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Anaplastic pilocytic astrocytoma: a histopathologic and histogenetic
analysis of an autopsied adult patient
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Abstract:

We report an autopsy case of anaplastic pilocytic astrocytoma (APA) with glioblastoma (GBM) component,

which arose in the dorsal medulla oblongata of a 56-year-old woman. The tumor constituted a relatively
well-demarcated mass involving the dorsal part of the medulla oblongata, with intraventricular and subarachnoid
dissemination. The medullary tumor was composed of a mixture of APA and GBM features. APA area showed
immunoreactivity for GFAP and S-100 protein, whereas GBM area was negative GFAP and S-100 protein. MIB-1
labeling index and p53 protein expression showed stronger in GBM area than APA area. We examined genetically APA
and GBM areas, and frontal lobe as normal control, IDH1/2 mutations and BRAF fusion or mutation were negative in
this case. The frontal lobe and APA showed a heterozygous mutation of TP53 (R175H). DNA from GBM area showed a
homozygous mutation of TP53 (R175H), indicating loss of the wild type allele. The heterozygous mutation of TP53 was
found in the frontal lobe, and it was indicating that the mutation was somatic (germ-line mutation). The data suggest

that APA might transform to GBM when it was altered TP53 mutation.
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A case of pituitary adenoma following cerebrospinal fluid rhinorrhea
and pneumocephalus
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Abstract: Prolactinoma, accounting for 30-40% of pituitary adenoma, is characterized by a strong tendency of
destructive invasion. We describe a patient with non-traumatic cerebrospinal fluid (CSF) rhinorrhea and
pneumocephalus due to untreated prolactinoma. Case: A 59-year-old male consulted otolaryngologist in chief complaint
with a large quantity of nasal discharge. He received a symptomatic treatment for the chronic rhinitis. Because
computed tomography showed pneumocephalus with extensive destruction of sphenoid sinus and sella turcica, he
consulted our department. Magnetic resonance (MR) imaging revealed pituitary tumor. He underwent transsphenoidal
surgery followed ventricular drainage. Operative findings: The sellar floor was extensively destroyed, and thickened
tumor capsule was confirmed. Tumor was dark pink, soft and hemorrhagic. We couldn’t find CSF leakage point after
partial removal of the tumor. Surgical hemostatic materials (Gelform, Surgicel, fibrin glue) were packed into the tumor
cavity with reconstructed sellar floor by titanium plate. Postoperative course: On postoperative day 12, CSF rhinorrhea
recurred during a walk. On postoperative day 19, he underwent transsphenoidal surgery again. The CSF leakage point
was confirmed. The fascia, abdominal fat tissue, fibrin glue, and titanium plate were used for skull base reconstruction.
CSF rhinorrhea and pneumocephalus disappeared subsequently. Discussion: CSF rhinorrhea developed by osteoclasia
of prolactinoma. Extensive pneumocephalus occurred because invasion and destruction to a surrounding tissue
aggraveted. Whenever a large quantity of CSF rhinorrhea is detected, it is necessary to consider the basicranial
destruction caused by the tumor.

Key words: pituitary adenoma, cerebrospinal fluid rhinorrhea, pneumocephalus.
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Figure 1.

Computed tomography before
surgery showing pneumocephalus
with extensive destruction of
skull base and sella turcica.

Figure 2. Gadolinium-enhanced magnetic resonance images.
Note pituitary tumor extending to the left cavernous sinus, sphenoid sinus.
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Figure 3.

Computed tomography after first surgery showing the CSF pathway

on the left side of titanium plate.

Figure 4. Pathological finding.

(A) (C) Diffuse growth pattern in a pituitary adenoma. (hematoxylin and eosin stain)
(B) Diffuse cytoplasmatic imunoreactiity for PRL. (PRL immunohistochemical stain)
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Table 1. Summary of reported cases of untreated pituitary adenoma presenting with CSF rhinorrhea

Tumor Duration of . ... |Erosion of the Adjubant | Postoerative
ATHET Age/Sex Classification |CSF rhinorrhea epets sellar floor SIS therapy [follow up period

Giovanelli and Perria (1967)Y  |40/F NF 8months + + craniotomy - 6months

41/M PRL Bmonths - + TS RT 12months
Cole and Keene (1980)° 28/F  |PRL 3months - + Eﬂg’mmy followed | oy ND

38/M NF 1Tmonths + + TS RT ND
Nutkiewicz et al. (1980)'” 45/F PRL, ACTH |3years - + craniotomy - 22months
Rothrock et al. (1982)% 24/M NF 10years + + craniotomy followed - 18months

by dural repair
Bilo et al. (1984)" 42/ |PRL 2years + + TS - ND
Ob L (1990)" 63/M PRL Tyear - + transethmoidal RT, BRC _ [6months
ana et al. 36/F _ |PRL 2months - + TS RT,BRC _|7years

Carroll et al. (1991)" 23/M  |ACTH Bweeks - + TS - ND
Bell (1 991)2) 40/M NF Bweeks - ND TS RT 12months
Ohtkara et al. (2000)19) 80/F PRL 3months - + TS - 14months
Hanel et al. (2001)” 26/F PRL year + + TS BRC 30months
Telera et al. (2007)% 36/F PRL 2years + + TS Cabergoline |20months
Makin et al. (2011)"" 68/M GH 2days - + TS Octreotide [ND
Goyal et al. (2012)"® 35/M  [NF Bmonths - + TS - 10months
Present case 59/M PRL 2weeks - + TS Cabergoline |21months

BRC: bromocriptine, ND: not described, NF: non-functional, RT: radiotherapy, TS: transsphenoidal surgery
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Clinical features of spinal cord/medulla metastases of glioblastoma

FRF KRR BT E A ZER PR R
OfILFER], B —%, A 3, Hlp &=, PR
Department of Neurosurgery, Kobe University Graduate School of Medicine

