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Central Nervous Systefumors

~1% of tumors in adults, but ~25% of malignancies in children (&l Bukemia).
Significant increase in incidence in primary brain tumors in elderly.
Metastases to the brain far outnumber primary CNS turAoraultiple cerebral tumors.

) One can develop a very good DDX by just location, age, and imaging.
Differential Diagnosis by clinical informatian

Cerebral/ Ganglioglioma, DNET, PXA, Glioblastoma (GBM), Astrocytoma,

Supratentorial Ependymoma, AT/RT Oligodendroglioma, Metastases, Lymphoma,
CNS Embryonal Neoplasms Infection, Diffuse Hemispheric Glioma Histene

Altered

Cerebellar/ PA, Medulloblastoma, Ependymoma, Metastases, Hemangioblastoma,

Infratentorial/ Choroid plexus papilloma, AT/RT Choroid plexus papilloma, Subependymoma

Fourth ventricle Pediatric higkgrade glioma

Brainstem PA, Diffuse Midline Glioma (DMG) Astrocytoma, Glioblastoma, DMG, Metastases

Spinal cord Ependymoma, PA, DMG, MPE, Drop Ependymoma, Astrocytoma, DMG, MREm),

(intramedullary) metastases NETParaganlgioméilum),

Spinal cord Meningioma, Schwannoma, Metastases, Schwannoma, Meningioma,

(extramedullary) Melanocytoma/melanoma Melanocytoma/melanoma, MPNST,

Spinal cord Bone tumor, Meningioma, Abscess, Herniated disk, Lymphoma, Abscess, Metastase:

(extradural) Vascular malformation,

Extraaxial/Dural/ Leukemia/lymphoma, Ewing Sarcoma, Meningioma, SFT, Metastases, Lymphoma,

Leptomeningeal Rhabdomyosarcoma, Disseminated

medulloblastoma, DLGNT,

Sellar/infundibular Pituitary adenoma, Craniopharyngioma, Pituitary adenoma, Craniopharyngioma, Rathke
Rathke cleft cyst, Pituicytoma, L&k&rm  cleft cyst, Pituicytoma, Meningioma, Metastases,

cell tumors Chordoma

Suprasellar/ Germcell tumors Craniopharyngioma,  Colloid cyst, Craniopharyngioma, Chordoid

Hypothalamic/ PA/optic glioma, LCH glioma,

Optic pathway/

Third ventricle

Pineal Germ cell tumors, Pineocytoma, Pineocytoma, Pineal cyst, PPTID
Pineoblastoma, Pineal cyst,

Thalamus PA, DMG, DMG, GBM, Lymphoma,

Lateral ventricle Central neurocytoma, SEGA, Choroid  Central neurocytoma, SEGA, Choroid plexus
plexus papilloma/carcinoma, papilloma, Subependymoma, meningioma
meningioma

Nerve root/ Neurofiboroma, Schwannoma, MPNST, Neurofiboroma, Schwannoma, MPNST,

Paraspinal Lymphoma, Meningioma

Cerebellopontine Schwannoma, Choroid plexus papilloma, Schwannoma, Meningioma, Epidermoid cyst,

angle AT/RT Choroid plexus papilloma, Endolymphatic sac

tumor

Modified from: Practical Surgical Neuropathology: A Diagnostic Approach. Second Edition. 201



| Common Abbreviation

PAA Pilocytic Astrocytoma MPNSTA Malignant Peripheral Nerve Sheath Tum
PXAA Pleomorphic Xanthoastroctyoma SFTA Solitary Fibrous Tumor

DNER Dysembryoplastic Neuroepithelial Tumor LCHA Langerhans Cell Histiocytosis

GBMA Glioblastoma (Multiforme) PPTIDA Pineal Parenchymal Tumor of Intermediat
AT/RTA Atypical Teratoid/Rhabdoid Tumor Differentiation

DMGA Diffuse Midline GliomaH3 K27M mutant DLGNA Diffuse Leptomeningeal Glioneuronal
SEGA) Subependymal Giant Cell Astrocytoma Tumor

MPEA Myxopapillary Ependymoma

DIPGA Diffuse Intrinsic Pontine Glioma

| Classic Locations/Correlatior}s

Imaging findings:

Metastase®y Multiple enhancing/rimenhancing nodules at greyhite junctions in cerebrum
Lymphomay Periventricular enhancing lesion

Glioblastoma MultiformeA wA Y Sy KI yOAy 3> a. dzi G SNFf &¢ YI aa
Myxopapillary ependymomd, Filium terminale mass

Meningiomad 5 dzNJ t f S @uvakiyt AKAEOD KO Sty K- Yy OA Yy 30

Pilocytic astrocytom#& Circumscribed, cystic brain mass in the cerebellum of a child
Ganglioglioma& Child with epilepsy and a temporal lobe cystic mass

Classic clinical associations:
Metastasegy Common sites of originung, breast, and kidney
A Strong predictionmelanoma and choriocarcinoma

| A Note on CNS Tum@rading|

Grade is part of aontinuum andestimates malignancy/aggressiveness

Brain tumors are pathologically graded, but not staged (as often not resectbtbc).

Some tumors have inherent grades, while others have criteria for grading often depending on mitose
necrosis/microvascular proliferation, and atypia. Some tumors also have molecular changes that im,
grading (a recent addition).

Generally:
Grade 1A Low proliferation potential and possibility of cure after surgical resection alone (typically w

circumscribed).

Grade 2A Usually infiltrative in nature and often recur, despite having low levels of proliferation.
Some may progress to higher levels of malignancy. Often survive >5 years.

Grade 3A Clear histologic evidence of malignancy, including nuclear atypia and sometimes brisk mi
activity. Patients with these tumors often receive chemotherapy and/or radiation. Often surdwears.

Grade 4A Cytologically malignant, mitotically active, necrgsiene neoplasms that are often associate
with rapid progression and fatal outcome. Includes GBM (survival < 1 year) and most embryonal
neoplasms (survival depends on treatment and can be long).



| Toward Molecular classification, and beyorld'

Previously/originally, CNS tumors were categorized by stnmbisphology \\{ R

However, there has been a revolution in CNS classification with the realization that many tumors
haveunique molecular changesvhich are becoming increasingtlefinitional. Many of these
definitional mutations (e.g., IDH in gliomas) have big implications for prognosis and therapy, while ot
mutations are for the time being mostly nosological (i.e., important for classification sake only, witho
current treatment implications).

The main types of changes/profiles that are currently utilized include: DNA mutations (detected by N
Gene fusions (fusion transcript detection), copy number variations, and methylation profile (genomic
methylation arrays).

For example, previously, all astrocytic tumors were diagnosed and graded primarily based on morpt
An astrocytic tumor with atypia, mitoses, and microvascular proliferation and/or necrosis would have
0SSy OflAaaAFTASR & aDfAz2ofladz2yYl o¢

However, now it is recognized that the presence of an IDH mutation greatly impacts behavior. Tumc

with an IDH mutation are all designated astrocytomas. Only tumors with these morphologic findings
no IDH mutation are called glioblastomas.

| How much testing reallgeedsto be done (oiis done)? |

This really seems tdepend on the institution

At some institutions, pretty muchll CNS tumors undergo comprehensive molecular profiling. This is
particularly true of pediatric tumors in the United States.

Notably, in the United States, the NIH will perfoimee methylation profiling for tumors of the
central nervous system (brain and spiri@)k to form to submit tumor herk

In practicality though, such potentially expensive molecular testing is not always feasible.

Where able, immunohistochemical stains linked with specific molecular alterations are also helpful
and can serve as surrogate makers in many cases. For example, the most common IDH mutation ir
Astrocytomas is IDH1 R132H, for which there is specific IHC stain. If positive, and in the context of
other additional surrogate markers (like loss of ATRX IHC and strong nuclear p53 IHC staining), thel
further comprehensive molecular testing is likely of relatively low yield and can arguably be forgone.

[[ F @SNBR NBLR NI &0GNHZOGdNB | yR
%]

¢2 LINBaSyd I fFNBS ljdaydArdge 2F NBf Fyd AyTF2
NB LJ2 NIi édNszC') dzNB¢ GKFG AyOf dZRS& FNBEa F2NJ |
AYVF2NXYEFGAZ2Y YR | adzyYYFrGA@S>s O2YO6AYSR aLyGS3
For example:

Integrated diagnosisOligodendroglioma, |Dirhutant and 1p/19¢gcodeleted
Histopathological classificatiorOligodendroglioma

CNS WHO grade:

Molecular information:IDH mutation (IHC stain) and 1p/l-@qdeleted (FISH)



https://nam12.safelinks.protection.outlook.com/?url=https%3A%2F%2Fccr.cancer.gov%2Fsites%2Fdefault%2Ffiles%2F2022-11%2FNIH_Methylation-Profiling-Form_v4.2_0.pdf&data=05%7C02%7Ckbschaberg%40ucdavis.edu%7Ccde62ed1804f4f9f60b508dd3bf5479a%7Ca8046f6466c04f009046c8daf92ff62b%7C0%7C0%7C638732646937358176%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=tVg3S8rAJ4zV48T5BbDpPIu4fyJpKQ6WSeMgkTV7TfQ%3D&reserved=0

| What is the ideal testing to do (if you can do it)p

Many recommend a DNA/RNA Negieneration Sequencing (NGS) panel plus genemige scan for
copy number variations (CNVs) for the majority of gliomas and embryonal tumors.

