Brain Tumors (GENERAL)
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EPIDEMIOLOGY
1 & 12% df all cancers.
T & 13% of all cancer deat hs.
1 20% of total yearly cost of cancer treatment in United States is for CNS cancers (primary or

metastatic).

! median agadjustedNCIDENCE( f or pr i mar y2-1B cases per 100,060qer gepr 4

T incidence of brain tumors continues to increase.
i 6™ most common cancer in adults.
§ pediatriciNciDENCE( f or  pr i mar yl-5pedatiicrcasésypen 00,80 pedyear

i after leukemia, second most common cancer in children [20% pediatric tumors]!

1 two peaks of incidence
small peak irchildhood(predominance ofmbryonal CNS neoplasrard relative
absence of gliomas) Y drops slightly
peak in60-80 yeargpredominance of supratentorgllomag

T " men O women (except meningiomas Y women
i 4"leading cause of canceglated deaths in males-38 yrs.

CELL OF ORIGIN

Neoplastic transformation can occur in

1) neurogliaY gliomas- most commonly encounter€fi0-60%) and most fearedraintumors!
astrocyteY a st r oinck dliablastoma multiformp
oligodendrocyteY ol i godendr og!l i oma
ependymocyteY ependymoma, ependymobl ast oma

2) neurons(almost exclusively postmitoticnot at risk for becoming tumooy neuroblast Y

ganglioneuroma, neuroblastoma, retinoblastoma

3) primitive neuroectodermY medul ma bl ast o

4) choroid epithelial cellY ¢ hidbptexus papilloma / carcinoma

5) arachnoidal fibroblastsY meni ngi oma

6) endothelial cellor"stromal"cell Y hemangi obl ast oma

7) primitive notochord remnantsY chor d oma

8) pituitary cellY adenoma

9) pineal parenchymal cellsY pinealocytoma

10)SchwanncelY schwannoma (neuri noma)

11)primary lymphocytesY CNS | y mp homa

12)primitive germ cells Y germinoma, pinealoma, teratoma
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13)melanocyteY mel anoti c carci noma

BaIlLEY & CuUsHING schemadf normal developing cells and neuroepithelial tumors derived from them:
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WORLD HEALTH ORGANIZATION (WHO) CLASSIFICATION

First edition (1979
Secondedition (1993
Third edition (2000 i in addition tohistologicalandimmunohistochemicakriteria is supplemented
by geneticresults (genetic profiling).
N.B. genetic basis represents definitive criterion for tumor classification!
Fourth edition (2007)
Fourth revisededition (2016)
Fifth edition (2021)

WHO 2021

Newly Recognized Tumor Types
Diffuse astrocytoma, MYB- or MYBL 7-altered

Polymorphous low-grade neuroepithelial tumor of the young

Diffuse low-grade glioma, MAPK pathway-altered

Diffuse hemispheric glioma, H3 G34-mutant

Diffuse pediatric-type high-grade glioma, H3-wildtype and IDH-wildtype
Infant-type hemispheric glioma

High-grade astrocytoma with piloid features

Diffuse glioneuronal tumor with oligodendroglioma-like features and nuclear clusters (provisional type)
Myxoid glioneuronal tumor

Multinodular and vacuolating neuronal tumor

Supratentorial ependymoma, YAP7T fusion-positive

Posterior fossa ependymoma, group PFA

Posterior fossa ependymoma, group PFB

Spinal ependymoma, MYCN-amplified

Cribriform neuroepithelial tumor (provisional type)

CNS neuroblastoma, FOXR2-activated

CNS tumor with BCOR internal tandem duplication

Desmoplastic myxoid tumor of the pineal region, SMARCB1-mutant
Intracranial mesenchymal tumor, FET-CREB fusion positive (provisional type)
ClC-rearranged sarcoma

Primary intracranial sarcoma, DICER 1-mutant

Pituitary blastoma

Classification of Tumorsf the Central Nervous Systenrgpisionalentities are in italigs
IDH, isocitrate dehydrogenase; NK, natural killer; PitNET, pituitary neuroendocrine tumor; SHHedgelog.

World Health Organization Classification of Tumors of the Central Nervous System, fifth edition

Gliomas, glioneuronal tumors, and neuronal tumors

Adult-type diffuse gliomas
Astrocytoma, IDH-mutant
Oligodendroglioma, IDH-mutant, and 1p/19g-codeleted
Glioblastoma, IDH-wildtype

Pediatric-type diffuse low-grade gliomas
Diffuse astrocytoma, MYB- or MYBL T-altered
Angiocentric glioma
Polymorphous low-grade neuroepithelial tumor of the young
Diffuse low-grade glioma, MAPK pathway-altered

Pediatric-type diffuse high-grade gliomas
Diffuse midline glioma, H3 K27-altered
Diffuse hemispheric glioma, H3 G34-mutant
Diffuse pediatric-type high-grade glioma, H3-wildtype and IDH-wildtype
Infant-type hemispheric glioma

Circumscribed astrocytic gliomas
Pilocytic astrocytoma
High-grade astrocytoma with piloid features
Pleomorphic xanthoastrocytoma
Subependymal giant cell astrocytoma
Chordoid glioma
Astroblastoma, MN7-altered

Glioneuronal and neuronal tumors
Ganglioglioma
Desmoplastic infantile ganglioglioma / desmoplastic infantile astrocytoma
Dysembryoplastic neuroepithelial tumor
Diffuse glioneuronal tumor with oligodendroglioma-like features and nuclear clusters
Papillary glioneuronal tumor
Rosette-forming glioneuronal tumor
Myxoid glioneuronal tumor

Diffuse leptomeningeal glioneuronal tumor
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Gangliocytoma
Multinodular and vacuolating neuronal tumor
Dysplastic cerebellar gangliocytoma (Lhermitte-Duclos disease)
Central neurocytoma
Extraventricular neurocytoma
Cerebellar liponeurocytoma
Ependymal tumors
Supratentorial ependymoma
Supratentorial ependymoma, ZFTA fusion-positive
Supratentorial ependymoma, YAPT fusion-positive
Posterior fossa ependymoma
Posterior fossa ependymoma, group PFA
Posterior fossa ependymoma, group PFB
Spinal ependymoma
Spinal ependymoma, MYCN-amplified
Myxopapillary ependymoma
Subependymoma
Choroid plexus tumors
Choroid plexus papilloma
Atypical choroid plexus papilloma
Choroid plexus carcinoma
Embryonal tumors
Medulloblastoma
Medulloblastomas, molecularly defined
Medulloblastoma, WNT-activated
Medulloblastoma, SHH-activated and TP53-wildtype
Medulloblastoma, SHH-activated and TP53-mutant
Medulloblastoma, non-WNT/non-SHH
Medulloblastomas, histologically defined
Other CNS embryonal tumors
Atypical teratoid/rhabdoid tumor
Cribriform neuroepithelial tumor
Embryonal tumor with multilayered rosettes
CNS neuroblastoma, FOXR2-activated
CNS tumor with BCOR internal tandem duplication
CNS embryonal tumor
Pineal tumors
Pineocytoma
Pineal parenchymal tumor of intermediate differentiation
Pineoblastoma
Papillary tumor of the pineal region
Desmoplastic myxoid tumor of the pineal region, SMARCB7-mutant
Cranial and paraspinal nerve tumors
Schwannoma
Neurofibroma
Perineurioma
Hybrid nerve sheath tumor
Malignant melanotic nerve sheath tumor
Malignant peripheral nerve sheath tumor
Paraganglioma
Meningiomas
Meningioma
Mesenchymal, non-meningothelial tumors
Soft tissue tumors
Fibroblastic and myofibroblastic tumors
Solitary fibrous tumor
Vascular tumors
Hemangiomas and vascular malformations
Hemangioblastoma
Skeletal muscle tumors
Rhabdomyosarcoma
Uncertain differentiation
Intracranial mesenchymal tumor, FET-CREB fusion-positive
ClIC-rearranged sarcoma
Primary intracranial sarcoma, DICER 1-mutant
Ewing sarcoma
Chondro-osseous tumors
Chondrogenic tumors
Mesenchymal chondrosarcoma
Chondrosarcoma
Notochordal tumors
Chordoma (including poorly differentiated chordoma)
Melanocytic tumors
Diffuse meningeal melanocytic neoplasms
Meningeal melanocytosis and meningeal melanomatosis
Circumscribed meningeal melanocytic neoplasms
Meningeal melanocytoma and meningeal melanoma
Hematolymphoid tumors
Lymphomas
CNS lymphomas
Primary diffuse large B-cell lymphoma of the CNS
Immunodeficiency-associated CNS lymphoma
Lymphomatoid granulomatosis
Intravascular large B-cell lymphoma
Miscellaneous rare lymphomas in the CNS
MALT lymphoma of the dura
Other low-grade B-cell lymphomas of the CNS
Anaplastic large cell lymphoma (ALK+/ALK-)
T-cell and NK/T-cell lymphomas
Histiocytic tumors
Erdheim-Chester disease
Rosai-Dorfman disease
Juvenile xanthogranuloma
Langerhans cell histiocytosis
Histiocytic sarcoma
Germ cell tumors
Mature teratoma
Immature teratoma
Teratoma with somatic-type malignancy
Germinoma
Embryonal carcinoma
Yolk sac tumor
Choriocarcinoma
Mixed germ cell tumor
Tumors of the sellar region
Adamantinomatous craniopharyngioma
Papillary craniopharyngioma
Pituicytoma, granular cell tumor of the sellar region, and spindle cell oncocytoma
Pituitary adenoma/PitNET
Pituitary blastoma
Metastases to the CNS
Metastases to the brain and spinal cord parenchyma

Metastases to the meninges



Key Diagnostic Genes, Molecules, Pathways, and/or Combinations in Major Primary CNS Tumors

TumorType

Astrocytoma, IDH-mutant

Oligodendroglioma, IDH-mutant, and 1p/19g-codeleted
Glioblastoma, IDH-wildtype

Diffuse astrocytoma, MYB- or MYBL1-altered

Genes/Molecular Profiles Characteristically Altered?
IDH1, IDH2, ATRX, TP53, COKN2A/B

IDH1, IDH2, 1p/19q, TERT promoter, CIC, FUBP1, NOTCH1
IDH-wildtype, TERT promoter, chromosomes 7/10, EGFR
MYB, MYBL1

Angiocentric glioma MYB
Polymorphous low-grade neuroepithelial tumor of the young BRAF, FGFR family
Diffuse low-grade glioma, MAPK pathway-altered FGFR1, BRAF

Diffuse midline glioma, H3 K27-altered
Diffuse hemispheric glioma, H3 G34-mutant

Diffuse pediatric-type high-grade glioma, H3-wildtype,
and IDH-wildtype

Infant-type hemispheric glioma
Pilocytic astrocytoma
High-grade astrocytoma with piloid features

Pleomorphic xanthoastrocytoma

H3 K27, TP53, ACVR1, PDGFRA, EGFR, EZHIP
H3 G34, TP53, ATRX

IDH-wildtype, H3-wildtype, PDGFRA, MYCN, EGFR
(methylome)

NTRK family, ALK, ROS, MET
KIAA1549-BRAF, BRAF, NF1

BRAF, NF1, ATRX, CDKN2A/B (methylome)
BRAF, CDKN2A/B

Subependymal giant cell astrocytoma TSC1, Tsc2
Chordoid glioma PRKCA
Astroblastoma, MN1-altered MN1
Ganglion cell tumors BRAF
Dysembryoplastic neuroepithelial tumor FGFR1