Takashi Sasayama, Kazuhiro Tanaka, Katsu Mizukawa, Takashi Mizowaki, Eiji Kohmura

[£5]

JEZERE O VR P SEGENE O FREREFE, 5 4 L T 0.4~2% & WE STV D, M RZFPEFE MR
P TR SN BEFEE ©. JEREOFMMFRE, B 2k 2 LIZBFITHO W T, BRE R L OG22
B AT L7z, 8 Bl (9.3%) TIEMRMEDOFREREM MBI A i T-, YIEIFI D O HF MR,/
ETCOHMIL40H~25 A (PRAE 89 1 H) ., HHIESE FFHENOIETE COMMIL 1 HA~321A (F
RAE 3 0 A) Tholo, BBIMAE L CIUERE M, FHfic2 Wi Th o7, FHifFRE 525807
8 il & FHHARS IR D 2 o7 78 il & T, AFEHIM (0S) &t d 2 & AAFHIE T Il 1 3k, 5
(+) T10 2~ H | #FE 658 (-) T22 20 H & | #&FE 58 (+) THEIZ OS 235705 7= (Log-rank test: p=0.018),
LorU, SESAEAAF IR (PFS) B L Tl OB #ERE 5% (4) T 6 20 H . #&HL#5f (-) T 10 72H &
WEECHEZITRO R0 o7 (Log-rank test: p=0.15) AR FHIMRETCTIE, SRR AIMRETCIE. £ < D
BT Olig2 MEHIET, p53 DFRILY 4 Hl THBNMETH > 7=, EGFR OFREIL 3 BTt TH - 7245, EGFR O
LD L ps3 ORBEDEVMEM N D D L Bbhe, 2k CO®RE LR, BhERE 8 U BEE T
THPRD TRETHolo, FHIEHEISBIEFEN D7 BIERN R Z LTS 2200, /i a ik
TR IR P e R a5 L b,

Key words: spinal metastases, dissemination, glioblastoma, symptomatic

[IFLoIZ]) JEREDH b, R - 7Y 1 2 NouHEES

JEZENE (Glioblastoma:GBM) DA R IEMENME D P R FE B R B THaiR & 2 WISk
FREREE W 2 i IR T, 04~2% & BIE S L EGZBBIS FTRE TH o 72 86 il & K5
HEINTWD Y, UL, Hig2EoEs, 7€/ & LTz, EFEEEMHESEBEOERIL, T
123 RO X 77 EOFHRPUEA OB A T Luschka fL, Obex & ¥V FALOIERIFS L O M IZ
Hrels—o g UROREE T RN, SEE=X Y MRI @ T1 # KU =7 ARG E CRIR O &R
LI KD FMEOE L E T, FHRAUES ERODLLD, HDHWVITRIFREICEY S5 mass
T EEEIC KD | TEEMEBERERE BRI LLRT & D 4 ERODLHOTHD, FTEIESH 5 ITHFHIER %
MLTWDZERTPHEND, — ., TEFRE i A9 5EHE L, THFE ket L-RE
BRI - BRSO 2 AR F 7RI 72 508 DOIERE BN, FITSE, FIRIFT S 3R
2\, SR AL, P RKEESLHBRGE CIER BB E CoMM., BB DO TR, MR
L 7= BEEE RS ©, JEEEE IR e 2 L AR (HEY:fpr R, IDH 2%, MGMT Y o®—4%

TEBHIEBFE N OWT, BB L, BRRD —AF L — 3 UF) RO L (Olig2, ps3,
e 7e Bl OWTRE LT, EGFR, MIB-1) oW TR L7z, £/, THfE

Tl HRRIE G & R, B Al 2 LT R VWERY &
[FR - HiE) TRAFHH (0S) . A 7B (PFS) &

2006 9 H 5 2013 4 6 H £ T 7 4T, Kaplan-Meier 7435 X OY Log-rank test C iz L 7=,
PR R B b @ I e TR S 4172 103 il o B2
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All GBM
(Histologically diagnosed)
103 cases

Initial therapy
(radiation + chemotherapy)
103 cases

Maintenance therapy
or follow up patients
86 cases

Transfer to other hospital
after initial therapy
17 cases

Spinal or medullary
metastases (+)
8 cases (9.3%)

Spinal or medullary
metastases (-)
78 cases (90.7%)

Figure 1.
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Figure 2.

[#&8]

8 Bl (9.3%) THHMD D \VIFIERE T ERICHEFE s
BT L2 &b 5 &R IRE 2ROz (Fig.1), 8 fi
DERED D VITWE TR U 7 JE 5 O B IR % %
Table 1 (TR, ERIERERIE 54 7%, FE 7 ], &1
B, #1384 ERALIX frontal 2 441, parietal 3 441, temporal
2 B, /NI 1 BIChH o7, FAMIE 2 BN
(partial resection) T, 6 filiX 424 (gross total resection)
ThoT, FHRFITINE 5 DTN OB A 7R O
TeDIE S Bldo o 7, TEFRITT S THE#RE (60Gy,
2Gy x 30Fr) +7 €Y 12 I K (75mg/m2, # H#45-) T,
THNIA v H—T 2 ZOH LTz,

WIEIFr b BB, i E TOHMIT 4 2°A

11 -

~25 72 H C¥H) 8.9 7 H (Table 1), BB L LT
IIEHE TR, M2 WMEn CTh o7, B R
BREOYIZBEREORREIL, 3 BlIEFE - EBITE25 0
7o, 5 BNEIHERIE LS stable ZRBETH D, D H
53 PNTERIRE RO TR ELED = > b r—/L
ZRIFCh o7, FHEEE BRI 5 Eimain
JEIL 2 B AAT, 1 BNEHRG IR 3 K OB s (0
NRTZF v/ hRY )1 BT R
(IMRT) 2 Mif7 iz, £z, 320 D 6 HiliL Best
supportive care DT o 7o, FHIEER D 5 5E
CETOMMIX 1 »A~3 A CE¥Y32A) Th
ST, BEERAIL S Bl ChelT =4, EH ES. LDH
5 Z§RD 7= (Table 2)
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Table 1. Clinical characteristics in the patients with spinal dissemination/metastases