DNA NGS can demonstrate mutations (e.g., IDH, BRAF, etc..), RNA NGS can detect fusions (e.g., N
and the genomewide scan can detect important CNVs like 1p/19q codeletion, thereby covering most
the abnormalities seen in brain tumors.

Soon, DNA methylation arrays and classifiers might replace gemodeeCNV platforms, as these arrays
generate genomic CNV data plus epigenomic information on tumor subtype and tissue of origin.

MGMT promoter methylation is still required for higjnade gliomas, but traditional MGM3pecific
testing could be replaced with broader methylation profiling.

When tissue and tumor cellularity are sparse, siftglget molecular testing like fluorescence in situ
hybridization (FISH), Sanger sequencing, and pyrosequencing may be useful options.

While "expensive," comprehensive profiling is still currently cheaper than historical methods and the
majority of treatments and radiology studies, so they therefore can "pay for themselves" in the long r

| DNA Methylation]

Arguably the most impactful molecular tool in the recent years N
concerning the diagnostic classification of brain tumors. In fact, some H2
WHO entities arelefined essentially by solely their methylation prafile

~N
Cancer cells show global hypomethylation and selective promoter | /&
localized hypermethylation. N 0
Genomeg A RS KeLRYSOKeflIGdA2Yy Ih OKNRBY2a2YIH Ayaidl
Increased copy number of oncogenes and decreased copy of tumor Methylated
adzLILINB&aa2NA I/ FNOAy23SySaia Cytosine

Methylation of promoter DNA leads to decreased gene transcription

and expression (attract proteins that cause chromatin condensation

and block transcription).

/1y o6f201 GNIYaAaONRLIIAZ2Y 2F (dzvy2NJ adzLJLINB & a2 NA

Methylation of specific gene promoters has prognostic significance
(e.g., promoter methylation of MGMT (DNA repair gene) in{ggtde
gliomas predicts response to alkylating agents).

Methylation profiling can be useful in classifying tumors and will likely
be of increasing importance given its ability to identify new cancer
classes and to consolidate histologically disparate cancers, particularly
of the CNS and soft tissue.

¢KS bLI Kdethylstapef Yy NBSa &aé LINRP2SOG YR gAff  LISN
free analysis of any CNS or soft tissue tumors sent to them.



Gliomas| Tumors resemblglial cellsthat support neurons in the CNS, includasirocytes(form
blood-bran barrier) pligodendrocytes(coat axons forming myelin sheath), and
ependymal cells (that line ventricles).

I General I Most common primary tumors of CNS parenchyma.

Diffuse gliomasds ¢ A Y FTAf G NI (0 A @S -BAutakt Asrdcyiomaspy wide/fingdaRive yhd brairb |
parenchyma® often not resectabl@, often naturally progress to higher grade lesign®ften resistant
to therapy.

Circumscribed gliomadike pilocytic astrocytoma, PXA, and SEGA) have a contained growth pattern a
have different molecular pathways. Often easier to resect entirely.

Glioneuronal and neuronal tumora diverse group with neurons as a component of the tumor.

Adult-type diffuse gliomas Astrocytoma, IDH mutant
Glioblastoma, IDHvildtype
(Most common group) Oligodendroglioma, IDihutant and 1p/19q deleted

Pediatrictype diffuse lowgrade gliomas  Angiocentric glioma
Diffuse astrocytoma, M¥®Br MYBL4altered

(Generally favorable outcome) Polymorphous lowgrade neuroepithelial tumor of the young
Diffuse lowgrade glioma, MAPK pathwajtered

Pediatrictype diffuse higkgrade gliomas  Diffuse midiine glioma, H3Kitered
Diffuse midline glioma, HR27altered, subgroup EGFikered

(Generally aggressive) Infant-type hemispheric glioma
Diffuse hemispheric glioma, H3Gakered
Diffuse pediatrietype highgrade glioma, H8vt and IDHwt

Circumscribed astrocytic gliomas Pilocytic astrocytoma
Pleomorphic xanthoastrocytoma

Subependymal giant cell astrocytoma
Chordoid glioma

Astroblastoma, MNZltered

Highgrade astrocytoma with piloid features

Glioneuronal and neuronal tumors Central neurocytoma
Ganglioglioma

Desmoplastic infantile ganglioglioma/astrocytoma
Rosetteforming glioneuronal tumor
Dysembyroplastic neuroepithelial tumor
Extraventicular neurocytoma

Papillary glioneuronal tumor

Rosetteforming glioneuronal tumor

Myxoid glioneuronal tumor

Multinodular and vacuolating glioneuronal tumor
Cerebellar liponeurocytoma

Diffuse leptomeningeal glioneuronal tumor
Dysplastic cerebellar gangliocytoma

DGONC

Ependymomas Ependymomdfurther classified by site and molecular)



| Are these glial celiseoplastic | (or is it a mimic?!!)

Gliosis=reactivechanges of glial cells in response to injuigcludes both proliferation and hypertrophy

Thiscan histologically mimic a tumand pose a diagnostic dilemma, especially intraoperatively.
This is particularly troublesome as gliosis can be found adjacent to tumors or as part of reactive prc
that can mimic tumors radiographically.

Early reactive astrocytogs hypertrophy with enlarged cytoplasm/processes and open chromatin witt
prominent nucleoli (abundant astrocyte cytoplasm is almost always pathologic!)

Longer term reactive astrocytosts astrocytes becomegemistocytic(large amounts of brightly
eosinophilic eccentric cytoplasm) Warning: some tumors can appear gemistocytic too!!

Chronic reactive astrocytosfs often seen around slowgrowing lesiongy more fibrillar with long
astrocytic processes and Rosenthal fibgrst LAt 2 AR It A2aAadaé ol a Al NE

Gliosis ot > | Astrocytoma | PLEE
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Euchromatic, round/ovoid nuclei Large, hyperchromatic, irregular (astrocytoma) to
Often single prominent nucleolus round nuclei (oligodendroglioma)

Evenly spaced astrocytes Clustering of astrocytes, Hypercellular, Satellitosis
Abundant eosinophilic cytoplasm Gbl 1 SRé¢ ydzOf SA

Astrocytes with variable atypia Uniform atypia (monomorphic)

No mitotic activity Possible mitoses

Uncommon to see microcystic change Microcystic changes more common

Radially oriented fibrillary processes Necrosis and/or microvascular proliferation

(usually in high grades)

Other reactive changes, such as inflammation, Demonstratable mutation (e.g., IDH1, ATBXX 0
macrophagesetcX



| Common Diffuse Glioma Molecular Pathwdys

m = mutant
E'/_hﬁt) wt = wildtype
ITDPHs? EGFRamp :
AT Preneoplastic Glial Ce‘|| TERTm__ | Glioblastoma
4 IDHwt grade 4
1p19g-codel ‘94'3)
Astrocytoma IDHmM IDHM o,
5. s,
grade 2 TERTm o N\
Oligodendroglioma Diffuse midline glioma
! grade 2 H3 K27M, grade 4
Astrocytoma IDHmM 90 (CDKN2A/B) LOH
grade 3 P ) Diffuse hemispheric glioma
v
H3 G34m, grade 4
1 9p (CDKN2A/B) LOH Anaplastic
Astrocytoma,|IDHmM O"gOdendroglioma Modified from a talk by Dr. Arie Perry,
grade 4 grade 3 University of California, San Francisco

| Is this tumorGlial? |

As opposed to a metastases, and other rghial
tumors, glial tumors often have:

Fibrillary processefA ), often also naked nuclei.
Best appreciated on cytology like squash prep.

Infiltrative growth into brain parenchyma with ’
intra tumoral axons (neurofilament +; primarily '\,' @
seen with astrocytoma and oligodendroglioma).

