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«I believe that we have reached the tipping point, the point at

which we know enough about the significance of molecular events
that we can begin to use them for classification and for

transitioning away from the old systems»

David N. Louis, 2012



[ISN-Haarlem Guidelines 2014
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MISCELLANEOUS

International Society of Neuropathology-Haarlem Consensus
Guidelines for Nervous System Tumor Classification
and Grading
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Dominique Figarella-Branger''; Gregory N. Fuller'?; Felice Giangaspero™'; Caterina Giannini'®;
Cynthia Hawkins'®; Paul Kleihues'’; Andrey Korshunov®'8; Johan M. Kros'®; M. Beatriz Lopes?;
Ho-Keung Ng?'; Hiroko Ohgaki?’; Werner Paulus?; Torsten Pietsch?*; Marc Rosenblum?;
Elisabeth Rushing?; Figen Soylemezoglu?’; Otmar Wiestler?; Pieter Wesseling?*°

“A critical question with major practical consequences has therefore arisen:
how should clinically relevant molecular information be incorporated into
nervous system tumor classification?”
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WHO classification of tumours of the central nervous system

Diffuse astrocytic and oligodendroglial tumours
Diffuse astrocytoma, IDH-mutant

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

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

Glioblastoma, IDH-wildtype
Giant cell glioblastoma
Gliosarcoma
Epithelioid glioblastoma

Glioblastoma, IDH-mutant

Glioblastoma, NOS

Diffuse midline glioma, H3 K27M-mutant

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

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

Oligoastrocytoma, NOS
Anaplastic oligoastrocytoma, NOS

Other astrocytic tumours
Pilocytic astrocytoma

Pilomyxoid astrocytoma
Subependymal giant cell astrocytoma
Pleomorphic xanthoastrocytoma
Anaplastic pleomorphic xanthoastrocytoma

Ependymal tumours
Subependymoma
Myxopapillary ependymoma
Ependymoma

Papillary ependymoma

Clear cell ependymoma

Tanycytic ependymoma
Ependymoma, RELA fusion-positive
Anaplastic ependymoma

Other gliomas

Chordoid glioma of the third ventricle
Angiocentric glioma

Astroblastoma

Choroid plexus tumours

Choroid plexus papilloma
Atypical choroid plexus papilloma
Choroid plexus carcinoma

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

9401/3
9401/3
9401/3

9440/3
9441/3
9442/3
9440/3
9445/3*
94403

9385/3"

9450/3
9450/3

9451/3
9451/3

9382/3
9382/3

94211
9425/3
9384/1
9424/3
9424/3

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

9444/1
9431/1
9430/3

9390/1

Neuronal and mixed neuronal-glial tumours

Dysembryoplastic neurcepithelial tumour

Gangliocytoma

Ganglioglioma

Anaplastic ganglioglioma

Dysplastic cerebellar gangliocytoma
(Lhermitte-Duclos disease)

Desmoplastic infantile astrocytoma and
ganglioglioma

Papillary glioneuronal tumour

Rosette-forming glioneuronal tumour

Diffuse leptomeningeal glioneuronal tumour

Central neurocytoma

Extraventricular neurocytoma

Cerebellar liponeurocytoma

Paraganglioma

Tumours of the pineal region

Pineocytoma

Pineal parenchymal tumour of intermediate
differentiation

Pineoblastoma

Papillary tumour of the pineal region

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

Embryonal tumour with multilayered rosettes,
C19MC-altered

Embryonal tumour with multilayered
rosettes, NOS

Medulioepithelioma

CNS neuroblastoma

CNS ganglioneuroblastoma

CNS embryonal tumour, NOS

Alypical teratoid/rhabdoid tumour

CNS embryonal tumour with rhabdoid features

Tumours of the cranial and paraspinal nerves
Schwannoma

Cellular schwannoma

Plexiform schwannoma

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

9493/0

94121
9509/1
950911

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

9361/1

9362/3
9362/3
93953

9475/3*
9476/3"

947113
9477/3"

9470/3
9471/3
9471/3
947413
9470/3

9478/3"

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

9560/0
9560/0
9560/0

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

Meningiomas

Meningioma

Meningothelial meningioma
Fibrous meningioma

Transitional meningioma
Psammomatous meningioma
Angiomatous meningioma
Microcystic meningioma

Secretory meningioma
Lymphoplasmacyte-rich meningioma
Metaplastic meningioma

Chordoid meningioma

Clear cell meningioma

Atypical meningioma

Papillary meningioma

Rhabdoid meningioma

Anaplastic (malignant) meningioma

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

9560/
9540/0
9540/0

9571/0

9540/3
9540/3
9540/3

9531/0
9532/0
9537/0

9539/1

8815/0
881501
8815/3
91611
9120/0
9133/3
9120/3
9140/3
9364/3
8850/0
8861/0
8880/0

8821/1
8825/
8810/3
8802/3
8890/0
8890/3

8900/3

9180/0

Osteochondroma 9210/0
Osteosarcoma 9180/3
Melanocytic tumours

Meningeal melanocytosis 8728/0
Meningeal melanocytoma 8728/1
Meningeal melanoma 8720/3
Meningeal melanomatosis 8728/3
L

Diffuse large B-cell lymphoma of the CNS 9680/3

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

Lymphomatoid granulomatosis 9766/1
Intravascular large B-cell lymphoma 9712/3
Low-grade B-cell lymphomas of the CNS
T-cell and NK/T-cell lymphomas of the CNS
Anaplastic large cell lymphoma, ALK-positive 9714/3
Anaplastic large cell lymphoma, ALK-negative ~ 9702/3
MALT lymphoma of the dura 9699/3
Histiocytic tumours
Langerhans cell histiocytosis 9751/3
Erdheim-Chester disease 9750/1
Rosai-Dorfman disease
Juvenile xanthogranuloma
Histiocytic sarcoma 9755/3
Germ cell tumours
Germinoma 9064/3
Embryonal carcinoma 9070/3
Yolk sac tumour 9071/3
Choriocarcinoma 9100/3
Teratoma 9080/1

Mature teratoma 9080/0

Immature teratoma 9080/3
Teratoma with malignant transformation 9084/3
Mixed germ cell tumour 9085/3
Tumours of the sellar region
Craniopharyngioma 9350/1

Adamantinomatous craniopharyngioma 9351/1

Papillary craniopharyngioma 9352/1
Granular cell tumour of the sellar region 9582/0
Pituicytoma 9432/1
Spindle cell oncocytoma 8290/0
Metastatic tumours

The morphology codes are from the Inlernational Classification of Diseases
for Oncology (ICD-0) [742A). Behaviour is coded /O for benign tumours;

/1 foe unspecified. borderiine, or uncartain behaviour; /2 for carcinoma in
sty and grade Nl intraepithelial neoplasia; and /3 for masignant tumours.
The classification is modiied from the p WHO classification, taking
inlo account changes in our understanding of these kesions,

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

WHO Classiication of Tumours of Soft Tissue and Bono.




