chemotherapy 



Leptomeningeal Metastases Arise Through Clonal Selection in a 
Transposon Driven Mouse Model of Medulloblastoma 





SNVs are typically Metastasis-specific 
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70 13 63 HSC 

10 17 111 ZW 

151 6 7 MN 71 54 60 TM 

84 40 0 MB 

49 94 49 VPC 

104 68 14 DFCI 

96 34 48 XNL 

* no germline 

Primary Metastasis 



Every child with medulloblastoma really has two 
diseases – the primary compartment and the 

metastatic compartment 



Conclusions: Metastases 

• Metastases are very genetically divergent from 
their matched primary tumor 
 

• Metastases likely arise through clonal selection of 
a pre-existing minor clone of the primary tumor 
 

• Targeted therapies developed against primary 
medulloblastoma are unlikely to be effective 
against metastases as their genetic repertoire is 
so very different.   
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Subgroup affiliation is stable at recurrence 



Pattern of Recurrence is Subgroup Specific 
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A very big assumption………….. 

• The vast majority of molecular biology research on 
medulloblastoma is based on studies of primary, 
untreated tumors 

 

• Molecular targets discovered in the untreated 
primary are assumed to still be present in the highly 
treated recurrence. 

 

• IF the target is no longer present, therapy will 
undoubtedly fail. 



A survival surgery procedure to cure MB affected mice.  



CT guided irradiator Brain irradiation setup 

Brain collimator field 

Post surgical CT guided craniospinal irradiation of tumor 
bearing mice. 



Spinal cord irradiation setup 

Spinal cord collimator field 
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Local recurrence  
Cured mouse  Recurrence in the spine  
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WGS of 38 diagnostic/recurrent MBs 



Human Primary/Recurrent WGS SNVs 
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Pyclone – comparing mutation clusters, prim vs. recur 
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Clonal evolution streamgraph 



Clonal divergence, but  
Pathway convergence 



Recurrence: Conclusions 

• Large genetic divergence of somatic events between 
the untreated primary tumor and its recurrence. 

 

• Targets for rational therapy discovered and 
documented  at presentation may not be present at 
recurrence. 

 

• Our current design for Phase II trials is critically 
flawed, and doomed to failure. 



A million oncologists doing a million 
clinical trials for a million years………. 
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Burrell et al., Nature 2013 

 

Examples of spatial heterogeneity in other cancer types: 

Renal cell carcinoma – Gerlinger et al., NEJM 2012; Martinez et al., AMJP 2013; Gerlinger et al., Nat Med 2014 

Glioblastoma – Nickel et al., PlosOne 2012; Sottoriva et al., PNAS 2013; Johnson et al., Nat Med 2014 

 

 

 
Important implication: 

Spatial heterogeneity may preclude development of molecular based targeted 
therapy in pediatric brain tumors. 

 

 

Concept of tumor heterogeneity 
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Experimental strategy 
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