(vs nonglial tumors, which are usually well «,a\
demarcated) :

Secondary structures, such parineuronal
satellitosis subpial density, perivascular s
collections. -

Eosinophilic cytoplasm with nuclear e
hyperchromasia/pleomorphism &

IHC: GFABNnd/or OLIG2 positive (Warning: brog
spectrum cytokeratins may stain glial filaments
they are both intermediate filaments!).
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|_Adult Diffuse Gliomas| Astrocytoma Organization/Grading

WHO Tumor Histologic criteria Prognosis
Grade

None

2 Astrocytoma]DHm grade 2 One: Nuclear atypia >5 years
(previously Diffuse astrocytoma) (but lacks anaplasia)

3 Astrocytoma)DHm grade 3 Two: Atypia + Mitoses 2-5 years
(previously Anaplastic astrocytoma) Focal or dispersed anaplasia

4 Astrocytoma]DHm grade 4 Three: Above + Vascular proliferation, 1 year
(previously Glioblastoma) Necrosis, and/or homozygous deletion

of CDKN2A/B
Modified from a presentation by Dr. Hannes Vogel, Stanford University Medical Center.
AtypiaA Variation in nuclear size and shape with hyperchromasia
MitosesA Must be unequivocal. No strict caiffs, but a single mitotic figure in a large specimen is
insufficient to upgrade to Grade IlI.
Microvascular proliferationd Apparent multilayering of endothelium or glomeruloid microvasculature.
NecrosisA Can be any type (dogmt need to bepseudopalisading

Order of appearance: Atypha MitosesA Increased cellularity Necrosis and/or microvascular proliferatit

| Astrocytoma, IDHnutant | Grade 2} % % W e T .
3 ';.\ S < 0
Adiffusely infiltrating gliomawith a mutation in .D agﬁ 4 ra » A
either the IDH1 or IDH2 gene ¢ @ y
Can be CNS WHO grades 2, 3, or 4 (see next page . ‘.ﬁ"
Grade depends on histology and predicts behavior. $: WR

Intrinsic capacity for slow progression, with prolong
survival (>1@rssometimes!) for lowgrade tumors.

: &
Most common inyoung adults(30s), most commonly
in frontal lobes(but can get anywhere in CNS).
Commonly present with seizures.

Molecular/IHC:1DH1 or/ IDH2rmutations

Most common mutation (~90%) iIBH1 R132H
A can detect with mutatiorspecific IHC

If negative proceed to IDH1&2 sequencing to

exclude other mutation :

Also, classlefining loss of function in p53 and ATRX

ATRX mutatiomy loss of ATRX IHC staining '

TP53 mutatio®, strong nuclear p53 IHC staining.

Absent 1p/19q codeletion.

Tumor progressio®, Homozygous deletion of M ; N

CDKN2A/B\ shorter survival, grade 4 ICrQeySLIDIMAton T

IHC: Express GFAP. Usually also OLIG2 Virtual slide 12

Gemistocytic AstrocytomaA variant of IDHnutated astrocytoma with prominent gemistocytic neoplastit
astrocytes (>20%). No definite clinical association.



https://pathpresenter.net/display/10867?type=slide-library-public
https://pathpresenter.net/display/9254?type=slide-library-public

| Astrocytoma, IDHnutant (continued)

Grade2 6 F2NX¥SNIX & Ga5AFFdzaS | ad
Well-differentiated fibrillary astrocytes.
Cellularity is moderately increased.
Moderate nuclear atypia.

Often loose microcystic background.
Mitotic activity is generally absent (A single mitotic figure in &
large specimen ifrgiveable but not in a Bx) ¢
Ki67 usually <4%.

Grade3 6 F2NXYSNI & a! yI LX
Above, plus:

Focal or diffus@naplasia(increased cell density and atypia)
Increased mitotic activith must evaluate in context of sampl¢t. -
size. A single mitotic figure on a biopsy is enough. In resectis ’_
YySSR (2 aSS aar3ayAaAFTAOlLylié W=
By definition: NO necrosis and NO microvascular prollferatlo
Ki67 usually 80% Virtual slide o

' Grade 3 ik

Microvascular
proliferation

Grade4 0 F2NX¥SNX & aDfA2o0fladz2yls:
Above, plus: Necrosis and/or microvascular proliferation.
ORCDKN2A/B homozygous deletions

IDH1 R132H Positive
cytoplasmic

WHO Diagnostic Criteri@Astrocytoma, IDHmutant

Essential
A diffusely infiltrating glioma
AND
IDH1 codon 132 or IDH2 codon 172 missense mutation
AND
Los of nuclear ATRX expression or ATRX mutation
OR
Exclusion of 1p/19q codeletion

Desirable A

TP53 mutation or strong nuclear expression of p53 in >10% of tumor cells ( & v
Methylation profile of astrocytoma, |DkRhutant 9 .
Astrocytic differentiation by morphology ¢ .

CNS WHO grade 2 1) A diffusely infiltrative astrocytic glioma with HdH1or IDH2mutation that is well
differentiated and lacks histological features of anaplasia
2) Mitotic activity is not detected or very low
3) Microvascular proliferation, necrosis, and homozygous deletions
of CDKN2/And/or CDKN2RBre absent

CNS WHO grade 3 1) A diffusely infiltrative astrocytic glioma with EdH1or IDH2mutation that exhibits
focal or dispersed anaplasia and displays significant mitotic activity
2) Microvascular proliferation, necrosis, and homozygous deletions
of CDKN2/and/or CDKN2RBre absent

CNS WHO grade 4 A diffusely infiltrative astrocytic glioma with #dH1or IDH2mutation that exhibits
microvascular proliferation or necrosis or homozygous deletion
of CDKN2And/or CDKN2Bor any combination of these features


https://pathpresenter.net/display/10503?type=slide-library-public

| Oligodendroglioma, IDHnutant and 1p/19gcodeleted |

Diffusely infiltrating gliomasmorphologically resemblingligodendrocytes

***Defining genetics:IDH1 or IDH2 mutation&ND1p/19g-codeletions.***
A An unbalanced translocation between chromosomes 1 and 19 results in loss of the der(1;19)
chromosome, causing codeletion of whole arms of 1p and 199
AAGQAE 1 OOSLIitofS AT az2vy$sS OStfta akKz2g FaiNeoOe
A IDH1 R132H mutations (present in >90%) can be detected by IHC.
1p/19g-codeletions are usually identified by FISH.
A Frequent TERT promoter mutations. Unlike in astrocytomas, there is no ATRX loss or p53 muta

Usuallyadult patients(mean 40s) in theerebral hemispheregsp. frontal lobe). Rare in children.
Often present with seizures.

IHC: (+)MAP2, S100, SOX10, OLIG2, : Usually (+) IDH1 R132H Intact Aﬂ]Ré(pﬁlﬂd

General morphology

Moderately cellular, diffusely infiltrating.
Monomorphicround nucleiwith artifactual RRT o T
perinuclearhalosA dried eggg 2 NJ a K 2 y S ef w8Sa
appearance (only seen on formafied sectlons) PO
G{Fftd YR LISLILISNE OKNER YI"_,Z T
Welldefined cell borders. Clear cytoplasm. 3
Microcalcificationsand cystic degeneration common.
Delicate branching capillary networikesemble
GOKAO1SY 6ANBEU

Grade 2:

Low mitotic activity (rare mitoses acceptable)
Ki67 proliferation index usually < 5%
Prolonged survivah, Often >10 years!

Generallyrecur. Progression common (but much slow:«* - - ‘:',"' é, o _l;.,
8 D e o §) e Mlcrovascular Prollferatlon
than astrocytomas). N e

Grade 3: (formerly Anaplastic oligodendroglioma) ! - Ao YO TTVES e A i
Distinction is not well defined. Tumors often show: ———————p.5+ " “ee =0 % o &L
- High cellularity and marked atypiéanaplasia) Grade 3 T o
- Brisk mitotic activity(often >6 per 10HPF)
- Microvascular proliferation
- Necrosis
- CDKN2A homozygous deletion Essential

0! fK2dAK &az2yYS 2F GKSasS T Adiffuselyinfiltrating glioma
as long aghe defining genetic alterations are present, you AND

WHO Dlagnostlc Crlter:aOhgodendrogIloma

IDHmutatnt and 1p/19qgcodeleted

can still make this Dx).
Ki67 often >10%

Shorter survival, but still prolonged.

Virtual slide 12 3

IDH1 codon 132 or IDH2 codon 172 missense
mutation

AND

Combined wholearm deletions of 1p and 19q

Desirable

Methylation profile of Oligodendroglioma
Retained nuclear expression of ATRX
TERT promoter mutation


https://pathpresenter.net/display/10403?type=slide-library-public
https://pathpresenter.net/display/10178?type=slide-library-public
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rGllobIastoma, IDMnIdtype_l CNS WHO grade 4

hit R yFYSY DtA2otlaG2YF adzA
A high-grade diffuse gliomawith astrocytic differentiation that is IDMildtype and H3wildtype and has
one or more of the following: 1) Microvascular proliferation, 2)Necrosis, 3) TERT promoter mutation,
EGFR gene amplification, or 5) -Af¥ chromosome copy number changes.