Diffuse astrocytic and oligodendroglial tumours

0 Diffuse astrocytoma, IDH-mutant

0 Diffuse astrocytoma, IDH-wildtype
0 Diffuse astrocytoma, NOS

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

0 Glioblastoma, IDH-wildtype

1 Glioblastoma, IDH-mutant
1 Glioblastoma, NOS

0 Diffuse midline glioma, H3 K27M-mutant



Kak dhopmMmyAHpyeTCS AHATCHO3?

1 Diffuse astrocytoma, IDH-mutant WHO Grade |I



BapuauThel 0003HaYEHUSI MOAEKYASIPHOTO ITPOQOUAS
OIIYXOAU

* Diffuse astrocytoma, IDH-mutant

* Diffuse astrocytoma, IDH-wildtype

* Diffuse astrocytoma, NOS

* Ependimoma, RELA fusion-positive

* Medulloblastoma, WNT-activated

* Embryonal tumour with multilayered rosettes, ClI9MC-altered




Diffuse astrocytic and oligodendroglial tumours
Diffuse astrocytoma, IDH-mutant
Anaplastic astrocytoma, IDH-mutant
Glioblastoma, IDH-wildtype
Glioblastoma, IDH-mutant
Diffuse midline glioma , H3 K27M-mutant
Oligodendroglioma, IDH-mutant and 1p/19q codeleted
Anaplastic oligodendroglioma,IDH-mutant and 1p/19q codeleted
Other astrocytic tumours
Pilocytic astrocytoma
Subependymal giant cell astrocytoma
Pleomorphic xanthoastrocytoma
Anaplastic pleomorphic xanthoastrocytoma
Ependymal tumours
Subependymoma
Myxopapillary ependymoma
Ependymoma
Ependymoma, RELA fusion-positive
Anaplastic ependymoma
Other gliomas
Angiocentric glioma

Chordoid glioma of third ventricle

CrerneHp
3JI0KAQYECTBEHHOCTH

0 WHO Grade |
[0 WHO Grade |l
[ WHO Grade Il
0 WHO Grade IV



Umo Hosoeo?



CoopMyAMpoBaHa KOHLLEMNLMSA CTPYKTYPbl AMarHo3a

onyxoAen LIHC B MoAeKyAsipHytO 3py

* AnarHos 6asmpyeTcs Ha FTMCTOAOTMYECKOM KapTUHE U
MOAEKYASIPHO-TEHETUYECKOM aHaAU3e

* [1lpy 3TOM reHeTMYeCKas XapaKTepUCTUKa Bceraa byaeT
«nobexxAaTb» MTMCTOAOTMYECKYIO KapTUHY

* B AMarHose ykasbiBaeTcs CHayaAa PEeHOTMMN OMYyXOAM, 3aTEM Yepes
3aNATYIO reHeTUYeCKMe CBOMCTBA



[ToueMy HeAB3d OCHOBBIBATHCH TOABKO Ha MOAEKYASIPHOM
aHaAusze?

CHavyaAa HeOH6XOAMMO CY3UTb KPYr MOMUCKA, YTOObI MOHATb,
KaKue reHeTU4eckme MapKepbl Mbl OyAeM UCKaTb

[ pasaumsa onyxoaen BO3 no creneHn 3A0Ka4eCTBEHHOCTH
OCHOBaHa Ha M’MCTOAOIMMU

CyLLecTBYIOT OTAEAbHbIE BUABI OMYXOAEN, AAS KOTOPbIX Ha
AQHHbI MOMEHT He OrnpeAeAeHbl MOAEKYASIPHbIE MapKepbl



PeopraHusaumna oTAEAbHbIX pa3sAeAoB

Ao0baBAeHME BHOBb BbIAEAEHHbIX
$OpM U BapMaHTOB, NATTEPHOB

MckAaloUeHMe cTapbiX GOpM,

"4 BapMaHTOB
|




['ATOMBI

GLIAL NEOPLASMS (2007)——' Oligoasrocytomas

Astrocytomas Oligodenrogliomas

Pilocytic astrocytoma Oligodendroglioma

Pleomorphlc xa.nthoastrocytoma Anaplastic oligodendroglioma
Subependimal giant cell astrocytoma

Diffuse astrocytoma
Anaplastic astrocytoma
Glioblastoma astrocytoma




['ATOMBI

GLIAL NEOPLASMS (2007)————>» Oligoasrocytomas

/ T~

m.yto_rm.ts Qligodenrogliomas
Pilocytic astrocytoma

Pleomorphic xanthoastrocytoma
Subependimal giant cell astrocytoma
Diffuse astrocytoma

Anaplastic astrocytoma GLIAL NEOPLASMS (20 [ 6)

Glioblastoma astrocytoma / \

Diffuse astrocytic and oligodendroglial tumours Other.astro.c tomas
Pilocytic astrocytoma

Pleomorphic xanthoastrocytoma
Subependimal giant cell astrocytc

Oligodendroglioma
Anaplastic oligodendroglioma

Diffuse astrocytoma

Anaplastic astrocytoma

Glioblastoma astrocytoma
Oligodendroglioma

Anaplastic oligodendroglioma
Oligoasrocytoma

Anaplastic oligoasrocytoma

Diffuse midline glioma, H3 K27M-mutant



drnddy3HbIE TAUOMBI.
3aBHCHMOCTD ITPOTHO3a OT MOAEKYASIPHOTO THUIIA OITYXOAU

IDH-mutant IDH-wildtype
| | I /I9| EGFR
p/19q intact

: || P’.'9‘1rERT TP53 PTEN
codeletion ATRX CKDN2A

OAuroaeHApora Anodod. Aodod.

