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N HE S |2\ B OIS 7%, T FE CIIFEAER M LB RICE DWW TIPS T& »
30, BEZHOZFX 25— Th HIHHZIED, Ml L2858 L < BoofE, £ L CRIZIZE
BIHEDOWTBM AT C&7. HLERMAFL TH 7. LA L, 2016 £ WHO o uER; 25 W ke
TlE, NI L -7 MeFRAMEBWINEA SN, ThUL, BEEOZENIIZIZEZE 21 Tk
RT5T, LERGTFZMEMR LWV ERNTELTWZALE LR ) 2w L EKRT 5. JRREZBI & 4
FHZW A GO MEZM 2 A L-8EE, O biology #1815, 3B ET S HEMLT
BEPHE SN, “DFEWMPIEEZR 2% 7 MEREPRAY ERESNDL L) IR0 TH 5.
2016 SE LU S TR OB 72 2 M E SICEB SN, 5 EBROIEEICEE SN 2021 HiodE G0 edi-
tion) (ZRMES N7z 2021 FEEFTFETIE, BB A OFAAADEAL L 7 BRI 3 72 I HE N S 7 i
WA OB S L. REFHTIE, glioma (MIREEIE) ICELEH T, 2N E TO glioma Do T-fENTOIE
A B F 2 C WHO2021 i COEHTIZOWTHHT 5.

1. JUF—< DR FELEDESER

1980 4E 2 & DS KEEBE THFZE 2 L TV 72 1990 SEACIZ 200 ) T, 43 TAEW AR 253 & glioma |2 45 ELEY
LRIETEREPMESIND L)X hol. L DEETERDPAOOLNLIRENGPABRTFTH S
TP53 % EGFR, MAMNIELT THDH TPS3 R pl16 (CDKN2A) 72 EDERN RO 572, Glioma (33
(2, BMRHkO 2MAEER (astrocytic) & ZZ%EBHHER (olidodendroglial) (Z574HT 5 2 E AT X 575,
ME DN, ZRERBEO MR ZIIL LR T {, RBENERIREVWE W) 2L THE. L
Ao THH OEHN AR _ LRI 508, TLREBWO A TIZENDH L., AT Z IR -EIS, 222
IR Cldge ik 1 FEk L 19 FmEMAIFRMICRE (1p/19q FREK) LTnwbr I e snsz, £
C CEBICHERBRIK DN 2 G728 25, Fifho /R CRMNER & Z2EBERZEN TE 52 &
Byt M, ZISRIBIER & BT S B E T o Z2RERIT, 1p/19q R IA R 7200 BRI R
ThbEEZZ, TOERZGRELHYEL TV 4RO LHREILRR 720, TORETIHMELTOL R 2ho
PHEELELCWS, F72, BEZBHPEZEHIN, FTF2MOERIRHEIN TRV TH 7272
OHTTDBNZETH o7z, ZOEZOFRIIEMIER L E R SN LENOFARE 2L o720 TOREC
WMOT [ THWNIEESM 282 5] LEERLZ. Z0H 2000 FE12iEe b7 2O OfFZRNET L,
DIBEIZ R Y — 7 & 2% — 12 X 2580 2 B R T 3T b7z, € Of5 R 2008 41213 glioma T
IDH (isocitrate dehydrogenase) 1/2 AL FERBIRON Y BTFBMOBELS—BIIEET L LA
%. IDHZ7 L — F2ME\W glioma I[ZHHEDE < 7RO B L, EHE D E W glioblastoma (GBM, FB2EME) 12
X 10% R L2200 5 1d, glioma &K TN T 2 &, BSOS 2N IDH\ZERD S 5 B TFHPW &
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DS 5728, 2 OWFFERED S, glioma |k IDH OEROFEIZ LY 2 ZFHICHETE L2 L8
2SI Nz, oF ) EMPulE & Z2eRBE I IDH ZRMTH L D123 LT, GBM (& IDH ¥ERIT
H%. GBM 121X, EEME D astrocytoma (EMAENE) 26 EMELT 25 14 755 10% 1 EHFTEL, 1€
#1% secondary GBM EFFIEN Tz, —, L AEEZEOIRMAPSBFEORIH R LD
primary GBM &I TW/z, ZOMEFIIEEFEITIEIXFTE %S, IDHEROFETXET 5 2
ENTEL. 2F ), secondary GBM 1% IDH-mutant, primary GBM (2 IDH-wildtype (24243 5. 1
VIEREAT WO AT DT LT 72 WHO2007 4358 L B2 Mg A S 7z 2016 538 %2 7R LT 575,
2016 7374 Clx, GBM 2% IDH ZEBDOFET/HIFHNTWE Z L IIZB) 5.