Most common malignanprimary brain tumor in adults. Usually older (>60rs).

Oftendiffusely infiltrates adjacent and distant brain structures.

Usually incerebral hemispheresPresent with seizure or neurological deficits, depending on location.
Very aggressiveRapid progression and deatloften within 1 year.

On imaging, irregularly shaped with ringshaped enhancemenaround central dark necrosis.

A Can grow along corpus callosum iatiher hemispheréy & 6 dzi § SNF t & It A2YI| @

Variable histologyo K S yirDIfformeé 0 Y

Highly cellulawith poorly differentiated, sometimes
very pleomorphic tumor cells.

Brisk mitotic activity.

Necrosisgclassically, with palisading

Microvascular proliferationd glomeruloid tufts of
multilayered mitotically active endothelium with
smooth muscle and pericytes. Often near necrosis.
Oftenregionalheterogeneity.

Tumor cells will often migrate/invade around existing

structures, e.g., around neurons (satellitosis), in
subpial zone, etc..

IHC: Typically (+) GFAP, S100, OLIG2
Ki67 typically ~120%, but can be much more

Can extensively grow into multiple
lobes/hemisphere®y ¢ 3t A2YIl 2aArAa O
Metastases are very uncommon. 3

There is tremendous morphologic variability and
heterogeneity, including many recognized patterns
(see later), which are reserved for tumors that show ¢ -
GLINBR2YAY I yOSé¢ 2F 2yS |
Virtual slide 12 3

Common changes/metaplasias include:
Gemistocytic changgopious, glassy,
cytoplasm that displaces the nucleus of the

Essential
An IDHwildtype, H3wildtype, diffuse astrocytic glioma

cell to the side) AND

Mesenchymal metaplasi@gpindled cells) One or more of the following
Epithelial metaplasiésquamous or - Microvascular proliferation
adenomatous differentiation) -Necrosis _
Oligodendrocytdike cells(Clear cells with - TERT promoter mutation

- EGFR gene amplification

round nuclei) - +7/-10 chromosome copypumber alterations

Lipidized cell¢foamy cytoplasm)
Granular cell§¢abundant pink granular Desirable
cytoplasm) Methylation profile of Glioblastoma, IDWildtype


https://pathpresenter.net/display/81353?type=slide-library-public
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| Glioblastoma Patterng
¢NHzS (2 GKS 2dzi Rl MBiRrmasSENNM KGSINBA 2704t FiaNERYYS'Y R 2 dza
Glioblastomas have welecognized patterns that are characterized by the predominance of a
particular cell type. Below are some relatively common patterns.

Epithelioid Glioblastoma

. . % P"" "C"
Dominant population of sharply demarcated, loosely p‘ G ‘dh ‘1 x
cohesivelarge epithelioid to rhabdoid cells with abundan;w;‘ Q
cytoplasm, large vesicular nuclei, and prominent %ﬁ J ‘a' ; ') ’
micronucleoli (Mimics metastatic carcinoma/melanomal) ." ‘, ‘J
Predominantly iryoung adults and childreifemerging 'Q. m‘»‘x : ‘, ,‘}” Pia -
molecular subclassification though, stay tuned) :' e 0= a"g '.’ J
. _ U
IHC/Molecular: (+)GFAP, S100, OLIG2 " ,f,:, "}f.;".:,s 005
- CRC Sy ST TN SO
Frequent expression of CK AE1/AE3 or EMA ‘Q B ?* ,‘Qg‘.ﬁd‘ ~E ‘“0

FrequentBRAF V600E mutations

Giant Cell Glioblastoma

Dominant population of bizarre,
multinucleated giant cells
Occasionally abundant reticulin network.

Often morecircumscribedmimic
metasaseyy Slightlybetter prognosis.

High rate of genomic instability, often with
superimposed P53 mutationsand/or MMR
defects.

Consider PXA in differential diagnosis

Gliosarcoma

biphasic growth displaying glial and
prominent mesenchymal differentiation

A analogous to epithelialo-mesenchymal
transition in carcinomas

Sarcomatous component often haspindle =
cell patternwith densely packed long bundles -
of spindle cells witlabundant reticulin 3
framework.Alsomitoses, necrosis, and atypla

IHC: Sarcoma component ofteatksGFAP

Can have heterologous differentiatioe.,
cartilage, rhabdomyoblaststcX 0 @®

Similar prognosisnd clinical characteristics
to glioblastoma Virtual slide 2
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Small cell Glioblastoma FANS e ey e

be 3{ AR o) ot KB LG Tl

Predominance ofiighly monomorphic, small, roundto  , _ *% ‘n » .1“'3'.; 5 :‘c.' D ,‘.‘v_;‘“

slightly elongated, hyperchromatic nuclei, and minimal “‘:‘:—J‘k.‘.;.;,,'.: " ,»,,'_-.' . ':‘.'. },‘ it £ ,'.o.. v

discernible cytoplasmilittle nuclear atypia, and (often) bris s ’;‘*h.."'f' "".;.5.? DO B 8

mitotic activity. Chickefwire vasculature and caIC|f|cat|on<. .m AN o Y RS

can make it resemble Oligodendroglioma.

IHC: GFAP highlights process (supports glial differentiat ’
FrequentEGFR amplificatioand chromosome 10 loss. §
High Ki67.

Similar behavior

Glioblastoma with a primitive neuronal component

Solid nodules of immature cells with variable neuronal /
differentiation. High cellularity. Lots of mitoses and apoptoses
(Resemble medulloblastoma, can see rosettes) :
High rate of MYC or MYCN gene amplification

IHC: (+) Synaptophysin; Markedly elevated Kig¥) GFAP
High rate ofCSF dissemination

\

Although they weréboth LINS @ A 2 dz&dicblas@ind f BdRS dsbrietindek i@ehtianorphology,
Grade 4DHmutant astrocytomasare now separated out due to their distinct molecular and clinical
characteristics (see below). This is a big change from prior classification and is emblematic of the st
classification toward meaningful molecular underpinnings.

Glioblastoma, IDHwildtype Astrocytoma, IDHnutant, grade 4
(old name: IDHnutant Glioblastoma)

Oldalternative name Primary glioblastoma Secondary glioblastoma
Precursor lesion None Astrocytoma, IDHnutant, grade 2/3
Relative incidence ratio ~90% ~10%

Mean age at Dx ~60 yeargOlder) ~45 years (younger)
Mean length of clinical Hx 4 months (short) 15 months (long)
Survival with treatment < 1 year (short) 2 years (long)

Location Supratentorial Frontal lobe specifically
Necrosis Extensive Limited

TERT promoter mutations  70% 25%

ATRX mutations Rare 70%

EGFR amplifications 35% Rare

PTEN mutations 25% Rare

Modified from: WHO Classification of Tumors of the Central Nervous Sy&tEditidn. 2016.



Glioblastoma molecular testing:

For use irDiagnosis

Glioblastomas lack IDH mutations. Absence of immunoreactivity for IDH1 R123H is sufficient (no furt
sequencing is necessary) to diagnose-Wdldtype glioblastoma in a patient who meets the following
criteria:

1) aged > 55 years,

2) who has a histologically classic glioblastoma,

3) not located in a midline structures, and

4) no history of a prexisting lowergrade glioma.

(As there is a <1% chance of a different IDH mutation in this context)

Otherwise, especially if there is loss of ATRX by IHC (which is lostrimutBht tumors), negative IDH1
R132H staining should be followed by DNA sequencing for less common IDH m#tatiolysvhen this
Ada yS3IAFrGAGS Oy UGdRNBUS®KSOE  aAaAFASR a aL5|
Tumors in midline structures should additionally be evaluated for H3 mutations, including H3 K27M al
H3 G34 by IHC and/or sequencing.

2 KEFEG AT GKSNBE AayQid ySONR&AAA 2NJ YAONR@I &a0dzL I N
Frequent additional alterations include TERT promoter mutations, EGFR amplification, €rtd +7/
genotype. The presence of at least one of these aberration in araitHH3wildtype diffuse glioma
allows for the diagnosis of IDld type glioblastoma.

For use ilManagement

MGMT promoter methylation status is commonly determined because it provides clinically relevant
information on response to chemotherapy and survival of patients treated teittoszolomide
(Promoter methylatiord longer survival and treatment response).

Otherwise, molecularly targeted therapies have not yielded major success.
Possible exceptions include BRAF V600E mutations and NTRK mutations.