nombl, WHO acTPOLUTOMa, aCTPOLIUTOMa,
/111 WHO II-IV WHO lI-IV
[porHos [NporHos

y y [MporHo3 nAoxom
XOPOLUUI CPeAHUM



Clinical Outcomes

B Gliomas Classified According to Molecular Subtype

A Gliomas Classified According to Histologic Class and Grade
100

100w 0B § Astrocytoma Il (N=30)
Astrocytoma Il (N=65)

¥~ LGG with IDH mutation and
1p/19q codeletion (N=284)

—o~ Oligoastrocytoma Il (N=41) —6— LGG with IDH mutation and
¢ —e— Oligoastrocytoma Il (N=33) 4 no 1p/19q codeletion (N=139)
204 Oligodendroglioma Il (N=65) 80 &L —— LGG with wild-type IDH (N=55)
Oligodendroglioma I11 (N=44) ~8— GBM with IDH mutation (N=24)
=%~ Glioblastoma IV (N=397) _ % GBM with wild-type IDH (N=373)
= X
§, 60- P<0.001 by log-rank test 9_;' 60
5 2
§ ________ - a P<0.001 by log-rank test
I —
= £ i
g 40- : g 40
O | o}
: X
-—-—»
20
20" <5
. :{:‘M‘WL\—\;
0 : b :
’ 0 é 1'0 115 E : = o
Years since Diagnosis

Years since Diagnosis

Comprehensive, Integrative Genomic Analysis of Diffuse Lower-Grade Gliomas.The Cancer Genome Atlas Research Network N
Engl | Med 2015; 372:2481-2498



drnddy3HbIE TAUOMBI.
3aBHCHMOCTD ITPOTHO3a OT MOAEKYASIPHBIX CBOMCTB OITYXOAH

(a) (b) .
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[MporHo3 y naupeHToB ¢ «IDH-mutant» Tunom Ayduwe, yem y naumneHtoB ¢ «IDH-wildtype» Tunom, HesaBucumo
oT cTteneHu 3aokavectBeHHocTH (WHO Grade)

Christian Hartmann et al. Patients with IDH| wild type anaplastic astrocytomas exhibit worse prognosis than IDH |-mutated glioblastomas, and IDH| mutation status accounts
for the unfavorable prognostic effect of higher age: implications for classification of gliomas. Acta Neuropathol (2010) 120:707-718



Molecular taxonomy of IDH-mutant glioma progression

Primary Secondary Tertiary
Alteration Alteration Alteration
(Initiator mutation) (Lineage-defining alterations) (Progression / Transforming alterations)

RTK alteration
PDGFRA amplification
TP53 MET amplification
IDH1/2 Gl
Astrocytoma
- ’O‘
O - - MYC amplification .‘
Other alterations
Progenitor Glioma Malignant /
Cell Precursor High-grade glioma
€1:19 or.Secondary
it 1 FUBPY PI3K/MAPK alteration Slioblacioma
TERT @ PIK3CA mutation
KRAS mutation

Oligodendroglioma

Hiroaki Wakimoto et al. Targetable Signaling Pathway Mutations Are Associated with Malignant Phenotype in IDH-Mutant
Gliomas. Clin Cancer Res June | 2014 (20) (I 1) 2898-2909



A novel view of the genetic landscape of glioblastomas
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An Integrated Genomic Analysis of Human Glioblastoma Multiforme

D. Williams Parsons, *2" Sian Jones, ! Xiaosong Zhang,!"" Jimmy Cheng-Ho Lin,"" Rebecca J. Leary.!" Philipp
Angenendt, !"" Parminder Mankoo,3 Hannah Carter,3 |I-Mei Siu.* Gary L. Gallia,* Alessandro Olivi,* Roger McLendon,>
B. Ahmed Rasheed,® Stephen Keir,5 Tatiana Nikolskaya,® Yuri Nikolsky,” Dana A. Busam,® Hanna Tekleab,® Luis A.
Diaz._Jr.,! James Hartigan,® Doug R. Smith,® Robert L. Strausberg,® Suely Kazue Nagahashi Marie, 1 Sueli Mieko Oba
Shinjo, 10 Hai Yan,® Gregory J. Riggins,# Darell D. Bigner,® Rachel Karchin,3 Nick Papadopoulos,! Giovanni Parmigiani,”
Bert Vogelstein, T Victor E. Velculescu,''T and Kenneth W. Kinzler!'T

1

Parsons DW et al. An integrated genomic analysis of human glioblastoma multiforme. Science. 2008 Sep 26;321(5897):1807-12.
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N3omeprl 6eaka IDH (n3omuTparmeruaporeHasa)

A B
IDH1 IDH2
Y argi00  Ag132 Y Arg140  ATB172
¢ \" Arg 109 ¢ | Arg 149
Asn 96: .;‘0‘ ‘} @ Asn 136: },f
o & . < i e ‘0 "5 f
o o S ."f

% . M Ser 317

ef I .z Ser 278 &¢ 3 isocitrate ’ a‘

) i '
Thr 77 Asp 252’ @ Thr 117 Asp 291



COOTHOLIIEHHUE PA3AMYHBIX MyTalluii B reHax IDH1 u
IDH?2

l D H 1 Gene Nucleotide Amino acid N (%)
change change
I DH 2 IDH1 (716) G395A R132H 664 (92.7%)
1010
C394T R132C 29 (4.2% -
diffuse gliomas Ll * 90% - MYTAQHTHbIU 6eAoK
g C394A R132S 11 (159
L RI32H
C394G R132G 10 (1.4%
— . 10%
G395T R132L 2 (0.2%) o - APpyrnMe myTaumnu
IDH2 (31) G515A R172K 20 (64.5%)
G515T R172M 6 (19.3%)
A514T R172W 5 (16.2%)




MyTaHTHBIN 60eaoK R132H

Closed Closed

P Closed = Open
(R132H) (WT)

R132H) VS W)

Arg 100}
WT s

Arg 132

Strong reaction of IDH1 R132H antibody clone
HO9 in tumor center of anaplastic
oligoastrocytoma.

