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CNS TUMORS:

* may arise from the cells of the coverings (meningiomas), the brain
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cells (gliomas, neuronal tumors), or other CNS cell populations

(primary CNS lymphoma, germ cell tumors), or they may originate
elsewhere 1n the body (nlletastases).
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* Can involve the brain or spinal cord




EPIDEMIOLOGY:

e INCIDENCE:
e The annual incidence of CNS tumors in the U.S =

‘e
* 24 /100,000 for intracranial tumors , 1/3 malignant Y@S “\6(7 .
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* Metastases are more common than primary brain tumors.

e 1-2/100,000 for intraspinal tumors






Characteristic features of CNS tumors:

» No Premalignant stage: no in situ lesions. no(_ LLK@ Ouxaf l:umo@

> Metastasis is rare!

* Even the most highly malignant gliomas rarely spread outside of the CNS.

* Dbut the brain is not comparably protected against the spread of distant tumors.
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Characteristic features of CNS tumors:
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» Growth pattern (infiltrative or not) and tumor location strongly
influence the prognosis:

» Even low-grade lesions may infiltrate large regions of the brain, leading to serious

clinical deficits, inability to be resected, and poor prognosis.
$ Fhe most MP(J’Fav\é . .
» The anatomic site of the neoplasm can influence outcome independent of tumor type

or grade due to local effects
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theve. is no Histologic grading of CNS tumors
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* Grade 1 lesions:

no mitosis . tO be norimol (MP(&/ chromasio lne\kdwr 0\\“{3@’\%& J
- low proliferative activity Peomofhisn |, bizeal€ Cells, mulk mwmhm)

« Can be cured after surgical resection alone.
Cir CwnSCibed &
Example: pilocytic astrocytoma (PA), subependymal giant cell astrocytoma (SEGA),

choroid plexus papilloma, myxopapillary ependymoma

e G@Grade 2 lesions:

 low proliferative activity
« usually infiltrative and often recur sas50Cioled Witk veCuven(Ce

Some grade II entities tend to progress to higher grades of malignancy.

Examples: astrocytoma, IDH- mutant, grade 2, oligodendrogl%oma, IDH- mutant and

1p/19g-codeleted, grade\Z bigin luemo(® nomed bose on f;hmo\(jsge, 3@\0‘;‘3?6 and
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* grade 3 lesions:

« clear histological evidence of malignancy(nuclear atypia and Higher
proliferative activity (mitosis)). but no micovasClar d\an(jes o~ neOlosiS

 In most settings, patients receive radiation and/or chemotherapy.

Examples: astrocytoma, IDH- mutant, grade 3, oligodendroglioma, IDH -

mutant and 1p/19q-codeleted, grade 3.



* grade 4 lesions (high grade):
- cytologically malignant, mitotically active, rapid proliferation, necrosis-
prone neoplasms

- assoclated with rapid pre- and postoperative disease evolution and fatal
outcome.

« Widespread infiltration of surrounding tissue and a risk of craniospinal
dissemination.

examples: Glioblastoma, IDH-wildtype, medulloblastoma, pineoblastoma,

and mostiembryonal neoplasms






Pediatric CNS tumors:

« 20% of all pediatric tumors.
« Childhood CNS tumors differ from those in adults 1n:

> Location:

» 2/3 infratentorial in kids (posterior fossa)
» 2/3 supratentorial in adults (cerebral hemispheres above tentorium)

» Mutation profile & histologic subtype:

» Kids: medulloblastoma, pilocytic astrocytoma, ependymoma

» Adults: glioblastoma, metastases, meningiomas, diffuse gliomas
constitute most gliomas 1n adults(including astrocytomas and

oligodendrogliomas). an Pﬁmo“@ CNS (Jmlo}\oma



Classification of CNS tumors

* According to The 2016 WHO classification of brain tumors, the tumors are
classified based on:

diajrosis n past was based on
combined phenotype-genotype (integrated diagnoses): \l/

1- phenotype: the histologic features and microscopic similarities with what’s thought
to be their cell of origin (based on the light microscopic appearance, the

immunohistochemical expression of proteins, and the electron microscopic assessment
of ultrastructural feature

[Pwas Unhi| 2006 8125\@3 use Jerdic and molecdar” diagnosis/ | e PQCAS%

2- genotype: tumor genetic profile and molecular studies

 The 2016 classification helped improving treatment protocols and predicting
Prognosis.




genetic alterations in gliomas:

1- Mutations in isocitrate dehydrogenase (IDH) genes:
* observed as an early event in gliomagenesis

* Seen 1n astrocytomas and oligodendrogliomas

e Gain of function Mutation affection IDH1 codon 132 or IDH2 codon 172.