Diffuse glioneuronal tumor with oligodendroglioma-like features and
nuclear clusters

Chromosome 14, (methylome)

Papillary glioneuronal tumor PRKCA

Rosette-forming glioneuronal tumor FGFR1, PIK3CA, NF1

Myxoid glioneuronal tumor PDFGRA

Diffuse leptomeningeal glioneuronal tumor KIAA1549-BRAF fusion, 1p (methylome)
Multinodular and vacuolating neuronal tumor MAPK pathway

Dysplastic cerebellar gangliocytoma (Lhermitte-Duclos disease) PTEN

Extraventricular neurocytoma
Supratentorial ependymomas
Posterior fossa ependymomas

Spinal ependymomas
Medulloblastoma, WNT-activated
Medulloblastoma, SHH-activated
Medulloblastoma, non-WNT/non-SHH
Atypical teratoid/rhabdoid tumor

Embryonal tumor with multilayered rosettes

FGFR (FGFR1-TACC1 fusion), IDH-wildtype

ZFTA, RELA, YAP1, MAML2

H3 K27me3, EZHIP (methylome)

NF2, MYCN

CTNNB1, APC

TP53, PTCH1, SUFU, SMO, MYCN, GLI2 (methylome)
MYC, MYCN, PRDM6, KDM6A (methylome)
SMARCB1, SMARCA4

C19MC, DICER1

CNS neuroblastoma, FOXR2-activated FOXR2
CNS tumor with BCOR internal tandem duplication BCOR
Desmoplastic myxoid tumor of the pineal region, SMARCBT-mutant SMARCB1

Meningiomas

Solitary fibrous tumor

Meningeal melanocytic tumors

Adamantinomatous craniopharyngioma

Papillary craniopharyngioma

NF2, AKT1, TRAF7, SMO, PIK3CA; KLF4, SMARCET,
BAP1 in subtypes; H3K27me3; TERT promoter, COKN2A/B in
CNSWHO grade 3

NAB2-STAT6

NRAS (diffuse); GNAQ, GNAT11, PLCB4, CYSLTR2 (circum-
scribed)

CTNNB1
BRAF

Summary of the major changes in the PENS WHO

1. Arabic vs Roman numerals WHO CNS5 has changed all CNS WHO tumor grades #iic
numerals.
2. Grading within types. CNS tumors have traditionally had a grade assigned to each entity, and

grades were apigld across different entitieBor example, in prior WHO classifications, if a tumor
had been classified as an anaplastic astrocytoma, it was automatically assigned to WHO grade
there was no option to grade an anaplastic astrocytoma as WHO grade |, Il, or IV. Notably, an
anaplasti (malignant) meningioma was also assigned to WHO grade Ill. Even though tumors lik
meningiomas and astrocytomas ai@ogically unrelated, WHO grade IIl tumors in these different
categories were expected to have roughly similar survival times. But these were only roughly
similar, with the clinical course of an anaplastic astrocytoma often quite different from #mat of
anaplastic (malignant) meningioma. This approach thus correlated grade to an idealized clinical
biological behavior; for instance, WHO grade | tumors were curable if they could be surgically
removed; at the other end of the spectrum, WHO grade IV tuveres highly malignant, leading

to death in relatively short periods of time in the absence of effective therapy. Thisspatitijc

and clinical approach to tumor grading was different from the grading used in otheGNi®n

tumor types. Most tumors imther organ systems are graded within tumor types, eg, a breast or
prostate cancer is graded accordimgis particular grading systerimn WHO CNS5, the shift to
within-tumor-type gradinghas beemxtended to many categoridhis change was done for

seweral reasons: (1) to provide more flexibility in using grade relative to the tumor type, (2) to
emphasize biological similarities within tumor types rather than approximate clinical behavior, ar

3) to conform with WHO grading in ne@NS tumor types.
CNS WHO Grades of Selected Types

Astrocytoma, IDH-mutant

Oligodendroglioma, IDH-mutant, and 1p/19g-codeleted
Glioblastoma, IDH-wildtype

Diffuse astrocytoma, MYB- or MYBL1-altered
Polymorphous low-grade neuroepithelial tumor of the young
Diffuse hemispheric glioma, H3 G34-mutant
Pleomorphic xanthoastrocytoma

Multinodular and vacuolating neuronal tumor
Supratentorial ependymoma?

Posterior fossa ependymoma?

Myxopapillary ependymoma

Meningioma

Solitary fibrous tumor

3,4

,2,3
12,3

3.

Methylome profiling. It is assumed that nearly all (but not all) tumor types are aligned to a distin

methylation signature
4. Gliomas, Glioneuronal Tumors, and Neuronal Tumors WHO CNS5 has taken a new approach

to classify

(1) Adult-type diffuse gliomagthe majority of primary brain tumors in nesoocology
practice of adults, eg, glioblastoma, IDHd type)

(2) Pediatrietype diffuse lowgrade gliomagexpected to have good prognoses)

(3) Pediatrietype diffuse higkgrade gliomagexpected to behave aggressively)

(4) Circumscribed astrocytic gliomgsiici r cumscri bedo referring
pattern, as opposed to the inherently i

(5) Glioneuronal and neuronal tumdesdiverse group of tumors, feang neuronal
differentiation)

(6) Ependymomagnow classified by site as well as histological and molecular features).

N.B. Choroid Plexus Tumorsvith their marked epithelial characteristics, are separated from the
category of Gliomas, Glioneuronal Tumors, and Neuronal Tumors.

WHO 2016

)l

CNS tumor diagnoses should consist distopathological namefollowed by thegenetic
features Diffuse astrocytoma, IDHnutantandMedulloblastoma, WN-activated
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1 for those entities with more than one genetic determinant, the multiple necessary molecular
features are included in the nan@igodendroglioma, IDHMutant and 1p/19godeleted

T

for a tumor |

acki

ng

a genetic mutati

on, t he

entity existsGlioblastoma, IDHwildtype if formal wildtype diagnosis is not available, a tumor
lacking a diagnostic mutation is given i@ Sdesignation

WHO classification of tumours of the central nervous system

Diffuse astrocytic and oligodendroglial tumours
Diffuse astrocytoma, IDH-mutant

Gemistocytic astrocytoma, IDH-mutant
Diffuse astrocytoma, IDH-wildtype
Diffuse astrocytoma, NOS

Anaplastic astrocytoma, IDH-mutant
Anaplastic astrocytoma, IDH-wildtype
Anaplastic astrocytoma, NOS

Glioblastoma, IDH-wildtype
Giant cell glioblastoma
Gliosarcoma
Epithelioid glioblastorna

Glioblastoma, IDH-mutant

Glioblastoma, NOS

Diffuse midline glioma, H3 K27M-mutant

Oligodendroglioma, IDH-mutant and
1p/19g-codeleted
Oligodendroglioma, NOS

Anaplastic oligodendroglioma, IDH-mutant
and 1p/19g-codeleted
Anaplastic oligodendroglioma, NOS

Oligoastrocytoma, NOS
Anaplastic oligoastrocytoma, NOS

Other astrocytic tumours
Pilocytic astrocytoma

Pilomyxoid astrocytoma
Subependymal giant cell astrocytoma
Pleomorphic xanthoastrocytoma
Anaplastic pleomorphic xanthoastrocytoma

Ependymal tumours
Subependymoma
Myxopapillary ependymoma
Ependymoma

Papillary ependymoma

Clear cell ependymoma

Tanycytic ependymoma
Ependymoma, RELA fusion—positive
Anaplastic ependymoma

Other gliomas

Chordoid glioma of the third ventricle
Angiocentric glioma

Astroblastoma

Choroid plexus tumours

Choroid plexus papilloma
Atypical choroid plexus papilloma
Choroid plexus carcinoma

Melanotic schwannoma
Neurofibroma
Atypical neurofibroma
Plexiform neurofibroma
Perineurioma
Hybrid nerve sheath tumours
Malignant peripheral nerve sheath tumour
Epithelioid MPNST
MPNST with perineurial differentiation

Meningiomas

Meningioma

Meningothelial meningioma
Fibrous meningioma

Transitional meningioma
Psammomatous meningioma
Angiomatous meningioma
Microcystic meningioma

Secretory meningioma
Lymphoplasmacyte-rich meningioma
Metaplastic meningioma

Chordoid meningioma

Clear cell meningioma

Atypical meningioma

Papillary meningioma

Rhabdoid meningioma

Anaplastic (malignant) meningioma

Mesenchymal, non-meningothelial tumours
Solitary fibrous tumour / haemangiopericytoma™*
Grade 1
Grade 2
Grade 3
Haemangioblastoma
Haemangioma
Epithelioid haemangioendothelioma
Angiosarcoma
Kaposi sarcoma
Ewing sarcoma / PNET
Lipoma
Angiolipoma
Hibernoma
Liposarcoma
Desmoid-type fibromatosis
Myofibroblastoma
Inflammatory myofibroblastic tumour
Benign fibrous histiocytoma
Fibrosarcoma
Undifferentiated pleomorphic sarcoma /
malignant fibrous histiocytoma
Leiomyoma
Leiomyosarcoma
Rhabdomyoma
Rhabdomyosarcoma
Chondroma
Chondrosarcoma
Osteoma

9400/3
9411/3
9400/3
9400/3

9401/3
9401/3
9401/3

9440/3
9441/3
9442/3
9440/3
9445/3*
9440/3

9385/3*

9450/3
9450/3

9451/3
9451/3

9382/3
9382/3

942111
9425/3
9384/1
9424/3
9424/3

9383/1
9394/1
9391/3
9393/3
9391/3
9391/3
9396/3*
9392/3

9444/1
9431/1
9430/3

9390/0
9390/1
9390/3

9560/1
9540/0
9540/0
9550/0
9571/0

9540/3
9540/3
9540/3

9530/0
9531/0
9532/0
9537/0
9533/0
9534/0
9530/0
9530/0
9530/0
9530/0
9538/1
9538/1
9539/1
9538/3
9538/3
9530/3

8815/0
8815/1
8815/3
9161/1
9120/0
9133/3
9120/3
9140/3
9364/3
8850/0
8861/0
8880/0
8850/3
8821/1
8825/0
8825/1
8830/0
8810/3

8802/3
8890/0
8890/3
8900/0
8900/3
9220/0
9220/3
9180/0

Neuronal and mixed neuronal-glial tumours

Dysembryoplastic neuroepithelial tumour

Gangliocytoma

Ganglioglioma

Anaplastic ganglioglioma

Dysplastic cerebellar gangliocytoma
(Lhermitte-Duclos disease)

Desmoplastic infantile astrocytoma and
ganglioglioma

Papillary glioneuronal tumour

Rosette-forming glioneuronal tumour

Diffuse leptomeningeal glioneurcnal tumour

Central neurocytoma

Extraventricular neurocytoma

Cerebellar liponeurocytoma

Paraganglioma

Tumours of the pineal region

Pineocytoma

Pineal parenchymal tumour of intermediate
differentiation

Pineoblastoma

Papillary tumour of the pineal region

Embryonal tumours
Medulloblastomas, genetically defined
Medulloblastoma, WNT-activated
Medulloblastoma, SHH-activated and
TP53-mutant
Medulloblastoma, SHH-activated and
TP53-wildtype
Medulloblastoma, non-WNT/non-SHH
Medulloblastoma, group 3
Medulloblastoma, group 4
Medulloblastomas, histologically defined
Medulloblastoma, classic
Medulloblastoma, desmoplastic/nodular
Medulloblastoma with extensive nodularity
Medulloblastoma, large cell / anaplastic
Medulloblastoma, NOS

