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13 December 2012

BSc Neuroscience – Module 2

Tumours of the Central Nervous 
System

Federico Roncaroli

Brain cancer is a devastating disease 
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Key concepts to understand the CNS

• Complexity
• Diversity 
• Connectivity 
• Plasticity
• Uniqueness   

NORMAL CELL TYPES

• Neurons
• Astrocytes
• Oligodendrocytes
• Microglia

• Ependyma
• Choroid plexus epithelium
• Meninges

• Endothelium & pericytes

Glia (glue)

Interface with CSF

Interface with blood
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Korbinian 
Brodmann

CytoarchitectureFUNCTIONAL 
CLASSIFICATION -
NEUROTRANSMITTERS

• More than 50 peptides

• GABA - Inhibitory
• Glutamate – Excitatory

• Acetylcholine
• Dopamine
• Serotonin

CONNECTIVITY
Functional pathways
Hierarchy of functions
Plasticity 
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BLOOD BRAIN BARRIER

BBB unique to CNS

Tight junctions between 
endothelial cells, pericytes and astrocytes

It ensures that the homeostasis within the
brain is maintained 

THE COMPLEXITY OF THE CNS CAN AFFECT YOUR SCIENCE
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CNS tumours in adults

About 5,000 new adult cases x year of primary CNS cancer 
No data on metastases
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CNS tumours account for about 20% of 
all neoplasms in children under 15 years

Second most common paediatric cancer 
after leukaemia - Leading cause of cancer 
deaths in paediatric oncology patients

Incidence of 3.3 cases per 100,000 in the 
US - about 2-3,000 children diagnosed 
annually (CBTRUS)

One third presents before the age of 5, 
and three-quarters before age 10

Increase in the diagnosis over the last 30 
years due to the increased use of MRI 
imaging and improved imaging 
technologies

CNS tumour in children

The important of data collection

Staff of about 20 people dedicated to looking at clinical records
Process about thousands of records x year
Supplied by other Cancer Registries & Hospital records
Excellent quality of data

Metastases now registered
Data on mortality, progression & morbidity
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A CNS tumour is bad news

• High and severe morbidity

• High mortality

• Severe effects of treatment 

Central Nervous System tumours cause 
over 3,400 deaths each year in the UK.

Refers mostly to gliomas – little data on benign tumours and metastases
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Genetic predisposition to CNS tumours

• Neurofibromatosis 2  (22q12)
• Tuberous Sclerosis  1  (9q34)
• Tuberous Sclerosis 2  (16p13)
• Turcot’s syndrome (APC 5q21) 

(PMS2 7p22) (MHL1 Chr3 & 2 
Chr2) 

• Li-Fraumeni (p53 17p13) 
• Cowden syndrome PTEN 

(10q23.3)
• Gorlin syndrome PTCH1 (9q31)
• Von Hippel Lindau (3q25)

Clinical/family history
Adequate genetic screening
Surveillance and early diagnosis

?

Environmental factors
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NEW INTEREST IN COMORBIDITIES
• Association between CNS and non-CNS cancer – possible but 

not proven – ?role of p53

• Inverse association between neurodegenerative conditions 
(Alzheimer’s; ?Parkinson’s Disease) and CNS cancer

• No clear association between neuroinflammatory conditions 
(mainly MS) and CNS cancer 

• Low risk of CNS cancer in patients with allergies – ?role of IgE

• Possible role of viral infection (CMV & HHV6)

CLASSIFICATION OF CNS TUMOURS

• PRIMARY (Any tumour that only 
occurs in the CNS)

• SECONDARY (Metastases)
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PRIMARY

EXTRA-AXIAL (COVERINGS)
Tumours of bone, cranial soft tissue, 
meninges and nerves  

INTRA-AXIAL (PARENCHYMA)

Derived from the major normal cell 
populations of the CNS (astrocytes, 
oligodendrocytes, neurons, ependyma)

Derived from other cells types (lymphocytes, 
vessels, connective tissue) (same name as 
extra-CNS tumours)

Derived from embryonal (?stem) cells

PRAGMATIC BUT HELPFUL DISTINCTION

• Compressive lesions
• Marginally infiltrative
• Diffusely infiltrative 
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What is the intra-axial one? 

