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TsaLiiosanauss LﬁuﬂfjmiiﬂﬁdaiﬁﬁwmmﬁmiLLazqcyLﬁEJ?qumw (Disability Adjusted
Life Years : DALYs) Sudfusiun Tnglutlagiiu ensdvmnesuiiiosenauos fnswmuluiusgrenn fislug
m9itadelse edinssuunsiaitoseniivannvaneifisiu smunsiUBsuudamneiugnssu (gene mutation)
i defimeiauniluegnann Tusunisshelse wu nsdnwwuuyath (Targeted therapy) Fan130579
NMINeFINeT ansavilikndginwaunsaguadUleldenamungay dwaliannnunnwaninlugie
wagyilgefinundiniinty

MsfnwuazsuunlsAmme1dinen Msnsafidanuddyesimiiie nsnsadeuiiay
naduylugalaaiians (Immunohistochemistry) Fensameddldedrsunsrasnazansansiald
Tusufoanmsiluludsundlne Fsnslémadadvhlfamsaduundssnmeniosentdiludnilg
Fourtanua egdlsnudilifuummansideded dnnuiimnesuuiunvesusanalne meanitu
Usyaniiven nsunsunmed aduaonduiidunuimddalunisdine warddelsaitlosonanasialamuiums
$AVuLININ59 979 Immunohistochemistry Tulsanguiiasenauos uasnrfauogadsiuumeativdl
wiesgloviidmiunesunmdimlussdanmdluaviieg Alvnsquasnwiioe
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US4 guideline

undi 1 Lﬁaﬂaﬂ%ﬁﬂ Diffuse gliomas, adult type

unit 2 iifosenila Diffuse gliomas, pediatric type

undi 3 Lﬁaﬂaﬂ%ﬁm Circumscribed gliomas

unii 4 Lﬁaaaﬂ%ﬁm Mixed glioneuronal tumors

il 5 iesenuia Ependymal tumors

unil 6 iesenwila Choroid plexus tumors

wnfl 7 losenvia Embryonal tumors

unfi 8 ilasenviia Pineal tumors (non-germ cell tumors)
il 9 iesenwila Cranial and paraspinal nerve tumors
undl 10 osenvia Meningiomas

‘U‘m'?i 11 L‘ﬁm@ﬂ‘ﬁﬁ@ Primary melanocytic tumors

unfl 12 iesenaia Hematolymphoid tumors

unfl 13 tiesenaia Germ cell tumors

unil 14 \ilesenviia Sellar tumors

'U‘Vl‘ﬁ 15 L‘ﬁaﬂaﬂﬁuﬁm Metastatic neoplasms

unit 16 1ifosonwdla Skull base tumors
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ANSILARINTSINIRYLLDIBN Astrocytoma, Grade 4 Wag GBM Ineanwae Molecular features

mfmqLLam%ﬁmaQLﬁaqaﬂﬂEju Circumscribed gliomas tag m’maﬂﬂﬂ@mmﬁuqmm

dy !
msauanailesanlungy Ependymal tumors

AT NUARITNYAEYBY Ependymomas muviiadumnis vlingey uazn1snsiaiiaunnaduyluine,

MTEAAIINBEULYBI Choroid plexus tumors ANUAUTULTILAY mitosis

A1519N15UUS Medulloblastomas sudnwaznedalnlad (Histology)
wazanYMEMBiugnIsy (Molecular)

MILanngaeves Medulloblastomas Wagn1snsIaiikaen1eBuyluIve)

AT aLANINITINdeL e NLaTLZIS AN PPT

MILAAINITRUINGNAIHTULTIvBNTBtaNTUNGY Cranial and paraspinal nerve tumors

PTHUARIENwEME I eniosenlungu NF1-associated tumors
ps1suandiiaten Meningiomas MusEAUAIINTULTS Aaust 1 89 3
pTuanIMTIdadeiiiosan Meningiomas MussAUAIILITULSS
m’mLLamﬂflﬁLLﬂqmjmﬁaqaﬂ Primary melanocytic tumors
PNILUIMINTULITeaasan Circumscribed melanocytic tumors Tagld mitosis
A13UEAIVLAVDY Primary CNS lymphoma (PCNSL)

MIUAAITLATDY Histiocytic tumors Uagn15nTIafikALN198uyluIneg
MIANYHAYEY Germ cell tumors UagNInTIANLAYNIBUYILINET
AILERINITAINNSUAsuLAsTeTes Anterior pituitary tumors

AT NBAAITRAVDY PItNETs »13 2022 WHO Classification of Endocrine
and Neuroendocrine Tumors

P159UARIYTEAYEY Primary tumors WagAUduiusiunIsATIfiAYn 1By luIng
ATaERaYAYe Skull base tumors

A1319LARAYUATDY Sinonasal poorly differentiated/undifferentiated carcinomas
LAENIIATIANLAYN1BUYLLINET

M39UAAIYHA Chordomas Uagn1snsINLAYN19BLYLLINET

A139UERAS Hyams grading system @113u Olfactory neuroblastoma
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uninsly guideline

Wesenluiidl Tinuneanusiudailotenuazugissauesiswiaugugd (Primary) duinain

[y [ a a =% a I3 [ = .
avowazludunds wasnfendl (Secondary) BinaNN1INTEILVRINLISWANDTEIwBY (Metastasis)

=Y

Tneiiesenluidlvanumineferianveansuilenlidinisnsyate (Benign) vuzfuviSsazdanenouile
ntnsnszneludieiiztnafes (Malignant)

nsdadiuilon wislvirgranisianudila nednhazSewmnudiuretesinmsewdelan
1eEesriaveailasenuasuzsaueuessyuulsyamaunas adufl 5 (WHO classification of CNS
tumors, 5" edition) Faduatuaian lnelugiiowuiazvaSangadn WHO

& I3 & A A ) A avy vy a

Wesanuazugiievoailadongaiu (Mesenchymal tumors, Sarcoma) viafilulaiinain
A v . . PRIE S I | & A
\Weviuaues (Non-meningothelial types) voagliluidl Wasnnegludiuvesssuunsegnuaziilodo
LA (WHO classification of Bone and Soft tissue tumors)

° o o o ed PR A I [y 3 a Y [ o v o

dusudnvious Nilurelanzviioldudimnanatinaglidunndinge dmsumulanelng
sgdiiduliluiadundsdniug saudsegludiuvesnianuindunds wenand 13eensldunugl
HASOMINY + FVLBTINTATIINY LATOIMNNY — NUEDIN1TATIALINY VauETINITRTINRUENTTH

(Molecular) 1A389%318 + MUNBTINUNITNATEILS LASEIMNNY — nunefslinunisnaneiug

WrunAuzUdn (Level of recommendation)

] vaneda “wusdt” desnmsnaninaiivselevdsedUislunisitdadauenlse

WAEALA
= aa_, A o i =~ ¢ 1w
L] vwneds “eunaenda” Hewinmnsivnainaetaiussleyiserae

R vaneds “lidadiu” esnnuiesmsainarafunisasiafiududaunsavilamneg

USRI 9nativseealiiivsslowidenithe wazeraruavselusuaAle
U q [
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UNi 1
\Wasanulla Diffuse gliomas, adult type

Hagtiu WHO lé¥mnguitlosonauasinalosluglvgvingnars duunld 3 via [1] Ao
1. Astrocytoma, IDH-mutant (WHO grade 2, 3, 4)
2. Oligodendroglioma, IDH-mutant and 1p/19g-codeleted (WHO grade 2, 3)
3. Glioblastoma (GBM), IDH-wildtype (WHO grade 4)
mﬁﬁaﬁmﬁmaﬂﬁluﬂduﬁ Susieainisnsrmmnisnaleiuguesdu Isocitrate dehydrogenase (IDH)
TnganunsanuaAnunATldilu Astrocytoma wag Oligodendroglioma 9MimsanIsengiusaans
1p/19-codeletion iiovnnsuameluvesBulgene) Fududnumeddyves Oligodendroglioma vnud
Astrocytoma %‘W‘Uﬂ’nmﬁﬂﬂﬂamﬂﬁuqmﬁm@ﬁu ATRX (Ol-thalassemia/mental retardation syndrome
X-linked)
nsaTIamIAuAnUNAvee IDH waz ATRX Tulszimelngamisansialalagnisdouiiawmig
duyluinen (Immunohistochemistry, IHC) n1sudanauInvas IDH dnlanutaym YauzfinnsuUana ATRX
mslirusyinsed nanfe luwadiilildidesen aeiinsindluiinndes (nucleus) vaiiwadiilecen
fifinsnanesiug (mutation) axlsifndluliuedea YyvniimuAensinddlsiasiaue lmAnaalsiuladn
Andasaniold ddauuzinfe TiUSvufisuiunisindusswadauss (neuron) wiolwaanasnildon
(endothelial cell) luuilathuase (internal positive control) waglsiuuziliuanaluuinasuma

[

Aa & 44 a s &
NULUDANYRIDUTIUUDUUDNUDIVULUD [2, 3]

2 ATRX Tuillasan Astrocytoma dananisandluiiindedvasuasvaoniaon
azlinunisindlulianfsdveswaatilosan
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ynesranuindosenlinauandu IDH1 R132H (IDH-mutant) uaglinaausie ATRX anwnsolv
AN531ad8 Astrocytoma LAyl usvinn ATRX Tinauan feiin15msan1ind 1p/19q co-deletion
wioliileusnlsnaanain Oligodendroglioma

osannisnatewusvesu IDH amnsaiialdvie IDH1 uag IDH2 weudvued (antibody)
TumsnsrameSinedildlumemndadimllae IDH1 R132H Wosnndumsnaeiudimududnilng
(88%) [4] vouilpsonauedlnalon fefunaauues IDH1 R132H maduyluinerdsliannsnagulf
dosentiuq ldfinnsnanewuguesdu IDH sududesmsanisnaieiuguesdu IDH1 uag IDH2 Tag3Enng
ongiugmandiianin 1ilesanuzideifinisnaeus IDH finswensallsa (prognosis) AiindsziSedilsid

o w

n1snaneug (IDH-wildtype) agneitdnAty

ATLEANIANYULFIAYNIAITANITNTIBY IDH LAY [5]

218 Woenin 55
v ¥ ¥
n1slnvasnau Aol
Uszintlasanausy 1Us23% low-grade glioma 11AeY
Uszifnsaunid fsevsiugnssudiilonaiauzisdlavanasuns wu

Li-Fraumeni syndrome

NNSASIINIGSIAINE Noullanway non-enhancement
NITATIANINEI5INGN \Hesenidnwuy low-grade %3

oligodendroglioma features (fried-egg appearance,

chicken-wire capillaries, calcification) [6]

n13nsIaMeduyFalandians (IHC) ATRX Tinaau (negative) %39 p53 Tinauan (positive)