Embryonal tumour with multilayered rosettes,
C19MC-altered

Embryonal tumour with multilayered
rosettes, NOS

Medulloepithelioma

CNS neuroblastoma

CNS ganglioneuroblastoma

CNS embryonal tumour, NOS

Atypical teratoid/rhabdoid tumour

CNS embryonal tumour with rhabdoid features

9413/0
9492/0
9505/1
9505/3

9493/0

9412/1
9509/1
9509/1

9506/1
9506/1
9506/1
8693/1

9361/1

9362/3
9362/3
9395/3

9475/3*
9476/3*

9471/3
9477/3*

9470/3
9471/3
9471/3
9474/3
9470/3

9478/3*

9478/3
9501/3
9500/3
9490/3
9473/3
9508/3
9508/3

Tumours of the cranial and paraspinal nerves

Schwannoma
Cellular schwannoma
Plexiform schwannoma

Osteochondroma
Osteosarcoma

Melanocytic tumours
Meningeal melanocytosis
Meningeal melanocytoma
Meningeal melanoma
Meningeal melanomatosis

Lymphomas
Diffuse large B-cell lymphoma of the CNS

9560/0
9560/0
9560/0

9210/0
9180/3

8728/0
8728/1
8720/3
8728/3

9680/3

Immunodeficiency-associated CNS lymphomas
AlDS-related diffuse large B-cell lymphoma
EBV-positive diffuse large B-cell lymphoma, NOS

Lymphomatoid granulomatosis
Intravascular large B-cell lymphoma
Low-grade B-cell lymphomas of the CNS
T-cell and NK/T-cell lymphomas of the CNS
Anaplastic large cell lymphoma, ALK-positive

Anaplastic large cell ymphoma, ALK-negative

MALT lymphoma of the dura

Histiocytic tumours
Langerhans cell histiocytosis
Erdheim—Chester disease
Rosai-Dorfman disease
Juvenile xanthogranuloma
Histiocytic sarcoma

Germ cell tumours
Germinoma
Embryonal carcinoma
Yolk sac tumour
Choriocarcinoma
Teratoma
Mature teratoma
Immature teratoma
Teratoma with malignant transformation
Mixed germ cell tumour

Tumours of the sellar region
Craniopharyngioma
Adamantinomatous craniopharyngioma
Papillary craniopharyngioma
Granular cell tumour of the sellar region
Pituicytoma
Spindle cell oncocytoma

Metastatic tumours

9766/1
9712/3

9714/3
9702/3
9699/3

9751/3
9750/1

9755/3

9064/3
9070/3
9071/3
9100/3
9080/1
9080/0
9080/3
9084/3
9085/3

9350/1
9351/1
9352/1
9582/0
9432/1
8290/0

The morphology codes are from the International Classification of Diseases
for Oncology (ICD-O) {742A}. Behaviour is coded /O for benign tumours;

/1 for unspecified, borderline, or uncertain behaviour; /2 for carcinoma in
situ and grade lll intraepithelial neoplasia; and /3 for malignant tumours.
The classification is modified from the previous WHO classification, taking
into account changes in our understanding of these lesions.

*These new codes were approved by the IARC/WHO Committee for ICD-O.
Italics: Provisional tumour entities. **Grading according to the 2013

WHO Classification of Tumours of Soft Tissue and Bone.

Summary of the mar changes in the 2016 CNS WHO

1.
2.

3.
4.

Formulating concept of how CNS tumor diagnosessaretured in the molecular era
Major restructuring of diffuse gliomas, with incorporatmigenetically defined entities

Major restructuring of medulloblastomas, with incorporatbgenetically defined entities
Major restructuring of other embryonal tumors, with incorporation of genetically defined entities

and removal of

t he

term fiprimitive

Incorporation of a genetily defined ependymoma variant

neur oec
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6. Novel approach distinguishing pediatric lealkkes, including designation of nel, genetically
defined entity
7. Addition of newly recognized entities, variants and patterns
1) IDH-wildtype and IDHmutant glioblastoma (entities)
2) Diffuse midlineglioma, H3 K27M mutant (entity)
3) Embryonal tumour with multilayeredsettes, C19M&@iltered (entity)
4) EpendymomaRELA fusiori positive (entity)
5) Diffuse leptomeningal glioneuronal tumor (entity)
6) Anaplastic PXA (entity)
7) Epithelioid glioblastoma (variant)
8) Glioblastoma with primitre neuronal component (pattern)
9) Multinodular and vacuolated patterhganglion cell tumor (pattern)
8. Deletion of forner entities, variants and terms:
1) Gliomatosis cerebri
2) Protoplasmic andibrillary astrocytoma variants
3) Cellular ependymoma variant
4) APr i mi toectodermaleimmad t er mi nol ogy
9. Addition of brain invasion as aitgrion for atypical meningioma
10. Restructuring of solitary fibrous tumor and hemangiopericytoma (SFT/HPC) as one entity and
adapting a grading syem to accommodate this change
11.Expansion and clarification of entities included in nerve sheath tumors, with addition of hybrid
nerve sheath tumors and separation of melandtiwatnoma from other schwannomas
12.Expansion of entities included in hematopoietic/lymphoid tumors of the CNS (lymphomas and
histiocytic tumors)

*no more PNET!

WHO grades of select CNS tumours Desmoplastic infantile astrocytoma and ganglioglioma I
Papillary glioneuronal tumour |
Diffuse astrocytic and oligodendroglial tumours Rosette-forming glioneuronal tumour |
Diffuse astrocytoma, IDH-mutant Il Central neurocytoma Il
Anaplastic astrocytoma, IDH-mutant 1] Extraventricular neurocytoma I
Glioblastoma, IDH-wildtype v Cerebellar liponeurocytoma 1l
Glioblastoma, IDH-mutant v T A
Diffuse midline glioma, H3 K27M-mutant v umours of the pineal region

Pineocytoma |
Pineal parenchymal tumour of intermediate differentiation Il or Il|
M ngo‘oiastoma » » 1\
Papillary tumour of the pineal region Il or lll

Oligodendroglioma, IDH-mutant and 1p/19qg-codeleted Il
Anaplastic oligodendroglioma, IDH-mutant and
1p/19q-codeleted

Other astrocytic tumours

Pilocytic astrocytoma | Embryonal tumours

: ‘ Medulloblastoma (all subtypes) IV
Subependymal giant cell astrocytoma | : 4 :
Pleomorphic xanthoastrocytomna I EArggal‘%r;a;ttﬁggﬂ;mh multilayered rosettes, C19MC-altered :x

s g r

Anaplastic pleomorphic xanthoastrocytoma 1] CNS embryonal tumour, NOS v
Ependymal tumours Atypical teratoid/rhabdoid tumour v
Subependymoma I CNS embryonal tumour with rhabdoid features \Y
gggﬁgﬁgﬁg Bpendymoms |: Tumours of the cranial and paraspinal nerves
Ependymoma, RELA fusion-positive Il or Il Schwannoma

|

Neurofibroma |

Perineurioma |

Other gliomas Malignant peripheral nerve sheath tumour (MPNST) I, Il or IV
Angiocentric glioma |

Anaplastic ependymoma ]

Chordoid glioma of third ventricle I Meningiomas

Meningioma |
Choroid plexus tumours Atypical meningioma Il
Choroid plexus papilloma | Anaplastic (malignant) meningioma ]
Atypical choroid plexus papilloma Il . ;
Choroid plexus carcinoma I Megenchymal, non-meningothelial tumours

Solitary fibrous tumour / haemangiopericytoma I, Ilor il
Neuronal and mixed neuronal-glial tumours Haemangioblastoma |

Dysembryoplastic neuroepithelial tumour
Gangliocytoma

| 4

| Tumours of the sellar region
Ganglioglioma |

|

|

Craniopharyngioma
Granular cell tumour
Pituicytoma

Spindle cell oncocytoma

Anaplastic ganglioglioma Il

|
|
Dysplastic gangliocytoma of cerebellum (Lhermitte~-Duclos) :

Gliomas are not divided sharply irs@NIGN andMALIGNANT forms rather, they represegtadations

on spectrumfrom slowly growing to rapidly growing neoplasms.

1 with time, as more aggressive cells replicate themselves to greater extent than do more indolen
cells, gliomas maghift from benign end of spectrum to malignant @medpropensity to transform
into highergrade glioma

Quantitative measures BTOTIC ACTIVITY (correlates with malignant clinical behavior):

a) proliferation index - measure of DNA synthesisuptake oforomodeoxyuridingthymidine
anal ogue) : BrduUrd IV prior to surgery Y upt
biopsy specimens (using BrdUspecific antibody).

b) immunohistochemical staining witintibodies to proliferating cell nuclear antigen (PCNA)

c) immunohistochemical staining witki -67 antibody (recognizesistone proteirexpressed in
proliferating but not quiescent cells).

Older WHO

1. ASTROCYTIC tumors

1) (juvenile) pilocytic astrocytoma (norrinvasive, WHO grade )
a) hemispheric
b) diencephalic
c) optic
d) brain stem
e) cerebellar

2) subependymal giant cell astrocytomdnortrinvasive,WHO grade )
3) pleomorphic xanthoastrocytoma(nortinvasive, WHO grade )

4) astrocytoma (WHO grade II)
variants:protoplasmic gemistocyticfibrillary , mixed

5) anaplastic (malignangstrocytoma(WHO grade llI)
a) hemispheric
b) diencephalic
c) optic
d) brain stem
e) cerebellar

6) glioblastoma multiforme (WHO grade 1\J T most aggressive and most common of all
CNS tumors!!!

variants:giant cell glioblastomagliosarcoma
2. OLIGODENDROGLIAL tumors
1) oligodendroglioma(WHO grade I1)a 8 0 %
2) anaplastic (malignanligodendroglioma(WHO grade Il)a 2 0 %

3. EPENDYMAL CELL tumors
1) subependymoma\WHO grade )

2) ependymoma(WHO grade II)
variants:cellular, papillary, epithelial clear cell mixed
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3) anaplasticependymoma(WHO grade IlII)
4) myxopapillary ependymoma

4. MIXeD gliomas:
1) mixed oligoastrocytoma(WHO grade II)
2) anaplastidmalignant)oligoastrocytoma(WHO grade llI)
3) others(e.g.ependymastrocytoma)

5. Neuroepith&al tumors ofUNCERTAIN ORIGIN :
1) polar spongioblastoma\WHO grade I\J
2) astroblastoma(WHO grade 1}
3) gliomatosiscerebri (WHO grade I\

6. Tumors ofCHOROID PLEXUS:
1) choroidplexuspapilloma (66-90%)
2) choroidplexuscarcinoma (anapéastic choroid plexus papillomé&)0-33%)

7. NEURONAL and mixedNEURONAL -GLIAL tumors

1) gangliocytoma(s. central ganglioneuromg i neuronal tumorbenign counterpart of
neuroblastoma in CNS

2) dysplasticgangliocytoma of cerebellum(Lhermitte Duclos)
3) gangliogliomai gangliocytoma with glial component
4) anaplastic(malignant) ganglioglioma

5) desmoplasticinfantile ganglioglioma
variant:desmoplastic infantile astrocytoma

6) central neurocytomai tumor of weltdifferentiated neurons

7) dysembryoplasticneuroepithelial tumor (DNET) 7 benign mixed gliaheuronal
tumor

8) olfactory neuroblastoma(esthesioneuroblastompa
variant:olfactory neuroepithelioma
8. PINEAL PARENCHYMA tumors
1) pineocytoma(WHO grade)
2) pineoblastoma(WHO grade 1}
3) pineal parenchymdalumorof intermediate differentiation (WHO grade HlII)
4) papillary tumor of pineal regiofWHO grade HllI)