* The most frequent 1s IDHI1 R132H mutation (83-91%) of IDH mutant
gliomas

* IDH2 mutation: R172K 1s the most frequent IDH2 mutation
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v" Can be detected by immunohistochemical stains and molecular studies:

- IDHI1-R132H immune stain
- IDH sequencing for IDH1 codon 132 and IDH2 codon 172

v" Gain of function mutation—> lead to increased production of 2-

hydroxyglutarate (oncometabolite)-> interferes with the activity of several

enzymes that regulate gene expression—=> DNA hypermethylation &
maintaining the cells in stem cell-like physiological states—=> self- renewal

and tumorigenesis




2- whole arm Co-deletion of 1p and 19q chromosomal segments:

* ‘Diagnostic of oligodendrogliomas in the presence of IDH mutation.

* The vast majority of IDH mutant and 1p/19q co-deleted oligodendroglioma
—>carry TERT promotor hotspot mutations

the Gatalitic §ubunk of T enzpme
’ — .
* TERT promotor hotspot mutations: telomerase stabilization, cellular

immortalization and proliferation



3- ATRX and P53 loss of function mutation:

Both occur in IDH mutant astrocytomas

ATRX mutation induces abnormal telomeres maintenance mechanism
known as “alternative lengthening of telomeres” /% [¢lomercse inch@nJefll‘

ATRX mutation is Mutual exclusive with the activating promoter
mutation of the TERT gene (1p/19q codeletion)

P53 mutation: enable tumor cell survival

ATRX -> associated with genomic instability = induces P53 dependent cell
death-> mutation in P53 helps these cells to survive.



Gliomas WHO 2016 Gliomas, Glioneuronal and Neuronal Tumours | WHO 2021
2.1: Diffuse ast ¢ and oligodendroglial tumours 2001 Introduction to gliomas, glioneuronal tumours, and neuronal lumours

211 Introduction 21:Wmﬂmm
2.1.2. Diffyuse astrocytoma, IDH-mutant  Adult-type ¢iffuse ghomas
2.12.1: Gemistocytic astrocytoma, IDH-mutant 21.1.1,  Astrocytoma, IDH-mutant

2.1.3. Diffuse astrocytoma, IDH-wildtype 2112 Ougodendroghoma, IDH-mutant and 1p/19¢-codeleted
214 Diftuse astrocyloma, NOS — - 2113 Gioblastoms, IDH-mictype

2.15. Anapiastic astrocytoma, IDH-mutant Chm’\ e ; Wammm

2.16. Anapiastic astrocytoma, IDH-wilitype 2141 Difluse astrocyloma, MYB or MYBL1-allered

‘ plastic . . 2142 Angocentnc glioma
g. : ; azmwoﬁmfm'ws in C(a S} 16 (ﬂQ-(oh— 2135 Polymorphous low-grade necroepihetal lumour of the young
e 2181 Gant .cel M:::a 2151 Dituse low-grade gioma, MAPK pathway-allered
212 Paedialric-type difuse high grace gliomas
2182 Ghosarcoma o
2.183. Epéhelicid ghodlasioma 2121 Ddluse mdine glioma, H3 K27-aftered

2122 Difuse hemsphenc ghoma, M3 Gl4-mutant

219 Gliobtastoma, IDH-mutant
2110 Giiobiastoma NOS 2123 Ddfuse paedainc-type high grade glioma. H3 widilype and IDH wid type
2.1.11: Diffuse midline glioma, H3 K274 mutant 2124 Infant-type hemspheric gloma
22.1: Oligodendroglioma, IDH-mutant and 1p/19q-codeleted 2.1.3. Circumscnbed asirocytic gliomas
222. Oligodendroglioma, NOS 2131 Pilocytic astrocytoma
223, Anaplastic oligedendrogioma, IDH-mutant and 1p/19g-codek 2132 Hgh-grade asirocyloma wiith prioid features
224 Anaplastic oligodendroglioma, NOS 2 1.3.35 Plecmorphic xanthoastrocytoma
225 Oligoastrocyloma, NOS e o e peaas e
2.26. _Anaplastic oligoastrocytoma, NOS 2202 Asiroblastoma, MN1-aitered
2.3: Other astrocytic tumours 2.1.4. Glioneuronal and neuronal tumours
3.1 Pilocytic astrocytoma 2137 Gangioghoma
= 231.% :;'mwmm 2139 Desmeplastc mfantie ganglogioma / Desmoplastic infantile astrecytoma
232 Subependymal giant cell astrocytoma 2.1.3.10. Dysembryoplastic neuroepithelial tumour