Lenny Dang et al. Cancer-associated IDH| mutations produce 2-hydroxyglutarate. Nature, 2010;465(7300):966.



HopmaabHbie dpepmeHThI IDH vs MyTaHTHBIE (DDOPMBI
IDH

Cells with Cells heterozygous

wild-type IDH1/IDH2 for mutant IDH1/IDH2
Citrate Citrate
Isocitrate Isocitrate
NADP * NADP*
NADPH NADPH

K (R)-2HG 4@ o-KG
NADP* NADPH
TCA o-KG MSUCC

Cycle

Andrew R. Mullen and Ralph J. DeBerardinis. Genetically-defined metabolic reprogramming in cancer. Cell, 2012; 23(1 1):p552-559



Poap R2-HG B pa3BHUTHH OIIYXOAEBOTO IIPOIlECCA

Cellular Metabolis
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Survival

Block in collagen maturation
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Nuclear translocation
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Transcriptional activation
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Pseudohypoxia and tumorigenesis

AMdihiae MiisrietkemEniarian SN EPHhvntiend seisiin hdmpatoksddorcaiensyy Bsgierint éhtal fiHernatologrd 3(8) 56851697
differentiation. Cancer Cell, 2010;18(6):553-67




Diffuse astrocytic and oligodendroglial tumours

0 Diffuse astrocytoma, IDH-mutant

0 Diffuse astrocytoma, IDH-wildtype
0 Diffuse astrocytoma, NOS

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

0 Glioblastoma, IDH-wildtype

1 Glioblastoma, IDH-mutant
1 Glioblastoma, NOS

0 Diffuse midline glioma, H3 K27M-mutant



Diffuse astrocytoma WHO Grade II/
Anaplastic astrocytoma WHO Grade III

IDH-mutant — IDH-wildtype —

MOAOXWUTEADbHDIE OTPHULATEADbHbDbIE
PE3YAbTAThbI PE3YAbTATDI
Ecan npoBeaeHue
MOAEKYASIpHO-
\ ) . J reHeTUYeCcKoro aHaAu3a
HEBO3MOXXHO

N\

CekBeHunpoBaHue |32 koaoHa CekBeHnupoBaHue |32 koaoHa
\ ) \ EcAn moaekyAsipHO-
reHeTUYeCKMIM aHaAM3 BbIA
CekBeHunpoBaHue |72 kopoHa BbIMOAHEH He B MOAHOM
IDH2 IDH2 obeme
A\ o/ N\ o/




Anti IDH1 R132H
Immunohistochemistry

Eé’é?t?v'eete'y IDH-mutant
E?,Z?‘t?v'e IDH-mutant
: . MyTauus
Negative CekseHuposaHue IDHI v IDH2 ——— HaltAeHa —— IDH-mutant

MyTaums He

Inconclusive o
HanAEHA

CekseHuposaHue IDHI v IDH2 —— IDH-wildtype




Diffuse astrocytoma, IDH-mutant WHO Grade II

2007 roa 2016 roa
4 N

* Gemistocytic * Gemistocytic
astrocytoma astrocytoma,

* Protoplasmatic IDH-mutant
astrocytoma

* Fibrillary
astrosytoma




Gemistocytic astrocytoma, IDH-mutant WHO Grade II

[[eMUCTOLMTBI XapaKTepU3ylOTCS HaCblLL,EeHHOM
303MHOPUABHOM LIUTOMAAZMOM U SKCLLEHTPUYHO
PacroAOXKEHHbIM SAPOM

e ) 4 \ o e

KoAnyecTBO reMMcTOLMTOB (TYYHbIX aCTPOLLUTOB) AOAXKHO
6bITb 60Ace 20 — 35% OT KAETOYHOro cocTaBa OMyXOAM




Diffuse astrocytic and oligodendroglial tumours

0 Diffuse astrocytoma, IDH-mutant

0 Diffuse astrocytoma, IDH-wildtype
0 Diffuse astrocytoma, NOS

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

0 Glioblastoma, IDH-wildtype 90%

0 Glioblastoma, IDH-mutant 10%
0 Glioblastoma, NOS

0 Diffuse midline glioma, H3 K27M-mutant



CpaBHHUTeABHAA XapaKTEePUCTUKA TAHO0AACTOM

CHUHOHUMBI

Menuana Bo3pacra Ipu IOCTAaHOBKE
IIMarHo3a

Cpenssist TpOAOILKUTEIBHOCTD KU3HH
- omiepanus + Jgy4deBas Tepanus

- oniepanus + JydeBas Tepanus +
XUMHUOTEPAITUS

Jloxanu3anus

Hexpo3ssl

TERT promoter mutations
TP53 mutations

ATRX mutations

EGFR amplification
PTEN mutations

[TepBuuHas (primary)

62 rona

9,9 Mecs1eB

15 mecsuen
CynpaTreHTOpHUAIBLHO
OO6mupHbIE

72%

27%

B nopsiike uckiiroueHus
35%

24%

Bropuunas (secondary)

44 roma

24 mecsana

31 mecan

JIoOHBIE nOMHU
OrpaHnyeHHBIE

26%

81%

71%

B nopsiike uckiroueHus

B nopsiike uckiroueHus



Glioblastoma WHO Grade IV

|DH-wi|dtype Ecan naumeHT cTapwe 55 AeT, AAS MTOCTAaHOBKM AMAarHO3a AOCTAaTOYHO OTPULLATEABHOIO
pe3yAbTaTa MMMYHOIMCTOXMMMUYECKOTO aHaAM3a Ha R132H IDH |
EcAn naumeHT MAaaLe 55 AeT, AA MOCTAaHOBKKU AMarHosa noTpebyloTcs oTpuuaTeAbHbIE
Pe3yAbTaTbl MMMYHOTMCTOXMMMUU, 2 TaKKe cekBeHupoBaHusa IDH| v IDH2
IDH-mutant - WMmyHoructoxnmmusa Ha MyTaHTHbiM npotenH R132H IDHI

MOAOXXUTEAbHbIN
pe3yAbTaT At0bOro
N3 UCCACAOBaAHUM

CekBeHupoBaHue |32 koaoHa IDH|

CekBeHupoBaHue |72 kopoHa IDH?2

NOS

Ecan NMPpOBEAEHNE MOAEKYAAPHO-TEHETUYECKOIO aHaAM3a HEBO3MOXKHO

EcAM MoAeKyAsipHO-reHeTUYeCKUIM aHaAn3 ObIA BbIMOAHEH HE B MOAHOM obbeme




Glioblastoma, IDH-wildtype WHO Grade IV

2007 roa

* Giant cell
glioblastoma

* Gliosarcoma

2016 roa

-

-

* Giant cell
glioblastoma

* Gliosarcoma
e Epithelioid
glioblastoma

/
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" BRAF V600E
mutant protein

GRS i e IR, A =
| B i R B
@@L P il S

Epithelioid glioblastoma

B OCHOBHOM, BO3HUKaET Y AeTen U

MOAOABbIX AIOAEMN.