\{9991nN150 529 1p/19q co-deletion §iiisAmeudagslulssinelny (8,000-12,700 un)
nsmsranaaouiilu diffuse glioma nnseAnAuANT Ty LﬁaqmﬂLﬁaaaﬂdaﬂmﬂumjmﬁﬁa GBM
¥0uzfinnsns1a TERT promoter mutation Sis1ALftes 4,000 U [4] fatumnuesiedasnisuimsnisiiy
Y93an1UnIBlIameIuIa N300 1p/19q co-deletion lungu diffuse glioma Femisaarulidmnsy
ilesondiiignvar sl

o fauil frontal lobe
® WU oligodendroglioma features

® U H3K27me3 loss

nuanwnisnsovduludalninansna:eruwusAtansisnitiosons:uuds:zain 9
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d1115U GBM dnwaugn1anensine (GBM features) MaWU necrosis wag microvascular proliferation

Tutlagtuiin1s3tiady GBM lagdnuaiennanugnssy Aamsnenuas

Astrocytoma
Molecular diagnosis [7, 8] GBM
Grade 4
CDKN2A/B HD + -
EGFR amplification - +
7+/10- - +
TERT promoter mutation - +

A1519uEaAIN15IeRELleIan Astrocytoma, Grade 4 waz GBM laganualz Molecular features
(Mugig HD = homozygous deletion, 7+/10- = chromosome 7 gain and chromosome 10 loss)
1 [ 4 o = I 1 v dy PN d' LY d’l’ A a |3
agelsfinny deasidvinludlvajenydey onanuilleseniimuifgriuilosenauesiinluianuay
Josula (Diffuse gliomas, pediatric type) 1y uziSeauesrafinalulnunanswesaNaLas syuUUsYam

(Diffuse midline glioma, H3 K27-altered) (s1eazidanluunil 2) FuduiedodduseiRmunives

AoullleenIWAUANYUEN1INITINe AUANUNMTATIA IHC Asasuluunugiinuans

| Diffuse gliomas ] *can skip if there are all of;

I - diffuse high-grade glioma

- no oligo features

- age >55 years

+/+ +/-
+ | oligo -
features
+
1] eBM K oligo |+
features features

DMG yyy T

' Consider

H3 K27-mut | Astro ‘ |GBM| Pediatric
1 glioma

uHLATLAAUYININ1TITRAY Diffuse gliomas, adult type
(MauEun:  Astro = Astrocytoma, Oligo = Oligodendroglioma, DMG = Diffuse midline glioma,

co-del = co- deletion)
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UNN 2
Wasanwula Diffuse gliomas, pediatric type

\Wesenauadlnalouludinedingnany uwuseenilu 2 ngumananu WHO [1] Ao ssAufifianuguunsesi

(Low-grade glioma; LGG) LLa%sﬁUﬁﬁm’mquiﬂQﬂ (High-grade glioma; HGG)

o
Y

iail Tenuvas ANTULTS (grade) vonilosenlnalovuudlfidu

o LGG = iiasenii WHO S crade 1 uay 2

o HGG = iipsenii WHO Saufiu grade 3 wax 4
osenlnalemnszdunnuguusei (LGG) fifsil
1. Diffuse glioma, MYB or MYBL1-altered
2. Angiocentric glioma
3. Polymorphous low-grade neuroepithelial tumor of the young (PLNTY)
4. Diffuse LGG, MAPK pathway-altered

osenlunguilinismennsallsafid vrselia Wy Angiocentric glioma way PLNTY fidnuns iy
nandin nafe {uleinuinlgeinisaudn neudneguiunduaueunulnia (Temporal lobe)
wseeanuiuyy (Calcification) lausyanmsnsianiededinet vililuefamegnisenit “Long-term
epilepsy associated tumors (LEAT)” wonanidamuanufinunfivesdu BRAF éUse 1wy BRAF fusion
W38 point mutation 7igwms V60OE [2] msasiaslosiumeensinelnglduoufiveil BRAF V60OE
Tulsniiosonausnguiifsfivsglominnn

foenssie esnidesennguilidnuasmae Bineldvarnvans Wensagiendesqganssesd
WU ManudnvazwaaiUlinna (fried-ege) vilvionaiings oligodendroglioma agndlsfiny dlonsiamdu
DH lunguiliinagliny esmnidesendnuasdanmsanuldly PLNTY Seflanufinunfvesdu BRAF

[

w38 FGFR2/3 [3] wenanin13ns19a3en1sdouiiaunieduyluingra1aigiiiesatuayunisiidady

winsuenlsalunguildsiasendonisnsianidutounit na1ABNTATIINNIRUTNTTUIT MY

'
a =

won N dAnsseidlunguiUisenyosds aunsany IDH mutation e Iaefisieauny
n1snaeugues IDHL Tunqueuldenedesd 14 U (4] Wwiedriu Diffuse midline glioma (DMG),
H3 K27-altered anunsalidnuaenianensing1figlaisuuss (low grade) lawuiu Jeaisdeusn

IsaLilesen 2 wliatiann Pediatric LGG, diffuse type Tidistgue
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LGG

Midline
——— Exclude DMG, H3 K27-altered -
M‘ Exclude IDH-mutant glioma |—~ -

. *"'—( Exclude PXA |— -

WNUNILEAIUUINIINTITRAY Pediatric LGG

dosenlnalounsedunuguusegs (HGG) Tl
1. Diffuse midline glioma (DMG), H3 K27-altered
2. Diffuse hemispheric glioma (DHG), H3.3 G34-mutant
3. Diffuse pediatric-type HGG, H3 wildtype & IDH wildtype
a

. Infant-type hemispheric glioma

Tuefmuy feanosdafinduilunamoud (Pons) uariidnwurgna (nfiltrative) gni3oni
“Diffuse intrinsic pontine glioma (DIPG)” g tfunuin DIPG udunilsves DMG Fefinsnisnaneiug
904 Histone H3 wasdanuisonuiivsnaduluwwinnunais (Midline) téud vansfa (Thalamus)
fuaues (Brainstem) Tudunds (Spinal cord) Msnsradeondfivewiililaensia H3K27TM Falwnauan
Tnoilotinsnaneiusues Histone H3 Alanaw (Codon) 7t 27 wafliintuAenszuiunns Timethylation (me3)
agliiAn vililduaauiilonsiasng H3K27me3 agnslsfnu Tullagtiumuininalndudnsefvinliae
msmeluvasnszuIunts Trimethylation (me3) Tnefilinunisnateiusves H3 K27M Fojudeinves
“DMG, H3 K27M-mutant” Tu WHO 2016 3slasududelmilu WHO 2021 Hufie “DMG, H3 K27-
altered” [1, 5, 6] FeUsENOURE

1. DMG, H3 K27TM-mutant

2. DMG, EGFR-mutant

3. DMG, H3-wildtype with EZHIP over-expression
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AW H3K27me3 vaawaatidasanlnalounviin DMG, H3 K27-altered
dunanisandlulinndsavaswasnaaniaan vauzilinunisindluiinasavaawadiilosan

JadidyAo N13RTIINUANLRAUNAYEY H3K2TM Wesedrufien lawnsassyinduiiesenla
Wesanililesonulinduiiaunsanuaiuraun@d dume pilocytic astrocytoma Wag ependymoma [7, 8]

FIUUADINUANBULNITUNTNTY (diffuse infiltration) Vaatinansie Faududnuuzyas DMG
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Diffuse hemispheric glioma (DHG), H3.3 G34-mutant Wuieseniinuluewin delanin AU38 DMG
deseniliinennsallsaiindr DMG Entes [5] Snwasrddyfionu ATRX loss, Olig-2 loss waz p53+ [9]

Diffuse pediatric-type HGG, H3 wildtype & IDH wildtype Wag Infant-type hemispheric Glioma
Huitlesendidodldinisnsaama molecular wied aluteidinuazman suddu [10, 11]

HGG

_.4 Screening for MMR }—» ::::;:h;s:s

Non-midline

o 210 years <10 years

:_ 27M = ALK
DMG, H3-wt
G, G, Diffuse ped- DHG, Infant-type
with EZHlP use pe VP
H3 K27-mut EGFR-mut | | overexpression type HGG, H3 G34-mut | | hemispheric
H3-wt & IDH-wt glioma

WNUATUEAIUUINIINTITRAY Pediatric HGG

(e MMR = Mismatch repair, ped = pediatric, mut = mutant, wt = wildtype)
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Uni 3
lWa9an¥in Circumscribed gliomas

APinANves lignany (circumscribed, non-diffuse) Ao lainunisunsnussdnluluilioass
ag 19ty agelsAnin ArssETadinisnunisgnatudilvluvinadiafssiisndntes ladessiie
ndaaganssay awnsanuldluileseniifivevwsdn tngliieindunisgnaiu

IUA [1-3] Molecular alteration

Pilocytic astrocytoma (PA) KIAA1549::BRAF, BRAF V600E, NFI

High-grade astrocytoma with piloid features (HGAP) | BRAF V600E, NF1, ATRX, CDKN2A/B

Pleomorphic xanthoastrocytoma (PXA) BRAF V600E, CDKN2A/B
Subependymal giant cell astrocytoma (SEGA) TSC1, TSC2

Chordoid glioma PRKCA
Astroblastoma, MN1-altered MN1

A139UEAIN5VUAVALUBIENANEY Circumscribed gliomas wag AMUAAUNANIINUGNTTH

desendnilvglunguil anunsalvinisifadelaeldinisnsadendesgansseild Huuduiinds
Fuidlefldonativumdnunn vie luneiifoudesenidnuvussuiiilimiiousuitaiaiou (Biphasic)
wu Lidosen PA sndudlefilfunifuiesnsdmestou vliitadulddun mnsadeissuyluine
Feonasudulunsdiuil

duneridifisaiosenyialva Sagnussglu WHO 2021 e HGAP uaw Astroblastoma, MN1-altered
osenitaosaiindl Fodld38n1amnmaania molecular Tunmsifads ndmite HGAP Wuidpsoniidunuain
A3msIaRaEisuiiaady (Methylation diagnosis) dan1sasaaidsldilulssmalngluvasil vaed
Astroblastoma, MN1-altered @1u15038ad8lalaen19m92935 Next generation sequencing (NGS)
ohdlsAnusslifiinmsailulssmalneluilagtu

LONE39199

1. WHO Classification of Tumours Editorial Board. Central nervous system tumours. International
Agency for Research on Cancer; 2021.