I Pediatrictype diffuse lowgrade gliomas]
[ Diffuse Astrocytoma, M¥Br MYBLialtered [ cNs wHO grade 1

Diffusely infiltrative astroglial neoplasntomposed of monomorphic cells 0
with genetic alterations in MYB or MYBL1 (fused with a variable partner » )
Consider when you have an IDH and H3 alteration negative astrocytom: 2 e
Rare. Usually in cerebral hemispheres. e & v
Present with drug resistargeizures often since childhood (Lortgrm ' X
epilepsyassociated tumor). . Gl :
Often diagnosed in early adulthood (20s) X & : » , ‘,&
Monomorphic glial cells with bland, round to spindled nuclei. Fibrillary m. 'e
Tumor cells can be so scarce as to almost resemble normal brain!
®

Limited outcomedata, butappears to follow a benign course. ) &
WHO Diagnostic CriterieDiffuse Astrocytoma, MYBor MYBL 1altered 8 -
Essential
Diffuse astrocytoma without histological features of anaplasia & R &
AND 2 .
No mutations in IDH or H3 genes 2
AND -

Structural variant of MYB or MYBL1 ? -

OR -9

Corresponding DNA methylation & o

Desirable "

Absence of OLIG2 or MAP2 expression

| Angiocentric Glioma
WHO grade 1

Stable orslow-growing. Well-circumscribed. :

Primarily impactghildrenand young adults. ¥
Presents withepilepsy. '
Cerebral location, usually.

Diffuse glioma Angiocentricgrowth pattern. = #:5a
Monomorphous, thin, bland bipolar cells
oriented around cortical blood vessels.

Can resemble pseudorosettes of Glioma with diffuse growth architecture and a focal angiocentri
ependymomas. Other areas can resemble pattern

schwannoma with fibrillary areas. AND
IHC: (+) GFAR,dike EMA (ike ependymon MmO spided cels wih munophenctypi ndlor
Molecular:MYB fusionqusuallyMYB-QK) 4 el

Essential

differentiation
Excellent prognosi& usually cured by Desirable
excision Lack of anaplastic features

Alteration of MYB
Corresponding DNA methylation profile



| Polymorphous Lovgrade Neuroeplthellal tumor of the You(iQLNTY[

S -o‘ "‘_'-'

CNS WHO Grade 1

Rare Mainly children and adolescents.
Indolentcerebralneoplasm
Present withseizuresn young individuals.

Diffuse growth with oligodendroglioméike areas y
Frequentcalcifications 2y
IHC:(+) CD34GFAP, OLIG2

Molecular: MAPK pathwagctivating mutations
usuallyBRAF V600E mutations

Essential
Diffuse growth pattern (at least regionally)
AND
Oligodendrogliomdike component (can be focal)
AND
Few (if any) mitoses
AND
Regional expression of CD34 by tumor cells and by ramified neural cells in
associated cerebral cortex
AND
IDHwild type status
AND

Unequivocal expression of BRAF p.V600E by IHC

OR
Molecular evidence of a BRAF V600E mutation, FGFR2 or FGFR3 fusions, @

‘g
potentially other MAPKathway-driving genetic abnormalities -

Similar morphology,

Desirable .
Conspicuous calcification (characteristic, but not constant) mole(.:ular., an.d Set.tlng
Absence of 1p/19q codeletion Consider in kids with IDH

and H3 wild type diffuse

| Diffuse lowgrade glioma, MAPK pathwajtered | | gliomas

Rare No current CNS WHO grade (pending). WHO Diagnostic CriterieDiffuse lowgrade

Lowgrade glioma with diffuse astrocytic or glioma, MAPK pathwasltered
oligodendroglial morphology. Bland appearance. Essential

Generally, presents in childhood.

Diffuse glioma with absent or minimal mitotic activity and
neither microvascular proliferation nor necrosis

Variable location and symptoms. AND
Pathogenic alterations in MAPK pathway: usually iﬁget'c alteration in the MAPK pathway
FGFR1 or BRAF V600E IDH and H3 wildtype
S - '- A . o. i Ve SANE o A
N TR E (Y S ~++ ' Absence of homozygous deletion of CDKN2A
R, = £ DirSyNd = i . Desirable
. Y el - - e = *.® “» ., Onsetinchildhood, adolescence, or early adulthood
. 2 e X ICRt NS A 2 Tewon A *s. Corresponding DNA methylation profile
- “ . e '. ' e * * e ®



Pediatrictype diffuse highgrade

| Diffuse Midline Glioma, H3 Kzltered | CNS WHO grade 4

Older nameDiffuse Intrinsic Pontine Glioma (DIPG)

Aninfiltrative high-grademidline gliomawith predominantly é*

astrocytic differentiation

Predominates inchildren, butcan see in adults.

Common locationsBrainstem/Pons Thalamus, spinal cord. "
A Cranial nerve palsy, ataxia, long tract signs

Poor prognosis (<2 years)

Defined by loss of H3 p.K28me3 (K27maBually with one of
the following: 1) H3 pK28M substitution in one of the histone
isoforms, 2) aberrant overexpression of EZHIP, or 3) EGFR

mutation.

Tumor cells usually small and monomorphic

sometimes can be pleomorphic
Diffusely infiltrates adjacent and distant brain structures
Mitotic activity is often present.
Necrosis and microvascular proliferation maygsesent, butare
not necessary for Dx.

IHC: (+) S100, OLIG2, MAP2:)(GFAP,
Loss of expression of H3 pK28me3 (K27me3)
(+) Mutationspecific antibody for H3 K27M in most cases

Virtual slide 2 :
WHO Diagnostic CriterieDiffuse midline glioma, G3 K2dltered

Essential
A diffuse glioma
AND
Loss of H3 p.K28me3 (K27me3) (Immunohistochemistry)
AND
Midline location
AND
Presence of an H3 p.K28M (K27M) or pK28I mutation (IHC or molecular)
OR
Presence of a pathogenic mutation or amplification of EGFR
OR
Overexpression of EZHIP
OR
Corresponding methylation profile

Desirable

Results from molecular analysis that enable discrimination of the H3.1 or H3.2

p.K28 (K27#mutant subtype from the H3.3 p.K28 (K2#ytant subtype.

@
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Loss of H3 K27mgBequired)

Positive of H3 K2{one of the

possible additional findings)
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| Diffuse hemispheric glioma, H3 G8#ered| cNS WHO grade 4

sq's.ﬂ TN RNl e !
Adiffuse infiltrative gliomaof the cerebral hemispheres* _.‘ . " i” . 7?‘ "5;: '\ N %’a‘ 4 s‘\i’.
with amissense mutation of the H3A generesulting in & *% . !‘a N ‘*L,‘ Tt ﬁ.ﬁ E&g
a H3 G34R or G34V substitution. 8 “"’ &, % 1‘\ i “23/ [ *

eop 1 aF g0l

Usuall ts in adolescents (teens) P \O;; Qf’;’“%}*" Qq
sually presents in adolescents (teens Bty T My LA B VAN N
i o &V %o 1\‘ A %
AR e e T |

Diffusely infiltrating atypical astrocytés a GBMike '.? N {3\ \.Y‘s. ;’? N 98 aﬁ..z‘
pattern with high cellularity, brisk mitotic rate, R N Ry " é 2o ‘?_"\. $r2a’
microvascular proliferation, and/or necrosis. bt 2% ?\"\ DO N 4. {
Sometimes may resemble Embryonal tumor (high N:Gylee 5" 2 %8 § Vs N . ;ﬁu e |
ratio). Q.ﬂ ok ‘\i 6 WAL LS ﬁ\%}“\“"
“ ¥ @ ;ii".’w\- ' 6\! R
Molecular/IHC(+) H3.3 G34nutant specific IHCMAP2. . ) %ﬁ gt ;
p53 overexpression. Loss of ATRX. gt » N %
(-) IDH, OLIG2. WHO Dlagnostlc Criteria
Poor progn03|s Diffuse hemispheric glioma, H3 -GZitered
: Essential

Cellular, infiltrative glioma with mitotic activity

AND

H3.3 p.G35R (G34R) or p.G35V (G34V) mutation

AND

Hemispheric location
AND (for unresolved lesions)
Corresponding methylation profile

Desirable

OLIG2 immunonegativity
Loss of ATRX expression
Diffuse p53 expression

‘ lefuse pedlatrlaype hlghgrade gliomagHGG, CNS WHO grade 4
H3wildtype and IDHwildtype

N[N | [oIn ERTYiTa M ISTTe] o] [ CEWNIEE WO Diaghostic CritericDifftise pediatrictype highrgrade

of malignancy.Aggressive glioma, H2wildtype and IDHwildtype

Diverse location. Essential

GBMlike or primitive, undifferentiated A diffuse glioma with mitotic activity occurring in a child or young ad
morphology. AND