B TunuyHbIX CAy4asX pacCrioAOXKeHa
NMOBEPXHOCTHO B MNOAYLWIAapUAX UAU B

AM3HLedaAbHOM 0b6AaCTH

[MpeacTaBAeHa 6GoOAbLLIMMMU
3MUTEAMOAHBIMU KAETKaMU C OBUAbHOM
303UHOPUABHOM LIMTOMAA3ZMOM U

3aME€THbIMU AAPbILLUKaAaMU

Bo3aMorkHo npucyTcTBME pabAoMAHBIX

KAETOK (YKasaHbl CTPEAKAMM)
MyTtauns BRAFV600E

OTcyTcTBYIOT TUNUYHbIE CBOMCTBA

ramobaacToMm, IDH-wildtype (EGFR and



Glioblastoma/Astrocytoma patterns

* Small cell
glioblastoma/astrocytoma

* Granular cell
glioblastoma/astrocytoma

Ha 2016 roa

o

* Small cell
glioblastoma/astrocytoma

* Granular cell
glioblastoma/astrocytoma

e Glioblastoma with

primitive neuronal
rnmpnnpnr




Synaptophysin
+

po3eTku [omepa-
Parta

TR, AR T
i} 7ZXA ‘:“z"-‘e}z'g y ‘:
IR
L o e

5

- "‘ .' .
9L BS Tl

IDHI RI32
mutant protein

o

MI'IAM(I)MKaLI.Mﬂ
MYCN

Glioblastoma with primitive
neuronal component

OO6bIYHO COAEPIKUT KAETKM
aCTPOLMTAPHOrO pPsiAa U COCTOUT U3
XOPOLLUO OTAEAEHHbIX Y3AOB, B KOTOPbIX
O6Hapy>KMBaIOT MPUMUTUBHbBIE KAETKM Ha
PaHHEN CTAaAUM HEMPOHAAbHOM
AnddepeHumpoBkn (poseTku lomepa-

PaiiTa, synap+, GFAP-)

BosmorkHa amnandukaumsa reHos MYC u
MYCN

OFI)’XOAM C TaKUM NATTEPHOM UMEIOT

TEHAEHLMIO K PacnpoOCTPaHEHUIO No

LCX

B 25% cAy4yaeB Bo3HMKaeT BTOPUYHO U3
MeHee 3AOKaYeCTBEHHbIX

npeALwwecTeeHHUKOB.



Diffuse astrocytic and oligodendroglial tumours

0 Diffuse astrocytoma, IDH-mutant

0 Diffuse astrocytoma, IDH-wildtype
0 Diffuse astrocytoma, NOS

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

0 Glioblastoma, IDH-wildtype

1 Glioblastoma, IDH-mutant
1 Glioblastoma, NOS

0 Diffuse midline glioma, H3 K27M-mutant



Oligodendroglioma WHO Grade II/
Anaplastic oligodendroglioma WHO Grade III

IDH-mutant and
|p/19g-codeleted NOS

CekBeHunpoBaHue |72 kopoHa IDH?2

Koaeaeumns |p/19q



1p19q co-deletion

|p19q co-deletion in gliomas
B e 0 occurs through an unbalanced
whole-arm translocation
[I between chromosomes | and

19 [¢(1;19)(q10;p 1 0)].

It is hypothesised that
translocation creates two
derivative chromosomes and
is followed by loss of the
derivative chromosome
containing |p and 19q [+]

E" = ; E"

q 19 19 19 19

der(1;19)(p10;q10)
*

o

de.r(1 ;19)(q10;p10) der(1;19)(q10;p10)
o

Pinkham MB, et al., FISHing Tips:What Every Clinician Should Know About |p19q Analysis in Gliomas Using Fluorescence in situ
Hybridisation, Clinical Oncology (2015), http://dx.doi.org/10.1016/j.clon.2015.04.008



1p19q codeletion in oligodendrogliomas via fluorescence in
situ hybridization (FISH)

Craig Horbinski et al. Gone FISHing: Clinical Lessons Learned in Brain Tumor Molecular Diagnostics over the Last Decade. Brain
Pathology, 201 1;21(1):57-73.



Oligodendroglioma WHO Grade II/
Anaplastic oligodendroglioma WHO Grade III

IDH-mutant and
|p/19g-codeleted NOS

CekBeHunpoBaHue |72 kopoHa IDH?2

Koaeaeumns |p/19q



Diffuse astrocytic and oligodendroglial tumours

0 Diffuse astrocytoma, IDH-mutant

0 Diffuse astrocytoma, IDH-wildtype
0 Diffuse astrocytoma, NOS

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

0 Glioblastoma, IDH-wildtype

1 Glioblastoma, IDH-mutant
1 Glioblastoma, NOS

0 Diffuse midline glioma, H3 K27M-mutant



Oligoastrocytoma, NOS WHO Grade II/
Anaplastic oligoastrocytoma, NOS WHO Grade III

Acta Neuropathol (2014) 128:551-559
DOI 10.1007/s00401-014-1326-7

ORIGINAL PAPER

Farewell to oligoastrocytoma: in situ molecular genetics favor
classification as either oligodendroglioma or astrocytoma

Felix Sahm - David Reuss - Christian Koelsche - David Capper - Jens Schittenhelm - Stephanie Heim -
David T. W. Jones - Stefan M. Pfister - Christel Herold-Mende - Wolfgang Wick - Woll Mueller -
Christian Hartmann - Werner Paulus - Andreas von Deimling