2013 4RI/ E T 2 MRS I 7 0~ F Y EGER T CH S HIF3A D 2T FH E 34 FEHD
IR VIR GERSHRE SN, SRS OERIZFNRZN, K2TM, GHR/V ERTH Y, Ky kA
Ry NMERTH L., ZOERPFBOONIHEITHRART, MR L) OFELTERERTTH 5
CENHLNIZENRTW S,

2. WHO2016 $1358 (KET 4hR) : A2 OERA

Bk L7290 F 2 W o B D S WHO IZTEREZ W ICE S W T Th L CW 2tk o2 (2007 203) 705,
TERERZWT & TR A A G bR -EBET (2016 04) ([CHEX Y572, 412 IDH #n TR, HIF3A
WG TER, Jefaufk 1p/19q DR EOFIIIBMICLEOBRE L o725 THIZBH2 T 3MBEEC
EoTh, BRET) MMENEEICE > TOINNTIFA LV T M Thotz. 2F ), BEZKHZTTIER
Wiz T893, DFZHOEELSZWE, NOS (not otherwise specified) #2217 T, Aok ZMigTdhsb
CEERRRETAZENVEE o/, /0T &, TBRESMAV T TEWOBERTEINSL Z LH5E
CH L9072, K1IZ2016 7EHOZW A ERTY, W ODPOBMAICERZTFEEN LI N TN
B DN HD.

3. WHO2016 2 FHLUEDFR N

WHO2016 #rafHLE, 572 W&o B Th LT, k4 RMEEPHO N E ol T27 )
NENTORER, HAF LIRS ZO2 0, REBIOWET 272 T 1IN EEZ 2 EFHRe 7T v 77— ML T
W RE D H o7z, £ THEME V=71, ZHIIZ WHO2016 5 EH 015 R % - IMPACT-NOW
(the consortium to inform molecular and practical approaches to CNS tumor taxonomy) & 9 I CTEIH
23R L, KEOBMUETICOR TS5 HEE L7z, 21 T2 c-IMPACT-NOW (& 1-7 233 ST B
DO 2 DRIRAERRIZ 2021 FAFICIY ANSND 2 EIZho 7z,

4. WHO2021 $i2¥8 (5hR)

WEAERICAB SN2 TH Y, Fid L7z c-IMPACT OFFRLZTL) AN, BFZMopt IS\
EHICTFRO L) ICHEICHSME S D,

@ glioma # diffuse ¥ 4 7 & circumscribed % 1 71254
@ diffuse ¥ A 7 & B AT &/NERENZ 5550
® HAR diffuse ¥ 1 7D glioma % IDH {5 T2 R % HIZLUT O 3RO A5
Astrocytoma, IDH-mutant
Oligodendroglioma, IDH-mutant and 1p/19q codeleted
Glioblastoma, IDH-wildtype
@ astrocytoma (ZB L ClE, SN F CTHEMEEIZL72D> T FE AME (grade IT), B (grade M) & W
IR 2T T 7208, Hf2I2 grade 2753 5 DA
® /NBENZ low grade & high grade (2474
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IDH1 65%
TERT 19% W Ea——
Diffuse astrocytoma EGFR 6% I
(n=31) PTEN 2z [ =
CDKN2A 3% |
IDH1 37% E—
) TERT 40% —
Anaplastic astrocytoma . -
(n:30) PTEN 37% i =1
coknza 27 ] I i1al
TERT 60%
eerr o [N = n -
Gllo(b'asigoga e o | e el - - bR}
n=
coxiza <o [N TINEI B EEIIE 1010 DN
IDH1 4% A —

Genetic Alteration ¥ Missense Mutation (putative driver) I Missense Mutation (unknown significance) ¥ Promoter Mutation
¥ Truncating Mutation (putative driver) ¥ Truncating Mutation (unknown significance) I Amplification Gain

I Deep Deletion Shallow Deletion No alterations

2 HAZLAAL RDF ¥ a5 )V % W7 FEIT O H ER B

® /NEEIO low grade (2, MYB, MYBLI #E{x -5, MAPK #&#7 S#EE T2 EE LI TnwWb 7 4
TN
@ /NREIO high grade & H3F3A @ K27M ZEELDIAMZ G34 ZE R0 WitE H A58k

S OFHHETIE, WODPORELEERDRH L. 1 DHIE, [DH ¥FAFL glioblastoma 12 BRE S
IDH B AR D astrocytoma O&EEEIIHIBRE S Nz, 2F 0, IDH BARIO glioma D34, /MNE glioma (24
B B FEERIEO SN T L, glioblastoma EZWEIN AL Z &k b, T/, IDHFAERD
glioma T, JERESZMIIZIE low grade DFTR. LA L TV WA T, glioblastoma (28I 72 B (5 T4
RTH%, EGFR O, TERT 70 Et—% —&8 Jeff 7 HEOMIEL 7213 10 FOXRE, owingy
—ODHT R HT A5 1X, glioblastoma L& N5 2 L2k -7z, F72, secondary GBM (ZAH:4 L 7=
IDH ZZ 5.7 GBM D Wi ZEIBR 4L, IDH ZERM O astrocytoma, grade 4 & ZWi& 4. IDH ZERR O
astrocytoma (&, %I grade #1535 2 &2 57228, fyNIAEREIEREIE 7 & O S 2 7R3 T
BA7% < &b, CDKN2A/B ® homozygous deletion D RA%d%h L grade 4 EZWEN b X )12k o7,
WHZE 9 &, IDHZEER D astrocytoma @ grade ZfiZ1L, CDKN2A/B ® homozygous deletion O 7
RARDUEN DD