2. Tihan T, Giannini C, Pfister S, Rodriguez FJ, et al. Pilocytic astrocytoma. WHO classification of
tumours series, vol 6. International Agency for Research on Cancer. 2021:Lyon (France)

3. Giannini C, Louis DN, Figarella-Branger D, et al. Pleomorphic xanthoastrocytoma. WHO
Classification of Tumours Editorial Board. Central nervous system tumours, vol 6. International

Agency for Research on Cancer. 2021:Lyon (France)
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un 4
lasanuin Mixed glioneuronal tumors

¥

& I Aaa v | . ] 1 <@ 1Y |
ilesanlunguilidnwaenansening neurons wag glial cells @dulngnuluiinuwagiasy

N15NEINTALIAABUTNR e vlnlan ¥ NN 1T IMeLazUgNITINAUNLITUIaten Pediatric LGG,

diffuse type (@5wazideauni 2) wuslavianeyinasil [1, 2]

1.

10.
11.
12.
13.
14.

Ganglioglioma

. Gangliocytoma

2
3.
a
5

Desmoplastic infantile astrocytoma (DIA) / Desmoplastic infantile ganglioglioma (DIG)

. Dysembryoplastic neuroepithelial tumor (DNT)

. Diffuse glioneuronal tumor with oligodendroglioma-like features and nuclear clusters

(DGONCQ)

. Papillary glioneuronal tumor (PGNT)
. Rosette-forming glioneuronal tumor (RGNT)

6
;
8.
9

Myxoid glioneuronal tumor

. Diffuse leptomeningeal glioneuronal tumor (DLGNT)

Multinodular and vacuolating neuronal tumor (MVNT)
Dysplastic cerebellar gangliocytoma (Lhermitte-Duclos disease)
Central neurocytoma

Extraventricular neurocytoma

Cerebellar liponeurocytoma

danman Tuis DGONC &aleisunisussgiviaily WHO 2021 wiesswliafiedlunguiindndusediiade

megTBuiiaadu (Methylation) Tuduvesmsaviadeuiirwveilosenlunguiiviaun awnsaglalunianuwin

LONE1591999

1. WHO Classification of Tumours Editorial Board. Central nervous system tumours. International

Agency for Research on Cancer; 2021.

2. Louis DN, Perry A, Reifenberger G, et al. The 2016 World Health Organization Classification of

Tumors of the Central Nervous System: A summary. Acta Neuropathol. 2016;131:1246.
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Uni 5
\Wasanwuin Ependymal tumors

dy ! dy a cal = ! . Y d‘
Wesenlunguiiinanwadsimulaun (Ependyma) Fayegseulnsaaues (Ventricle) dnwaigi

dnngy

o

yaallosonnguilfeiilvinauaniu GFAP, S-100[1] wagn139539938 EMA %130 D2-40 anansanuanuny

msfndidugarieunas (Paranuclear dot-like stain) laltudnsunnsneiu [2, 3] vasidnnunisnsiveae

Olig-2 way SOX-10 lawaau [4, 5]

¥ia Grade
Subependymoma grade 1
Myxopapillary ependymoma grade 2
Ependymoma grade 2, 3

X .
A11euanliasanlungy Ependymal tumors

=

d’" dl ! 1 d’ld d! U Idl 1 L
LUQQBﬂVIWU‘U’EJ‘EJIUﬂQMUF’]@ Ependymoma #35¢ UAIMUIULIIBYN 2 ey 3 NTLUNTEAU

[

anuguusilasodonsanadiendesganssa Wanwaedd (6]
1. danunuiiuveagadgs (Hypercellularity)
2. fimsudsaioust 4 Tu 10 dswerega ( 24/10 HPF)
3. fiilons (Necrosis)
a

. ﬁﬂizf\;mﬁaaﬂLaawﬂmmﬁﬂﬁ’lmumm (Microvascular proliferation)

%o LA AT TN
i ' b

2N GFAP uanen1sang luleslananduveswaatilasan Ependymoma
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&
e LT ol L EE Ty Y
SO AT et
w0
f ﬁ.s u;""*f A

A CAM5.2 uansganau (dot-like stain) Tuwagiifosen Ependymoma

: @ i ™ Py 1Y
® 4-0\ ' ﬁ it f . gy ,g

TusAnnisnudnuasdndnndadu 2 Tu 4 4o annsneylaulddnieseniianuguusunsn 3
oglsAmulutlagiiunuin dnvasfinnanumanedinoldlddanudiusidanuiusnnnisetsen
voffthe laesarnsegsenasiinuduiusiumumisestouegsiteddy uenanddmuiniesen
Tuuslagsunisazdianmananuiauninesiugnssuiinandsiuoonty fafu WHO 2021 Felduen

Ependymoma mudinisvesnoulusienielased [7]

AU yingoy N1IATIANLAY
Supratentorial (ST) ZFTA-fusion positive ZFTA-fusion
YAP1-fusion positive YAP1-fusion
Posterior fossa (PF) Group PFA H3K27me3 [8, 9]
Group PFB
Spinal (SP) MYCN MYCN FISH

ATUANIANYUEYDY Ependymomas Auvliaduls ¥lingay wasn1snsIaniAunIaduyluinen
WUEA:  ZFTA - Zinc finger translocation associated, YAP-1 - Yes associated protein-1,

MYCN - Myelocytomatosis viral oncogene homolog, neuroblastoma derived

dwsuiilosenfiArlungInandswe (ntracranial) Shwulugitsenytios uagwuwiin PF ependymoma
lausni ST ependymoma (65% #la 25%) [10] 91nA1sAnwIlag Lim KY wua1 ST ependymoma wia
ZFTA-fusion ﬁgq‘vim 16 518 wuindwnse 3 ﬁy’wm [11] kaen136053aNU CDKN homozygous deletion
wvstdmswensallsafiuelunduil (1] dawvdla YAP1-fusion wuldtfesndt uaedslifinisnsraviad

Tudssinalneludagiu
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PF ependymoma fin PFA wuusgluin vauedl PFB wuluglng vfiausniinanusuusegena
waziinsuanioanvyes EZHIP 1ge (overexpression) anunsadiade PFA laldenlagly H3K27me3
Fanuanllfnd (loss) [12, 13]

A

. _g'
S b
!
3x
3£

2 PFA Ependymoma wane pseudopapillary rosette (418) GFAP (nan4) wag H3K27me3 (971)

SP ependymoma wulnsusseiinaudaglvg) wiafii MYCN amplification huwdalmaly WHO
2021 ilafidnswensellsadilid [14]

Ependymoma
Location

&

+ -
ZFTA-fused | | YAP1-fused Non-ZFTA/ PFA PFB MYCN- No MYCN
ST epen ST epen non-YAP1-fused 1 amplified amp
l ST epen
* Very poor outcome, need Craniospinal irradiation (CSl)
WNUNALEAIUUINIINTITIY Ependymomas
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uni 6
\Wa9an¥ia Choroid plexus tumors

¥

Wesennauiliinlulnssanes (ventricle) Wensiagaiendesganssauaznudnvuziduiiu
(papillary pattern) waglvnauinsonisdouiiiae Wi AEL/AE3, S-100, E-cadherin [1] Jeymnisinnufme

o & A adao v [y & = o & £ £ £ a a a
llLu@ﬁ@ﬂ‘ﬁﬁ’]ﬂﬂiu@%Mﬁﬂngﬁa’]ﬂﬂULu@ﬂ@ﬂIUﬂﬁjmu @ﬁuu@q"\]"\ﬂLUUG]ENELGUWITEJEJMV]NEJN%IUWIEJ’]‘Mﬁ’]EJGU‘Lm

d‘ 1
ietiglunsuenlsa (@a1AxwIN)

anunsanUwnuauguusstilu 3 ¥lin dmsa (L, 2]

YUR Grade Mitosis (/10 HPF)
Choroid plexus papilloma 1 <2
Atypical choroid plexus papilloma 2 2-5
Choroid plexus carcinoma 3 >5

ANTUHAAIANBAILYBY Choroid plexus tumors AMUAAUTULIILAZ mitosis

LONE1591984
1. Louis DN, Perry A, Wesseling P, et al. The 2021 WHO classification of tumors of the central

nervous system: a summary, Neuro Oncol. 2021;23:189-197.

2. WHO Classification of Tumours Editorial Board. Central nervous system tumours. International

Agency for Research on Cancer; 2021.
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uni 7
1Ua99nTUA Embryonal tumors

dasenlunguildnnuludngn deulndr wunszaneluiilodunds (Cerebrospinal fluid; CSF)
levee nnvafinnuguusseglusedu 4 amnsauuans1ig ey Medulloblastoma waznguves
Non-medulloblastoma Ing medulloblastoma wuldvesfis 60% w81 embryonal tumors ﬂgﬁwm@
drulngnuluinenslesnit 10 U waznuveeluweny [1-3] lned1uniswes medulloblastoma
Tiidedndoudnly cerebellum Wity uenanidsaunsausiingosvas medulloblastoma 4] 16
N RN

Histologically defined Molecularly defined
e C(lassic e \WNT-activated
e Desmoplastic nodular (DN) e SHH-activated & TP53-wildtype
e Medulloblastoma with extensive e SHH-activated & TP53-mutant
nodularity (MBEN) e non-WNT/non-SHH
e Large cell/anaplastic (LC/A)

A1919N15UU9 Medulloblastomas Audnuaizn1edalnlag (Histology)
WaTANYUENIINUTNTIH (Molecular)

NITENUNakLEINIATI8UNERAIUATLVA Histology wag Molecular dvsusgraasiiauduiug
fun1snensadlsaunnitiesainiinisSnuvialvg (Targeted therapy) wia@usgnsuntudagiu (5]
nsuwenadialag molecular @mnsaldnsnsradeniivavlanadl [6-9]

¥in B-catenin | GAB-1 | YAP-1 | NGFR(p75) | OTX-2 | Predictive markers
WNT + - + - + -
SHH - + + + - MYCN, p53
Non-WNT/non-SHH - - - - + MYC

M1319UEALYNAEB8YBY Medulloblastomas Lagn1InsIalAYNIBUYUINeT
NUEWn:  B-catenin #nd nucleus, GAB-1 #nd cytoplasm, YAP-1 #ndvia nucleus wag cytoplasm,
NGFR(p75) And cytoplasm, OTX-2 And nucleus
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d15U medulloblastoma ¥fia SHH awnsauuseantiidu 2 nqueges e TP53-mutant ez
TP53-wildtype Feuiinusnaziinennsefisaiingnin [10-12] siefimulalu Li-Fraumeni syndrome weaesuiln
AanaMaEILITaLenINAUlAlAEN1TRTIA P53 UBNIINENINY MYC amplification lungu Non-WNT/
non-SHH [13] dufusifunennsallsafigunsauiiy vinanansavinldmeBunmdisasdmsasiudeg