9. Tumors WithNEUROBLASTIC Or GLIOBLAS TIC elementgs. EMBRYONAL TUMORS):
1) medulloepithelioma

2) primitive neuroectodermal tumovegith multipotent differentiation

a) medulloblastoma
variants:melanocyticdesmoplasticmedullomyoblastoma

b) primitive neuroectodermal tumor (PNET)

3) neuroblastoma
benigncounterpartsganglioneuroblastomganglioneuroma (s. ganglioma)

4) retinoblastoma
5) ependymoblastoma
6) atypical teratoid/rhabdoid tumor

OTHER CNStumors

1. Tumors OfSELLAR REGION
1) pituitary adenoma
2) pituitary carcinoma
3) craniopharyngioma

2. HEMATOPOIETIC tumors
1) primary malignantymphomas
2) plasmacytoma
3) granulocytic sarcoma

3. GERM CELL tumors
1) germinoma
2) embryonal cell carcinoma
3) yolk sactumor (endodermal sinus tumo)
4) choriocarcinoma
5) teratoma
6) mixed germ cell tumor

4. Tumors ofMENINGES

1) meningioma
variants:meningothelial, fibrous (fibroblasticjransitional (mixed)psammomatoys
angiomatousmicrocystic secretory clear cell chordoid lymphoplasmeyterich, metaplastic
subtypes

2) atypicalmeningioma
3) anaplasti¢malignant)meningioma

5. NON-MENINGOTHELIAL tumors ofMENINGES

1) benign mesenchymal
a) osteocartilaginoustumors
b) lipoma
c) fibrous histiocytoma

2) malignantmesenchymal
a) chondrosarcoma
b) hemangiopericytoma
c) rhabdomyosarcoma
d) meningeal sarcomatosis

3) primary melanocytic lesions
a) diffuse melanosis
b) melanocytoma
¢) malignant melanoma


http://www.neurosurgeryresident.net/USMLE%202/00.%20INTRO%20GENERAL%20of%20various%20topics/Intro%20(various%20topics)%202.jpg

1)
2)
3)
4)
5)
6)

variant meningeal melanomatosis

4) hemopoietic neoplasms
a) malignant lymphoma
b) plasmacytoma
c) granulocytic sarcoma
d) tumors of uncertain histogenesisemangioblastoma(capillary
hemangioblastoma

6. Tumors ofCRANIAL / SPINAL NERVES
1) neurofibroma

2) schwannoma(neurinoma, neurilemoma)
subtypescellular, plexiform melanotic

3) malignant peripheral nerve sheath tumor
variants:epithelioid divergent mesenchymal or epithelial differentiatiarelanotic

7. CysTsandTUMOR-LIKE lesions
1) Rathke cleft cyst
2) epidermoid cyst
3) dermoid cyst
4) colloid cyst of ¥ ventricle
5) enterogenous cyst
6) neuroglial cyst
7) granular celtumor (choristoma, pituicytoma)
8) hypothalamic neuronal hamartoma
9) nasal glial heterotopia
10)plasma cell granuloma

8. LOCAL EXTENSIONS from regional tumorgi.e. secondary intracranial tumors
1) paraganglioma(chemodectoma
2) chordoma
3) chondroma

4) chondrosarcoma
5) carcinoma

9. METASTATIC tumors(i.e.secondary intracranial tumaas bloodborne metastases)

10. UNCLASSIFIED tumors

CONGENITAL NEOPLASMS

craniopharyngioma

chordoma

hemangioblastoma

colloid cysts

germ cell tumorsgerminomateratomaetc)
dermoid, epidermoid

PEDIATRIC TUMORS

CNS tumors are the mosbmmon solid tumors in children and they camsee deaths than any other
childhood malignandy

1)
2)
3)
4)

Embryonal tumors (grade 4} most common group

1 primitive histologic appearance, where tumor cells resemble CNS tissues early in human
developmentdmall round blue callappearance + elevated proliferative rate)
1) Medulloblastomas(most common type)arise in posterior fossa
2) Atypical teratoid/rhabdoid tumor (AR/RT) - often originate outside of the posterior
fossa
3) Embryonal tumor with multilayered rosettes (ETMR) T has gone by many other
names over the years

Pediatric-type diffuselow-grade gliomasi see

Pediatric-type diffuse high-grade gliomasi see

1 havedifferent driving molecular alteratiortkan in adults; e.darge number of pediatric high
grade gliomas are driven loyutations in histone genes

. Glioneuronal tumors (grade 1):

Desmoplastic infantile astrocytoma, desmoplastic infantilganglioglioma
Ganglioglioma

Dysembryoplastic neuroepithelial tumors (DNT)

Diffuse leptomeningeal glioneuronal tumors

Ependymomas

Choroid plexus tumors

FREQUENCY

Metastatic tumorsa r &-1times more common thanimary CNS tumors!

I increased longevity of patients with cancer in other systems has resulted in higher incidence

metastatic CNS lesions!
i 15%patients with systemic cancer suffer neurological complicatidinsct or
paraneoplastiy.

Children Adults,

(<14 yrs) % %
INTRA-AXIAL
Glioblastoma 20 _
Astrocytoma 21 10-25
Oligodendroglioma 1 35
Ependymoma 5-10 2-5
Medulloblastoma | 1030 1-6
Neuroblastoma 3 -
Primary CNS lymphome 2.7
EXTRA -AXIAL
Meningioma 5 15-22
Craniopharyngioma 4-10 1-3
Vestibular schwannoma 1 2-10
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BRAIN TUMORS (GENERAL ) Onc Q)

Pituitary adenoma - 4-13
Pinealoma 0,52 1
Hemangioma 3 2
Sarcoma 1 0,1-1
Teratoma 2 -
Chordoma 0,1
Others 5 5

Three most common primary CNS tumorsadults:
1. Glioblastoma multiforme
2. Meningioma
3. Astrocytoma

N.B. 60% tumors in adults are astrocytom@&% glioblastoma multiforme!!!)

Three most common primary CNS tumorghildren:
1. Medulloblastoma
2. Astrocytomalesp. cerebellgpilocytic astrocytomp
3. Glioblastoma multiforme

N.B. 1/4 tumors in children are medulloblastomas!
Three most common primary CNS tumorgldren (< 2 yrs):
1. Medulloblastoma

2. Ependymoma
3. Low-grade gliomagesp.midline pilocytic astrocytomas)

Brain tumorgadult9 with percentage incidence by category

Primary intra -axial Primary extra-axial* Metastatic**
Glioblastomg47) Meningioma(80) Lung (37-49)
Anaplastic astrocytoma | Acoustic neuroma (10) Breast (6-19)
(24)

Astrocytoma (15) Pituitary adenoma (7) |Melanoma (16)
Oligodendroglioma (5) Other (3) Colorectum (9)
Lymphoma (27) Kidney (8)
Other (7) Other (11)

*in childhood craniopharyngioma and pineal region tumors are most common
**in childhood most common metastatic tumors are neuroblastoma (usually
epidural) and leukemia (meningeal).

Age-specific incidence of primary CNS tumors by histologic type
A. Selected histologic types amoalfjage groups
B. Selected histogic tumor types irchildren
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In most neoplasmghree zonesmay be identified:
1) central region ofnecrosis
2) denselycellular ring (area of CT/MRI contrast enhamaent)
3) peripheral edemazone of lesser cellular dsity (‘tumoral infiltration") with fingers
extending peripherally from main mass.

Rosenthal fiberare characteristic feature of:
1) JUVENILE PILOCYTIC ASTROCYTOMAS
2) CRANIOPHARYNGIOMAS
3) arounceEPENDYMOMAS
4) ALEXANDER DISEASERoOsenthal fibers radiate from vessels)

BENIGN vs. MALIGNANT




\

a

IbvaiB tumors can be call@ENIGN (mainly extraaxial tumors meningiomas, acoustic

neuromas).

Concept of malignancy in CNS has different meaning from that which applies to systemic cancers;

1 term "malignant” has nothing to do with metastasis out of CNS, which is extraordinarily rare.
1 term "malignant'describes

1) histologic features
BENIGN - grow slowly,low cellularity, few mitoses, no necrosis, no vascular
proliferation.
MALIGNANT T 1) rapid growth {requent mitotic figures 2) invasiveness3) vascular
proliferation €ndothelial hyperplasja4) necrosis.

2) anatomic location can have lethal consequences irrespective of histologic classification.

e.g. benign meningioma, by compressing medulla, can cause cardiorespiratory arrest
3) possibility of complete surgical removalunless tumor can be completely excised to last
cell, all intracranial neoplasms are potentially malignant inttiey may recur, and often
do.

e.g. gliomas are rarely curable by surgical excisiimdamentally malignaht

\ Neuroectodermal tumors are never "benigﬁn“

N.B. becauseranial vault allows no room for expansj@venseNIGNtumors can be seriolis not

clearly separable INtBENIGN andMALIGNANT forms.
e.g. histologically benigRITUITARY ADENOMAS$Nay invade adjacent dura mater and bone and grow into
cavernous or sphenoid sinus.
e.g.malignantGLIOBLASTOMA MULTIFORMENvades brain locally but seldom spreads elsewhere.

Distinction between "benign™” and "malignant” is less important than for systemic c$ncers

Tumor LOCATION & TYPES

ADULTS - most commonly70%)above tentorium

most commornumorsabove tentoriun(intra-axial tumors predominaté)gliomas and
metastasesneningiomas.

most common tumonselow tentorium(extraaxial tumors predominaté)neuromas;
metastases and hemangioblastamas

CHILDREN (2-12 yrs)- most commonly70%)below tentorium(posterior cranial fossaften in
midline): medulloblastomagerebellar astrocytomas, ependymomas, brain stem or optic nerve
gliomas, germinomas, congenital tumors.