N3 43 cAyqaeB OAMroacTpPOLIUTOM MOCAE MOAEKYASPHO-TEHETUYECKOIO aHaAU3a AMArHO3 MOATBEPAMUACS
TOABKO Y OAHOTrO NaLueHTa



Diffuse astrocytic and oligodendroglial tumours

0 Diffuse astrocytoma, IDH-mutant

0 Diffuse astrocytoma, IDH-wildtype
0 Diffuse astrocytoma, NOS

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

0 Glioblastoma, IDH-wildtype

1 Glioblastoma, IDH-mutant
1 Glioblastoma, NOS

0 Diffuse midline glioma, H3 K27M-mutant



Diffuse midline glioma, H3
K27M-mutant WHO Grade
v

- BCTPeL-IaeTCFl, B OCHOBHOM, CpEAU

AeTen

- MyTaums ructoHa H3 reHa H3F3A
A pexxe reHa HISTIH3B

- AngpysHbivi poct

- /\oKaamszaums: TaAaMycC, CTBOA

(ocobeHHO MOCT), CMIMHHOM MO3r



['AnoMAaTO3 TOAOBHOI'O MO3ra

1 UckaoueH u3 kaaccuukaumm BO3 2016 roaa Kak OTAEAbHBIM BUA OMYXOAM

1 Ha HacTosilMIM MOMEHT CYUTAETCA CKOpee XapaKTEpPOM pPOCTa OMYXOAMW,
KOTOPbIM MOXeT HabAIoAATbCA Y Pa3AMYHbBIX TAMOM, BKAIOYasa IDH-mutant
aCTPOLUTOMBI U oAMropaeHaporanomsl u IDH-wildtype ranobaactomel



Diffuse astrocytic and oligodendroglial tumours
AATOPUTM IIOCTAHOBKH AUarHo3a.

Histology Astrocytoma Oligoastrocytoma Oligodendroglioma Glioblastoma
|

|

IDH stat !

B IDH mutant IDH wild-type : IDH mutant IDH wild-type

I
[
[
| Glioblastoma, /[DH mutant

1p/19q and ATRX loss® , |

other genetic TPS3 mutation® 1p/19q codeletion i

parameters ' : Glioblastoma, IDH wild-type

l :
[
[
[
Diffuse astrocytoma, OHmutant | =} Tmommmsssssssses 1
!
Oligodendroglioma, IDH mutant and 1p/19q codeleted Genetic testing not done
or inconclusive

v .

After exclusion of other entities:
Diffuse astrocytoma, IDH wild-type
Oligodendroglioma, NOS

A4

Diffuse astrocytoma, NOS
Oligodendroglioma, NOS
Oligoastrocytoma, NOS
Glioblastoma, NOS

* =characteristic butnot
required for diagnosis




Other astrocytic tumours

1 Pilocytic astrocytoma

1 Subependymal giant cell astrocytoma
1 Pleomorphic xanthoastrocytoma
[1 Anaplastic pleomorphic xanthoastrocytoma



Anaplastic pleomorphic
xanthoastrocytoma WHO
Grade Il

[MpeAblayLLee Ha3BaHUeE:
nAeMoMopdHas KcaHToacTpoLMTOMa C

aHanAaCTM4eCKMM KOMMNOHEHTOM

'McToAornMyeckme KpUtepuu:

1.  Matb uan 6oaee mmntozoe B |10

"~ MOASIX 3peHMUSs
2. Y4acTKM HeKpo3a

M. R. Patibandla et al. Pleomorphic xanthoastrocytoma with anaplastic features:A rare case report and review of literature with reference to current
management.Asian | Neurosurg, 2016; 11(3):319.



Ependymal tumours

1 Subependymoma
1 Myxopapillary ependymoma

0 Ependymoma

[l Ependymoma, RELA fusion—positive
0 Anaplastic ependymoma



supratentorial posterior fossa

Ependymoma, RELA
fusion—positive WHO
Grade Il or 11l

- bBoaAblag yacTb

Dudiagnosis <3 M i
Rerelapse !3—20 F present .poeme :
Ri=relapse 1 20 absent negative | .
Ra=relapse 2 rotavalable (oot avalabie : CYNpaTeHTOPUAAbHBIX OMYyXOAEN
| AeTel
b HEE GFAP  pRELA™™  LicAM CCND1 = Sxcnpecenst LICAM obeyxaaetcs
; ; 2 ! KaK MOTEHLMAAbHBIA MapKep AAS
E | AQHHOM PpOpMbl
U4 1
g |
g -+ Members of the nuclear factor-«xB
é i (NF-kB) family of transcriptional
i regulators are central mediators of
5 the cellular inflammatory response.
. i RELA is the principal effector of
> ! . . .
s 5 canonical NF-kB signalling.
H |
2 .
S |
w I
o |

» Matthew Parker et al. Cl | orf95—RELA fusions drive oncogenic NF-kB signalling in ependymoma. Nature, 2014



Neuronal and mixed neuronal-glial tumours

Dysembryoplastic neuroepithelial tumour
Gangliocytoma

Ganglioglioma

Anaplastic ganglioglioma

Dysplastic cerebellar gangliocytoma (Lhermitte-Duclos disease)
Desmoplastic infantile astrocytoma and ganglioglioma
Papillary glioneuronal tumour

Rosette-forming glioneuronal tumour

Diffuse leptomeningeal glioneuronal tumour

Central neurocytoma

Extraventricular neurocytoma

Cerebellar liponeurocytoma

Paraganglioma

OO0 O O o0 o0O0o@>0O@->O0oO8Ooo .o .3
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Diffuse leptomeningeal
glioneuronal tumour

v Yawe BcTpevaeTcs y aAeTen uam

MOAPOCTKOB

v [ucTtoaoruyeckas KapTUHA CXOAHa C
OAUTOAEHAPOIrAUOMaMMU!