ANLLENS non-WNT/non-SHH medulloblstoma

wang small round blue cells (F18) wag OTX-2 (971)

dwsulungu Non-medulloblastoma wuldaenit Medulloblastoma Usenaudae
e Atypical teratoid/rhabdoid tumor (AT/RT)

Cribriform neuroepithelial tumor (CriNet)

Embryonal tumor with multilayered rosettes (ETMR)

CNS neuroblastoma, FOXR2-activated

CNS tumor with BCOR internal tandem duplication (ITD)

CNS embryonal tumor NEC/NOS

AT/RT WWuillssenviinnfianusuussgeann wuldvssludnenetesndt 3 vav awnsafintuld
NeluAmls supratentorial way infratentorial siufisdrutesninenanvlulodunds [14] dnweg

e

NINeI3Inemuwad lanatswuy Inednwasd1AAan1suy rhabdoid cells agslsAnuwadi
wuldidudiutdes wazarunsany small round blue cells ¢ virlwluafniiduniagnidededu
medulloblastoma [15, 16] wenain AT/RT agdlannnainanuiaunfves INF1(SMARCB-1) lauaa
Sanuiniidutosveuilosent (<5%) numnuRiaunfives BRG-LSMARCA-G) fefunisnsaa INFL uae
BRG-1 Fsdsmsdnfitysania [17-19] AT/RT uusmunaudesls 3 wiinfa 1) AT/RT-TYR, 2) AT/RT-SHH uag
3) AT/RT-MYC [20] sfiausnnuludinnisntiosdn 1 vau uagnuveslusumis infratentorial vausdiviaii 3
anunsanuldluanlauazdlng dnnulumemdalaseniziunis sellar region [21]
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AW AT/RT u@ns rhabdoid cells @i nucleus vualugy
= .o N o & v = o v =
% nucleoli oy lelawanausidnwazilufounay Weaau nucleus Tudnawile

Vs
3L,

R LI TR i P

. - oL %) P Pradl o ; §1¥}~ A %
¥ . £ ." W - . ' L L A 4 () 2 o
il yac - AMEI A SRR 8 R T

AwuEns AT/RT 3slsinauanda EMA (318) waz INI-1 loss (v21)

CriNet \uiilasoniingrany IN-1 loss Idmilauttu AT/RT warlidnuuzmetugnssuilndTnunnity
AT/RT-TYR usiiidounnssfefounuudnnlnsauss (ventricle) dnuaigymene dienmuisadiizeasii
Wuwmauiulvanadienzunss (Cribriform pattern) waviiwennsallsafinndt AT/RT ann (22, 23]

ETMR Hudeidennguidosenddlusinuszneuludeiilosen 3 wfin Embryonal tumor with
abundant neuropil and true rosettes (ETANTR), ependymoblastoma ey medulloepithelioma
ednunzmane 3ine azneudemadiiGeaiudumaiedu (Multilayered rosettes) nsvatuoglu
Neuropil background Lﬁaaaﬂﬂqﬂﬁuﬁm’luﬂduﬁiﬁwamﬂ@iamié’auﬁLﬂw LIN28A [24] aenslsAnmudalad
ndweudveniluusandlng
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CNS neuroblastoma, FOXR2-activated Iuaamﬂﬁ"]’mﬂuﬂdu Peripheral neuroectodermal
tumor (Central PNET) Tnglutlaguiudiiudoddnisnsiana molecular tiediady dnwauzddayiiny
NINYIBINEFD L%aéLﬁaaaﬂﬁgﬂéﬂaﬂam pnaiimswauluduwaduseam (Neuronal differentiation)
uazdin15a519 neuropil stroma nsgauitAwdnlAnauInge Olig-2, TTF-1 wazdnlikaauns GFAP

CNS tumor with BCOR internal tandem duplication (ITD) desweniipuden “oNs high-grade
neuroepithelial tumor with BCOR ITD” #adlin1snsianis molecular Tunsitiadeuiieniu CNS
neuroblastoma, FOXR2-activated wwadlilasenadaiiisusslduarnuats deudFenen (spindle)
sUsanau(round) auflsgusnannda (pleomorphic) fiunaulaferifosoniingl solid growth wazeramy
perivascular pseudorosette AR18AU ependymoma la A15dauiilAvnUNauInge CD56, BCOR
aghslsfinny BCOR IHC Tuflanusumizianzas fesanasanuly sarcoma winduld wu solitary

fibrous tumor, clear cell sarcoma of kidney [25, 26]

| Embryonal tumors ‘

| Histologically defined I

I
\ Molecularly defined | -

B-catenin GAB YAP-1
NGFR OTX-2 Ki-67

l v r

1
[WNT* | [SHH| [ non-WNTon-sHH | | etmr, | [ Emb tumor, NOS ATIRT

' ' * c19-MC l l
CTNNB1 P53
MYCN amp

* Screening APC gene for familial benefit

WHUAALEAILUINIIN1SINARY Embryonal tumors
(WJ'IEJLWJ' C19MC = Chromosome 19 microRNA cluster, i = isochromosome)
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UNN 8

lwasanuia Pineal tumors (non-germ cell tumors)

£

WesenUgugiivesienlnlleainvulesun neunazAniuilotenlunguil Jemisdeweniiiosen

germ cell tumor @9n (S18azRYAUNA 13)

iosenusugivesionlmiua Usznaude

1. Pineocytoma

2. Pineal parenchymal tumor of intermediate differentiation (PPTID)

3. Pineoblastoma

4. Papillary tumor of the pineal region (PTPR)

5. Desmoplastic myxoid tumor of the pineal region (DMT), SMARCB1-mutant
ilosende 1-3 Fonvauilédn Pineal parenchymal tumor (PPT) ustazafinuannefufianiusuuss

AeasUlilupsnasinuang

¥ Grade Neurofilament Mitosis (/10 HPF)
Pineocytoma 1 NUAUN 0
PPTID, low grade 2 NUUIUNAN <6
PPTID, high grade 3 NUUIUNANS >6
Pineoblastoma q Wulley Taintuou

AN519ENINT5I TR LR IRNLAZUZISIENRY PPT [1, 2]

Todunn nqu PPT fflmnuguussiian Ao Pineoblastoma vzdidnuaiyn1ame13ing uuy
Small round blue cell tumor Ssflldmanewialusiainie Addalussuulszam fo AT/RT (@U‘I/H?i 7)
Farfunnswu small round blue cells lusionlmilea Sauuzailinga INF1L saudeiaue

PTPR Juiilosenddnvazifunsi (papillary pattern) dedosusnssnanilosennaravile
ﬁﬁ’lﬁ'ﬁgﬁa Metastatic carcinoma, Ependymoma, Choroid plexus tumor tusu $dudeslinisnsiafiey
IHC wanavtn lng PTPR lvinauinae CK18 (81.1%) uaz CD56(100%) [3, 4]

Desmoplastic myxoid tumor of the pineal region (DMT), SMARCB1-mutant Fuilesonvielu
ﬁgﬂﬁ’lmmiﬂu WHO 2021 5?1‘1951481/1’1&‘1/\1aﬂﬁawmﬁéﬁmﬁamiwu desmoplastic 38 myxoid background
2RI IN-1 Loss [5] Fonassy Teredewenisaiu AT/ RT anu INI1 Loss Tty uiiosen DMT

v

Tanuwagmane sinendu low-grade waziinisnennsallsafinninilesen AT/RT un [6, 7]
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UNN 9

lWa9an¥iA Cranial and paraspinal nerve tumors

Wasenlunquiliianuduiusiulsanisiugnssuuneia Wy Neurofibromatosis type 1 (NF1),

Neurofibromatosis type 2 (NF2) uag Schwannomatosis 819utdtliasennguiinsnae lasail

Benign (WHO grade 1)

Borderline (Grading N/A)

Malignant (WHO grade 4)

Schwannoma
Neurofibroma
Perineurioma

Hybrid nerve sheath

e Atypical neurofibromatous
neoplasms of uncertain
biological potential
(ANNUBP)

Malignant melanotic nerve
sheath tumor (MMNST)
Malignant peripheral nerve
sheath tumor (MPNST)

tumors

e Cauda equina
neuroendocrine tumor
(Cauda equina NET)

MNTIUANINITUUINGUANTULIIYBAUBEN UGN Cranial and paraspinal nerve tumors [1, 2]

(N/A = Not available, NET = Neuroendocrine tumor)

Hybrid nerve sheath tumors Lﬂuﬁadaﬂ‘ﬁﬁwauﬁmaﬂ benign nerve sheath tumors lagwila
schwannoma Kaufu perineurioma Wuiﬁmﬂﬁ?jﬂ LazniAnt s (Sporadic) vuefivdia schwannoma
nauu neurofibroma swululsa NF1, NF2 uag schwannomatosis [3] nsitadeiiesenyiinnasi
Aldlngldmsnsradouiivy CD34 wuludwenilesen neurofibroma msdfeuiivey 5100 uay SOX-10
wulu schwannoma gzt EMA wulu perineurioma

Neurofibroma m ANNUBP ﬂ, MPNST
EED

mwLl,amnalﬂﬂﬂiﬁwuﬁ%aeLﬁmaﬂiumju NF1-associated tumors

ANNUBP Tgn1suuainsnaes neurofibroma @e 19 2 Tu 4 @99 cellular atypia, loss of the
typical neurofibroma architecture, hypercellularity, increased mitosis (<3/10 HPF) lngdaa135239A0
\esenylaillddwiugiae NF1 wit [1]

MMNST lwilosenfignussyIndluy WHO 2021 deifiude “Melanotic schwannoma”
Falnnwulusumis spinal nerve roots Wag autonomic ganglia Lﬁaﬂaﬂﬁﬁuﬁuﬁﬁuiiﬂﬁuﬁqﬂﬁiu Carney

= = [ < %; o oA .
complex [4, 5] tasandseaunsnadullugi (Recurrence) wazn1snszaelusiumiadu (Metastasis)
levse Faidsddlagnenianly (6]
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A . | Mitosis | H3K27Tme3 | INI-1
YUA[7] Atypia [Hypercellularity GRLER Necrosis o o
Neurofibroma oy - Taiwy Taiwy
e Plexiform Tainu Tainy
e Ancient N Tainy
e Cellular Taiwu WU
ANNUBP(in NF1) Ny U <3 - Taiwu Tainu
MPNST
e Conventional WU WU wulg Tainy
(50-80%)
Low grade 3-9 Taiwu
High grade >10 NU
e Epithelioid lainu wula
(40-67%)
(8, 9]
e Perineurial Tainy Tainy

AT NUEAITNYUEN WY IMEIvBllasanlungu NF1-associated tumors
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ap‘. \*