Absence of mutations in IDH1 or IDH2
Three molecular subgroups based on  AND

methylation and other alterations: Absence of mutations in H3 genes
1) RTK1, enriched for PDGFRA AND _ . _
alterations Corresponding methylation profile
. OR
2) RTI_( 2, enriched for EGFR & TERT Key molecular features: PDGFRA alteration, EGFR alteration, or
alterations MYCN amplification

3) MYCN amplification _
Desirable

Microvascular proliferation
Necrosis, typically palisading
H3 K27me3 retained
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| Infanttype hemispheric gllomd} yE ‘:2_;..\__\_5\?}-}2.,*,\ WX,

ACLURE RIS V) 3 LR |
Rare Not currently graded (pending data) * ".? "."t e }'.ﬁ.} y S J

NN -
AR . 2 ’ "
' ",‘. " ‘0\‘ s\‘\\‘u .\u’ o - \‘,{.?:‘;‘:‘,s ‘:;':‘f 5 4.“‘?
Cellular hemispheric, higigrade cellular ,..\., §Y; -_"» SEORAGBN S e ek Y /.?’.:
. \“k: S L 2N N Y =)
astrocytoma that arises in early childhood 3 ,a..\ N w\.’ S L A et e ‘72~ =3 .~~o~-:-r'!?"¢!
a}\ '\‘ O ey o.~-': v h‘)b- ’ N" o
Typically have Receptor Tyrosine Klnase
(RTK) fusions WHO Dlagnost|c Criteria

Infant-type hemispheric glioma

A can potentially therapeutically target!

. Essential
Typlcglly, ceIIuIar and V\(edlemarcated from  cellular astrocytoma
the adjacent brain and involve the AND
leptomeninges. Presentation in early childhood
Astrocytic, often spindled, cells with mild to AND
moderate pleomorphism. Cerebral hemispheric location
. . . . AND
Fr.equent pallllsadlr:? netc.:rOSIS, mitoses, and Presence of typical receptor tyrosine kinase abnormality
microvascular profiieration. (e.g., fusion in NTRK family, ROS1, MET1, or ALK)

OR
Corresponding methylation profile

Circumscribed astrocytic glioma:

| Highgrade astrocytoma with Piloid features (HGAP)

New entity, not currently graded.

WHO Diagnostic Criteria

Highgrade piloid and/or glioblastomdike morphology. | mlelieiblsRe ol ol RITIAREIfolle

Distinct DNA methylation profilgrequired!) features
Alterations of MAPK pathway genes, often combined v Essential -~
. X An astrocytic glioma
homozygous deletion involving CDKN2A/B and/or ATR AND
mutation/loss. A compatible DNA methylation profile
Usuallyadultsin the cerebellum Desirable

MAPK pathway gene alteration

Homozygous deletion or mutation of CDKN2A/B
or amplification of CDK4

Mutation of ATRX or loss of nuclear ATRX
Anaplastic histological features




[tAf2080A0 RAAJT NP ( PR T

CNS WHO grade 1 iy ) ot
Anastrocytomawith a biphasic pattern with varying = e B Vi
proportions of 1)02 Y LI Ol 0 A LA tSKENIC | ik “ ‘ s ’% A3
Rosenthal fibersand 2)loose, microcystic regions with . = _ie = =< N .f
oligodendrogliomalike cells and eosinophilic granula A et SN *
bodies(EGBSs). 2 A 2

Nuclei are relatively bland.

Still allowed: Rare mitoses, Hyperchromatic
pleomorphic nuclei, microvascular proliferation,
necrosis, and infiltration of meninges

Most common glioma irchildrenand adolescents
Preferentially infratentorial, located in theerebellum
and cerebramidline structures(e.g., optic pathways,
brainstem, etc..).

Can present with ventricular obstructién
macrocephaly, endocrinopathy, headache, etc..

Generallycircumscribedandslow growing.
Sometimesystic

/
Mutations in MAPK pathway, most commonly
KIAA1549BRAHRusion protein (detect with BRAF FIC‘

IHC: (+)GFAP, S100, OLIG2 ‘

Slowgrowing, low-grade withfavorable prognosis. & ‘ I ' 2 _
Can becuredwith surgical excisiofif possible). 5 L - ‘1:'. ¥ Q . ,* ‘ "M‘ "{{
\?i?ttLiJCalnsel?(;i tlurgn%rs are a halimark of NF1. EGBs (round/globular pink inclusions) oh a smear

v o

Pilocytic astrocytoma (Classic) \ - ' 4
Essential O . v ! =
Classic histologic features, such as biphasic compact . . p P v ‘
loose growth patterns, piloid cytology, and low » -l —
proliferative activity, with or without Rosenthal fibers Pilomyxoid astrocytoma variant with angiocentric
gﬂd/or Eosinophilic granular bodies arrangement of monomorphous, bipolar cells in

R

prominent myxoid background. Tumor of infancy

Lowgrade piloid astrocytic neoplasm with solitary hypothalamic/chiasmic pathwayVorse outcomes.

MAPK alteration, such as BRAF fusion.

Virtual slide _ . ——
Pilomyxoid astrocytoma '.:-- My b e _54 : ? it ‘4,
. > ‘
Essential o G o PR :’“ » W 2
A monomorphic, loose, myxoid neoplasm with piloid ,’/ ‘W :(1 % \¥ g ,,:!"ﬁ' -
cytology and prominent angiocentric pattern, often P B ? e ) et ‘
. . . - P . A BV - b Ty
without Rosenthal fibers an Eosinophilic granular Nplr i -l . v "'Lt")‘ &
bodies. o TN 7 S 2 Ve N
PP S el TN 4
OR 2 e SRR e Sl
’ ¥ > - § -
Lowgrade astrocytic neoplasm with pilomyxoid featur g : " & S 5 ? 3:" o B ;} Ve |
and a solitary MAPK alteration, such as a BRAF fusion  '.#” "\ * e Yo il Py BL
1 e ® - ‘w o ¥
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| Subependymal Giant Cell Astrocytoma (Sﬁ@Mo grade 1
Benign slowgrowing tumor 5CGA L‘ \ \— 4 ) \;'f' ‘\ “\é{
o L g T W <

Well-circumscribed Often calcifications

Composed of a spectrum of glial phenotypéth lg

polygonal cells with abundant glassy cytoplasm tg
[}

smaller spindle cellandgemistocytelike cells ;
arranged in sweeping fascicles, sheets, or nests. ‘ @
l

Giantganglionlike cellsare common.

Considerable nuclear pleomorphism.

Mitoses and necrosis do not impact grade. i Q@ ,@K’w

Typically arises in theall of the lateral ventricles

near the Foramen of Monro. ~0G5
Usually present before age 20, often with increase & ° .
intracranial pressure (close foramen of Monro) ’.’%

i M\\ y

Very strong association wiffuberous sclerosis
A One of the major diagnostic criteria
A Frequent TSC1 or TSC2 biallélimactivation

IHC: (+) S100, TTF1; -{-68FAP, SynaptophysiieuN

Good prognosis when totally resected [ZIOHpIt=lo[ploksiile @7l (=l |
Virtual slide 12 3 SEGA

P, NP N Sl e Essential

' ~ & .~ Characteristic histological features, with multiple glial phenotypes
including polygonal cellgemistocytielike cells, spindle cells, and
ganglionielike cells

AND

Immunoreactivity for glial markers (GFAP, S100)

AND

Variable expression of neuronal markers (NF, Synaptophysiny)

Desirable

Nuclear expression of TTF1
Lost or reduced expression of tuberin and hamartin
Immunoexpression of phosphorylated S6

History of Tuberous sclerosis

TSC1 or TSC2 mutation
Compatlble DNA methylation profile
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Astrocytic tumor witharge, pleomorphic,
and frequently multinucleated spindled and

lipidized cells

Frequent intranuclear inclusions and
prominent nucleoli.

Dense reticulin network.
Numerous eosinophilic granular bodies.
Often neuronal differentiation.

IHC/Molecular: FrequerBRAF V600E
(No IDH mutations!)
Majority havecomboof BRAFV600E & & *
ANDCDKN2A/B homozygous deletior el |
(+) GFAP, S100 g

BRAF V600E
Virtual slide

Relatively rare.

Most common irchildren and young adults.
Oftensuperficially located in cerebral
hemispheregesp. temporal lobe) with
involvement of leptomeninges.

Good prognosisvith long survival.

CNS WHO grade 2: _ WHO Diagnostic Criteria
(<2.5 mitoses/mr); Ki67 usually <1%
Essential
CNS WHO grade 3: An astrocytoma with pleomorphic tumor cells, including

= = . p 585 large multinucleated cells, spindled cells, xanthomatous
2

Xp YAUZ a. 6 Kk@p VEQZ2aS (I|p|d|zed) cells, and eosinophilic granular bodies.
May have necrosis, but not necessary for Dx.