SITE AND AGE

• Brain tumours have certain 
predilection for or only occur 
in some sites of the CNS 

• Some brain tumours are very 
rare or do not occur at all in 
certain ages 
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•About 60% paediatric CNS tumours occur in posterior fossa (lower 
brain stem and cerebellum)
•Hemispheric WHO grade I and I astrocytomas more common than 
high grade (Oligodendrogliomas are exceptional)
•Meningiomas are very rare 
•Choroid plexus carcinomas and PNET typically under 2 years

SIGNS AND SYMPTOMS ARE 
OFTEN NOT SPECIFIC

Supratentorial tumours

• Focal neurological deficit
• Seizure (CAUSE STILL 

UNCLEAR)
• Headache
• Change mental status

Subtentorial

• Cerebellar Ataxia
• Long tract signs 
• Cranial nerve palsy

Signs and symptoms can be
subtle

They can be underestimated

Non-neoplastic lesions can
mimic CNS cancer

Collecting the correct history from 
patients is important  
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Brain tumours in children

NEUROIMAGING
• CT-SCAN
• MR-SCAN
• PHYSIOLOGICAL MRI
• FUNCTIONAL MRI
• TRACTOGRAPHY
• SPECTROSCOPY 

(metabolism) (useful as 
ancillary technique)

• PET-SCAN (traces 
compounds - research)

• Assess tumour type
• Guide resection
• Guide biopsies
• Identify transformation
• Assess response to treatment
• Assess recurrences
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NEUROIMAGING TO MONITOR TREATMENT

Efficacy of radio / chemotherapy 

Distinguish between progression and pseudoprogression

Distinguish between progression and radiation induces changes

Feasibility of reintervention
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Structural imaging – MRI (T1, T2, contrast, flair)

Physiological                                 Functional
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Molecular Imaging
(PET-scan)

Use of radioactive tracers
to target molecules of interest

NEUROSURGERY

• Stereotactic biopsy – inoperable 
tumours (about 0.5cm tissue)

• Open biopsy – inoperable but 
approachable tumours (about 1cm)

• Craniotomy for debulking (as much as 
tissue as possible)
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Stereotactic Biopsy - Neuronavigation

Debulking or open biopsy 
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“Maximally safe surgery aims to obtain an extensive excision
with minimal damage to the patient”
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POST-OPERATIVE TREATMENT

• Conventional fractionated radiotherapy 
• Gamma knife (common for metastases)
• Proton bean
• Steroids (usually pre-op)
• Chemotherapy (Temozolomide) 
• Anti-angiogenic factors (Avastin)
• Drugs to control symptoms (epilepsy)
• Vaccines

Paradigm shift

“magic bullets”

“individualised treatment”
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MOLECULAR
BIOLOGY

Multidisciplinary 
meeting

GENETICS

EPIDEMIOLOGY

SURGERY

ONCOLOGY

RADIOLOGY

Decision making pathway

NEUROPATHOLOGY

“In medicine, there are not stupid
questions but there are silly 
mistakes” (Film: School of Medicine)

H Cushing            P Bailey

Names derive from putative 
cell of origin

Differentiation

Descriptive

How do we name a CNS 
tumour?
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WHO classification of CNS tumours
Neuroepithelial tumors. 

– Glial tumors. 
• Astrocytic tumors. 

– Pilocytic astrocytoma. 
– Diffuse astrocytoma (including fibrillary, protoplasmic, and 

gemistocytic). 
– Anaplastic astrocytoma. 
– Glioblastoma (including giant cell glioblastoma, and gliosarcoma). 
– Pleomorphic xanthoastrocytoma. 
– Subependymal giant cell astrocytoma.

• Oligodendroglial tumors. 
– Oligodendroglioma. 
– Anaplastic oligodendroglioma. 

• Mixed gliomas. 
– Oligoastrocytoma. 
– Anaplastic oligoastrocytoma. 

• Ependymal tumors. 
– Myxopapillary ependymoma. 
– Subependymoma. 
– Ependymoma (including cellular, papillary, clear cell, and tanycytic). 
– Anaplastic ependymoma.

• Neuroepithelial tumors of uncertain origin. 
– Astroblastoma. 
– Chordoid glioma of the third ventricle. 
– Gliomatosis cerebri.