-
-

“at on € " R .\sg‘ ‘é;

e AR

AW Epithelioid MPNST @aiilaseniilsinauan fndidude S-100 (418) SOX-10 (nana)
uazlinu H3K27me3 loss (¥21) Aaulu classic MPNST

Cauda equina NET n3adaiiufie “Paraganglioma of the cauda equina” &nwauedid1dsy
ﬁamsmwmjmaqLezjaa‘l,ﬁaﬂaﬂ (Zellballen pattern) willouffu paraganglioma finuluusig jugular
foramen usfidaunnsnafie paraganglioma USas cauda equina UlWkaausRen1snsIa GATA3 [10]
waglaimumnuduusgiu Hereditary paraganglioma syndrome fatuislifiannusnfugomsiann SDHB
mutation [11]

Cranial and paraspinal nerve tumors |

low

Mitosis high

mitosis 3-910HPF mitosis

+

Schwannoma |I Neurofibroma || Perineurioma ANNUBP || Conventional (| Epithelioid || Perineurial

r MPNST MPNST MPNST
vy

Cauda 1

equina NET [ e ] |

UNUNNUEAIUUINIIN5ITRRY Cranial and paraspinal nerve tumors
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Unil 10
LlUB99NYUA Meningiomas

HesenailadduiduilesenUgugiiinuvesdian Fsnrsviranuduneiuyiianiieg veudesenly
dalvgumaunsalinsiddemendeqanssailalnelidesdoniiauiingy n1sldnisnmadeudivey
meduiluinen Titediglunisuenlsavsensiamanuiuusvediiesean

Grade 1 Grade 2 Grade 3
Meningothelial Atypical Anaplastic (malignant)
Fibrous/fibroblastic Clear cell Papillary
Transitional Chordoid Rhabdoid
Psammomatous

Angiomatous

Microcystic

Secretory

Lymphoplasmacyte-rich

Metaplastic

M1919EALLBI8N Meningioma MNTEAUANTULTS ASUe 1 B9 3

1U0AT9239 @150 Atypical meningioma Fanswuiilene (Necrosis) Wudnwair 1 1u 5 4o
v84 atypical meningioma 8g1alsina nsnULEemedeuintues (Spontaneous) Uowadeidesen
9198n15da18 (cystic degeneration) #IB®MALANNITVIALGEA (infarct) A1NETAILLEDA (Hemostatic
embolic agents) fifaounnddamadudendiaell] etrwannsdeidenlusznitamsitgn dod
wm%amwaﬂé’wﬁ’uﬁama[z, 3] Frunslausefinnnsidnsmseavdedusgrannlunisuenlss

e ST .

g LATDY Yl e
AMNLEAINITEAY (cystic degeneration) Y84 meningioma
o o S W L a 1 a '
ﬁﬂlﬂﬁlﬁ'lLL‘VI‘LI\WI\‘]SJﬂﬁ]%E]gUiL’Jmﬁ’luﬂﬁﬂﬂ‘Uaﬁﬁau ugﬂswlfﬂumﬂ
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ANVIIINFUUUKARS cystic degeneration(*) Y84 meningioma
o ¢ X P v 4 da v = Ay . . o 1 &
SALNALYAALUDIDNATUYY ﬂUﬁ’J‘IJ‘VISJﬂ"Ii’da']EJ‘VI'NﬂTH‘U'J'WIQﬂLL‘VI‘L!‘VIG]’JEJ fibrous tissue 1&1‘71[»14!@9’1']8

Sndnwardinuldly Hish-grade meningioma #® brain invasion @snudiuvesiewiasen
ogation 3y Budiluludeaves (4] nsdilaiudle awnsold GrAP aeliifunisandvoaioauos
IgFmautu egnslsinunisitade high-grade meningioma lalpasld brain invasion Liissegaien
mﬁ@é’ﬂwmsﬁu Wy nsuvssaiiiiudy (increased mitosis) wiodnwaziiliung (atypical features)
FIPELAND

& 4 v 2 o s v &
ﬂ"l‘l/‘lﬂ'li’sj'ﬂﬁﬂll‘lli]\‘ll,uﬂx‘laﬂLEJBV!SJﬁSJEN muanwmzmsﬂuwﬁ‘hﬂmuaaum
(tongue-like protrusion) (gnfis)

FouuzdnAnAud1mM$U meningioma fidnuwaznie histology LiFaaunaivzaiuisawen
WHO grade 1 waz grade 2 I viSeildeadeinorsssillonmariozneinsallsalyd enafinnsanden IHC
Wisdin 16U PR, Ki-67, H3K27me3 Fafisneauinanunsatislunisneinsallsa (prognosis) waguauen
Temamsnduidudrvedsald (5-8]
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AW high-grade meningioma wuwadagfiuvuuiy Indauilanie (4e)
A13An SSTR-2a WUU membranous staining (¥21)

119323 IHC @150 meningioma e1afiaududules flesandiulngaunsalinisidady

910 histology 19 aghslsinu orauuzihlinga IHC Tunsdinlianunsalinisifadeinduy meningioma

971 histology laeegnsdnay wsedanuasdelun1sidadeuenlsa Wy fibrous meningioma U195 891RB4

Atadsuenain solitary fibrous tumors A18A158IM59 STAT-6 %39n3al chordoid meningioma

719719 IkENAU myxoid chondrosarcoma, chordoma, chordoid glioma $30hUNISMIIA BAP-1
\leragaiuayun$Itade rhabdoid meningioma tdudu [9]

Grade 1

Grade 2

Grade 3

e 9 histological subtypes

2 specific subtypes
(clear cell, chordoid)
Mitosis: 4-19/10 HPF

Unequivocal brain invasion

e At least 3 of the following;

Increased cellularity
Small cells with high N/C ratio

Prominent nucleoli

O O O O

Sheeting

0 Spontaneous necrosis

Frank anaplasia
(sarcoma, carcinoma,
melanoma-like area)
Mitosis: > 20/10 HPF
TERT promoter mutation

® CDKNZA homozygous

deletion

aa_ o & . . [
M1T9ULANINTTIUIRYLUBIDN Meningioma AMUISAUAITUITULLIY

N5l molecular diagnosis Tun153ad8 meningioma laun TERT promoter mutation wag

CDKN2A homozygous deletion Tagymnasianuazlnisidaderdu meningioma grade 3 laviuiinia
WHO 2021 [10-12] agslsimunisdansiannseenaiuainudiniy wu anaplastic meningioma 3918u

grade 3 Huausaifadelag histology 19 Famurdin13dswmsIan1e molecular @1%5U meningioma

rade 2 1139lus1eMI01N155ULTI (Clinically aceressive) Wi Aoulnisuseinisndutdugindandgn
S ] y asgs

WesnnndlenmanuanuRaunfnisiugnssulunguills [13]
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unil 11

{U89anYUA Primary melanocytic tumors

& & P ° oAy . |
Wasentunquiinulaliives wasnulusuniagderiuaues leptomeninges Wi temporal lobe,

cerebellum, pons, medulla, spinal cord [1] ARINEAGNINITAGUAIIAIN neural crest Tutag
My embryo Adnwagnane1sIne1vesadiiulfieiu Melanocyte Mmida Jeldaransalddnwoue
YBULAFIUAIN159T9MAEN 19BNy TwInelun1sueniuuzs nsz1eu191nHmis (Metastasis,

Secondary) 1@ [2-6] 9nJudedlioin1smapdinuian1snsian1aiugnssisiy anunsauusilnues

\WesentungudmudnumzresiouwaznsanaussuuUszamlanwi s

Circumscribed type Diffuse type Pathological features
Low-grade Meningeal Meningeal 3wy CNS invasion
melanocytoma melanocytosis laiwu Atypia
laiwu Mitosis
laiwu Necrosis
High-grade Meningeal Meningeal Wy CNS invasion
melanoma melanomatosis NU Atypia
WU Mitosis
WU Necrosis

AT UEAINITHUINEGULERIBN Primary melanocytic tumors

Circumscribed type Wuuagusian spinal canal uaznaulianvazfniuigeviuauss (Dural-based)

a
4
=
N

Aanungenlunsliseauausunse tngldniswusdiveswad Wy Meningeal melanocytoma
fin3uUeFIas (Increased mitosis) Aauanslupsnadiuans agalsinmuanuduiusszning mitosis

fudnsnsedsendalissanutesinn Wesmngiinisalinulesvesilotenuiinil [7]

. Melanocytic .
Meningeal Meningeal
neoplasm,
melanocytoma . . melanoma
intermediate grade
Mitosis (/10 HPF) 0 1-3 >3

M1319N1TUUIAINTULTIVBUB9BN Circumscribed melanocytic tumors lagld mitosis
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Woesenlunguiudilafionisludiwsn uwidlessesiatinly dndnsnszaeuazlineuaussie

N3SNwIMEN1IANeLES (Radioresistant) [8] waviltomsseislunsitadeiiiasenngu melanocytic tumors

naFeNauINUes IHC Findnnunanunsanuldly Malignant melanotic nerve sheath tumor (MMNST)

Tawuriu
| Melanocytic tumor |
I
$-100 SOX-10
HMB45 Mean-A
+
Children | Adult *
WHUAILEAILUINIINTSINARY  Primary melanocytic tumors
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uni 12
lWasan¥ia Hematolymphoid tumors

[

luntlagvoutallesennguiloannuanvuguesnisin Cluster of differentiation (CD) UuRIsas Asil
1. Lymphomas
2. Plasma cell neoplasms

3. Histiocytic tumors

1. Lymphomas AdnTulusyuuUszamaiunan %ﬂﬁ’mLﬂu%ﬁﬂﬂgmqﬁ (Primary) Hanwuznis
wenSInendslianunsonenaniuldlagain lymphoma finssatennainiiau (Secondary) sududasld
omsmeratataelumsuenamztiaes fuluiidswendnienzsin Primary Wity uavunu L
(98%) U1 Non-Hodgkin lymphoma i Diffuse large B-cell lymphoma (DLBCL) [1]

yilafinutay yiafinuldiion
e Primary diffuse large B-cell lymphoma e Intravascular large B-cell lymphoma
of the CNS (DLBCL-CNS) (IVLBCL)

e Lymphomatoid granulomatosis (LYG)
e MALT lymphoma of the dura
e Other low-grade B-cell lymphomas

of the CNS
e Anaplastic large cell lymphoma (ALCL)
e T-cell and NK/T-cell lymphomas

e Plasmablastic lymphoma

A1319LEAITUAVDY Primary CNS lymphoma (PCNSL)