Pt Age/Sex Location

Surgery

Ventricle Initial

Time from surgery Location of meta

Intracranial Treatment to Time from meta

Status

No. open treatment to meta (months) lesion meta to death (months)
1 68/M It. cerebelum PR - RT/TMZ/IFN 25 Cervical SD - 3 dead
2 24/M  rt. frontal GTR - RT/TMZ/IFN 6 Medulla SD Surgery, CT 4 dead
3 71/F It parietal PR + RT/TMZ/IFN 6 Medulla PD - 1 dead
4 57/M  rt. temporal GTR + RT/TMZ 6 Cervical/Thoracic PD - 3 dead
5 58/M It. parietal GTR - RT/TMZ/IFN 14 Cervical/Thoracic SD - 4 dead
6 67/M  rt. frontal GTR + RT/TMZ/IFN 7 Medulla PD - 3 dead
7 38/M It. temporal GTR + RT/TMZ/IFN 7 Whole spine SD RT(IMRT) - alive
8 51/M  rt. parietal GTR + RT/TMZ/IFN 4 Whole spine SD - - alive
PR: pertial resection, GTR: gross total resection, RT: radiation therapy, TMZ: temozolomide, IFN: interferon, SD: stable disease, PD: progressive disease
Table 2. CSF study of the patients with spinal Table 3. Histological examination
dissemination/metastases
Pt. Cytology Cell count Protein  Suguer LDH Pt. MIB_I MGMT IDH mut.  Olig2 p53 EGFR
K No. index Methy.
No. Papanicolaou  (/mm3)  (mg/dl) (mg/ml) U/
1 41% - - ++ ++ -
1 - - - = - 2 80% - - ++ ++ +
2 Class 11 1 124 77 148 3 60% + _ + 4
3 - - - - - 4 50% - - + ++
4 Class 11 10 707 50 129 5 40% _ _ + _ _
5 Class IV 100 360 32 51 6 15% + - + +
6 Class 11 5 148 35 7 90% + + - ++ _
7 - - - - - 8 40% - - + ++ -
8 Class III - 1395 <1 650
EGH) 7 + 1 — TR G o 7= 86 Bl 5 B, astrocytoma ORI AT & M5 CHIAT ST 5. TEEO M

TR 27807 8 5] (Meta (1)) & s
SRR D T2 v 12 78 Bl (Meta () & T, A7

J&, B (BEFE) 238972 (Figda) ,

1'% small cell glioblastoma {

AT L

\Z—% L (Fig.3) . IDHI Z& 52

(Overall Survival (0S)) % #7925 & AR P
T Meta(+) T 10 22, Meta(-) T 22 7nH &
Meta (-) THEIZ OS MM -7 (Fig2), (Log-rank
test: p=0.018), L 7> L, HEMEHEA LI (PFS) 2B L
*mi‘$%@ﬁmkaY66bH Meta (=) T 10 7>
AL, MEFECHREEITZRORD o7 (Log-rank test:
p=0.15) (Fig.2),

FRE AR Tl B 5B O IEF] Tl
FEERIBIEREAL AR I Z BT giant cell & 5\ )ME small
cell DEVMEEI2FED BTz (Figld), 7=, S
e % A9 % BEFIEA MBI 258 72, MIB-1 (31
¥ 52% & @i Cd o 7= (Table 3), MGMT O 7' 1
—H—AF L— a3 E 3 FITTHME, 5 BT,
IDH 25513 1 45 C IDH1 OZE 5 (R132H) 23388 H i,
Z OJERIIT diffuse astrocytoma L ¥ HEPEAL L 72
secondary GBM T®H » 7=, S HHR ARG TIX
% < OIEBIT Olig2 2351 T p53 DIHL Y 4 B THig
B TdH o7=, EGFR OFEHIL 3 HITHIETH 72
23, EGFR OFHLX 0 & p53 OIFEHLM TR ME R H
5 E B,

GEGIHRR)
(Case 7)
38 k. BYE, 5 FRTICA OMBEIE O diffuse

-12-

BitE. MGMT 7’2 —4 —AF L —v a VGETH
S 77, B DO BERE + T X — VIR & AT
TE S — VMR 2 5 B TZ IS E%@Lwﬂ\

FBE IR 2 A HH B, 86 MRI IZ C ZA M A A A
5@:%{” BN b7z (Fig. 4b) FDG-PET T %4
Faffil i < MR b v (Flg 4c), —F . BHEN
TG SN D IEGERERITFE DT, Stable disease

@Ji:‘mf%oto BRI xT LT IMRT #5647 L.
MU D LU, BB E GRS XS LT,

[(B%]

SHENB RO TR 1B 5
k& 9 Lawton B D 42 % review L7845
TlE, BB S Ui £ <. SERFI T 43
W FI O COMMITEY 133 220, 58
MHITETOHMIL 3.7 A, WEFERENS D4
AFHRNIZ 172 00A ThoT-m ¢ ME LTS Y, F
7z, Shahideh H1E, JEMEMEOFHEIESE 2 H 2 Ltﬂ%
IENEBE D review 21TV, FEHIIETEY) 37 k. AA]
T HERR £ COMMITHRAE 14 20 A . aﬁﬂ%b%
U CTOMMITTIE 425 220 EHEL WD ?

FREHRE TR DI 5 UL TR R IE R N it
ITENTWAR, K 20%DEFITIEEETH - 77,

Shahideh & DL, Fex DFER L I1IT K L Tz,
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Figure 3.

a. fiTATMRI
(T1-Gd)

b. IEERFEHEMRI
(T1-Gd)

c. #&1EKFDG-PET

Figure 4.

