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> 100 different CNS tumour entities

variable clinical outcomes

neuroradiology + neuropathology = limitations



molecular based separation into subgroups 

Solely morphological-based categorization

- neuroradiology + neuropathology 





Rx

Epigenetics

Genome sequencing

International collaboration

Tumour banking

Tumour histology

Molecular characterisation Diagnostic accuracy



adenine guaninecytosine thymine =     3 billion

20,000 genes

Human Genome



Epigenetics

=    how the genes are read by cells

▪ turned on    (expressed, active)

▪ turned off    (silenced, dormant )









Medulloblastoma



=    Medulloblastoma

- nodular desmoplastic
- classical

large cell/anaplasia

localized Vs metastatic post-operative residual

yes  /  no 
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Medulloblastoma - comprised of four distinct molecular variants

Gene expression profiles
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Ependymoma
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Recurrent somatic alterations of FGFR1 and NTRK2 in pilocytic

astrocytoma

A full list of authors and affiliations appears at the end of the article.

Abstract

Pilocytic astrocytoma, the most common childhood brain tumor 1, is typically associated with

mitogen-activated protein kinase (MAPK) pathway alterations 2. Surgically inaccessible midline

tumors are therapeutically challenging, showing sustained tendency for progression 3 and often

becoming a chronic disease with substantial morbidities 4.

Here we describe whole-genome sequencing of 96 pilocytic astrocytomas, with matched RNA

sequencing (n=73), conducted by the International Cancer Genome Consortium (ICGC) PedBrain

Tumor Project. We identified recurrent activating mutations in FGFR1 and PTPN11 and novel

NTRK2 fusion genes in non-cerebellar tumors. New BRAF activating changes were also observed.

MAPK pathway alterations affected 100% of tumors analyzed, with no other significant

mutations, indicating pilocytic astrocytoma as predominantly a single-pathway disease.

Notably, we identified the same FGFR1 mutations in a subset of H3F3A-mutated pediatric

glioblastoma with additional alterations in NF15. Our findings thus identify new potential

therapeutic targets in distinct subsets of pilocytic astrocytoma and childhood glioblastoma.

Pilocytic astrocytoma is the most common central nervous system (CNS) neoplasm in

childhood, accounting for ~20% of all pediatric brain tumors. Tumor locations in our cohort

reflect the fact that pilocytic astrocytomas occur throughout the CNS, with about half arising

outside the cerebellum (Supplementary Figure 1). Extra-cerebellar tumors are often
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Figure 4. Summary of MAPK pathway alterations in pilocytic astrocytoma

An overview of MAPK pathway alterations identified in the 96 whole-genome sequencing

cases included in the present study, indicating the mutual exclusivity of the majority of these

hits (with the exception of FGFR1 and PTPN11); P <0.0001, permutation test on 10,000

iterations. Each column represents one tumor sample. Red filled boxes indicate that a given

alteration is present in this sample. The blue filled box represents FGFR1-ITD rather than a

point mutation; the green box indicates a BRAF E451D mutation in a case with a

KIAA1549:BRAF fusion (unknown functional significance, but included in the exclusivity

testing); the black/red boxes indicate that the NF1 alterations comprise one germline and one

somatic hit per case.
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❑ MAPK pathways hits now confirmed in all pilocytic astrocytomas
- no other mutations identified

❑ Pilocytic astrocytoma ~ single pathway disease



BRAF mutation +ve

❑ Low grade gliomas

▪ Pleomorphic xanthroastrocytoma ~ 75%
▪ Ganglioglioma ~ 50%
▪ Fibrillary astrocytoma ~ 20%
▪ Pilocytic astrocytoma ~ 5%

❑ High grade gliomas
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LOGGIC (LOw Grade Gliomas In Childhood)

Randomisation

Vincristine + Carboplatin Vinblastine Trametinib
MEK inhibitor



Sturm et al, JCO 
2017;35(21), 2370-2377



3 yrs old boy 14 month old girl

H3F3A K27M mutation K27M wild type



Khoung-Quang D et al, Acta Neuropath 2012,124:439-447
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❑ Formulating concept of how CNS tumor diagnoses are structured in the molecular era

❑ Restructuring of medulloblastomas and other embryonal tumours:  

- incorporation of genetically defined entities

- removal of the term “primitive neuroectodermal tumor”



Summary

❑ Molecular subgroups – diagnostic precision

❑ Genetic predisposition

❑ Conventional treatment – lagging behind

❑ Targeted therapy



Molecular diagnostics

Neurosurgery

Chemotherapy

Radiotherapy

Targeted therapy






