ADOLESCENTS (> 12yrs) andINFANTS (< 2yrs) - equal frequencielselow tentoriumandabove

tentorium.
1 distribution of parenchymal tumors is directly related to mass of lobe or region.
Age Hemispheres = Diencephalon @ Posterior Fossa Meninges @ Spinal Cord
Adulthood Astrocytoma, Astrocytoma, colloi( Metastases Meningioma, Meningioma,
oligodendroglioma, |cyst, pituitary hemangioblastoma |CN8 nerve sheath
metastases, adenoma schwannoma, tumors,
lymphoma metastases, astrocytoma,
lymphoma ependymoma
Childhood|Astrocytoma, Germ cell tumors, |Medulloblastomd!, | Leukemia, Nerve sheath
ependymoma, craniopharyngioma |ependymoma, lymphoma tumors,
choroid plexus cerebellar pilocytic astrocytoma
tumor, primitive astrocytomas, brain
neuroectodermal stem astrocytoma,
tumor choroid plexus tumor

Distribution of intracranial tumors in adults

Corpus callosum:
Astrocytoma, anaplastic astrocytoma,
glioblastoma multiforme
Oligodendroglioma
Lipoma

Cerebral hemisphere:
Astrocytoma, anaplastic astrocytoma,
glioblastoma multiforme
Meningioma
Metastatic carcinoma
Vascular malformation
Oligodendroglioma
Ependymoma
Sarcoma
Pineal region:
Germ cell neoplasm

Region about the third ventricle:
Astrocytoma, anaplastic astrocytoma,
glioblastoma multiforme
QOligodendroglioma
Ependymoma
Pilocytic astrocytoma

Lateral ventricle:
Ependymoma
Meningioma
Subependymoma
Choroid plexus papilloma

Cerebellum:
Hemangioblastoma
Metastatic carcinoma
Astrocytoma
Medulloblastoma

Third ventricle:
Colloid cyst

Ependymoma
Fourth ventricle: 4
Ependymoma .
Choroid plexus papilloma . Optic chiasm and nerve:
Meningioma %/ Meningioma
Region of the foramen

Astrocytoma

magnum: Pituitary region:
g/l;nmgloma Cerebellopontine angle: Pituitary adenoma
wanhoma Acoustic schwannoma Craniopharyngioma

Neurofibroma Meningioma

Meningioma Brain stem:

. . 4 . Germ cell neoplasm
Epidermoid cyst Astrocytoma, anaplastic .
Choroid plexus papilloma astrocytoma, glioblastoma
Glomus jugulare tumor multiforme

Distribution of intracranial tumors in_children

Corpus callosum:
Astrocytoma, anaplastic astrocytoma
Oligodendroglioma
Lipoma

Cerebral hemisphere:
Astrocytoma, anaplastic astrocytoma
Ependymoma
Oligodendroglioma

Region about the third ventricle:
Pilocytic astrocytoma
Fibrillary astrocytoma

Pineal region: Oligodendroglioma

Germ cell neoplasm

Lateral ventricle:

Cerebellum:
Ependymoma
X:ggg;)tt:)l?:;oma Choroid plexus papilloma

Dermoid cyst
Third ventricle:
Ependymoma
Choroid plexus papilloma

Optic chiasm and nerve:
Astrocytoma

Fourth ventricle:
Ependymoma

Pituitary region:
Choroid plexus papilloma ituitary region

Craniopharyngioma
Germ cell neoplasm

5 Pituitary adenoma
Brain stem:

Cerebellopontine angle: Astrocytoma, anaplastic
Ependymoma astrocytoma, glioblastoma
Choroid plexus papilloma multiforme
INTRAVENTRICULAR TUMORS
Tumor Typical site
CoLLOID CYST Foramen of Monro /"8ventricle

SEGA Foramen of Monro



Tumor Typical site

MENINGIOMA Trigone of lateral ventricle

CHOROID PLEXUS PAPILLOMA 4™ ventricle

EPENDYMOMA Lateral ventricle (more common in childreny} vientricle
SUBEPENDYMOMA Lateral ventricle4" ventricle

NEUROCYTOMA* Lateral ventricles (involvingeptum pellucidum
METASTASES Lateral ventricles, ependyma and choroid plexus

*#1 differential of nonenhancing intraventricular mass
**most common lateral ventricle tumor in young adults

Differentials
Neurocysticercosis

Tumor SPREAD

Tumorsordinarily growfocally within one area(but neverthelesthey cannot be cured surgically
1) intactBBB
2) brainlackslymphatics
1 even slowgrowing gliomas can widely infiltrate brain.
i glioma cellsspread preferentially along white matter tra¢tsay cross corpus
callosum into contralateral hemispherd&yain function may be long preserved!

Some typesnay spreadia CSFthrough ventricular subarachnoid spaces
HIGH-GRADE GLIOMAY10-25%)
PRIMITIVE NEUROECTODERMAL TUMORSCl. MEDULLOBLASTOMA$10-20%)
EPENDYMOMAY11%)
CHOROID PLEXUS CARCINOMAS
OLIGODENDROGLIOMAY1%)
PINEAL GERMINOMAgZrare).
f spread down ventr i cuabdompimalrmetastases.al shunt Y i

Metastasi®ut of cranial cavity / spinal canalis extraoréharily rare( &  &v&) for most malignant
gliomas(unless operative procedure has interfered with normal meningeal barriers).

\ Brain tumors cause death by local groMth!

Tumor BURDEN

f tumor mass 080-60 g(3-6 x 13° cells)usually produceseurologic symptoms

{1 brain cancer ifethal when tumor and its associated edemareathés)( vs. a 1000 g
cancers).

f immunesysteper se can suppress and evégidnaelsl y kK

CELLULAR HETEROGENEITY

While tumors are monoclonal in origin (i.e. they originate from single cell),
as they grow they progress throwggries of genomic changebkat permit
evolution tomore and more malignant stages

{ parentakell population isgenetically unstableY tumors are heterogeneoirscellular content
a) genotypic(incl. chromosomal conteifitanges from near diploid to hypor hypertetraploid]
and molecular aberrations).
b) phenotypidcells that are immediately adjacent to one another may have very different
histologic appearance).
1 REGIONAL DIFFERENCES develop when tumor cells begin to invade surrounding normal brain
during migration, some cells develop additional abnormalities that ceseliective advantage for
g r o w ttumor¥s seeded with microfoci that are both genotypically and phenotypically different

KEY DIAGNOSTIC GENES, MOLECULES, PATHWAYS , STAINS

Tumor type IDH ATRX 1p/19q p53 mutation
astrocytic mutant mutant intact secondary GBM
oligodendroglial | mutant wildtype co-deleted no

IDH mutationy 1p/19q cedeletion andMGMT promoter methylatioii better prognosis!

p53 mutation goes fihand to hando with | DH mu
All tumor samples should be sent faext generation sequenci(gg. Tempus company)

Alcian blue i stain formucin(e.g.myxopapillary ependymona

U-fetoprotein i embryonal carcinoma, endodermal sinus (yolk sac) tumor

Anti-L eu 7 antibodyi schwannomas
N.B. uniformly negative inmeningiomas

ATRX (Alpha-Thalassemia/mentaRetardation syndrome X-linked) gene
1 ATRX s present in every celll
1 loss of ATRX =astrocyticlineage ¢rade Il/lll astrocytomaandsecondary GBI

Brachyury (protein encoded by the TBXT gerteanscription factor within the-bBox family of genes

1 early mutational event iohordomaevolution(discriminates chordoma froonhondrosarcon)a

1 present in majority oiemangioblastomgtelps to differentiate froraear cell renal cell
carcinoma metastasiasvon HippelLindau syndromg

BRAF-V600E mutation: for more details see
1) metastasesmelanomapapillary thyroid
2) PXA

3) craniopharyngiomgoapillary)
4) glioblastomaepithelbid)
5) ganglioglioma(also reported in soni@NETsandpilocytic astrocytomgs

D31 T-cell ymphoma

CD68 (protein highly expressed by cells in tm@nocytdineage:microglia, histiocytesj
differentiateshistiocytosisfrom lymphoma.

Desmini tumors containingnuscle(rhabdomyosarcoma, teratopec),primitive neuroectodermal
tumor.


http://www.neurosurgeryresident.net/Onc.%20Oncology/Onc10.%20Astrocytomas.pdf#BRAF
https://en.wikipedia.org/wiki/Monocyte

BRAIN TUMORS (GENERAL ) Onc (12

EGFR (epidermal-derived growth factor receptor)i aberrantly expressed (usually amplifi¢ih
manygliomas
*poor prognostic factor

EMA (epithelial membrane antigen)i epitheliamarker Ependymomameningiomaepithelial areas
of teratomas, rhabdoid tumor
N.B. not present imelanom&

GEAP (glial fibrillary acidic protein) i expressedh astrocytegit is atype lll intermediate

filament(IF) protein |mportant for cytoskeletqrmarker forgllal tumors e. g anaplast|c astrocytoma:
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Human chorionic gonadotropini germinoma, choriocarcinoma

IDH T seep. OnclO >>

Ki-67 antibody (recognizesistone proteirexpressed iproliferatingbut not quiescent cells).

Luxol fast blue dye - myelin fibersappeaiblue, neuropil appears pink, and nerve cells appear purple.

MGMT methylation i seep. Oncl0 >>

Neuron-specific enolasé questionable utility- positive in normal and neoplastic cells of neural and
non-neural origin

OLIG -2 expression= diffuse gliomagastrocytomaspligodendrogliomaandoligoastrocytomas)
may also be expressed in other cancers (esp. some leukemias).

p35 mutation = astrocytic tumorgvs. oligo)
Li-Fraumeni syndrome (inherited p53 mutatiori) strong predisposition to
astrocytomas!
- p53 mutation goes Ahand to hando with | DH
- progression from lovgrade astrocytoma to glioblastonstrongly correlates with loss pb3gene;
GLIOBLASTOMAShatshowp53 mutation are termeskecondary glioblastomd$ype 1)- occur in
younger patients whose tumors have progressed from lower grade astrocytoma.

PD-1 (programmed cell death protein 1} aimmune checkpoint proteifencoded by PDCD1 gene)
on the surface of T and B cells that demegulaesimmune system and promoting stdferance by
suppressing T cell inflammatory activifgromotes apoptosis of antigspecific T cells, reduces
apoptosis in suppressive T cellgrevents autoimmune diseases, but it can@eeent immune
system from killing cancer cells

1 PD-1expression considerantiPD-1 inhibitor. see p. Onc3 >>

Placental alkaline phosphataséPLAP) i germ cell tumorgsp germinoma

Retinal S-antigeni pineal parenchymal tumors, primitive neuroectodermal tumors, retinoblastoma

S-1007 present in cells derived from tneural cres(Schwann cells, melanocytesharkers for
certainmelanomas schwannomagq100%),neurofibromagweaker than schwannomas)alignant
peripheral nerve sheath tum¢&%, may be weak and/or focal).

SSTR2 (somatostatin receptor type 2)
1 most sensitive marker feneningiomagpresent in 100%).

STAT6 i hemangiopericytomgsolitary fibrous tumor)

Synaptophysini integral membrane protein localized to synaptic vesicles (specific and sensitive
marker for synaptic terminalsjjfioneuronatumors (pimitive neuroectodermal tumor, ganglioglioma,
gangliocytoma, central neurocytoma, neuroendocrine tymors

i diagnostically, it is often used in combination with chromogranin A.

Vascular proliferation:
a) astrocytic lineage grade4
b) 1p/19q cedeletion =anaplastic oligggrade3)

Vimentin 1 type Ill intermediate filament (IF) proteimajor cytoskeletal component of mesenchymal
cells(significant role in supporting and anchoring the position of the organelles in the Lytosol
staining may confirmmesenchymal origi{e.g.sarcomas, meningioma, lymphoma, chordplw
numerous exceptions selatively nonspecific


http://www.neurosurgeryresident.net/Onc.%20Oncology/Onc10.%2520Astrocytomas.pdf#IDH
http://www.neurosurgeryresident.net/Onc.%20Oncology/Onc10.%20Astrocytomas.pdf#MGMT_methylation
http://www.neurosurgeryresident.net/Onc.%20Oncology/Onc3.%2520Brain%2520Tumors%2520(TREATMENT).pdf#antiPD1

ETIOLOGY , RISK FACTORS

SEIZURES

ENVIRONMENTAL EXPOSURE

Numerous epidemiologic studies* suggest statistically significant increased incidence of astrocyton
in people exposed foetrochemicalge.g. in rubber industrygr electromagnetic radiation
*equally impressive studies, however, have not confirmed associatior

1 well-documented environmental risk facftsraeli study) ionizing radiation (e.g.given for
treatment of tinea capitis)ncreases risk for meningiomas almost 10 times and for gliomas 2.5
times.

1 insufficient epidemiologic evidence to support or refute clathrethandheld cellular telephones
generate electromagnetic radiation aadsebrain tumors.

1 both RNA and DNAvirusescan induce animal brain tumors, but few viruses have been found to
account for specific human tumor (eEpsteinBarr virus evidence irprimary CNS lymphoma
tissue).