– Neuronal and mixed neuronal-glial tumors (some glial component may be present). 
• Gangliocytoma. 
• Ganglioglioma. 
• Desmoplastic infantile astrocytoma/ganglioglioma. 
• Dysembryoplastic neuroepithelial tumor. 
• Central neurocytoma. 
• Cerebellar liponeurocytoma. 
• Paraganglioma.

– Nonglial tumors. 
• Embryonal tumors. 

– Ependymoblastoma. 
– Medulloblastoma. 
– Supratentorial primitive neuroectodermal tumor (PNET).

• Choroid plexus tumors. 
– Choroid plexus papilloma. 
– Choroid plexus carcinoma.

• Pineal parenchymal tumors. 
– Pineoblastoma. 
– Pineocytoma. 
– Pineal parenchymal tumor of intermediate differentiation.

• Meningeal tumors. 
– Meningioma. 
– Hemangiopericytoma. 
– Melanocytic lesion.

• Germ cell tumors. 
– Germinoma. 
– Embryonal carcinoma. 
– Yolk-sac tumor (endodermal-sinus tumor). 
– Choriocarcinoma. 
– Teratoma. 
– Mixed germ cell tumor. 

• Tumors of the sellar region. 
– Pituitary adenoma. (Refer to the PDQ summary on Pituitary Tumor Treatment for more information.) 
– Pituitary carcinoma. 
– Craniopharyngioma.

• Tumors of uncertain histogenesis. 
– Capillary hemangioblastoma.

• Primary CNS lymphoma. (Refer to the PDQ summary on Primary CNS Lymphoma Treatment for more 
information.) 

• Tumors of peripheral nerves that affect the CNS. 
– Schwannoma.

• Metastatic tumors.
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PUBLISHED VARIANTS 
OF GLIOMAS

Giant cell GBM
Gliosarcoma
Small cell GBM
GBM with PNET component
GBM with adipocytic 
differentiation
GBM with oligo-like component
GBM with neuronal differentiation
GBM with signed-ring cells

Fibrillary astrocytoma
Gemistocytic astrocytoma
Granular cell astrocytoma
Astroblastoma
Angiocentric glioma
Pleormorphic xanthoastrocytoma
Pilocytic astrocytoma
Pilomyxoid astrocytoma
Anaplastic pilocytic astroctyoma

Oigodendroglioma
Oligodendroglioma 
with neurocytic 
features
Oligoastrocytoma
Oligodendrosarcoma

More and more variant are documented

The microscope is a great tool to help unravelling 
the complexity of the brain 
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Perhaps we went a bit too far

Need of a clarification
between neuropathologists

The concept of grading

Note: Grading comes after defining 
the histotype

There is no staging system for CNS 
tumours (extension of the disease is 
not considered – no metastasis)
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ESSENTIAL CONCEPTS

• The grading system is an attempt of stratifying tumours 
by outcome

• It is based on their natural history 
• It is based on histopathological criteria (essentially 

proliferative activity)
• Grading does not consider tumour morbidity (difference 

between “biological” and “clinical” outcome)
• Evolving concept 

Fist WHO working group in
Cologne - 1976
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ESSENTIAL CONCEPTS

• Long-term survival / 
cured – Grade I

• Cause death in more 
than 5 yrs – Grade II

• Cause death within 5 
yrs – Grade III

• Cause death within 6 
mo-1yr – Grade IV

• Avoid overtreatment! 

• Two to Four tier system
• Result of a consensus meeting
• Not universal 
• Relates to histotype
• Some tumour types have only one 

possible grade 
• Limited by size of biopsies
• Reliable only for diffuse 

astrocytomas and meningiomas
• New insight from molecular / 

genetics  

CNS tumours are 
heterogenous

• Several types
• Intertumoural heterogeneity (same 

histotype but different genetics / 
molecular pathways)

• Intratumoural heterogeneity 
• Heterogeneity of microenvironment

• Several levels of complexity 
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METASTASES TO CNS
• Commonest CNS tumour
• Increasing incidence due to longer survival
• Any site, including meninges and bone 
• Any tumour can potentially give CNS metastases
• Most frequent tumours are: Lung ca, melanoma, 

breast ca, renal ca and colon ca. 
• May be the first presentation of the disease
• No grading

• New research interest in CNS metastases
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Break