DLBCL wulsiussanns 2% GumLﬁaaaﬂﬂguqﬁﬁwuﬂuama [2] wagnuveslunguenguinnii 60 T [3]
annsautsslamuseiugiAuiuvesiiiseonliidunguitigiduiuund (Immunocompetent) uag
naugfidufuunnsas (Immunodeficient) Fsanaflanumainnisiaieo HIV 3o aevdsinnisine
n1sUgnangeiedsuazlasueinagiinuiu (post-transplantation) Lymphoma lunguUlegiinuiu
unwiesll denuduiusiunisinde Epstein-Barr virus (EBV) wazanunsnnsimiawe1sine ldlae
N13A399 EBER IHC [4, 5]

Lymphoma ¥ia DLBCL awnsaiiladelnednuwasnisnszatsvesilesen (diffuse/angiocentric
pattern) $3ufUN15m599MU B-cell markers @ CD19, CD20, CD79a Faudu marker w84 B-lymphocyte
Tnensaalsinu plasma cell markers (CD38, CD138) ddlvigy (>90%) Winauanse MUM-1 Saludnumsves

post-germinal center phase [6]
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dafirnssrTelunsiiady Lymphoma #e U@Hﬂ%ﬂLLWVIETEEﬁ’]mS%JﬂU’Imﬁﬂﬁ steroids Hioniina
answInasiounaunIsiIfn tnemnidu lymphomas Aeuszguasegasiasinigly 24 Falue wnvh
nsHdRdmsatuiondannlden steroid afmlm'wuLsziaﬁnfaaaﬂmmLuﬁaagﬁw’lﬁmﬂﬁiaﬂ'ﬁ‘iﬁaﬁ’a
TnemerBuwnd uazlianunsaliinigitdad lymphoma 1§ sehdlsfimusiovealiien feuagndulatilminely
24-48 Flus Fonniin “Vanishing lymphoma” [7, 8] FatulseRnslanisinwidng steroids
Seflaudfnnsenesumdlunsidess nneilansatestuldlnouusililszsamdasunnd
yn3 biopsy Tuitlerouftasldsu steroids agdlsfnunuginliiinisidatuienounisl steroids
Tumefiffinefionnisasd (stable) iy

Naves steroids slowad lymphoma awvildifnwadaiewuy apoptosis dsussnssazliny
wadidosenviaundoogios Jedifuuziliwadelidninniian (Deeper cut section) uardouddiay
awwuwaélﬁaaaﬂagﬂé’ [9] Tusvezsoumaanwaany agiulindenv1a macrophages [WLLAUAY
wazfine1san mad ey demyelinating disease 161

. g ) o . - %
o st IR e [ L ", Y Y 2 r ﬂ‘ B B ' R | o . ‘
N NS v A ESLIRN" Wie ke ST

AT vanishing lymphoma #&931n1@5u steroids Wu foamy macrophages 31nu1e
linuwaa lymphoma waswiae ﬁﬁ@ﬂf:ﬁ&l demyelinating disease (419) CD68 (¥21)

AW vanishing lymphoma #&331n%gaen steroid 1 dUAm
'3 = 3 ' Y ' =
wuwag lymphoma @slinaulnsa CD20 n3zansidagsaunaaniton
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IVLBCL 131 lymphoma %iia B-lymphocyte wufu udiiiosaindaruiaund adhesion
molecule fifnvesmadlyifautuiuntvasnden liausavanasneenanvasnidenis (intravascular
pattern)[10] wiiadiiAnuussgeann anunsousmnueinismenatinlfidu 2 uuu fe nduinuluauns fusn
(Western form) waznguimuluaueide (Asian form) nauusniindlonisuanwnaividsuagszuuyszam
yauzfingundsinnuduiula wazfinnuiaundnislafininegl (pancytopenia) wadiilesenanunse
gaviaenldonliyneteny Wy aues Ruvitds fu laven Wudu [11] Fsdimeitedeiiannsaililaedienay
flanuidestios (less invasive) Ao M3ARATIINMTBUUEN (Random skin biopsy, RSB) Feflo 3 s
1w (upper arm) nthvies (abdomen) wagduan (thigh) faulilunisnsanufi 20-30% [12, 13]

LYG wuldvseluven wigmnsaintulussuudszamldiguiu dnvariiddafowadiioon
ziinshaudunayyinatevasaiien (angiodestructive pattern) dunusiuliia EBV

2. Plasma cell neoplasms a@wnsauuslifurdaanisii Gontedn Plasmacytoma fuvdiaiidl
9IMSHITZUU (systemic disease) ZonTon Multiple myeloma nsweni 2 slndeddanvazmenadn
usvneu aunsaasdldlnedesenaylinauinde CD38, CDC138 uaslinaausio CD3, CD20, CD45
Tudau light chain 92U Kappa 138 Lamdba agdlaegnemils [14]

3. Histiocytic tumors LUULUENEJﬂVlLﬂW\]’]ﬂL"?IaaLMWL@QWU’]’J macrophage fiRaund flon1smng
ﬂaﬁﬂ“ﬁuﬁ’um’mummmmmymaiuwiwmwmwum wHaeiidnvaefunnenstuniamesine

WAl ﬂﬁﬂmuLG’I‘UT]&Iﬂ‘L!?JENLu@ﬂ@ﬂIUﬂQNUWQ%MW Aoslnnulaa Eosinophil Sl@LEJE)%ELULu@QE]ﬂ gansalusle

il
- Langerhans cell histiocytosis (LCH)
- Rosai-Dorfman disease (RDD)
- Juvenile xanthogranuloma (JXG)
- Erdheim-Chester disease (ECD)
- Histiocytic sarcoma
CD1a
- CD68
YU S-100 Langerin
CD163
BRAF V600E
LCH/ECD + + +
RDD + + -
JXG + - -
M1319UaAYIAYRY Histiocytic tumors WAZN5ATINNLAENBUYLUINEN
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unil 13

Woanvln Germ cell tumors

Lﬁaqaﬂﬂdmﬁlﬁ@mmﬂ germ cells Tusgez embryo s?iﬂﬁgﬂi"mwaé anwagn1duyludalanilans
wazAuARUNAeRUgN TN WuREatU germ cell tumors Ainuluatenedu [1, 2] ilesenlunduiinuléuas
Tugthedin lnsmzUsendlutauedenzJuoen audaussmelng wuluwameunnnimengsludng
3:1[3, 4] ileson 80-90% smuluuiamnunans (midline) 1 pineal region, sellar/supra-sellar area
(5, 6]

dmsuiedenilesen (terminology) Wiewen Germinoma Wdmsuidenideseniiiingin eerm
cells Minluszuuyszam mnialy testis waz ovary 92380 Seminoma wa¥ Dysgerminoma
puddiu egslsinudesenidesen serm cells finszateunaniiau (metastasis) sae ludiuves
teratoma i siUAswTuLL 5 (malignant transformation) 19149091 “Teratoma with somatic-

type malignancy” a3 WHO atutagiu

YUn PLAP |SALL-4| OCT-4 | CD117 | CD30 | AFP [ B-HCG | AE1/AE3
Germinoma + + + + - - -/+ -/+
Emb CA + + + - + - - +
YST +/- + - - - + - n
Choriocarcinoma +/- + - - - - + +
Teratoma - + - - - +/- - +
(mature and immature)

M1919UEAAYB Germ cell tumors LagN1IATRNLAYNIBNYTUINYT

(‘Vimﬂmq Emb CA = Embryonal carcinoma, YST = Yolk sac tumor)

\Wesanlunguiliidnuaeniame T inefideutnaunnsiaiudneu nsnsafiawmaduylugalaniians
p1alglunsalnfeIn1TnTIarLiiesenytn Mixed germ cell tumor %58 Teratoma with somatic-type

malignancy
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AW germinoma WUKARYUIA Inguazlivgauillonie (41au)
SALL-4 (¥31uUu) OCT-4 (F1ed19) CD117 (¥1d19)

Mixed germ cell tumor sinefis iiesenuilanes vas germ cell tumor Aaus 2 ¥l (Fen13199198m)
Faunsdifituideflasuundunsindmnsdiumestouse (partial resection) msuusiilsiunmdiiwedliy
anwuEnAata NNEN839d N1301399 serum/CSF tumor markers lungy germ cell tumors $IUAIELELD
yana Nt lusenuna (pathological report) A5z yBtinLazdnd U (percentage) veuiosenusazaiingae
dlosnnusazefindinnullunsmevauesedsdsnurlivingy

d1m3u Teratoma with somatic-type malignancy Mmﬁﬁuﬁaﬂaﬂ teratoma ﬁgﬂ%ﬁm mature %39
immature Ssfimsimuveniosonnanadiudiuiindefiu sarcoma 1138 carcinoma Faguiinuluetenzdue
1P8N15M319928AUa" (gross examination) fanundeuions luduvenioseniinuvssiiinen

teratoma YHANAD “Rhabdomyosarcoma” e “Undifferentiated sarcoma” [7, 8]
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Ui 14
Woanvla Sellar tumors

[

Sellar region Wuvdnaiiiesenldmasvin lufidezveutmu cell of origin fall
1. Pituitary origin
- 917 Anterior pituitary gland f® Pituitary neuroendocrine tumors(PitNETs)
- 970 Posterior pituitary gland Ao TTF-1 positive tumors

2. Non- Pituitary origin Ao Craniopharyngioma

PItNETs #3eLiniiendn pituitary adenoma 36171 adenoma eaviliidlaiainduiiesen
nlal5euse glsinuilesonsindannsaanaumseunsnszaneluiiduls wazlianusainuneanusuuss
lgandnwagniamesinet Jalimuuziilga1dn neuroendocrine tumors (NET) unuf1d1 adenoma

AIM151991UaN [1]

WHO version Benign morphology (ICD-O) | Malignant morphology (ICD-O)
Endocrine WHO 2017 Adenoma (8272/0) Carcinoma (8272/3)
CNS WHO 2021 Adenoma/PitNET (8272/3) Carcinoma (8272/3)
Endocrine WHO 2022 PItNET (8272/3) Metastatic PitNET (8272/3)

A19UEAINTITNAILINTSIUABULUAITIRUBY Anterior pituitary tumors
(‘Vi&ﬂ&lmq: ICD-O code for tumor behavior uamunatl; /0 for benign tumours; /1 for unspecified,
borderline, or uncertain behaviour; /2 for carcinoma in situ and grade lll intraepithelial neoplasia; /3

for malignant tumours, primary site)

911 WHO Classification of Endocrine and Neuroendocrine tumors atiuange (5 edition, 2022)
N9I89d8 PItNETs duagduiudnvuzveswaasiiniug (specific lineages) #4iin15lY n1snsiadondiiiay
fe pituitary hormones uag transcription factors Junan nasaldnun1siedys hormone wag

transcription factors 3auniiesanuiniiuil “Null cell tumor”
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Somatotroph