1 immunosuppressioftransplant recipientsAIDS patients WiskottAldrich syndrome, ataxia
telangiectasiagubstantially increaseisks forprimary CNS lymphoméaut not gliomas.

1 role oftraumais unproven.

The only proven environmental risk factor for brain tumar
is previous exposure togh-dose ionizing radiation

TUMORIGENESIS

- multistep procesgprobably at least-6 separate stepsnultiple local mutations and clonal
expansioh

Most important genetic markeis

WHO 2() 1 () HISTOLOGY&GEN ETICS Histone mutant ghiomas

Diffuse midline glioma, H3K27M mutant
WHO Grade [V

Pilocytic

astrocytoma BRAF V600E BRAF-KIAA 1549 fusion

missense mutation (tandem duplication)
MAP/ERK abnormalities O MAP/ERK abnormalities Pilocytic astrocytoma

Pleomorphic
xanthoastrocytoma O O WHO grade |
Ganglioglioma ,

ATRX mutation ‘/ "
P53 mutation Chr 1p/19q

DNT PDGF/R Transiocation
\uam CIC,Notch 1,

overexpression
hTERT mutations

Diffuse Astrocytoma li

VHO grade ||

Chr 19q loss l l Chr Sp/CDKN2A loss

Anaplastic astocytoma Anaplastic oligodendroglioma
WHO grade Il WHO grade Il

PROTO-ONCOGENES

Proto-oncogenes mutated / overexpressed in brain tumors
1) EGFR (erbB) - encode®pidermalderived growth factoreceptor aberrantly expressed
(usually amplified) in many gliomas!
2) c-sis- encodeplateletderived growth factor
3) c-myc
4) rosl
5) H-ras
6) gli
1 medulloblastoma£,0% glioblastomakavehomogeneously staining regioasddouble minute
chromosomesmay contain amplified protoncogenes

GROWTH FACTORS

- have potent growth stimulatory efts on glioma cells in culture:
1) plateletderived growth facto(PDGF)
2) epidermaiderived growth facto(EGF)
3) transforming growth factet (TGF-U) - 50% homology with EGF; secreted by numerous
tumors (incl. highgrade malignant gliomas).
4) fibroblast growth facto(FGF)
5) insulin-like growth factor(IGF).
1 many glioma cells produce growth factors and express appropriate growth factor receptor on the
surface membranesconstantly stimulate own growth and diviSi@uTOCRINE GROWTH.
N.B. normal brain cellsare kinetically quescen{neuronsare incapable of division
after birth;glial cellsare minimally proliferative in reactive or reparative gliosis)
9 cardinal histopathologic features that define malignant gliocedlular atypia, cellularity,
mitoses, endothelial hyperplasia, necrgsis
- all (with exception ohecrosis- attributed to growth beyond capacity of blood supply)
are subject to modulation by growth factors.
1 >60% gliomas haveELOMERASE activity (correlates with tumor grading, being lowest in low
grade tumors).

TUMOR SUPPRESSOR &ENES

Tumor suppressor genes associated with nervous system tumors

p53 (17p13)i losspredisposes tastrocytomaandneurofibrosarcoma
1 progression from lovgrade astrocytoma to glioblastonstrongly correlates with loss pb3gene.
i Li-Fraumeni syndrome- familial cancer syndromi young adults (< 45 yrs)breast cancer, soft
tissue sarcomas, brain tun{esp. astrocytomapsteosarcoma, leukemedrenocortical
carcinoma.
i affected people inherit one mutgi3allele
i sporadic (nonfamilial) forms of cancers associated witkrlaumeni syndrome also
showp53inactivation.


http://www.neurosurgeryresident.net/E.%20Epilepsy%20and%20Seizures/E9.%20Epileptic%20Syndromes.pdf#TUMOR_RELATED_EPILEPSY
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NF1 (17911.2) NF2 (22912)- losspredispose toeurofibromatosis

HEREDITARY SYNDROMES associated with brain tumors

- make only < 5% of all primary CNS tumors cases:

Syndrome Gene Nervous Tumor Other tumors
Neurofibromatosis NF1 (17d1) | Neurofiboromamalignant peripheral| Iris hamartomas, osseou
type 1 nerve sheath tumor (MPNST) lesions,

(von Reckl i meningiomapptic nerve glioma pheochromocytoma
diseasg (low-gradg astrocytoma leukemia

Neurofibromatosis
type 2

NF2 (22q12)

Bilateral vestibular schwannoma
peripheral schwannoma,
meningiomasastrocytoma,
meningioangiomatosis,

spinal ependymoma,

glial hamartiasg¢erebral calcification

Posterior lens opacities,
retinal hamartoma

von Hippei Lindau VHL (3p25 | Hemangioblastoma Retinal
syndrome hemangioblastoma
renal cell carcinoma,
pheochromocytoma
visceral cysts
Tuberous sclerosis | TSC1 (984), | Subependymal giant cell Cardiac rhabdomyoma
TSC2 astrocytoma (SEGA) adenomatous polyps of
(16p13) Hamartomas cortical tubers and | small intestingcysts of

subependymal nodules

lung and kidney, renal
angiomyolipoma,
lymphangioleiomyomatosjs
cutaneous angiofibroma,
subungual fibroma

Li-Fraumeni
syndrome

p53 (17p13)

various malignangliomas
PNET (nedulloblastoma

Breast carcinoma, bone
and softtissue sarcoma,
adrenocortical
carcinomaleukemia

mismatch repair
genes (subtype
of Lynch Type

Il hereditary
nonpolyposis
colon cancer

Multiple endocrine not known pituitary adenomas,
neoplasia 1 malighantschwannoma
Retinoblastoma Rb (13g14) | retinoblastomapinealoblastoma
Turcot syndrome APC (5g21) | GBM, medulloblastoma Colorectal polyps
hMLH1
(3p21),
hPSM2
(7p22
Wer ner 6 s sWRN(8p12) | meningioma
Cowden disease PTEN Dysplastic gangliocytoma of Hamartomas of skin, Gl
(multiple hamartoma | (10g23)* cerebellum I(hermitte -Duclos), tract, gingival
syndrome) megalencephaly fibromatosismultiple
trichilemmomathyroid
neoplasms, breast
carcinoma
GORLIN syndrome PTCH Medulloblastoma( i n & 5% |9 autosomal dominant
(nevoid basal cell (903 1)** carriers) nevoid basal cell
carcinomasyndrome) carcinoma, jaw
keratocysts, skeletal
abnormalities, ovarian
fibromas, ectopic
calcifications palmar
and plantar pits
MUIR-TORRE MSH2, 9 autosomal dominantcombination
syndrome MLH1 7 DNA of sebaceous gland tumors + at le

one visceral cancer

1 malignancies characterized by
microsatellite instability.

syndrome

(HNPCC))
Goldenhar syndrome intracranialdermoids, lipomas of
(oculoauriculovertebral corpus callosum
dysplasia)
Rhabdoid tumor INI1 AT/RT Bilateral renal malignant
predisposition (22911.2 rhabdoidtumors

*s. MMAC1 (mutated in multiple advanced cancers 1)

* K human

anal og [Ordsophilpat che

Most common scenariopatient inherits one mutanin@ctive) copy of tumoisuppressor genand
thus carries sgalled germline mutation in every cell, which is unveiled when second copy of-tumor
suppressor gene is inactivated (either by mutation or by loss of portion of chromosome).

PATHOPHYSIOLOGY

BBB, BLOOD FLOW & BRAIN EDEMA

BBB is substantially alteredtight endothelial cell junctions are disrupted, fenestrations appear within
endotheliumand pinocytotic vesicles increasbut is not completely broken in brain tumor*.

1 watersoluble, ionized moleculesjacromoleculesan enter tumor.
*entry of some watesoluble chemotherapeutic agents is still impeded

Tumor blood flow is about same as in tumfree white matter.

Causes OBRAIN EDEMA;

1) disrupted BB
2) leaky capillariegpermeability varies over range of 1 to 100 times normal brain values)

\ Brain edema type in tumors\y8SsoGENIC \

N.B. brain tumor increases capillary permeabilitpt only intumor itself, but also in
adjacentcapillaries (probably through action of solubl@scular permeability factof).
1 formerly, it was thought that edema in adjacent white matter is result of diffusion of
fluid from tumor.

*e.g. vascular endothelial growth factor (VEGF)
1 enormous edemsurroundingsmall neoplasnsuggestsapidly growingmalignanttumor
(exceptioni MENINGIOMA - benign slowgrowing tumor that can produce profound edemad

contrast enhancement
it is not unusual for 20 g tumor to produce 100 ml mass because of associated eden



PATHOPHYSIOLOGY of CLINICAL FEATURES

Intra-axial tumorsproduce symptoms by three mechanisms

A. Tumor cellsinfiltrate among nerve cells and along nerve fiber tracts, producing litle damage
to these structureso(v-grade astrocytoma®sligodendrogliomaks- first manifestation is often
singleseizure

B. Tumor cells grow asass displacingsurrounding brain tissue, babt destroyingt (metastatic
brain tumorg Y generalizedandfocal symptomswhichreturn to normal if tumor can be
resected.

C. Tumor cells infiltrate, grow as masmddestroysurrounding neuropilnfalignant gliomaysyY
generalizedandfocal symptoms, which not improve after treatment.

Extraaxial tumorscompres@adjacent brain may present only amass(without focal symptoms), or
may induceseizurefocus; tumor resection often restores patient to normal neurologic state
1 as tumor grows, signs bfain damagebecome evident.

How intracranial neoplasms increalCP.
1) tumor mass
2) cerebral edema adjant to neoplasm
3) obstruction of CSF pathwayproducing hydrocephalus)
a. intraventricular (at Monro foramen, aqueduét,ntricle)
b. leukemic or carcinomatous involvement of meninges
4) obstruction of venous pathways.

1 75% infants < 6 months of age have tumor volumes > 1/3 of their intracranial voplasticity of
cranial vault allows asymptomatic growth.

CLINICAL FEATURES

Characteristic feature of all intracranial neoplasms is that they prpdogeessivesymptoms

Clinical presentation depesgdrimarily on

1. Ageof patient(ability of skull bones to adjust to growing intracranial mass).
N.B. symptoms in young children and infants are nonspecific and gresfrtdy mistaken for
non-CNS problems diagnosis opediatric brain tumoican be extremely difficult to make
without very high index of suspicion!

2. Primary histologyi determinesate of symptom evolution.
e.g.benign tumorsmay achieve considerable size before producing symptgrow Slowly,
cerebral edema occurs infrequently)

3. Tumorlocation
e.g.extra-axial tumors- usuallywell circumscribeawvith benign histology clinical
presentation is directly related to CNS structures immediately adjadestdn
e.g.posterior fossa tumorsr tumors near foramen of Monrdend to obstruct CSF pathways
early.

\ Symptoms do not differ much by tumisistologybut rather relate tarea of brain affected

Asymptomatic cases
1) slent areas(tumors may grow largejparietal or frontal association corticesndominant
temporal lobe.
2) slow growth(brain can accommodate to slowly growing mass).

Manifestations can be dividédut it may not be possible to differentiate these except in retrospect):
a) FOCAL symMPTOMSdue totumor itself(direct compressioar infiltration)
b) GENERALIZED SYMPTOMSdue tosecondary consequencefmass effecc ausi ng | CP
tumor volumeperitumoral edema, hydrocephslshift of critical structures
*thesemay causdalselocalizing signs

Systemic symptomgmalaise, weight loss, anorexia, fever) suggestastaticgather than primary
brain tumor!