GLIAL TUMOURS: 75% primary intrinsic 
tumours in adults

Diffuse infiltration
• Fibrillary, gemistocytic 

astrocytoma (all grades)
• Oligodendroglioma (all 

grades)
• Mixed oligo-astrocytoma

Compressive margins
• Pilocytic astrocytoma
• Pleomorphic 

xantoastrocytoma
• Subependymal astrocytoma
-------------------------------------
• Ganglioglioma
• Ependymoma
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Infiltrative growth makes resection
impossible and post-op treatment
very difficult

“ INFILTRATIVE” ASTROCYTOMAS 

• Any site of the CNS – cerebral hemispheres are the far more 
common sites

• Account for about 80% of gliomas
• Occur more commonly between 30-40 years
• WHO grade II to IV
• De novo grade IV (glioblastoma)
• WHO Grade II progress to higher grade in 5-7 years to become 

eventually GBM

• 70% of low grades have p53 mutations
• 85% mutations of IDH1

• De novo GBM have complex genotype
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GRADING ASTROCYTIC TUMOURS

• CELLULARITY
• NUCLEAR ATYPIA                   Grade II to III
• MITOSES
• ====================================
• ENDOTHELIAL PROLIFERATION
• VASCULAR PROLIFERATION       
• NECROSIS WITH PALISADING FEATURES
• Grade III to IV

WHO grade II
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Fibrillary astrocytoma

WHO grade IV – GLIOBLASTOMA 
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MITOTIC ACTIVITY

NEOANGIOGENESIS

Astro WHO IV

Low grade astro WHO II
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NECROSIS
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A3

b

a
About 10% of GBMs results from 
progression of a lower grade astrocytoma 
(secondary GBM)

Astrocytomas in uncommon location

• Cerebellum – account for about 10% of 
diffuse astrocytomas

• Brain stem – rare, inoperable – often not 
suitable of biopsy – all ages but more 
common in children and young adults

• Spinal cord – rare – clinically more 
aggressive because of location
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O6-methyguanine methyltransferase MGMT1 – Repairs DNA 
after chemotherapy
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Highly conserved  - Chr 10q26
Rapidly reverses alkylation, including 
methylation, at the
O6 position of guanine by 
transferring the alkyl group to
the active site of the enzyme

Similarly to many 
housekeeping genes, and 
contains a CpG island. CpG 
islands are genomic regions, 
typically of 300 –3,000 bp

MGMT immunohistochemistry
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MSP region

Frequency of CpG
sites

Minimal promoter

First noncoding exon

Minimal enhancer

777‐bp O6‐methylguanine‐DNA methyltransferase gene (MGMT)
cysteine‐phosphate‐guanine (CpG) island with 97 CpG sites

U  M  U  M   U M  U M  U  M  U  M  U M  U M  

Set 1

Set 2

Set 3

Starting from molecular/genetic features

EGFR gene amplification
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OLIGODENDROGLIOMA - GENERAL

• 5% of all primary brain tumours
• Involves cerebral hemispheres – frontal lobe in 50-

60% of cases
• WHO grade II – anaplastic grade III – difficult grading
• Presents with long history of neurological signs –

seizure is more frequent
• Neuroimaging: well-demarcated, extends to grey 

matter, no or patchy contrast enhancement, 30% 
contain calcification, sometime cystic

• Surgery is the treatment of choice – chemosensitive

• Better prognosis than astrocytomas –
resection is important
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WHO grade II 

WHO grade III 
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Loss of heterozygosity 1p19q in oligodendrogliomas
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Isocitrate dehydrogenase is an 
enzyme that participates in the citric 
acid cycle.  It catalyzes the third step 
of the cycle: the oxidative 
decarboxylation of isocitrate, 
producing alpha-ketoglutarate (α-
ketoglutarate) and CO2 while 
converting NAD+ to NADH. 

Mutations cause ... 

