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Objectives 

• To describe the current landscape of molecular diagnosis in brain 

tumours, focussing on: 

– Tests that are currently available 

– Tests that alter clinical management or prognosis 

– The incorporation of the tests in to more traditional pathology 



Perspective and biases 



What distinguishes neuropathology for 

children? 



Distinctive clinical features of childhood 

brain tumours 

• CNS tumours are the commonest solid 
tumours of childhood and the 
commonest fatal tumours in childhood 

 

• Paediatric brain tumours are often 
amenable to curative treatment 

 

• ...but significant morbidity may be 
associated with treatment 

 

• Complete surgical resection is often 
critical for curative treatment. 

• Many patients will be on trials with up-
front molecular pathology for 
stratification 



Maddgrey et al. 2005 

Survival is at the cost of long-term complications 



Late effects Long term 

cure 



Goals: Patient-Tailored Diagnosis 



The challenges of the numbers 



The revised WHO classification 



For the first time: 

Molecularly defined tumours 





INTEGRATED DIAGNOSIS: Medulloblastoma, 

SHH-activated, TP53-mutant 

» Histological Diagnosis: Medulloblastoma 

» Histological Grade: IV 

» Molecular Data: SHH activated, TP53 mutated 

INTEGRATED DIAGNOSIS 



There are 3 common brain tumour groups 

in children 



Embryonal Tumours 



Terminology 

• Embryonal tumours 

• Primitive Neuro-ectodermal Tumours (PNET) 

 

– In essence primary small round blue cell tumours of the 

brain 



Embryonal Tumour classification 

• Embryonal Tumour in the 

cerebellum=Medulloblastoma 

 

• Everything else 





Medulloblastoma 

• Definition-embyronal 

tumour of the posterior 

fossa 

 

• Peak age of onset 7 years 

 

• 5-yr survival >70% 



Maddgrey et al. 2005 

Survival is at the cost of long-term complications 



Classification-genetics and histology 



Risk stratification-conventional histology 



Diffuse 

Medulloblastoma-Architecture 

Nodular 



Medulloblastoma-Cytology 



Medulloblastoma-Homer Wright rosettes 



Variants-Nodular Medulloblastoma 



Nodularity is associated with a better 

prognosis 



Prognostic Factors: Anaplastic and Large Cell 

Medulloblastoma 



Anaplastic and large cell medulloblastoma carry a 

worse prognosis 

Mc Nanamy et 

al. 2003 JNEN 



Risk stratification-molecular subtyping 







wnt 

shh 

Non-wnt/shh 

Diagnostic molecular classification 



Beta-catenin nuclear staining identifies WNT-

subgroup medulloblastoma 



Nuclear beta-catenin expression is associated with an 

excellent prognosis 

Ellison et al. 2005 



MYC and MYCN amplification characterises 

poor prognosis medulloblastoma 



TP53 mutations occur in specific subtypes of 

medulloblastoma 



TP53 mutations are a poor prognostic feature in 

the SHH-subtype of medulloblastoma 

 

WNT-subtype SHH-subtype 



Risk stratification for medulloblastoma 

Adverse prognosis 

 

• MYC and MYCN 
amplification  

 

• Large Cell/Anaplastic 

 

• TP53-mutant, SHH-
activated 

Good prognosis 

 

• Nodular/Desmoplast

ic 

 

• WNT-activated 



Poor prognostic factors are additive 





• Commenced February 2009 

 

• Study information packs circulated 

 Lead pathologists, oncologists, 

 centre coordinators 

 

• Frozen tissue 

MYC, MYCN amplification status 

 

• FFPE tissue: 

 Central pathology review 

 WNT (-catenin) status 

UK feasibility study 

22 centres 



Centralised  medulloblastoma molecular 

diagnostics and central pathology review 

Research 

International ref centre and 

Research labs 

Does not influence therapy 





Non-Medullo Embryonal Tumours 



Non-Medullo Embryonal Tumours 

ETMR/ETANTR 

Ependymoblastoma 

Medulloepithlioma 

CNS-PNET and 

variants 

ATRT 



• Age usually <6 years old 

 

• May have typical ‘rhabdoid’ cytology but 
usually very unpredictable morphology 

 

• Protean immunohistochemistry 

 

• Associated with mutations in 
SMARCB1 (INI1) gene 

 

• Rarely SMARCA4 (BRG1) mutation 

 

• Median survival typically short 

 

• Germline predisposition 

Atypical Teratoid/Rhabdoid Tumour 



Atypical Teratoid/Rhabdoid Tumour 

INI-1 

ATRT Medulloblastoma 



Embryonal Tumour with Multilayered Rosettes 

(ETMR), C19MC altered 



Embryonal Tumour 

Abundant Neuropil 

True Rosettes 



Ependymoblastomatous rosette 





FISH for 19q amplification 



ETMR have a very poor prognosis 





ETMR: Immunohistochemistry 

LIN28a 



LIN28A tumours have a poor prognosis 









What other tumour are there? 





Novel tumour types 

Sturm et al. Cell 2016 



Novel tumour types 





Astrocytomas in childhood 



Gliomas 

Diffuse astrocytic and 

oligodendroglial 

tumours 

Other astrocytic tumours 

– Pilocytic astrocytoma 

– Pilomyxoid astrocytoma 

– SEGA 

– PXA 

– Anaplastic  PXA 



Pilocytic astrocytoma-Architecture 



Pilocytic astrocytoma-Cytology 



Pilocytic astrocytoma: Rosenthal fibres 



Pilocytic astrocytoma: Eosinophilic Granular 

Bodies (EGBs) 



Abnormalities of the MAPK pathway 

characterise pilocytic astrocytoma 

 



BRAF fusions are characteristic of pilocytic 

astrocytoma 



The frequency of BRAF fusions vary with 

anatomical site 



BRAF genetics are diagnostically useful 



Diffuse gliomas in the WHO are defined by 

IDH mutations and 1p19q co-deletion 



..but they are different tumours 



Paediatric diffuse tumours in the WHO 



Paediatric high grade gliomas have 

mutations in histone genes 



Mutations in paediatric glioma relate to 

location and age 

 



New entity: Diffuse midline glioma, 

H3 K27M-mutant 



Ependymoma 



Ependymoma-Architecture 



Ependymoma-Cytology 



Ependymoma-Secondary structures 



Challenges for ependymoma 

• Prognosis in children is poor 

• Criteria for anaplasia are poorly defined and 

subjective 

• Large effect of surgical clearance on prognosis 

• Variability in histology 

• Conflicting studies 



Approaches to grading in ependymoma 

 







New entity: Ependymoma, RELA fusion-

positive 



Conclusions 

• Childhood brain tumours can be cured but at the 

risk of long-term complications 

 

• Real-time molecular diagnosis is required to 

stratify treatment 