K ARNOFSKY performance scale- objective meaurement ofunctional ability (useful in assessing
and followingpatients with CNS ngmasm):
1007 Normal (no evidence of disease)
90 1 Minor symptoms (able to carry on normal activity)
80 1 Some symptoms (normal activity with effort)
70 1 Unable to carry on normal activity (cares for selfvel of function justifying
aggressive therapy
60 1 Cares for most needs (requires occasional assistance)
50 T Requires considerable assistance
40 71 Disabled
|
|
|

30 1 Severely disabled
20 1 Active supportive treatment needed (very sick)
10 i Moribund

WHO performance scale

Grade Definition

0 Fully active, able to carry on all pre-disease performance without restriction

1 Restricted in physically strenuous activity but ambulatory and able to carry out work of a light or sedentary nature e.g.
light house work, office work

2 Ambulatory and capable of all self care, but unable to carry out ay work activities. Up and about more than 50% of
waking hours

3 Capable of only limited self care, confined to bed or chair more than 50% of waking hours
4 Completely disabled. Cannot carry out any self-care. Torally confined to bed or chair
5 Dead

Brain tumors usually present with one of three syndromes
a) nonfocal neurologic disordédue tol C Py
b) subacute progression fafcal neurologic defici{rarely strokelike onset)
C) seizure

| CPf

1. Headachei chief complaint in 30% patientsipst common in large tumors with midline shift
1 with most brain tumors, headacheaétatively late sequejaccurs in:

50-60% primary brain tumors;

35-50% metastatic tumors.




1 rareasinitial symptom inbrainstem tumors;erebellopontine angle tumogstuitary tumors,

craniopharyngiomas

aboutfeaturee f ficl assi c0 bY adensSit>smor headache

typically semilocalizedn vicinity of tumor (e.g. worse on side of tunioposterior fossa tumors

may present with pain referred to occipital region.

1 with time, plateau wavesf increased ICP are replaced with sustained elevated hé&dache
gradually increases in intensity or duratiYn becomes so unremitting
attention.

=a =4

Significant overlap between brain tumor headache
andmigraine or tensiontype headache

No pattern is diagnostic of brain tumor!
In series of 111 patients, headache had characteristics similar to migraine in 9% and
totensiont ype headache in 77%, while fAcl ass
only 17%.

Intense paroxysmal headachesay develop abruptly (within seconds); last only few minutes and
terminate as quickly as they come.
T ominous sign of markedly increased ICP (ICP monitoring shows that peak pressur
coincides withplateau waves
i during episode, patient may vomit, lose vision, consciougZnésbs
I possible mechanismacute hydrocephalus (balalve obstruction of CSF outflow
with tumor in ventricular system).

2. Vomiting
i associated witlhauseaand feadache
f direct compression of vomiting centdr projectile vomiting- highly characteristic of posterior
fossa tumors
N. B. fApr oj e c t mothinggpathognonmonicsabontrfoecefulness of ejection; term
Aprojectiled more appropriately refers to
(precedes appearance of headache by weeks).

3. Deterioration in mental status(psychomotor retardatios|eep / cognitive / social disturbances,
confusion, lethargy)
- frequent clinical manifestation of intracranial tumor!
1 often subtle in presentation and onset and may not attract attention of friends and family
members until patient begins to behave unusually.
N.B. it is not unusual for patient to seek psychiatric lfefpto 20% of all patients)

Pyyy

©

4. Cushing reflexsignals lifet hr e at e n.spggp. J5¢

5. Brain mass shifts(may manifest afalselocalizing signy- CN6 palsy, CN3 palsypsilateral
hemiplegia ¢ompression of oppositerebral peduncle agairsérnohan's notch)psilateral visual
field defects (compression of opposite PCAYchal rigidity & torticollis (herniation of cerebellar
tonsils),etc.

*torticollis also may be due to CN4 palsy

6.Enlarginghead( t ense f ontanell e, 0s inygougehildieneyes, d

SYMPTOMS due toTUMOR ITSELF (FOCAL BRAIN DYSFUNCTION)

- may be absent in tumors growingsitent areas

1 result from compression oeuronsandwhite matter tractby expanding tumor and
accompanying edema.

1 wvascularcompression may produce focal brain ischemia.

1. Seizures- occur in D-71% patients (agresenting symptom ih8-50% cases);

2. Negative signs hemiparesissensory lossgphasiacranial nerve palsievisual deficitshearing

impairment,anosmiapersonality changestc

1 multiple metastasesr diffuse braininfiltration (by glioma or lymphoma) may present as
dementieor decline in level of alertness

1 hand preference in child <Byrs may signify hemiparesis.

3. Hyperactive function:
f pituitary/ pineal tumors’ hormone overproduction
f choroid pl ex@S§ovprar@ictich o ma Y

REGIONAL FEATURES

SUPRATENTORIAL TUMORS

1 progressivdocal neurologic signsaandseizurespredominate:

Frontallobe

1. Seizures may precede other symptoms by months or years.
2. Intellectual impairmenfesp. with bilateral tumors, e.g. butterfly glioma)
3. Impairment of initiative and spontaneity abul i a Y akinetic muti s
4. Personality changes
a) dorsolateral prefrontdl e s i @mpathetiY& indifferent (pseudodepressed)
b) orbital prefrontal e s i dosssof infibition &euphoric(pseudopsychopathic)
5. Motor disturbancet hemiparesis, precipitate urination (tumor of medial surfaces of frontal
lobe).
6. Motor aphasia
7. Anosmia(e.g. meningioma of olfactory groove).

Temporallobe

1. Personality changbizarre thinkingtrancelike states, mood symptomsmature emotional
behavior bi |l ateral amygeBadysyndomit esi ons Y KI ¢V
Sensory aphasi@anomia.

Seizures complexpartial (psychomotor).

Contralaterahemianopigor superiorguadrantanop)a

Impairment of recennemory( bi | at er al hi ppocampal | esior

akwn

N.B. temporal tumors (esp. in nondominant hemisphere) are often relatively "silent"!

Parietallobe

1. Seizures generalized or sensory focal seizures.

2. Impaired contralateralortical sensory modalitigposition sense, twpoint discrimination,
stereognosis)

Contralateral homonymousemianopigor inferior quadrantanop)a

Mixed expressivaeceptiveaphasiaanosognosia.

Dominant hemispherieGer st mannés syndrome (ag)raphi a,
Nondominant hemispheieapraxia,contralaterahemineglect.

Occipitallobe

- contralaterabjuadrantanopiar hemianopiawith sparing oimacula visual misperception&
hallucinationsbilaterallesionsi cortical blindness.

o0k w
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Thalamuls

1. Hydrocephalus
2. Contralaterakensory abnormalifyneuropathic pain, intermitteptiresthesias

3. Involvementofbasalganglia\"(__ contral ater al I ntention tre
4. Involvement ofhypothalamusY eating di sorders, precoci ol
| POSTERIOR FOSSA

- more devastatinthan supraventricular tumorsniited space + vital brain stem nuclei)

1) early CSF fl ow o b s t(mapidy tirsening iMentalgtatuslo c e ph al us
2) projectile vomiting

3) common symptoms cranial nerve dysfunctiofCN6, CN7), nystagmus, ataxia, long tract signs.

1 commonest tumor of brain stem is astrocytoma.

DIAGNOSIS
BLOOD TESTS

Primary* brain tumorgypically do not producéloodabnormalitiefanemiaE SRy 0 rspetific mo r
antigens).

*vs. CNS metastaseglepending on primary tumor, may be
associated with systemic features of malignancy.
1 polycythemiaassociated with cerebellarmor- presumptive evidence 6EMANGIOBLASTOMA

Tumor Markers

With MRI ability to image tumors clearly, role of tumor markers is more limited than in other parts of
body!

URINE TESTS

Two markers in urine can be effective, noninvasive way of detecting presence / recurrence of brain
tumors:

1) matrix metalloproteinas2 (MMP-2)
2) vascular endothelial growth factor (VEGF)
- both are secreted by tumor tissue (have role in tumor angiogenesis).

OPHTHALMOSCOPY

1. Papilledema- most reliable sigop f (MRt present i n seepmbyws?2 & 200

J

' more common wittiumors that occlude CSF walysnfratentorial pineal, thalamic3d
ventricle tumors

2. Ot her si gnsseen.ED=CPY

1 thorough ophthalmologic examination (incl. visual field testing) is important rapi
postoperative evaluation of tumors adjacent to visaaulomotor pathways.

SKULL X-RAY

- only rareindications
1) screening skull fometastatic disease
2) assessing integrity efariousshunts
may showsigns of raised ICP
tumorcalcification
MENINGIOMAS hyperostotic bone reactioenlargement ofniddle meningeal artery grooves.

DERMOID CYSTSSCHWANNOMAS b one thinning Y enl argement
auditory meatus.

E e

PNEUMOENCEPHALOGRAPHY

- historical method for diagnosing brain tumors.

CSF

LP should not be performed if intracranmasss suspected!!!
1 does not provide significant diagnostic informationai sed opening pressuil
lymphocytic pleocytosis.
I ASTROCYTOMAthat extend to ventricular surface,ERIDERMOID CYSTupture, can
produce intense CSF inflammation simulating infectious meningitis.
1 positiveCSF cytologypostoperatively is common, but seeding and new growth may not occur.

Indications- diagnosing:
1) neoplastic meningitigmalignant cells in CSH) LP indicatedonly if:
a) symptomssuggest meningeal involvement.
b) parenchymal tumor has propensity to s@ed.MEDULLOBLASTOMA
EPENDYMOMA CHOROID PLEXUS CARCINOMASOMEEMBRYONAL PINEANd
SUPRASELLARTUMOR$ c o mbi ne wi t h spinal MR 1 (
MRI-positive cases!)
N.B. routine CSF examination in all patients with tumors, searching for
malignant cells, is discouraged.
2) benign intracranial hypertensior{pseudotumor cerebyi

EEG
- no role in diagnosis of brain tumors, does not assist in choice of anticonvulsant drugs.
1 seizure focusr slow wave focuever hemisphere tumor.

1 generalized slowinguggests either involvement of deep midline centers or metabolic problems.
1 unresponsive patient often requires EEG to rulesabtlinical seizures

OTOLOGIC EXAM

(audiometry, auditory evoked potential testing, electronystagmograpdryjumors of
cerebellopontine angle or posterior skull base.

NEUROIMAGING

- indispensable component of modern diagnesmnfirmspresence, but natlways theype, of brain
tumort
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One type of tumor can look like another or even resemblenaoplastic mass lesion, such as brain
abscess, fungal infection, parasitic invasion, demyelinating disease, or stroke.

1 because human brain possesses remarkable capacity to make room for growing tumor, patient
usually appears better clinically than might be expected from degree of abnormality seen on
imaging!

CT WITH CONTRAST

- historicallymost common screening examinat{®tRI| with contrasis moderntest of choice!)

CT without contrast enhancemesbf little value in
diagnosis of bria tumors or other mass lesions!

although hemorrhage, calcifications, hydrocephalus, shifts can be well seen-on non
contrast CT, underlying causative structural abnormality can be missed.

better e@finition (than MRI)of calcificationT suggestsnore indolent growthtumors
thattend to calcify (usually benign):
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Oligodendrogliomas(90%), meningiomas craniopharyngioma, ependymoms,
choroid plexus tumors, teratoma, chordoma, central neurocytoma.