FHRIBOA =X 5L LTk, RSO ALK
PECHRAG #E~DIREN E DI TV D03, BRI
FESR TV, BREAN (RriZ 2 [ILLE O FiT)
ROMMEE OB OFAE &b BRI B0 U
A7 K+ & DOWE L H DM 7Y Shahideh 5 D review
TIIMMEITEIESIL Y A7 N Tl 72, iz,
Fx OFFHTC b S ORAETALIIH 072 U 27
FLIXFE Ao, MR OMNE - A OB AU
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HFHEE a2 Lz 8Bl s TR b
23, BMEE B S AL RE B C b T RERE TR W Al
ZERWERLH Y, IMEORE OREIIVET
R TH S, PTEN OZFR MIB-1 O W B IFE I
HFHE 2R LT W EomEbd s,
72 Maslehaty © (X, GFAP O FEL D55\ B IEIEI LA Sy
LR 7o OICHFREREH B2 E Z LT W ElmE L
TW5 0 Fox OFFNTTIL GFAP OFEBIXIT> T
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7R3 Olig2 DB E T E OB IEEICLE TRV
Fig:Cdho7-, F£7=. EGFR [5Gt X 0 & p53 Btk
JEIE 2 WO B TH - 7=, BT 4 SOH
THATITEEND LSO TR Y HhiRE
fi e LT WRBEEEIL 4 >0 T X A4
DERENPDOENNITB L TWDAEENELH Y | 4% &
DICFEHIZR AT 21T 5 BN B H L Hbihvd, 4%
&, BRI ORI BB EZ LSV
FEEZBEHICRIETE D L9, IR NME
Thod,

(#&38)

FHEN GBM TIEMEMED IR 5 2 WITIERE -~
DIEFED 5 VT OHEIL 9.3% ThH Y | Hikiy%
W E DI U Te, WIEIFATD b BRI, iR &
TOHMIT RN IO NATHY, BENLIETET
ORI T 3 22 A LIHEFICELS PERRTHD
INFETORE LIFFRFETH o7z, MBI O
BB B NER C SRS A §R O T2 7223, JEFIE A D
TRUNTZ DN EE il OB F & R iR & oo B
TG &R 5727572, MGMT DA F L—3 3
& OBHEMITEES | p53 DIEBINEVMER N L
Rz RO TR, B 58 & OEMEIC VLTI
I LRDMHTNMETH D,
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Abstract:

OBJECTIVE: We reviewed the relationship between extent of resection and survival of patients with high-grade
gliomas with special consideration of an oligodendroglial component.

METHODS: A retrospective review was performed on 160 adult patients with histological diagnosis of high-grade
gliomas including highgrade astrocytomas or oligodendroglial tumors since 2000. Extent of resection was assessed by
early post-operative magnetic resonance imaging and classified as complete resection, incomplete resection and biopsy.
Measured outcomes were overall survival and progression-free survival. The independent association of extent of
resection and survival was analyzed by the multivariate proportional hazard model adjusting for prognostic factors.
RESULTS: The lesions were classified as high-grade astrocytomas in 93 patients and highgrade oligodendroglial
tumors in 67 patients. In high-grade astrocytomas, the median survival after complete resection (n=36), incomplete
resection (n=36) and biopsy (n=21) was 23.4, 153 and 12.6 months, respectively. Complete resection was
independently associated with increased overall survival (P<0.001) and progression-free survival (P=0.002) compared
with incomplete resection, while incomplete resection was not associated with survival benefit compared with biopsy
by multivariate analysis. On the other hand, in high-grade oligodendroglial tumors, the majority of patients were still
alive and there is no significant difference in the survival between complete resection (n=24) and incomplete resection
(n=33), while even incomplete resection had a significantly longer overall survival (P<0.001) and progression-free
survival (P=0.006) compared with biopsy (n=10).

CONCLUSIONS: Maximal cytoreduction improves the survival of high-grade gliomas, although our data indicated
that the impact of extent of resection in high-grade astrocytomas is different from that in high-grade oligodendroglial
tumors.

Key words: malignant glioma, oligodendroglial tumor, surgical resection, survival

[EF] . FESERRH ., AR 3 IS L, A7 I,
BN BIETE R CII R RN FRICKE < AR I 2 AT LT,

MIND DI, F DX astro & & oligo & TR U7¢e High-grade astrocytoma #f ClI5e e, FFEEa

DTH5 I D BRFEAITIZOMIER LEGH  fHEE AR COREFHFIZZNZ 23.4, 153,

(BN AT > T, 12,6 » H T oTe, e e mun, My

KRIE 2000 FLARE Y BT TR SO RN EMER BAFBHIR S bICARBICTRAER L, —77,
FRIBNE 160 1, #H#%=#M121% High-grade astrocytoma  high-grade oligodendroglial tumor #£(Z 35\ T 58 424
& oligodendroglial tumor @ 2 #EiZ, i X524 HEE L IR HPEORIC T OZEIIHBH TE 2k
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ST, )y, EEERMHENERBEEL Y LAEICICT
HOILR 2D,

ZDOFERNORHE O TR ~DEEIT astro R &
oligo R TIXHE/ 5 Z LR ST,

(IFL&IZ]

IR, 7R VT RIS K AR
Fes— a3 & HVis fencepost £, ERAH
FHE=HZ Y 7 ORBEREY i MRIOZ2ED
BARFBFH I o THREBIE O FARF T4 2 32015 T
Tz, FhE, BENERRRRIBYE, Rl SR Rl A
il JE (anaplastic astrocytoma; AA) X° B 3 JE
(glioblastoma; GBM) ., 2% ¥ high-grade astrocytoma
DIERIZB W THHEN R b EERTRKFTH D
Z ED B DEFRFZETH O NIZ SN TN D NH T
H» 5 @, 6—12)0