5. HERBIOMEEER & WHO02021 o FHOME R

2016 AETFEAHIL S I, glioma DA ZWI DR LTEIZ R o 72728, glioma DIHEZWIILELR K54
N—BEFE2EL BBETFEHRALT, 7 AY ABLET/SNAIVREL T 5 B SRS THRIS
HEEDIFATHIELZY . Zo#ET/SA VT, IDHL/2, ATRX, EGFR, H3F3A, TERT, RBI,
TP53, PDGFRA, H3F3A, PTEN 7z &% &t 27 B{nT & 1p/19q codeletion % #t i 9 % 728 @ chromo-
some 1, 19 ED 24 BZFHOMERENTEY, QBIEFDOETY Y VHHIED 99.95% % I /N—F 5 L)
WZRERF L7z (2050 I FIc&EH) . kit —7 v — (£ V34, MiSeq) #fHL T, 48 #x
FOERABET AL LB, HFNN—a— FEEZHWTI LR LZHBNTE 5720, F0/K 1p/19q
DIRES T2 LD TEL, BT RO—EZ X 2 1278353, 2016 F0 3 TR M & L7z diffuse
astrocytoma 31 4, anaplastic astrocytoma 30 1, glioblastoma 173 BIDfENTHE R TH 5. 2021 F£EHFET
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DORETGWHIEE T, IDH1/2 725, CDKN2A/B @ homozygous deletion, Heftfhk 7 FoHElE £ 7212 10 &
DRFZFHNT A 72012, ZNENOMEIBIFLET S EGFR, PTEN OZ %% 5l L 7z. Diffuse astrocy-
toma & anaplastic astrocytoma DM Tlx, IDHI ZEEIEFNZFN, 65%, 37% CTdh o 7. IDH TR
T, MBI T R 25 glioblastoma IS N A ERI X B &, 22 15%, 10%FEEL, 2021
FESETHEARE 2> TLE ). INOLDIEFE EDO L) IHHETRENFISEOBETH 5.

BHYIC

Bl 10 4RAREE CTHNIE O 50 F-AT L ST AR 1T R & SRR D D) L7z, AINEHIEFE R EAREIC O W T
L L o 7278, TNHDEIZIZONWTY, PRIl k OBk o Twnd, HIRERD
FFRICED T, G R R SRR HIE S TS, 2 EmIIZI) A b T
S-HHIE, EREATR LD b ERFERDIESE O biology *HlET A6 Th S, NNIEE O BT T O
SETIIBIRETHH2AAPRE SN TBY), HEAKRTH L. mil L7zX 912 2021 o Tld,
RERESMERIFEINTE Y, SROWMEREDIFNL. £72, TNHOGFZIICELTE, &0
L) BFETIT)OPRESINTBLT, BEIESIN TS, L2, $XTOSFHETZIT) 121X
TN ) OEFRELE D > TV R WEARTRTH ), BRKROBIL TIIREZREASPTEINS. 512,
INHOGFZIIIRBINE SN TE ST, BiTEHOAIHE &) 357, ERIKRTIIRE 2 MESDTE
SNTW5S.
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Molecular Diagnosis of Brain Tumors and
the 2021 WHO Classification

Koji Yosmmoro

Department of Neurosurgery, Graduate School of Medical Sciences, Kyushu University

Abstract

The diagnosis of brain tumors has been historically made based on the tumor origin and
histopathological features. The recent advance of molecular analysis of brain tumors has identified
characteristic genetic alterations. Some of these alterations better determines biological features of
tumors than histological diagnosis. Therefore, integrated diagnosis with histology and molecular data
was introduced in 2016 WHO classification, which means that the diagnosis of the brain tumors cannot
be possible without molecular diagnosis. The mutation of /DH and H3F3A, and chromosome 1p/19q
deletion need to be determined for the integrated diagnosis. After 2016 classification, new molecular
findings have been identified, and new diagnostic criteria with molecular data have been proposed. In
this review, I will briefly review the history of the molecular diagnosis of glioma, and summarize
general changes in the 2021 WHO new classification.

Key Words : glioma, molecular diagnosis, 2021 WHO classification, IDH