• Inefficient decaboxylation of 
isocitrate
• Dominant negative effect of the 
mutated subunit in the dimer
• Novel enzymatic activity –
production of 2-hydroxygluarate 
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Cancer initiating 
cells – functional 
definition –
(CD133+ and -)

Self-renew 
Differentiate
Proliferate
Chemoresistant

The controversy of stem cells in CNS cancer

Search for new classifiers … the age of “ 
omics”
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Subclassification based 
on molecular signature

Proneural 
Mesenchymal
Proliferative 
Stem cell

HIGH-THROUGHPUT 
TECHNIQUES can be 
misleading

Disillusion between 
scientists

Difference between driver 
and passenger genes
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There can be difference in gene/protein expression 

Primary tumour
Ex vivo culture 
Xenografts
Established cell lines

Inflammatory cells / microglia
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PILOCYTIC ASTROCYTOMA - GENERAL 
FEATURES

• WHO grade I
• Usually 1st and 2nd decade - 20% of CNS tumours 

below 14 years and 15% between 14-18 years
• Often cerebellar, optic-hypothalamic, brain stem
• Often cystic. Always contrast enhancement
• They can disseminate in the subarachnoid space 

(es: follow nerve roots)
• Compressive margins (never diffuse infiltration)
• Variable histological features
• Always show marked nuclear atypia and 

vascular/endothelial proliferation
• Very often Rosenthal fibres and granular bodies
• Hallmark: Piloid “hairy” cell
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Myxoid/piloid “juvenile” type
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Fusion present in about 80% of 
juvenile pilocytic astrocytomas
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MEDULLOBLASTOMA
• Rare (0.5 per 100,000 year, in 

children)
• 75% arise in the vermis in 

children and hemispheric in 
adults

• Present with cerebellar 
signs, cranial hypertension

• WHO DEFINITION: A malignant, invasive 
embryonal tumour of the cerebellum with 
preferential manifestation in children, 
predominantly neuronal differentiation, 
and an inherent tendency to metastasize 
via CSF pathway

• WHO GRADE IV

Outcome considerably improved with radio-chemotherapy
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Okazaki & Scheithauer, 1988
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• Amount of nodularity (5 groups)
• Desmoplasia (presence/absence of 

collagen)
• Anaplasia (nuclear size and shape, 

mitoses, apoptosis, nucleoli)
• Extent of anaplasia (slight, moderate, 

severe)
Grade and extent of anaplasia 
correlate with prognosis

Outcome

Aggressive – usually 
disseminated in the CSF

Prognostic factors: age (<3 
yrs), seeding, histology 
(nodular vs anaplastic)

Requires surgery, Rx 
therapy and chemotherapy
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They can spread outside the CNS 
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MENINGIOMA
• 24-30% primary intracranial 

tumours
• Incidental in up to 10% of 

post-mortem
• Usually adults – rare in 

patients younger than 40 
(more aggressive)

• Focal symptoms (seizure, 
compression)

• Any site of craniospinal axis

Studies in PubMed – 2 Dec 2010

• Alzheimer’s disease - 74,339
• Glioma                       - 53,548
• Encephalitis              - 47,775
• Mutiple sclerosis      - 47,269
• Meningioma              - 16,189
• Brain metastases     - 12,388

US Government Legislation
for register benign brain tumours
including meningiomas

Discuss the morbidity of
meningiomas – quality of life
of patients with meningioma related
to treatment
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From:
WHO 2000

Histology and grading

• Based on pathology
• Proliferation and architecture
• Grade I – benign
• Grade II (atypical) – 20% of meningiomas; 40% recurrence
• Grade III (anaplastic) – 1% of meningiomas; often lethal in 1 

year

OUTCOME OF MENINGIOMAS 
DEPENDS MOSTLY ON 

EXTENT OF SURGICAL RESECTION 
(often related to site)

& HISTOLOGICAL FEATURES
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ATYPICAL MENINGIOMA 

• GRADE II, WHO 2007
• 20% of meningioma
• High recurrence rate
• Close follow-up 

(radiotherapy?)
• Mitoses > 4x10 HPF (count 

at least 100 fields in different 
areas)

• Three of these features: 
small cells, cellularity, sheet-
like architecture, 
macronucleoli, necrosis 
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ANAPLASTIC MENINGIOMA

• GRADE III, WHO 2000
• 1% meningiomas
• Very aggressive
• Surgery and radiotherapy

---------------------------------------------

• More than 20 mitoses x 10 
HPF

• Meningeal tumour 
resembling carcinoma, 
melanoma, sarcoma. 

• Diagnosis difficult, often 
require EM

BRAIN INVASION

• Neoplastic tissue in the 
cortex without 
connection with the 
tumour

• Seen in benign 
meningiomas – does 
not mean “malignant” 
but now proposed as 
criterion for grade II

• Higher recurrence rate
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Any questions?

Thank you 