Ki67 usually ~15% Dl y
Reticulin deposition
"E‘;» e O

;’,‘4’%" ,2:{@ BRAF mutation or other MAPK pathway gene alteration,
+  combined with homozygous deletion of CDKN2A and or

4}71- CDKN2B

Compatible DNA methylation profile
ufg’\, G- l&aw ,'V“‘:Q & W

29 1‘ ey B
e > J
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| Chordoid Glioma (of the Third Ventrick =~ -~ -

“ >
, -
Very rare. CNS WHO grade 2 ) )
Well-circumscribed glial neoplasm in the anteriof3 e ' ' ’ Fad
ventricleA obstructive hydrocephalus ¢ S N L 5
Clusters and cords of GFARpressing epithelioid cells & o e e
within variablymucinous stroma. S ‘ )
PRKCA p.D463H missense mutation. P
Typicallyhas associated lymphoplasmacytic infiltrate. B
L L

Usually Adults.

IHC:(+) GFARstrong, diffuse), TFE, CD34; (+) S100, CK E/ e
Good prognosis if resected. h

WHO Diagnostic CriteriaChordoid Glioma

Essential ’ 'Q‘

A glial neoplasm with chordoid features located in the anterior third ventricle % AP e SN
o i .\ -4_“ ﬁ-_ ;,_u '

Desirable . RS -, _ 55

Nuclear TTF1 IHC - e

PRKCA pD4683H mutation or Corresponding DNA methylation profile :} a @R ™

| Astroblastoma, MN-Ahltered |

Rare Mainly children and adolescents.
Welldemarcated. Within cerebral hemispheres.

TSN TRV

Inverted to columnar cells with eosinophilic %}
processes radiating towards central blood vessels,tng?
(astroblastigpseudorosettes) 2

Pseudopapillary/pseudovascular growth. WHO Diagnoic Criteria

Can have round cell component. Astroblastoma, MN1altered
Frequent vascular hyalinization.

Essential
IHC: (+) GFAP, S100, EMA A glial neoplasm withstroblastiqperivascular pseudorosettes
Molecular:MN1-alterations AND

MN1-alteration

Biologic behavior variés not currently graded. AND (for unresolved cases)
Compatible DNA methylation profiling

Virtual slide

Desirable
¥ GFAP and EMA immunoreactivity
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Neuronal and Mixed NeuronatGlial Tumors

Gangliogliomal WHO grade 1 PN 9 DR R
Well-differentiated, slowgrowing. i | 5 ” j 9
Often in thetemporal lobeof children. ! - B A j gy
Intracortical, circumscribed, argystic : '
Frequently present with eardgnset focakepilepsy. o

Dysplastic ganglion celinucleate, dysmorphic & X551 :
neuronal features, without the architectural L SANE R o R
arrangement or cytological characteristics of cortica« SR & ;
neurons) withneoplastic glial cell§may resemble : N 1
astrocytoma, oligodendroglioma, or pilocytic ' R > P .
astrocytoma) Virtual slide2 : TR S

Can beneterogenouswithin tumor. ¥y r, N

L
Q
b

Molecular/IHC: BRAF V600E mutation in ~1/3. : ﬂ, 3 ‘@
Presence of an IDH mutati@xcludeghis Dx. o Al S

WHO Diagnostic CriterigGanglioglioma

Essential
Intra-axial lowgrade glioneuronal tumor
AND
Combination of neoplastic ganglion and glial cells
AND (for unresolved lesions)
BRAF V600E mutation or other MAPK pathway alteration
OR
Compatible DNA Methylation profile

Desirable
Absence of IDH mutation

| Gangliocxtomd WHO grade 1

Rare. Slowgrowing.
Usually intemporal lobeof Childrenwith epilepsy

Composed oirregular clusters of mature neoplastic
ganglion cellsoften with dysplastic features (binucleation,
cytoplasmic ballooning).

Sparse stroma ofion-neoplastic glial elements. WHO Diagnostic CriterigGangliocytoma
May be hard to distinguish from Ganglioglionia some Essential
cases (spectrum). A tumefactive lesion with presence of irregular
- e e : groups of large, mature ganglion cells

/ : AND

Matrix resembling normal neuropil, sometimes
more coarsely fibrillar or vacuolated

Desirable
Atypical and binucleated ganglion cells
Cytoplasmic ballooning or vacuolization
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WHO grade 1 (. 4 gus
Rareneoplasms o€arly childhood g N esdd? e’ 1 ."._"/pf e/ "Y‘{
Cerebral hemispheres. Often large and cystic B o & gt N7 '_5‘ AL
Leptomeningeal component. s TN el o & e &

. . . . ."t ‘ . { i .,'é ._4‘ y ‘,- » vk ‘
Biphasic1) Prominent desmoplastic Y st i v A 257 Wit K
leptomeningeal stromawith, 2) a variable 28 s A B f4 L R Tl ,;’.‘{, " y
neuroepithelial population of astrocytegDIA) iyl — ANET . CES
possibly with a matur@euronal component DIG/DIA
(DIG). Essential

Abundant connective tiss#g Prominent Biphasic morphology with a dominant desmoplastic
reticulin surrounding most cell§ may mimic a  |eptomeningeal component admixed with a neuroepithelial
mesenchymal tumor! Virtual slide component containing astrocytic cells only (DIA) or astrocy

o and neuronal cells (DIG)
Molecular: MAPK pathway activation, usually - AND (for unresolved lesions)

BRAF or RAF1 mutations Methylation profile of DIG/DIA
Y Ay :' (A2 L | Y B T3 g o - OR
T 7 PR N T NPE L 0% ‘5’(,’0‘? O BRAF or RAF1 mutation or fusion, occurring in the abse
Vit h s al® Mo T ™ o8 ‘4o ” N of homozygous deletion of CDKN2A/B
§ DX 3 AT

i) 7 . Of ~,.:s & 5. ';a z) Jf““g Desirable _ _ . .
3 P B i W e S - %97 Tumor with a cystic component and a solid portion, with
B Y ) Sl iy B " ‘?:‘_“7'&30‘ leptomeningeal involvement, usually attached to the dura
e e a T o Ao se s PP Infantile onset (typically <24 months)
|5“ SYONB2LIX I adGAO bDENEi\IE%NJ)\ '.K@@dié
WHO grade 1 k %? ' 2 A
UsuallyChildrenor young adults. Py e@ &% . ® LQ’\?, ’ ¢
Typicallycortex oftempora[lobe A o S (5; ; LS @ "1@8 é‘@@
a{2FL) 0dzoot S¢ F LIS F NI & e ® o s s?@g"?“
Present with early onsetpilepsy. g%{f ® e g B ST NG LAY 3

P S 72 ; . PO & &%..
Columns oémall round monotonous cells cad AR et TR L ¥ e
(oligodendrogliomdike) oriented perpendicular | Q& 3 .:“4 e & B 4 g Q?_? Pa
to the cortical surface formed by axon bundles. 6 b G g \ 6® 4 “ » _
Normaly SdzNPya & Ff 2 GXA)TER a\i-'ée ¢ a0 g Pl
Multinodular architecture. DNET
May be associated with cortical dysplasia.

Essential
Molecular: FGFR1 activating mutations. Cortical ganglioneuronal tumor
Presence of an IDH mutation or Codeletion of AND
1p/199 excludeghis Dx. Virtual slide Presence of the specific ganglioneuronal componen
N W% 3 < , AND (for unresolved cgses)
- B ) =, o S FGFR1 gene alteration
? . ® ) ~ % 8 « ',4 . OR
S & z / e - Compatible DNA methylation profile
: & - ; Vg > Desirable
- : 4 @ . Earlyonset focal epilepsy
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| Papillary Glioneuronal Tumclr

WHO grade 1 3
Lowgrade biphasic neoplasm with: ‘;
1) Prominent pseudopapillary architectureith  #
acuboidal glial cellaith round nuclear and BB
scant cytoplasm arounklyalinized blood vessels. .*..“ Y
(+)GFAP :é(y. .
2) Intervening collections of neurocytesith 'Q 9
mediumsizedganglion cellsvith neuropil. '
(+) Synaptophysin %
f B * g P L4 AN o 3
Often in thecerebral hemispheres near the ' _
ventricles WHO Diagnostic CriterisPGNT
Oftenyoung adults Circumscribed Essential

Biphasic histologic and immunophenotypic pattern wi
pseudopapillary glial lining and interpapillary neuronal

T ." \::VJ;.‘ Sl 's’o:.f' ~ components
-~ . ./ N {4" .
)| AVEL (AT STy AND
b ’ ." ..”'—' p 7 .