: 03 sgodendrogioma-iie
233 Pleomorphic xanthoastrocytoma 2302 DUNN Phasas Mhos S features and nuciear custers




CNS tumors

GLIOMA,

NEURONAL AND

GLIONEURONAL
TUMORS

EMBRYONAL
(primitive)

TUMORS

OTHER
PARENCHYMAL
TUMORS J

adult type
diffuse
glioma

pediatric type
diffuse low grade
glioma

Pediatric type
high grade
glioma

Circumscribed
astrocytic
gliomas

Glioneuronal
and neuronal
tumors

l

PRIMARY CNS
LYMPHOMA

MENINGIOMA

METASTATIC
TUMORS

lung, breast, skin
(melanoma), kidney,
and colon

J




GLIOMA

Adult type diffuse
glioma

l g
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Diffuse

Pediatric type glioma

Oligodendroglioma, IDH-
mutant and 1p/19q-
codeleted, grade 2 or 3

Astrocytoma,
IDH- mutant
grade 2,3,4

glioblastoma,
IDH-wildtype,
grade 4

high grade

low grade
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Definition:

Phenotype: It Is a diffusely infiltrating glioma (ot |, @muecﬂ Ba
&Ngefa (ésed}ow)

Genotype:

* IDHI or less frequently IDH2 mutation.

* Inactivating mutation in TP53 and/or ATRX
* absence of 1p/19q codeletion



Age at diagnosis: 40—-60 year old.
Location: cerebral hemispheres +/- cerebellum, brainstem, or spinal cord.

Presentation:

- seizures, headaches, and focal neurologic deficits related to the
anatomic site of involvement. nausea ,\)om\\(«\‘f\é (In{@ c/anial Q\FCSS\L@

 Clinically; static for years or Progressive.

The prognosis gets poorer as the grade increases
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* On the basis of histologic features astrocytomas, IDH- mutant are
stratified into three groups:

* astrocytomas, IDH- mutant, grade 2, median survival 1s >10 years.
e astrocytomas, IDH- mutant grade 3, median survival is 5-10 years

e astrocytomas, IDH- mutant grade 4, median survival 1s 3 years.
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« NO grade 1 astrocytoma, IDH- mutant, because by convention

_

srade 1 implies benign behavior and all diffuse gliomas are
considered malignant



Morphology, macroscopic:

Grade 2 &3:
* poorly defined, infiltrative tumors
« expand and distort the invaded brain

« NO discrete mass, Infiltration beyond the grossly evident margins.

Grade 4:

« poorly defined, infiltrative tumors

« lacks large areas of central necrosis and hemorrhage seen in IDH-wild-type GBM
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Diffuse astrocytoma, IDH- mutant, WHO grade 2, Microscopic:

« The transition between neoplastic and normal tissue 1s indistinct

« tumor cells infiltrate normal tissue many centimeters from the main lesion.

 Hypercellular (compared to normal white matter): mild to moderate increase

in the number of glial cell nuclei.

* Cytologic atypia:
» mild

» enlarged, elongated or irregular hyperchromatic nuclei
» No prominent atypia



+ fibrillary background made of a network of fine astrocytic cell processes

* NO or rare Mitotic activity -

* NO necrosis > G/&CJC Z

——

« NO microvascular proliferation



Enlarged 1rregular
nuclei embedded
within fbrillar matrix
of the brain

I

Inset: IDH1 immune
stain 1s positive 1n
tumor cells
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Preserved and appearas brswn

staine 0 he Cells Lk with
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P Astrocytoma, IDH-mutant, grade 3:
< More densely cellular
*» More nuclear pleomorphism

» mitotic figures are present->mosi
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s NO necrosis

< NO microvascular proliferation



Astrocytoma, IDH-mutant, grade 4:

0, @

« Same as grade 3 with Microvascular proliferation and/or necrosis

3

 , The presence of homozygous deletion of CDKN2A &/or CDKN2B
/ - astrocytomas, IDH- mutant, grade 4 (EVEN IF THE
HISTOLOGY SUGGESTS A LOWER GRADE).
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