— . BB pkME Z 22k A Bu iE (anaplastic
oligodendroglioma; AO) + Z %<t 224l (anaplastic
oligoastrocytoma; AOA) 72 &\ 1P % high-grade
oligodendroglial tumors (235 TlE, =N T4
G52 28BN Lo & D LT 2ade b
oligo RN % & Lo bk R L X — X B L B R L7
FAESDESZMED astro RIEHZ LV bEWEERD
NTH2n6THLYY, REO®ETIL, GBM
Tho>Th oligo KM A FTeARMIL 23 T4 B AT T
X722V ETRIR ST D @2 Fox 1T oligo SR
faZE&H 3 % GBM BETAEMFRII b il LAY 72 astro
& GBM & (3TN RR DO TRV EB X
TW5,

Z 2 CAMIZE TITEMEMRIBIE I 35 1) 2 FIlHE H
JE & T OBARA astro R & oligo R TR UZ2DTH
A MEV D FITHE R LT RN 21T > 72,

[H&R - AHiE]

2000 4 1 A2~ 2011 4E 2 A £ ClodbifE ReB
L O OB % S B\ CTHMEHEIR 21T - T2 Bk
A (0 mUAL) EMERERBE (WHO garade 3 38 &
Wgrade4) Zxtgel Lz, S L < IZAERIT
I THEARAY S GBM., AA, AO, AOA &S T
%o EDICABIOMITIZHT-0 2 NOFFHEE A 2007
.00 WHO 2358 % W CRIER| O 2 W2 i L 7=,
Z Al S (oligodendroglial component; OC) %
&t GBM [T 7RO 722 BT D 2 CEAR 7 FHITE )R
WEHW o T, RGEF LR T 6 BRLINIC
HEORFTRE 2Gy/H, 5 HIH, FF 54-60Gy)
ZHEAT STV D, IMERTEIR AL gliomatosis cerebri,
Wi 6 1 AL EORGBBLEZ N 72 SHLT VR UVME
BNIBRAL LTz, REBOBEIXSI DICHELEE LT
LFIREIEZATOI TV T, 2006 FELLRTIE= hr Y ¥
L7 (ACNU), F7oiZa4#Al (CDDP) % HA L

Figure 1. a1 (%2). fiite CH) @ MRI (T1&E¥),

a [SERMH] I ERERADERITHIL TVD L0,

b PRZEAH ) SRHIPENICHEE b L ITBECIn - 7o
TAEDFED b D,

LieZm ba—LT, UBIEITEY v~ A R
(temozolomide; TMZ) N ER TH 5,

MRI AR A% 48 BREICAINICSE B L (K%
Bk 24 FEEIDAN) | I E ORI T1 @FREIc <
1ToTz, WRTOERIREPHRIL L TWD D% (5
) (Figla) . fgHiPeRE & E 0 k. b L <IEHE
HRRICEAD R DN D b O [RE2H] (Fig.1b) |
LS CTEMBI R F A B D TREOAHD BT
it shizbor VR LER L, TDEND
TEER AL, ZWREEE . I AT Karnofsky
Performance Scale (KPS) score, #AiffEiH KB, JE
B IRTE (oA, eloquent area) | FHASFHIHEM: L (WHO
2007). %% TMZ & L7-, Eloquent area |ZIEH) T,
Saalr, R - N, BUR, —RERE L LT,
FIFH B O WE AT (progression free
survival ; PFS) & 247K (over-all survival; OS)
ZFLH L, PFS 13 MRIIC THEBEA R S 425 Rl &
TE L7z,

ARFE CTIRIES 2 K& < 2 BEIC T CTREfT 217 >
7o, WHH D GBM & AA % [high-grade astrocytoma
. GBM |2 OC &t & AO, AOA % lhigh-grade
oligodendroglial tumor | #f & U7z, FER] O ol |34
T K128 LTI Student t-test & x, test 2 VM7=,

AEFFEATIZIX Kaplan-Meter 5% VN, 2 BER] D2
1L log-rank JEIZTHE L7z, OS 38 LT PFS O F1%
K AT I21E Cox BN — RET L& AV,
[ high-grade astrocytoma | H#f & [ high-grade
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Table 1. B &5

All Astrocytomas | Oligodendroglial
(n=160) (n=93) tumors (n=67)

Age (mean + 5D, y) 55+14
Sex

Male 87

Female 3
Side of tumor

Right 91

Left 69
Preoperative KPS os1s
(mean + SD, %) =
Tumor diameter i
(mean + 5D, cm) T
Elogquent area®

yes 72

no 8
WHO grading

grade [11 73

grade IV 87
Postoperative TMZ

yes 72

no a8
Extent of resection

biopsy 31

incomplete 69

complete =
Median follow-up (months) 2.1

59+12 49+ 14 <0.001
46 41 0.10
a7 26
51 40 0.33
42 27
7 s B 83+15 0.03
44+15 4.7+t1.7 0.54
47 25 0.07
46 42
20 L <0.001
73 14
41 31 0.67
52 36
21 10
36 33 g2
36 24
16.0 38.7

Table 2. High-grade Astrocytoma 93 BillZ351) 5 T4 & BEARMIIN 112 BE 9 2 HZE B fighT

_m Erogressionries Sunes’

Hazard Ratio 95% Cl P-value Hazard Ratio 95% Cl P-value
Age?® 1.009 0.99-1.03 0.43 1.013 0.99-1.03 0.18
Preoperative KPS
<80 1177 0.72-1.93 0.52 1.260 0.80-1.99 032
Tumor diameter
>4cm 0.936 0.58-1.52 0.79 0.820 0.52-1.28 0.39
Eloquent area
no 0.585 0.36-0.95 0.03 0.761 0.49-1.20 0.23
WHO grading
grade llI 0.674 0.37-1.22 0.19 0.657 0.38-1.31 0.13
Postoperative TMZ
no 1.211 0.74-1.99 0.45 1.278 0.81-2.01 0.29

%ncreasing variable

oligodendroglial tumor] #£ZNZALTITo 7, HAR
FEHTIZC P A 0.2 LAF & 78 o 7oKl - & S 28 B fif#T I
Az,

(#5R]
BEER

AR OBIREUEZ - L 160 L OBES =%
Table 1 \ZF & 7=, BYERT 4. 2otk 73 44, EH4E

WSS (Rl R 57 m%) . AAERAENE GBM 73 A
(46%) . AA 20 4 (13%) . GBM with OC 14 4 (9%) .