CT preferabldover MRI)for evaluatingoonesintratumoralhemorrhage
CT-guided localizatiorfin stereotactic biopsies more preciséhan MRI pecause ofi MR |
di stortiono)
1 on enhanced CT most commonly asng-like hyperdense regicaround central radiolucent area.
I enhancement is stronger with more malignant tumors.
i enhanced CT may be completely noriftasubtle mass effect).
1 on nonenhanced CT
T tumors can behypo, iso- or hyperdensédepends on histologicaimortype and
presence of calcification or necrosis) relative to surrounding structures.
T associate¢tasogenic edem#&ow attenuation in white matter).
1 contrast enhancemeistsign ofmalignancy high-grade (exceptions exigt
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Tumorsthatenhance strongly meningiomasschwannomasilocytic astrocytoma
malignant tumors (higigrade gliomasmetastases, CNS lymphoma

Pituitary adenomaalways enhance less than normal pituitary dland

Beware ofboenign conditions that enhancdaumefactive MS,

sarcoid, subacute stroke, subacute ICH, abscess, toxoplasmosis
Always can biopsy if in doubt!

*periventricular WHITE matter anshcomplete ring enhancement is classic

\ Tumorsthatshowno enhancemerntlow-grade gliomagastro, oligo) epidermoids

1 in presence of leaky tumor vessels there is sashenf precipitating seizurby iodinated contrast
material used for CT scanning;
H: pretreatment with 10 mg IWiAzePAM or 4 mgLORAZEPAM 10 minbefore contrast
administration

Figure 29-23. Large tumor in cerebral hemisphere showing ring
enhancement with contrast material and pronounced peritumor
edema.

MRI WITH CONTRAST

- most sensitive testf choicefor detectionof brain tumorMRI reveals greater extent of tumor than
does CT!!'; MRI may detect additional tumors not suspected with, €E3p:
1) posterior fossaumorsi no bony artefacts as in CT.
2) low-grade gliomad MRI shows extensive brain infiltration when CT fails
to produce any image abnormality.

1 most protocols include T1, proton density, and T2 images.

Many brain tumors will not be seen unless contrast medium is used
(small lesions that lack mass effect and edema may only be
detectable on contrashhanced MRI)

1 delineates tumor in all thrg@aneswithout requiring patient to change position.
1 MRI has supplanted CT aseferredtest ofchoice in followup of patients undergoing active
therapy.

Features of tumors

1) signal alterationi depends on MRI typesee below
1 irregular tumoborderssuggest invasiveness (histologic malignancy).

\ Feature that most affects MRI appearancedseased water conteﬁt

2) mass effedivolume of neoplastic tissuesurroundingrasogenie@dema)
*malignant tumors are associated with considerable edems
1 MRIis more accurate (than CT) in defining extent of infiltrating tumor.
i features oextraaxial masgdifferentiation fromintra-axial mask
i 06bucklingd and me diwhte mater istegfhca;c e ment of
i CSF cleft separating base of mass from adjacent brain.

3) contrast enhanceme(reflects BBB breakdowm neovascular structures
N.B. volume of enhancement represent major tumor mass, but tumor cells typically
extend beyond this boundary (important in planning therapyADIGNANT GLIOMAS.
contrast enhancement is sign of malignarfexteptions exist)
degree of enhancement homogeneityries- more benign lesions tend to be more
homogeneous.
1 border betweetumorand edema may not be clear (important when planning Biopsy
neoplastic infiltration frequently extends some distance into zone of edema.
corticosteroid usean significantly diminish contrast enhancement!!!
postoperative enhancement and radionecrosis may be difficult to distinguish from residue
or recurrent tumor; consider TRAM protodokee
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BRAIN TUMORS (GENERAL ) Onc (19

4) necroticcore

1 how to distinguishfrom cystic tumori DWI (diffusion restriction in necrosis{z;RE (old
hemorrhagic cavity)

5) peritumoredema more pronounced in metastases, less in primary CNS tumors.
T1 - well-demarcated area @fw density

\ T1 with gadolinium- most pecise way to image brain tumoqL!
1 patients can be followed up during and after treatwéhtT1 alone.

T2 - bright whitenesdn more extensive region (signalsfrrounding brain eden)a
| FLAIR - most precise way tspotbrain tumor! |

1 better contrast between normal and abnormal tissue than in T1.

1 T2 may miss some brain metastases!!!

1 tumors thatrehypointenseon T2:
MELANOMA (paramagnetic properties wfelanin)
DERMOID (due to fa®)
COLLOID CYSTS
INTRATUMORAL HEMORRHAGE

1 T2 also delineatesemyelinating effecisf radiation FLAIR, variant of 12, is even better

for this).

MENINGIOMASare usuallyisointenseon all image sequences!!!

Tumor type T1 with gadolinium Contrast CT
GLIOBLASTOMA ring configuration
ANAPLASTIC solidly bright or patchy or do not enhance
ASTROCYTOMAS
LOW-GRADE do not enhanc@except pilocytic invisible (or vague low
ASTROCYTOMAS astrocytoma) density)
OLIGODENDROGLIOMAS do not enhanc@unless anaplastic) invisible (unless calcified)
PITUITARY ADENOMAS | always enhance less than normal pituitary CT is inferior in every way

gland.

METASTASES variable: some enhance brightly and soli¢ many arenvisible

others are in ring configuratidoentral
necrosis & cavitation)

SCHWANNOMAS intensely contrasted 8 h o mo g e n | contrasted

MENINGIOMAS

PRIMARYCNS smoothly rounded homogeneous hyperdense even without
LYMPHOMA enhancement; periventricular location is | contrast (due to

common; multiple in 25% cases (easily | hypercellularity)
mistaken for metastases)

N.B. for tumors withpropensity for leptomeningeal spre@gEDULLOBLASTOMASEPENDYMOMAS
CHOROID PLEXUS CARCINOMASNalignantPINEALREGION TUMORY spinal MRI must be done!

Any child found to havosterior fossatumor (that is not obviously benign)
Y contrast MRI of e ndetection obxramecullary,a|x i
intradural spinaltumor Y i mmedi ate brain MRI

Cyst + mural nodule:

1) pilocytic astrocytoma

2) pleomorphic xanthoastrocytoma (PXA)

3) hemangioblastoma

4) gangliogliomaesp. ésmoplastic infantile gangliogliomfaastrocytoma (DIG/DIA)
glioneuronal tumors

5) metastasis

6) neurocysticercosis

PERFUSION-WEIGHTED MRI (PW-MRI)

markedly increased rCBVexcess vascularizatiqgrowth ofhigh-grade tumorg
increased rCBV low-grade tumors;
decreased rCBYvasogenic edemar radiation necrosis.

DIFFUSION-WEIGHTED MRI (DW-MRI)

Tumors showdiffusion restriction! (due to hypercellularity and proteinaceous stroma)

Glioblastoma multiforme
A. T2-MRI showsonly necrotic part of tumotdrge arrow9 and peritumoral edemarfall arrows.
B. Diffusion-weighted MRI- solid parts of tumorgrrowhead$ are well demonstrated:

DIFFUSION TENSORIMAGING (DTI) MRI
- showstractsin peritumoralareai guides safer tumor resection

- presurgical evaluation of eloquent cortesce also p. D66 >>

Alternativei transcranial magnetic stimulatianfraoperative electrical cortical mapping

MRS

- noninvasiven vivo method of analyzingssuechemical spectrogramecfurtherp. D53 >>
I commonest abnormalities gliomas(vs. necrosis)
increased
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choline(membrane metabolismN-acetyl aspartat@living neurologic tissue)
choline/ creating(cellular bioenergetigs
lactate

decreased NAA/creatine

TumorT lots of MEMBRANES( c h o lnome ¥ ma | neurons (NAAZ),
metabolismaNAEROBIC( | act at ey and creatineZ)
o0 rule of thumb with gliomashe higher the choline, the higher the grade up to grade 3,
thereafter necrosis reduces relative choline leagldthe lipid peak may be utilized.
0 choline peak may not be high in low grade gliomas!

1 commonest abnormalities iadiation necrosis
increased lipid/lactate (large peak)
decreasedcholing N-acetyl aspartajereatine

Necrosis only LIPIDS; ) )
nNo nor mal neurons (NAAZ)eZ)no nor mal
no metabolisma}trmne@Zi neZ

As comparison infarction (stroke)region:
lactatey ) ) )
N-acetylaspartate (NAK) creating, cholinez*

*choline is only difference from tumor

Abscesssame as stroke & typical peak (succinate, acetade) from bacteriabynthesis
pathognomonic for abscess (not always present).

Multiple sclerosis bland pattern

Tumor i lots of membranes (choline) and anaerobic metabolism (lactate)

Strokeieverything Is down except anaerobic meta
Necrosisiever yt hing i s down except dead | ipidsy
Abscesg atypical peaks

MS - normal

N.B. MRS results may be distorted if there is hemorrhage (e.g. in tumor)

Normalbrain vs high gradglioma

NAA ot choline
(W)
-
801 choline i
2 Cr NAA
o lactate
lipid
—_— e+ PPM —t—t——t——t—t——— PPM
A 403.53.0252.0151.00.50.0 B 40353.0252.0151.0050.0

Characteristic spectroscopic appearanaglioma- elevated choline (CHO) peak (3.22 p.p.m.), low creatine (B¢ peak
(3.03 p.p.m.), nearly undetectatNeacetyl aspartattNAA) peak (2.01 p.p.m.):
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Radiation necrosislarge lipid/lactate peak with absent choline, creatine, and NAA

-

Lipid/Lactate
|
{
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PET
I tumor localization & specificatian

i characteristic of rapidly growing tumoriiscreasedinaerobiglycolysis(FDG PET- high
glucose utilization but low oxygen extractjon
I tumor metabolic activity correlates with biologic aggressiveness+-GRADE GLIOMASShow
more glycolytic ativity thanLOW-GRADE GLIOMAS
9 tumors that respond to therapgcome hypometabol{tefore they shrink in size on MR
1 recurrent symptoms after radiation therapy
a) recurrent residuatumor( gl ycol ydi c activityy
b) radiation necrosié gl ycol ytic activityZ)
i often appear identical on MRI / CT (contrast enhancement, mass effect, edema).

PET has great value in distinguishitugnor recurrence from radiation necrosis |
o false-positives inflammatory cells in areas of radiation necrosis may show increased
metabolic activity.
o false-negativestumor cells also may be present in areas of low glucose activity.

H-%0 PET activation study (eloquent cortex mappirtgefore neurosurgical resection) during language task
language activation is seen bilaterally and is distant from right frontal glioma:

Recurrenimalignant gliomgafter surgical resection, radiation therapy, and chemotherapy):

A) gadoliniumenhanced MR} area of contrast enhancement.

B) PETwith 18 Fdeoxyglucose region(corresponding tdMRI enhancemehtasincreasedmetabolsm compared
with white matter &rrows).

Radiation necrosigafter surgical resection, radiation therapy, and chemotherapy):

A) gadoliniumenhanced MRI area of contrast enhancement

B) PETwith 18 Fdeoxyglucose region(corresponding tdMRI enhancemehthasreducedmetabolsm compared
with white matter &rrows).

\ Principal value- distinguishingtumor recurrencefrom radiation necrosis \

1 21 chloride SPECTean distinguish betweenGH-GRADE GLIOMASshow increased uptake

compared with normal brain parenchyma) aod-GRADE GLIOMANO increased uptake
can also distinguish CNS lymphoma (increased activity) from
toxoplasmosis (decreased activity) in immunocompromised patients

1 23 -méthyl tyrosine SPEC3hows uptake at sites of increased protein synthesisd to
distinguishLow-GRADE GLIOMASrom benign lesions