Molecular: FrequenSLC44A—PRKCA fusions

40 ’- - j{pf sy, e ' PRKCA gene fusion (mostly SLC33A1::PRKCA)
v".. | P ““;{!\ ‘“ Vs \ AND (for unresolved lesions)
Y ey :.°.‘.:’: s N\ A ',‘, ¢ - Compatible DNA methylation profile
Pt me R o s o 2% .
:2",‘.,.. ‘_'.“. 7 ’:‘:g'" T "-f.\,% *  sw.g= Desirable
R TR o e '@V_’-.,‘-’ .o ° Welkdelineated, solid and cystic tumor
| Rosetteforming Glioneuronal Tumdfs. “«"2_ .o, & o et o
¢ "’g . ':. e - e ) :
WHO grade 1 e ? Juy e s’ L A
- : oY 7,‘ Qe “A . :'D . g
Two distinct components: ’ f&’*,';‘ﬁ’ G Ve s ® .
1) Uniform neurocytes forming rosette§A ) T L, @ % g, S hets, Tiam e o,
and/or perivascular pseudorosettes . RN ® L& a2
ae ¥ 43,‘ ¢ ~ ..a_.t ', 'S AR 4
2) Anastrocytic componentesembling i, . 3 ’ (X S e ot \
pilocytic astrocytoma. L eME e i .._:..Q ’5%1'.“ s L
. . . . " . '.e!a ‘l&'\\; _)..'r” .‘b" : = ‘... . £, g \‘. ) - » 3
Slowgrowing. Relatively wettircumscribed. <. .u;?‘}fo,‘ " gl X LN ‘.1‘:"_‘.‘. g "a% 8
Midline: Most common in thel" ventricle. e '\gvxﬁp ) i (@ o NAbeR S 8
9 s e 9,

.
»
~
»
8
‘e
»
Cd
e
-
@
-
-

Typicallychildren or young adults. .

of y . ® - .
Molecular: FGFR1 mutations with frequent WHO Diagnostic Cnter:aRGNT

co-occurring PIK3CA and/or NF1 mutations Essential

Y oYe W3V O\ - a7 1 Biphasic histomorphology with a neurocytic component and a glic
o 0D \ » T o4 - component
% ege @ ’.69%’&*‘ - f, ; AND
o o 289, f‘ u)_.»:'-ﬁ A f - ‘q Uniform neurocytes forming rosettes and/or perivascular
S 9‘ é: oG % gé i e # . ® = U pseudorosettes associated with synaptophysin expression
3t ® & -@, : » { P o & AND (for unresolved lesions)
o - a& ol g? £ Small biopsies showing only one component and a compatible
; w o¥ o @, "%y .® DNAmethylation profile
" Q@ ‘PQ A ‘@ 61._ 2 2 O e » ‘ a .
[ TR e an D \,f’f;lg‘c °8 #, Desirable
) 79 de : ® 8 Yo e 2 FGFR1 mutation with emccurring PIK3CA and/or NF1 mutation



t)/ 2% . > . . s S0 < ..
| Myxoid Glioneuronal TumoI a e R
K,'-‘.' . l'é:‘ .
CNS WHO grade 1 ' AR SN AR RSN
‘y‘ , '. '.’ 0: 5 £ .‘..l".
Very rare. Children and young adults. & e’ 5 g ity
WHO Diagnostic CriteriaViyxoid glioneuronal tumor Roakiond S5 L gt e e i X
o4 . 3 . '. 5 “. ,-“T t. .
Essential u,l"'." & onm ot SaC g e ]
Oligodendrocytdike tumor cells embedded in a prominent myxoid stron, . " .",‘f SwL ' s '.".:’, SR
AND ESe s 8L e T e
Location in septal nuclei, septum pellucidum, corpus callosum, or IO APRUIRED g sl v Lot ‘};’ 5
periventricular white matter e i € SHen 43 e
..'l.:..' % 2% > 4 «3 . .'T‘:- S '."l‘..
Desirable : I .-," i SO REpE 8 (IR R
PDGFRA p.K385L/I dinucleotide mutation (or other PDGFRA mutatlon) e~ R 7y Pt o LY
Compatible DNA Methylation profile B 2 O SRICUTRHT Wi <34 VARt

| Diffuse Leptomeningeal Glioneuronal Tunior

Rare. Usuallyoung childrenSpine or Intracranial. WHO Diagnostic Criteri@DLGNT

Predominant and Widespread leptomeningeal growtl gssential

Oligodendrogliomalike morphology, Oligodendrocyteike morphology

Neuronal differentiation in @ubsetof cases. AND

Usually lowgrade appearing. Occasional anaplasia. ~OLIG2 and Synaptophysin immunoreactivity
AND

Molecular:MAPK pathway activatiorfFrequent Chromosome arm 1p deletion

KIAA154BRAF fusiongnd 1p deletion(can have 19q AND
codeletion in a subset) MAPK pathway alteration (mostly KIAA1549::BRAF

AND (for unresolved lesions)

Not currently graded (too rare). Compatible DNA methylation profile
Slow progressiorover many years. Bretenle
A e 23 T SRS E LS TV -+ - Childhood onset
AR a0 < L R S e s . ".  Leptomeningeal dissemination
.‘, o v el .. L e Encasing spinal cord
.')-’ .. - \ . ”~ l.
g o el =Xy 4
2 ‘. ':' - .
- .). \.. F - ] e -2 "




| Central Neurocytom}

CNS WHO grade 2

Uncommon Intraventricular, often lateral.
Usuallyyoung adults

Uniform round cells with speckled chromatin

and a neuronal immunophenotype
(+Synaptophysin,GFAP)

Fibrillary areas may mimic neuropil or
ependymal pseudorosettes.

Arborizing capillaries and calcifications.
Virtual slide

6
WHO Diagnostic Criteria "9
Central neurocytoma ,

Essential
Intraventricular localization
AND
Oligodendrogliomdike monomorphic cells
AND
Synaptophysin expression
AND (for unresolved lesions)
Compatible DNA methylation profile

Desirable
Young adult patient
In most cases, no sign of malignancy
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| ExtraventriculalNeurocytomgl

CNS WHO grade 2

Present throughout CNS, often cerebrum,
without ventricular association.
Welkcircumscribed. Sloygrowing.

Histologicallysimilar tocentral neurocytoma
but more varied in appearance.

Wide age range, often middiage.

Must rule out a diffuse glionfa make sureno
IDH mutations.

Frequent FGFR1:: TACIQ4ions

bo

WHO Diagnostic Criteria
Extraventriculameurocytoma

Essential
Extraventriculaneurocytic neoplasm without IDH mutation
AND
Synaptophysin expression
AND (for unresolved lesions)
Compatible DNA methylation profile

Desirable
FGFR1 alteration (mostly FGFR1::TACC1 fusion)
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| Multinodular and vacuolating neuronal tumer

CNS WHO grade 1
Cortex Temporal lobe. Adults.

Multinodular!

Monomorphicneuronal elements with round,
vesicular nuclei, and distinct nucleoli,
distributed in discrete and coalescent pale,
hypomyelinated nodules with vacuolar changes
in tumor cells and matrix.

N\
N\

N\

Essential

Multinodularity

AND

Neuronal cytological features or tumor cell
immunoreactivity for synaptophysin, HUC/HUD, or
non-phosphorylated 20&kDA NFP

AND

Absence of mitotic activity

AND

Tumor cell/matrix vacuolation (but may be minimal)

Desirable

Immunoreactivity for OLIG2 ardternexinA
Absence oNeuNor chormogranirexpression
MAPK pathwayactivating abnormalities

| Other Glioneuronal tumord

Diffuse glioneuronal tumor with oligodendrogliomdike features and nuclear clusters (DGONE)

provisional tumor proposed as a neuroepithelial tumor characterized by variably differentiated cells
frequently showing perinuclear haloes, scattered multinucleated cells, and nuclear clusters, with a
distinct DNA methylation profile and frequent monosomy of chromosome 14.

Dysplastic cerebellar gangliocytoma (Lhermif2uclos diseasg(WHO grade 1): Cerebellar mass

composed of dysplastic ganglion cells of various sizes that conform to the existing cortical architectu
and thicken the cerebellar folia. Calcifications and ectatic vessels. PTEN mutation/deletion or loss
(primarily seen in Cowden syndrome). Usually adults. Unclear if hamartomatous vs neoplastic.

Cerebellar Liponeurocytom@\VHO grade 2) a rarecerebellartumor with a mixture of small,
monomorphic, oligodendrogliombke neurocytic cells with regular round nuclei and focal lipoma
like changegjust lipid in tumor cells, not actual adipocytes). (+) Synaptophysin, Focal GFAR. Adults