AOA 324 (20%). AO 214 (14%), 14 413 MRI
TIEE SNRWRAE T, MEFPINRIT GBM with
OC14., AA34, AOAT4., AO34ThH-oT-, fil
HE X2 2R, REafbit, AREnTne
604 (38%). 694 (43%). 314 (19%) Th
ST BRRIEIX, 72478 Stupp LY A 2K D TMZ
{LEEBIE® 65 4 (41%) X ACNU % EfkE L7z
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Overall Survival (months)
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Figure 2. high-grade astrocytoma ZXfZ & L1z, Kaplan-Meter ;AX[Z &k SEHE L £4%7F (overall survival)
CEIBEHSHTF (progression free survival) (2B B EEHT,

Table 3. High-grade Astrocytoma 93 $illZ351F 5 T4 & i L2 B9 2 2228 B v

_ Overall Survival Progression Free Survival

Hazard ratio 95% Cl P-value Hazard ratio 95% Cl P-value

Complete

. 0.356 0.19-0.66 <0.001 0.405 0.23-0.71 0.002
resection
Incomplete

5 1.0 1.0
resection
Biopsy 1.085 0.53-2.24 0.82 1.158 0.63-2.14 0.64

Adjusting for the effect of tumor location (involving eloquent area) and histological WHO grading

b398k, 74 (4%) 23 CDDP % ik & L7 {7
EEITS> TS, 16 BITHIEIE L LT FRIEET
DI oT,

Table 1 Tr/r9 i Y . high-grade oligodendroglial
tumor #£1T high-grade astrocytoma #f & LLiz U2 Wik
A # < (P<0.001) AT KPS score & BAF T -
72 (P=0.03) , WHO grading Cl% high-grade astrocytoma
FEOBIEER @R E o7z (P<0.001), Z4d
GBM with OC D72 LICEKRT S B2 b
Too PR BEBEORTE, I ATH KIEEEE, eloquent
~OIRE, % TMZ ALF5 2 BERIZEDS R o
o fm, BB ST high-grade oligodendroglial
tumor #f & high-grade astrocytoma ¥ T (27508
RipoleZ & ThD (P=0.32),

Follow-up #ifHJfili 21.1 » A, 884 (55%)

DT TIZHELELTEY, 2FNFEEAICLS DT
Holz, WEIL 115 & (712%) TR, 95 29
ZRHEFRENTWD,

High-grade Astrocytoma & 0 24

FHREAF

93 AIZHE B L < I3 I S 417z (GBM 73,
AA20), Cox Feffl/ ¥ — RET /L% H\ Tz B Befif
HrofEHRTIL (Table 2). leloquent area ~DiZiH |
DIHNTHARRBKFF & LT Sz (P=0.03), 4
i, KPS score b T & OEMEILIR OGN0 o7z
D, FHE L PRICEET 22 EEMAT BT
BRuNZ, 51208, PFS &1 AA & GBM @ 2 Bl
ENR SR o7- (P=0.19),
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Figure 3. high-grade oligodendroglial tumor ZXf& & L 1=, Kaplan-Meter ;:&IZ & AfHE L 24
(overall survival) &#EIEELETE (progression free survival) [ZBE9 S fE4T,

Table 4. High-grade oligodendroglial tumor 67 FllZ 51T 5 T & ERIRAVIK 12 BT 2 B Efigt

_ Overall Survival Progression Free Survival

Hazard Ratio 95% CI P-value Hazard Ratio 95% Cl P-value

Age® 1.072 1.03-1.12 0.001 1.039 1.01-1.07 0.005
Preoperative KPS

<80 2.373 0.89-6.35 0.09 1.829 0.84-3.97 0.13
Tumor diameter

>dem 2.640 0.88-7.97 0.08 1.985 0.95-4.12 0.07
Eloguent area

no 0.781 0.31-1.99 0.60 0.669 0.34-1.33 0.25
WHO grading

grade Il 0.321 0.12-0.83 0.02 0.453 0.21-0.96 0.04
Postoperative TMZ

no 0.640 0.22-1.84 0.41 0.811 0.38-1.75 0.59

Table 5. High-grade oligodendroglial tumor 67 BllZ351F % T4 & fiff HEEIC B3 5 248 Bfifhr

_ Overall Survival Progression Free Survival

Hazard ooy poaie M9 g5ua palve
ratio ratio
Complete resection 0.878 0.24-3.25 0.85 0.517 0.21-1.30 0.16
lngom_plete 10 10
resection
Biopsy 9.35 252348 <0.001 3.718 1.45-9.54 0.006

Adjusting for the effect of patient age, preoperative KPS, tumor size and histological WHO grading
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BMHELFR

MIERTOfMHIE & 0S. PFS @ kaplan-Meier 51—
7% Fig2 \RT, SEAMEE, REamEE, 4
FREED OS HRfEiXENE 23.4 - A, 153 » H.
12.6 » A, PFS I fEIZZNZ4 129 » H, 74 »
H. 6.5 » HTol-7=, log-rank B TI% OS, PFS &
bRHEIC X 5N R 6Nz (P<0.01),