MOHOMOp®Hble cBeTAble KAeTKM (d)

v  OLIG2 1 S-100 no3nTuBHbI, 4acTb

aKcrpeccupyeT CMHaNTopU3NH

v O6biuHo ¢ BRAF fusions, oeAeumsmm
Ip (+/- 19q)

v  MyTtaumm IDH otcytcTByioT

g — | p — KpacHbIl curHaa, |q — 3eaeHbint
h — BRAF — kpacHbiit, KIAA 1549 - 3eAeHbIN



Multinodular and vacuolated
pattern

MHo>KecTBeHHbIe Y3Abl OIMYXOAU C

3aMEeTHOM BaKyoAM3aLMen

AnddepeHuMpoBKa KAETOK NO TUMY

FAMW U/MAU HEMPOHAABHOM TKaHU

> JasonT.Huse et al. Multinodular and Vacuolating Neuronal Tumors of the Cerebrum: 10 Cases of a Distinctive Seizure-Associated Lesion. Brain
Pathology, 2013;23:515-524



9.

mbryonal tumours. Medulloblastomas

. Desmoplastic/nodular

b

v

>




Embryonal tumours. Medulloblastomas

Age at
presentation

Pathology

Prognosis

Genetics

Immunos

% of all medullos

Treatment

Childhood

Classic

Very good
>90% long-term survival

CTNNB1 ( B -catenin)
mutations;

monosomy é; APC
germline mutations (Turcot
syndrome)

Nuclear B -catenin
staining; DKK1 positive

7-8%

¢ therapy de-escalation

Infancy; adulthood

Desmoplastic/
nodular

Good to
intermediate

PTCH gene mutation
(germline PTCH
mutation=Gorlin
syndrome); 99
deletion

GABI positive, SFRP1
positive

28-32%

Can treat with
smoothened (SMO)
inhibitors

Childhood

Large cell/
anaplastic; classic

Poor

MYC amplification

26-27%

Childhood

Classic; Large cell
anaplastic

Intermediate

CDKé amplification;
isochromosome 17q;
loss of X chromosome

KCNAI

34-38%

Taylor MD, Northcott PA, Korshunov A, et al. Molecular subgroups of medulloblastoma: the current consensus.Acta Neuropathol 2012;123:465-472.



Embryonal tumours. Medulloblastomas

* Medulloblastoma, WNT-activated
* Medulloblastoma, SHH-activated and TP53-mutant
* Medulloblastoma, SHH-activated and TP53-wildtype
* Medulloblastoma, non-WNT/non-SHH

* Medulloblastoma, group 3

* Medulloblastoma, group 4

Medulloblastomas, histologically defined

* Medulloblastoma, classic
* Medulloblastoma, desmoplastic/nodular
* Medulloblastoma with extensive nodularity

* Medulloblastoma, large cell / anaplastic
* Medulloblastoma, NOS



Koppeadgniudg Mmexkay reHETUYECKHUM ITPOPUAEM,

MOPGOAOTHYECKON KAPTHUHOU U IMIPOTHO30M AL IMallueHTa.

Genetic profile

Medulloblastoma, WNT-activated

Medulloblastoma, SHH-activated,
TP53-mutant

Medulloblastoma, SHH-activated,
TP53-wildtype

Medulloblastoma,
non-WNT/non-SHH, group 3

Medulloblastoma,
non-WNT/non-SHH, group 4

Histology
Classic

Large cell / anaplastic
(very rare)

Classic
Large cell / anaplastic

Desmoplastic / nodular
(very rare)

Classic

Large cell / anaplastic

Desmoplastic / nodular

Extensive nodularity
Classic

Large cell / anaplastic

Classic

Large cell / anaplastic (rare)

Prognosis

Low-risk tumour; classic morphology found
in almost all WNT-activated tumours

Tumour of uncertain clinicopathological
significance

Uncommon high-risk tumour

High-risk tumour; prevalent in children
aged 7-17 years

Tumour of uncertain clinicopathological
significance

Standard-risk tumour

Tumour of uncertain clinicopathological
significance

Low-risk tumour in infants; prevalent in
infants and adults

Low-risk tumour of infancy
Standard-risk tumour
High-risk tumour

Standard-risk tumour; classic morphology
found in almost all group 4 tumours

Tumour of uncertain clinicopathological
significance




Other Embryonal tumours

[l Embryonal tumour with multilayered rosettes, C19MC-altered

[l Embryonal tumour with multilayered rosettes, NOS

1 Medulloepithelioma

1 CNS neuroblastoma

1 CNS ganglioneuroblastoma

1 CNS embryonal tumour, NOS

1 Atypical teratoid/rhabdoid tumour
[ CNS embryonal tumour with rhabdoid features



Embryonal tumour with multilayered rosettes

» R Neelima et al. Embryonal tumor with multilayered rosettes: Two case reports with a review of the literature. Neurogy India, 2012; 60(1):96-99



Embryonal tumour with multilayered rosettes

CI9MC-altered NOS



Other Embryonal tumours

[l Embryonal tumour with multilayered rosettes, C19MC-altered

[l Embryonal tumour with multilayered rosettes, NOS

1 Medulloepithelioma

1 CNS neuroblastoma

1 CNS ganglioneuroblastoma

1 CNS embryonal tumour, NOS

0 Atypical teratoid/rhabdoid tumour
0 C€CNS embryonal tumour with rhabdoid features



Atypical teratoid /rhabdoid tumour
CNS embryonal tumour with rhabdoid features

AK Taneja et al. Meningeal presentation of an atypical teratoid/rhabdoid tumor. Neurol India, 2010 Jul-Aug;58(4):681-2



Atypical teratoid /rhabdoid tumour
CNS embryonal tumour with rhabdoid features

Atypical teratoid/rhabdoid

CNS embryonal tumour
tumour

with rhabdoid features



Tumours of the cranial and paraspinal nerves

1 Schwannoma

0 Melanotic schwannoma

1 Neurofibroma

1 Perineurioma
[1 Hybrid nerve sheath tumours

0 Malignant peripheral nerve sheath tumour
Epithelioid MPNST
MPNST with perineurial differentiation



Melanotic schwannoma

BcTpevaeTcsa peako, B AUTepaType

onucaHo okoAo 20 cayyvaes.

anJ.I.e BCEro nopa>kaeTt KopeLwkKun
CMMHHOMO3roBbIX HEPBOB, HO MOXXET

HaBAIOAQTBCS U B APYTUX

B HekoTOpbIX cAyyasx accounmnpoBaHa

C KOMIMAEKCOM KaPHM n reHom

PRKARIA

' AOKaAM3aLMAX.