Tpit Pit-1
e
—p
GH
repressor

pouch

Rathke’

stem cell

S

\ cell

Null

Gonadotroph

GATA-2

transcription factors

AMNLENINITWAIUIYBY Rathke’s pouch stem cell iWuwadusazyiinlaednsnaves

PitNET Types Subtypes | Transcription Hormone CAM5.2
(Variant) factor

Pit1l-lineage PitNETs

e Somatotroph tumor Densely Pit1 GH, Ol-subunit | Perinuclear
granulated
Sparsely Pitl GH Fibrous bodies
granulated (>70%)

e Lactotroph tumor Sparsely Pit1 PRL (dot-like) [ Weak
granulated
Densely Pit1 PRL (diffuse) [ Weak
granulated

e Mammosomatotroph tumor Pit1, ER GH, PRL Perinuclear

(same cells)

50
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PitNET Types subtypes - | Transcription Hormone CAMS5.2
(Variant) factor
e Mixed somatotroph and Pitl, ER GH, PRL Tumor subtype
lactotroph tumor (different cells) | characters
e Acidophil stem cell tumor Pitl, ER PRL > GH Fibrous bodies
(scattered)
e Thyrotroph tumor Pitl, GATA-3 TSH, Al-subunit | Weak
e Mature plurihormonal Pitl, ER, GH > PRL, TSH | Perinuclear
Pitl-lineage tumor GATA-3
® Immature Pitl-lineage tumor Pit1, ER, GH ~ PRL~TSH | Variable
GATA-3
TPit-lineage PitNETs
e Corticotroph tumor Densely TPit ACTH Diffuse
granulated
Sparsely TPit ACTH Variable
granulated
Crook cell TPit ACTH Perinuclear
ring (>50%)
SF1-lineage PitNETs
e Gonadotroph tumor SF1, ER, FSH, LH, Variable
GATA-3 Ol-subunit
PitNETs with no distinct cell
lineage
e Plurihormonal tumor Multiple Multiple Variable
e Null cell tumor None None Variable

ASI19ENITUAVAY PItNETs ad 2022 WHO Classification of Endocrine

and Neuroendocrine tumors [2, 3]
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AW CAM5.2 uansganay (fibrous body)
Tuwadillasan Sparsely granulated somatotroph tumor
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2 SF-1 uanenshndluinndedvsswadiilasan gonadotroph tumor
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TTF-1 positive tumors Lauﬁ%aﬁaﬂﬂma%a Wi Choristoma, Infundibuloma Wudu [4] Lﬁmaﬂ
ﬂfjmfﬂ;l'jwumﬁmmwaé Pituicyte Tu posterior pituitary gland %QLﬁiymmﬂ ventral neuroectoderm
dlinavinsde TTF-1 waglinunisadis pituitary hormone aU8INISATIANY transcription factors
agaiinulu PINETs uenaniliiesenves pituicyte th fiarunanuans %agﬂéﬂmaé (morphological
variation) lsnntufiusiinges (subtypelveswad [5-7) sl

- Dark pituicyte =2 Pituicytoma
- Granular pituicyte =2 Granular cell tumor of the sellar region
- Oncocytic pituicyte =2 Spindle cell oncocytoma

Craniopharyngiomas widswendy 2 wiingae ﬂa Adamantinomatous Wag Papillary subtypes
pgalsfnu f]%ﬁmuﬂuwmuuaﬂaﬂm 2 wilndosiufazialuiumia sellar region Way ecen
UT2naumeaduin squamous WAtlauiy wiflruuanseiuegdudslugussuneine dnvasma
$98men uagANURAUNANTTUGNTIU (genetic) faihuddlduenitiosen 2 wlingostoonuilosenauaryiin
(different entity) [8] Ing Adamantinomatous craniopharyngioma (ACP) linauange B-catenin Yol
Papillary craniopharyngioma (PCP) liiauinsie BRAF V60OE [9, 10]
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uni 15
\Wasanula Metastatic neoplasms

Brain metastasis dnifunziFaiinuldvosigruasszuutszam Tns ven wazidmua Wuundsves
uziFeugunfiinunisunsnszangludaauedldde 50 wag 15 % mudy muansouzifwesiiale
(Melanomay), I, wagszuumadiuomsludndiuiiaavduasn [1-4] usSefdainutosiiand cerebrum
(80%) Tnewnufiauestios (Cerebellum) uagiuaues (Brainstern) 7l 15% wag 5% Au&1du [5] Tneuzise
dnuluvgaznizanendiauenenszuadan (hematogenous spreading) Fouusnadiinasanunzss
finszansanaues A U3 grey-white junction Jsasaidonasiivunafiuwauat founziSaiiveun
wennioauesaLay (Sharp demarcation) Founzdafinszaten aunsanunsuuuiowien (Solitary)
viovanefou (Multiple) Al Tnefisneufzdiinszaafuiowior wu uedwinla (Renal cell
carcinoma; RCC) wazanwinui dunzidafiinnunszaeldvasdeuluaues Ioud uvdweeon way
melanoma [6] dmsunzSefidnivdeudonaan (hemorrhagic) leur clear cell RCC, melanoma uay
choriocarcinoma [7, 8]

uzi59U19ula @a1wnsanszareundauedlaelidnwasidugaidng (Miliary brain metastasis)
FanuveslunzSeen mnmessdenauenainiuiulsaindewy Salsa (Tuberculosis) lienn Wity
ﬁumﬁaﬁmzmsﬂﬂé’aL?jaﬁmum (Meningeal carcinomatosis, Carcinomatous meningitis) [9, 10]

uzi5q Sarcoma dlngjinasdiufoulpdnnuiidumiaiug deuflavnsyanglugiiau sgrdlsimu
wiidn sarcoma Tunsnsransuanesvsnuliiesuin Lwisuﬁmﬁﬁ’lﬁmiuﬂa;mﬁﬁa Alveolar soft part
sarcoma (ASPS) [11]

YoAITITIIAD miéfaqLLEJﬂiﬁﬂﬁ’mﬁaqaﬂﬂgmqﬁﬁwﬂﬁ 1 choroid plexus tumors, germ cell
tumors, epithelioid GBM, adult medulloblastoma

dmunsld CK7 war CK20 \ioUsatezduiisvewzdin adenocarcinoma analalléaae
TunsuenduindavemziSwnnidn Weswinuzdsdulngiinsgaeunfiavesinunmnuzidweanie
W vasfiuzdailinsuduiidaiinansarafeufivudnvasiientu fe CK7+ waz CK20- faiy
Fauiilingan specific markers Muesetedy Saudusuzildinsesemdeudiniuane wu

@ 4 =l 2 I~ %
LONYLSIUDA UIDANTIATUN LUUAU
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Positive markers

Lung
- Non-small cell carcinoma

- Small cell carcinoma

CK7, TTF-1, Napsin-A
CK7, TTF-1, CD56

Breast CK7, GATA-3

Kidney PAX-8, CD10, RCC
Colon CK20, CDX-2, SATB-2
Stomach CK7, CK20, CDX-2
Liver Hepar-1

Ovary CK7, WT-1, PAX-8

Prostate gland

AE1/AE3, PSA, NKX3.1

Thyroid gland

TTF-1, Thyroglobulin PAX-8

Urothelium

CK5/6, CK7, CK20

Squamous cell carcinoma

CK5/6, pd0, p63

Melanoma SOX-10, HMB-45, Melan-A
Choriocarcinoma SALL-4, HCG
ASPS TFE-3

M1919UEA9YTAVBY Primary tumors KazANANNUSAUNIINTIANLABNIBUYTWANEN

[l I3 . i
2e19l5 MY Add

LAAINN195IEINEN L1D991N92 N5 DRSNS ALAUAIDEIINNN aZEIVIANITATIVE DUNLAY
Ionafivseavanmasgn sudvieusendaansindeunlidndu lddunsduudemsnenns Gwastvan

Mszaltaneveslsemale

L1 *
AR ;e PR, T,

=X -_""‘#5-1’ “':5‘:
Al 1'.!:_%0 4};‘\‘% % o
- )

A Poorly differentiated squamous cell carcinoma WulaavwIATHeY

[

fanwe differentiation lddau (F1e) p63 uansnisindluilefeavaawadusise (v1)
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AN Metastatic breast carcinoma wwuaé%mm‘lmyj waziingauiiianie comedo-necrosis (418)

GATA-3 LandIN15Ana LU feaYauwasuzise (V1)

LONEITD19DY

1.

10.

11.
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unil 16

Wosanvda Skull base tumors

grunzlnanfswe (Skull base) Wuuinanuszneudeiliedevatesin swudiabeyayn (Nasal

mucosa), iuUszaman 1 (Olfactory nerve), iduliion, nseansay, nsegn, uuazsnily, Wevitauews,

1 v I v v & dgf & a Qg{ [ ! vo &
pouldaues \Wuau {Nu‘uLuaﬂaﬂ‘ﬂﬂﬁaﬂEJIUU?L’JELIUGW@J’]?DLLEJﬂL‘LJ‘IJﬂElelGWN‘U [1]

Sinonasal epithelial tumors

Sinonasal mesenchymal tumors

Other sinonasal tumors

Carcinoma

e Keratinizing squamous cell
carcinoma (K-SCC)

e Non-keratinizing squamous
cell carcinoma (NK-SCC)

e NUT carcinoma (NC)

® SWI/SNF complex-deficient
sinonasal carcinoma
(SMARCB1 & SMARCA4)

e Sinonasal lymphoepithelial
carcinoma (LEQ)

e Sinonasal undifferentiated
carcinoma (SNUQ)

e Teratocarcinosarcoma (TCS)

e HPV-related
multiphenotypic sinonasal
carcinoma (HMSQC)

Adenocarcinoma

e |Intestinal-type sinonasal
adenocarcinoma (ITAC)

e Non-intestinal-type
sinonasal adenocarcinoma

(Non-ITAQ)

Sinonasal tract angiofibroma
Sinonasal glomangiopericytoma
Biphenotypic sinonasal
sarcoma

Chordoma

Sinonasal ameloblastoma
Adamantinomatous
craniopharyngioma
Meningioma of the
sinonasal tract, ear and
temporal bone

Olfactory neuroblastoma
(ONB)

M157190EAIUUAVDY Skull base tumors
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Sinonasal epithelial tumors

dfl’ I &J‘d‘aa v ¥ v aa N d‘l’ I . . .
Wesenlunquiinitadelagnlnednuvaeniane13ing de Lesenlungy sinonasal epithelial
tumors adifuilaunanideyiwndeudiu nisuendndudeddgnvoinisnsindoutivayniBuyluine,