Cox N — RET I L 2HHEE & F%ICE
T DL BMNT OFE RIL Table 3 D LBV TH 5, IE
D JHIE, WHO grading |2 L D AIE., 582
OS. PFS & &, ANoeafigi, AR e g LSz L7
THREERFTH o7 (%% P<0.001, P<0.002), +
SERMHIT AR L L TP R~DOEFEIZR b
nolz (P=0.82),

High-grade Oligodendroglial Tumor B 247

FERAF

67 51 2% K %k 5= 19 12 high-grade oligodendroglial
tumor & Z2Wr X417z, WHO grading Tl Grade III 73
534, (AOA324 ., AO21 4). GradeIV (GBM with
0oC) 144 ThoT,

Table 4 (2”9 3@V HE M TId&F i
(P=0.01) & WHO grade IV (P=0.02) N T#AERK
T To o7, high-grade astrocytoma & xfHITdH >
7-AERIX. WHO grading & N PR+ CTho7mZ &
Thbd, —FH. BEREILTRICEER R ST,

-5
BHELFER

i & OS 1ZB9° % Kaplan-Meier 77 — 71X Fig.3
DERY THD, 0S, PFS & 1 log-rank i E CHiliH
FERERNCZEN R Sz (P<0.01), 528 fHiEs L<
RS EMHEECB LTk, AR T < OIER]
DAEFLTEY, OS OFREITEH A Th o7,
— T AEREED OS HIREIL 193 » H TH o7z, 584
FHRE, Roe R RE, AMEEo PES iz zh
Zh 814, A, 6137 H, 655 AThHoTz,

Ffiin, KPS score, JEEFEE, WHO grading THiTE L
TS EBMBITOME, B AT IO
AR LI L TRICFEG L TR ERH LN E
725 7- (P=0.85), PFS TIIe &M BN T4 BT
b OBMAER LI, M PGB TR b
Motz (P=0.16), —J5T OS, PFS & HIZAMEEN
A R X OVR e iR & beie LA B2
o7z (4% 4 P<0.001, P=0.006), (Table5)

(B#]

AT Tl EME glioma % J5 B AH #5210 12
high-grade oligodendroglial tumor &  high-grade
astrocytoma @ 2 DOREICHF L 7o, T E TOHE

=20 -

TIX AOA X° AO 1F AA LB LA MC PN R
N ER®E0F 7 0C 2E T GBM il E O GBM
IV EMAERHFSTVWEONY e n )
— X TIX 87 B> GBM D H 5 14 i (16%) 7% OC
EELTW, ZOmRRTBEORE LIZIFFR LT
52 2ol & LT Kraus S ITBEE~DK
JEPEDEWERF L TV He b OC & T
GBM W TAEMFRIC b R b7 a7y 4 o7
ZEFo TV D LHRE LTV 5 90, RTOGS3-02 (2331F
% T HENT > 5 Donahue & 1% OC % & tefEME glioma
DY FNZOWTHBE LT A &2
RETHDLERELTND®,

LE ORFFEO ERIT T HE & OC I EE2 %
F20MNEIDERIETHZETHDLH, ZHET
GBM. AA TIIHHEN % BIFKFTH D Z &7
ﬁ< é é’b'( ‘é’f f: (1, 6, 7, 9-12, 31, 32)0 é*lﬁlﬂ)ifﬁéﬁ“ﬂi\
high-grade astrocytoma #2335\ T X% MRI T
IR DOSEEREH ML LI P RER T Th o712,
2o, Rog AR &l U CEFERICHF S
L CWehoto, DF Y high-grade astrocytoma Ff(Z
B4 28~ OF — 2 352N T#% (0S, PFS &
H) ICESTHRHOBEETHDI EWVI ZhE TOHE
CREDO LD TH T,

AE| DR CHUIRED - - D%, AA & GBM D
WCFBROENR N2 L ThHDH, SE24
DOAFFIFHLE A WHO2007 FLUEIZREW KA & FFRes
L CW5 23, high-grade oligodendroglial tumor (2B L
T OC OEFRRIIOIPOLTRZEIL TS, AA
IZ OC 5 BERIITERLPRWAREELRH D720
@ e D) —XTBIT D AA TN E TORE
LT D LI TR AR E oo b o L Bbi
%o LML AA ORBEED DN F e DR D
LRI L MFANRMETH D, X HIT high-grade
astrocytoma £ Clx, 4, KPS N TH%IZREFR L 720
STz, ARBFSE TN B BIERE 2 = T BE O &
ZAHHAINL TN D T2 | il < KPS DKW\ 72 &
PHE Ol & (B8 U7 JEBNIRAA ST b
NHVERRS KPS O FH~DEEEZ /NS LTLE
ST LiL7auy,

& T, high-grade astrocytoma {2k~ % & high-grade
oligodendroglial tumor (2B L CTHitH= L 1% & DB
R AR Lo 13 2p (8151659 - GBM with OC
%t high-grade oligodendroglial tumor Af ClI5E4
Fith & R OBIC PR OEEZRD RN T2,
PFS TRR5E2H A FI DML R S 472 23Fa!
FNCIIEBEEERO RN, T CAEREE L
B UCREMRE (B2 & RFESR) 23 0S, PFS &b Tk
RiFToh o7, & N AHEERDO AOA & A0 IZBT 5
BT EAT I AN L7 TR BAFIR - Tdh -
fo L LT g 109 R BE LI T

-
o =
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WS, FHx LRI R TH D, oligodendroglial
tumor (ILEFIESIEMER H D LB 2 R0 10 W
ZHRRHEIC DD BT PR BRI CTh HHH & H#E
HMENTWD, EEFH L D) — X THEERED
788 B AU7- high-grade oligodendroglial tumor 38 {5 -1
24 1 (63%) IZHIEPOSHEN R bz, —7F
high-grade astrocytoma #£ CiZ 51 FilH, ROGTED HERR
TE7=?DlX 12 #1 (24%) Th o7, High-grade
oligodendroglial tumor (Z%}9 2 A EHEIEROEENI L
T2V, 5B OG22 5. high-grade
astrocytoma & #7210 | 7= & %3 eloquent area % 5 ¢¢
i CoE At M N KN B 72 555 T 6 maximum safe
resection kA5 Z LN THROIERIZTF LGS 50T
ek EZ b,

