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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





What distinguishes neuropathology for children?





Survival is at the cost of long-term disability



Late effects Long term cure



The challenges of the numbers



The WHO classification



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

Astrocytomas 
and related 

tumours

Embryonal 
tumours

Ependymoma
Others



CNS Embryonal Tumours



Non-Medulloblastoma

Medulloblastoma

Classification of CNS Embryonal Tumours





Medulloblastoma



Maddgrey et al. 2005

Survival is at the cost of long-term complications



Classification-genetics and histology



Risk stratification-conventional histology



Medulloblastoma-Architecture

Diffuse Nodular



Medulloblastoma-Cytology



Homer Wright rosettes



Variants-Nodular Medulloblastoma



Nodularity is associated with a 

better prognosis



Anaplastic and Large Cell Medulloblastoma



Anaplastic and large cell 

medulloblastoma carry a poor prognosis

Mc Nanamy et al. 2003 JNEN



Risk stratification-molecular subtyping





Different types medulloblastomas 

have different developmental origins



Classification by immunohistochemistry



Beta-catenin nuclear staining identifies WNT-subgroup 

medulloblastoma



WNT-medulloblastoma have an excellent prognosis

Ellison et al. 2005



MYC and MYCN amplification characterises 

poor prognosis medulloblastoma



TP53 mutations are a poor prognostic feature in 

the SHH-subtype of medulloblastoma

WNT-subtype SHH-subtype











Improved risk stratification





Non-Medulloblastoma Embryonal Tumours



ETMR

CNS Embryonal

Tumours

Rhabdoid Tumours

Non-Medulloblastoma Embryonal Tumours



Atypical Teratoid / Rhabdoid Tumour



INI-1 (=SMARCB1)

ATRT Medulloblastoma

Atypical Teratoid / Rhabdoid Tumour



ETMR

CNS Embryonal

Tumours

Rhabdoid Tumours

Non-Medulloblastoma Embryonal Tumours



Embryonal Tumour with Multilayered Rosettes 

(ETMR), C19MC-altered



Embryonal Tumour

Abundant Neuropil

True Rosettes



Ependymoblastomatous rosette



ETMR have a very poor prognosis



ETMR is defined by amplification of C19MC



Diagnostic tests for C19MC amplification

FISH Methylation array



LIN28A is a marker for ETMR



LIN28A Immunohistochemistry



LIN28A tumours have a poor prognosis



ETMR replaces multiple tumour types



ETMR replaces multiple tumour types



ETMR

CNS Embryonal

Tumours

Rhabdoid Tumours

Non-Medulloblastoma Embryonal Tumours



What other tumour are there?



What other tumour are there?



Identification of novel tumour types

Sturm et al. Cell 2016



Classification of embryonal and other 

rare CNS tumours in the UK



Childhood Astrocytoma



Other astrocytomas

Diffuse astrocytoma/oligodendrogolioma

Classification of gliomas



Adult gliomas



Adult gliomas: IDH1/2 mutations



Adult gliomas: 1p19q codeletion



Paediatric tumours are genetically distinct



Paediatric diffuse tumours in the WHO



Paediatric high grade gliomas have 

mutations in histone genes



Mutations in paediatric glioma 

relate to location and age



Diffuse midline glioma,

H3 K27M-mutant



Other astrocytomas

Diffuse astrocytoma/oligodendrogolioma

Classification of gliomas



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



Ependymoma



Ependymoma





Ependymoma, RELA fusion-positive





Methylation profiling



Training a computer to make a diagnosis



The classifier votes for a diagnosis



The votes for each diagnosis

are added together



Copy number data for the methylation arrays



Translation into NHS practice



Impact on diagnosis in the NHS

Non-
Diagnostic

Diagnostic

Non-
Diagnostic

Diagnostic

Known cases Difficult cases



National initiatives: SMPaeds