Iuuvatevin Asaslunisesnuans

¥Un CK5/6 pa0, NUT | Synapto EBY HPY Molecular
p63 (EBER) (p16)
SCC + + - - - - -
NC + + + - - - t(15;19)
SWI/SNF CA -/+ -/+ - - - - INI-1 loss/ BRG-1 loss
LEC + + - - + - -
HMSC - + - - - + -
NEC . - - + B . -
SNUC - - - - - - IDH2

ANINUEAIBUAVDN sinonasal poorly differentiated/undifferentiated carcinomas WazN13ATIANLAY

MeBuyluIngn

(Mauenn:  SWI/SNF CA = SWI/SNF complex-deficient sinonasal carcinoma,

Sinonasal mesenchymal tumors

NEC = Neuroendocrine carcinoma, Synapto = synaptophysin, t = translocation)

\i090nNqu Sinonasal mesenchymal tumors AUszamAagunngdruiaefa Chordoma

%ﬂLLﬁﬂﬂEjﬂJéaamu WHO Classification of Tumours of Soft tissue and bone tumours lagail [2-6]

Chordoma 21¢ AU | AE1/AE3 | EMA | S-100 | Brachyury | INI-1
Anuvay loss

Conventional type rzﬂml,j Sacro- + + + + Tainu
coccygeal
region

Dedifferentiated type dlvey | Sacro- - - -/+ +/- Tlainu
coccygeal
region

Poorly differentiated type Wn | Skull base + + +-/ + WU
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M1319UEAUEA Chordomas wagn1IATINLABNIBNYIUINEN
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Other sinonasal tumors
\Wesannguilinisidnde Olfactory neuroblastoma (ONB) @esinnuluglve) laeiiiesenyilnil
Winnwadusyamiieglu cribriform plate nelulnssayn Snwaenang1dingnuwad uianay

wunlnaAedriu (uniform) Sesiadunguiou nszaneeglu neuropil background

¥ Ta
w AN .

AW ONB u&n4 lobules vasnguwanzUsNanvuInlnalAeaiu (de)

AnWaILYad nucleus WU fine chromatin (¥21)

A1M ONB kaAIN15ANE synaptophysin (#18) n3Aad S-100 fiwau lobules (431)
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nsnensallsavedilosen ONB duiusiunsanIawe18inen (Hyams grading

system) AIANS

AIUEN
Histologic features Grade 1 Grade 2 Grade 3 Grade 4
Lobular architecture ++ + +/- -
Fibrillary background ++ + +/- -
Nuclear pleomorphism - + ++ +++
Mitosis - + ++ +++
Necrosis - - + ++
Rosettes HM HM FW -

A1919UEAY Hyams grading system &1%3u Olfactory neuroblastoma [7]

(‘Vi&l']&]L‘VW!: HM = Homer Wright rosetttes, FW = Flexner-Wintersteiner rosettes)

LONE1591999

1.

60

WHO Classification of Tumours Editorial Board. Head and Neck tumours. International Agency
for Research on Cancer; 2022.

WHO Classification of Tumours Editorial Board. Soft tissue and bone tumours (2020), vol 3.
WHO Classification of Tumour series, 5 edn. International Agency for Research on Cancer,
2020:Lyon(France)

von Witzleben A, Goerttler LT, Lennerz J, et al. In chordoma, metastasis, recurrences, Ki-67
index, and a matrix-poor phenotype are associated with patients’ shorter overall survival.
Eur Spine J. 2016;25(12):4016-4024.3144

Kayani B, Sewell MD, Hanna SA, et al. Prognostic factors in the operative management of
dedifferentiated sacral chordomas. Neurosurgery. 2014;75(3):269-275.

Hasselblatt M, Thomas C, Hovestadt V, et al. Poorly differentiated chordoma with SMARCB1/
INIT loss: a distinct molecular entity with dismal prognosis. Acta Neuropathol. 2016;132(1):
149-151.

Shih AR, Cote GM, Chebib |, et al. Clinicopathologic characteristics of poorly differentiated
chordoma. Mod Pathol. 2018;31(8):1237-1245.

Morita A, Ebersold MJ, Olsen KD, et al. Esthesioneuroblastoma: prognosis and management.

Neurosurgery. 1993;32(5):706-715.
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FunLagan

Adult gliomas

Pediatric LGG

Pediatric HGG

Circumscribed gliomas

Mixed glio-neuronal tumors

Ependymomas/
Choroid plexus tumors

Embryonal tumors

- Medulloblastomas

- ATRT

NUdNWNISAS L
Guideline for Ir

ATMANUIN




YunLagan

- ETMR and others

Pineal tumors

- Pineal parenchymal
tumor (PPT)

- Non-PPT (PTPR, DMT)

Cranial and paraspinal
nerve tumors

Meningiomas

Melanocytic tumors

Hematolymphoid tumors

Germ cell tumors

Sellar tumors

e )

l -
amsnsooﬁu‘vhjaafmnﬁa‘ na
r Inmunohistochemisf




FunLagan

- PitNETs

- Pituicytoma & others

- Craniopharyngiomas

Metastatic neoplasms

Adeno CA

SCC

- Neuroendocrine

- Melanoma

Sarcoma

Skull base tumors

nuewme:  LGG = Low-grade gliomas, HGG = High-grade glioma, Adeno CA = Adenocarcinoma,
B-catenin = Beta-catenin, Chromo = Chromogranin, NFP = Neurofilament protein,
Synapto = Synaptophysin
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ANY5ED

Ol-subunit Alpha-subunit of glycoprotein hormone
ACTH Adrenocorticotropic hormone
AFP Alpha fetoprotein
ALK Anaplastic lymphoma kinase
AT/RT Atypical teratoid/rhabdoid tumor
ATRX Alpha-thalassemia/mental retardation, X-linked
BAP-1 BRCA1-associated protein 1
BCL-2 B-cell lymphoma 2 protein
BCL-6 B-cell lymphoma 6 protein
BCOR Bcl-6 core-pressor
BRAF V-raf murine sarcoma viral oncogene homolog B1
BRAF V600E Substitution of valine (V) with glutamic acid (E) at position 600 of the
BRAF gene
BRG-1 Brahma-related gene-1
C19MC Chromosome 19 microRNA cluster
CcD Cluster of differentiation
CD10 Common acute lymphoblastic leukemia antigen (CALLA)
CDKN2A Cyclin-dependent kinase inhibitor 2A
CriNet Cribriform neuroepithelial tumor
CTNNB-1 Catenin beta-1
DIPG Diffuse intrinsic pontine glioma
DMTPR Desmoplastic myxoid tumor of the pineal region
DNT Dysembryoplastic neuroepithelial tumor
DN Desmoplastic nodular
EBER Epstein—-Barr virus-encoded RNA
EGFR Epithelial growth factor receptor
EMA Epithelial membrane antigen
ER Estrogen receptor
ETMR Embryonal tumor with multilayered rosettes
EZHIP Zest 2 Polycom Inhibited Complex
FGFR Fibroblast Growth Factor Receptor
FISH Fluorescent in situ hybridization
FOXR2 Forkhead box r2
FSH Follicle-stimulating hormone
GBM Glioblastoma
GFAP Glial fibrillary acidic protein
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GH

HCG
HER-2
HGG

H3
H3G34R/V

H3K27M

H3K27me3
IDH
IDH1 R132H

IHC
INI-1
INSM-1
LC/A
LGG
LH
MAPK
MBEN
Melan-A
MET
MGMT
MN-1
MSI
MUM-1
MVNT
MYB
MYBL1
MYC
MYCN
Neu-N
NF1
NFP
NGFR
NGS
NTRK
NUT

Growth hormone

Human chorionic gonadotrophin

Human epidermal growth factor 2

High-grade glioma

Histone h3

Substitution of glycine (G) with arginine (R) or valine (V) at position 34 of
the histone H3 gene

Substitution of lysine (K) with methionine (M) at position 27 of the
histone H3 gene

Trimethylated lysine (K) at position 27 of the histone H3 gene
Isocitrate dehydrogenase

Substitution of arginine (R) with histidine (H) at position 132 of the
IDH1 gene

Immunohistochemistry

Integrase interactor 1

Insulinoma-associated protein 1

Large cell/anaplastic

Low-grade glioma

Luteinizing hormone

Mitogen-activated protein kinase

Medulloblastoma with extensive nodularity

Melanoma Antigen

MET proto-oncogene

O-6-methylguanine-DNA- methyltransferase

Meningioma 1

Microsatellite instability

Multiple myeloma 1

Multinodular and vacuolating neuronal tumors

Avian myeloblastosis virus

MYB like 1 proto-oncogene

Myelocytomatosis viral oncogene homolog

Myelocytomatosis viral oncogene homolog, neuroblastoma derived
Neuronal nuclear antigen

Neurofibromatosis Type 1

Neurofilament protein

Nerve growth factor receptor

Next generation sequencing

Neurotrophic tyrosine receptor kinase

Nuclear protein in testis
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Oct-4 Octamer binding transcription factor 4

Olig-2 Oligodendrocyte transcription factor 2

OTX-2 Orthodenticle homolog 2

PAX-8 Paired-box 8

PTPR Papillary tumor of the pineal region

PCR Polymerase chain reaction

PDGFRA Platelet-derived growth factor receptor alpha

PD-L1 Programmed death-ligand 1

Pit-1 Pituitary transcription factor-1

PLNTY Pleomorphic neuroepithelial tumor of the young

PPTID Pineal parenchymal tumor of intermediate differentiation

PR Progesterone receptor

PRAME Preferentially expressed antigen in melanoma

PRL Prolactin

RELA V-rel avian reticuloendotheliosis viral oncogene homolog A

ROS1 ROS Proto-Oncogene 1

RCC Renal cell carcinoma

SALL-4 Sal-like protein 4

SEGA Subependymal giant cell astrocytoma

SF-1 Steroidogenic factor-1

SHH Sonic hedgehog

SMARCA4 SWI/SNF related matrix associated actin dependent regulator of
Chromatin subfamily A member 4

SMARCB1 SWI/SNF related matrix associated actin dependent regulator of
Chromatin subfamily B member 1

SOX-2 SRY-related high-mobility-group (HMG) box 2

SOX-10 SRY-related high-mobility-group (HMG) box 10

SSTR-2a Somatostatin receptor 2a

SWI/SNF Switch/sucrose-non-fermentable complex

TERT Telomerase reverse transcriptase

TP53 Tumor protein 53

TPit T box transcription factor

TSH Thyroid-stimulating hormone

TTF-1 Thyroid transcription factor 1

WHO World Health Organization

WNT Wingless-related integration site

YAP-1 Yes associated protein-1

ZFTA Zinc finger translocation associated (previous term “c110orf95”)
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