> Michael Khoo et al. Melanotic schwannoma: an | |-year case series. Skeletal Radiol, 2016; 45:29—-34



Tumours of the cranial and paraspinal nerves

1 Schwannoma

0 Melanotic schwannoma

1 Neurofibroma

1 Perineurioma
[1 Hybrid nerve sheath tumours

0 Malignant peripheral nerve sheath tumour
Epithelioid MPNST
MPNST with perineurial differentiation



Hybrid nerve sheath
tumours

[MpeacTaBAsieT coboi He OAUH BUA, A
CKOpee LLeAyto rpyrny OnyXoAeMn, TaK
KaK BO3MOXHbl pasAU4Hble

KOMBOMHaUMU.

Ha pucyHKe npeAcTaBAEHa OMYXOAb C
HelMpopnbpoMaTO3HbIM U

nepnHeBpaAbHbIM KOMIMOHEHTaMMU.

A - Immunohistochemical staining for

S-100 protein

B - Immunohistochemical staining for
EMA

Denisa Kacerovska et al. Hybrid Peripheral Nerve Sheath Tumors, Including a Malignant Variant in Type | Neurofibromatosis.Am | Dermatopathol
2013;35:641-649



Tumours of the cranial and paraspinal nerves

1 Schwannoma

0 Melanotic schwannoma

1 Neurofibroma

1 Perineurioma
[1 Hybrid nerve sheath tumours

0 Malignant peripheral nerve sheath tumour
Epithelioid MPNST
MPNST with perineurial differentiation



Malignant peripheral nerve sheath tumour variants

MPNST with perineurial differentiation
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FIGURE 3. Tumor cells were arranged in nests or cords asso-
ciated with a fibromyxoid stroma in most cases.

VickieY. Jo et al. Epithelioid Malignant Peripheral Nerve Sheath Tumor Clinicopathologic Analysis of 63 Cases.Am ] Surg Pathol, 2015; 39 (5):
673-682



Meningiomas
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Meningioma

Meningothelial meningioma
Fibrous meningioma

Transitional meningioma
Psammomatous meningioma
Angiomatous meningioma
Microcystic meningioma
Secretory meningioma
Lymphoplasmacyte-rich meningioma
Metaplastic meningioma

Chordoid meningioma

Clear cell meningioma

Atypical menimgioma

Papillary meningiama

Rhabdoid meningioma

Anaplastic (malignant) meningioma



Atypical (WHO grade II) meningiomas are characterised
histologically by

2016 roa

* 4 to 19 mitoses per ten * 4 to |19 mitoses per ten
high-power fields high-power fields
* 3 or more of the * 3 or more of the
following 5 histologic following 5 histologic
features: features:
* necrosis ° necrosis
* sheet-like growth * sheet-like growth
* small cell change e small cell change
* increased cellularity « increased cellularity
* prominent nucleoli e prominent nucleoli
e direct invasion into

brain parenchyma
\ P Y /




Mesenchymal, non-meningothelial tumours

0 Solitary fibrous turnour / haemangiopericytoma
Grade |
Grade 2
Grade 3
Haemangioblastoma
Haemangiorna
Epithelioid haernangioendothelioma
Angiosarcoma
Kaposi sarcoma
Ewing sarcoma / PNET
Lipoma
Angiolipoma
Hibernoma
Liposarcoma
Desmoid-type fibromatosis
Myofibroblastoma
Inflammatory myofibroblastic turrour
Benign fibrous histiocytoma
Fibrosarcoma
Undifferentiated pleomorphic sarcoma/malignant fibrous histocytoma
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Leiomyoma



CoautapHas pubpo3Hasa OIMyXOoAb TBEPAON MO3rOBOM
oboarouku / 'emaHruomnepuiiToMa

2016 roa

« CoAuTapHasa ¢ubposHas * CoAnTapHas

onyxoab WHO Grade | $rbposHas onyxoab /
[ emaHrmonepuuuToma
* [emaHrnonepuumToma * WHO Grade |
WHO Grade Il e WHO Grade |l
* WHO Grade llI
* AHanAacTuyecKas
remMaHrmonepuumuTOMa
WHO Grade Il




CoautapHast pudbpo3Hasd OIIyXOAb TBEPA0OM MO3TOBOHU
oboarouku / 'emaHruomnepuiiToMa

a

N-ter

N-ter

N-ter

b

other tumors HPC/SFT
s i &
el
T
\“"
N 5.3 J
NAB2 wt, STAT6 wt NAB2-STATS fusion

' Leonille Schweizer et al. Meningeal hemangiopericytoma and solitary fibrous tumors carry the NAB2-STATé fusion and can be diagnosed by
nuclear expression of STAT6 protein.Acta Neuropathol, 2013; 125:651-658



CoautapHaa pudpo3Hasa OIyXOAb TBEPAOM MO3TOBOM
oboaroukm / ['emaHTHOIIEpUITUTOMA

NAB2 STAT6
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HPC

' Leonille Schweizer et al. Meningeal hemangiopericytoma and solitary fibrous tumors carry the NAB2-STATé fusion and can be diagnosed by
nuclear expression of STAT6 protein.Acta Neuropathol, 2013; 125:651-658



KAroueBbIEe MOMEHTDBI

0 |.Mbl nepellAn B 3py NOCTAaHOBKM AMArHO3a C MOMOLLLbIO MOAEKYASIPHOM
reHeTUKH

1 2.06s3aTeAbHO onpeAeAeHMe MOAEKYAsiPHOTO TMa ramom (IDH-mutant nam
IDH-wildtype, a Takxe Haanume | p/l19q koaeAeumm npm rmcTorornyeckom
KapTUHE OAUIFOAEHAPOFAMOMbI)

1 3. MoAeKyAspHbIM NPOPUAb OMYXOAU MOMOTaeT HaM AyYLLE OMPEAEASTb
NPOrHo3, BbIbMpaTh TaKTUKY A€4YeHUSA U pa3pabaTbiBaTb TapreTHYIO Tepanumio



Cnacudo 3a hrnare!
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