(#&3E)

AR O 2 1T ZE 10 FFO M glioma DA K
AR IR BRI L2 Filfo&EIiz> >N TE
R CHI, SEIOKGFTIL, MEERTRIZEZ
5 % 2% high-grade astrocytoma & high-grade
oligodendroglial tumor TIX#722 5 Z & M3I7RME S 4172,
WK, retrospective Z2IRFT CTHDH T & HKiZIEH o
D Z LI EEE D TRNF 2T T 5 IR
W) A% EIRDBEENLETH D, Lo LAEID
FERITITAN ML S PRI CE 2 K o lc v, +
IS DS RICHBERE 2 b D EZEZ BLD,
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Prognostic factors of reoperation for recurrent glioblastoma

AR = AR A AR g S0

MURE R, /IMRRE— BRI, B0 MR, AKAR ISR

Department of Neurosurgery, Kyorin university faculty of medicine, Tokyo, Japan

Shigeomi Yokoya, Keiichi Kobayashi, Yasuaki Abe, Akio Noguchi, Yoshiaki Shiokawa, Motoo Nagane.

Abstract:
Object.

Despite initial treatment with surgical resection, radiotherapy, and chemotherapy, glioblastoma (GBM) recurs

eventually in most cases. The surgical management of recurrent GBM is yet controversial. The authors aim to determine
preoperative factors which would associate with favorable outcome after re-resection for recurrent GBM.

Patients and Methods.

Medical records and neuroradiological images were reviewed for patients who underwent

second operation for recurrent GBM after receiving initial treatment, the standard of care, with radiotherapy with
concurrent and adjuvant temozolomide in the Kyorin University hospital from January 1, 2007, through December 3 1,
2012. In 10 eligible patients, their clinical demographics including age, Karnofsky performance status (KPS), ,tumor

location, extent of resection (EOR), time between the initial and second operations, and methylation status of the

0O6-methylguanine-DNA methyltransferase (MGMT) gene were analyzed and were correlated with patients’ survival

using logrank test.
Results.

Median age was 66 years old with median KPS score of 80 at the initial operation. The median

progression-free survival (PFS) and overall survival (OS) were 6.8 and 16.8 months from the initial operation, and were

3.1 and 9.1 months after the re-resection, respectively. There were no statistically significant differences in PFS and OS
from initial resection by any clinical factors, whereas OS after the reoperation was significantly longer in patients with
higher KPS (=90) at recurrence (p=0.022), but not in those with gross total resection at reoperation (p=0.512).

Conclusion.

KPS score at recurrence is an important predictor of OS after reoperation. Patients with recurrent GBM in

good performance status may be a potential candidate for surgical treatment.

Key words:

[EF]

(X T BIZ) #WIEIFAHTIC TR R HH & i <
FHRIBHE . ALSRIEIC X - THIBEEO BRI Tk
IRV, FRBIEEIC T 2 A% 2 SR I
BUETHMEL L TRV, BRI ITTER DR
L7205 DRREICREND S, YPEicBiT 5
FEIBIEREIZ T2 BTN ORI OV TREGE L 72,
(P&« FHE) 2007 41 A5 20124 12 HE TO
HWIRNZ Y BHZ T Stupp LU A TOIRERICHRE L.,
FFFAfT 252 0 7 B EERE 10 12 )5 & Uiz, ffam - i
% oK K 7. K& O O%methylguanine-DNA
methyltransferase (MGMT) i&{n 7" 1 & — &% —fHIK
DA FNALDE Be7p ENZONTRF Z N2 72,

(R ) WM I 4E#RI 66 (43-76) ik, ik 4 4.

-4 -

recurrent glioblastoma, reoperation, prognostic factor.

B 6 4 2R Karnofsky performance status (KPS)
T L 80(70-90) % . ) Bl -1l o> fii HH EE il
99.9(22.5-100) % . MGMT * F/LALIE 4 BlIZ78D B
720 WIEITFAT7 & 38 £ T O (RS A 7E R
PFS) X JME 6.8 (1.2-40.6) A . HIEIFH» 5 7
T E oMM oP R 8.9 (2.0-41.7) A, &
AWM (0S) IfElE 18.6 (11.1-53.8) 7°A TH
o7z, FFFINRE KPS H1RAE T 90 (40-90) . FFFHlin
O & R E COWIRITFIAE 3.1 (0.72-6.9) 2 H.
BRI E TCOMMITH R 9.1 (5.3-17.4)
MHThHo7-, FBFIEEN T PFS,0S (22O CTHER
K- & MGMT D A FNALOAEIZEE U CHREEHEM
(R LTz & 2 ABRFINE O OS 1230 THFINHT
® KPS 90 LA ERHRHFEIICHEBEZEZEY b > TH T
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Table 1. Table 3.
Characteristics N thfE (HEEH) wPFS (mos) 95%CI P Value
£y (TIRR) 66 yo (43-76) @J%ﬁgﬁ% 0. 055
Ely (FFimR) 67 yo (43-77)
e 5 6 =65i% 27.9 24.9-30.9
% 4 < 657% 15. 2 14.6-15.8
KPS (H1%Hs) 80% (70-90) R 0. 648
KPS (FFHiRe) 90% (40-90) ! 15.4 15.0-15.8
PIEIFHRE R 99. 9% (22.5-100)
VGMT A T . . EEAE 3 g:9 18.6 5.7-31.5
- | s B 6 KPS 0.176
PN 1 HEHEE 1 =90 27.9 25.6-30. 1
PIHATER <90 15.1 14.4-16.0
ET itant TMZ ig 1: +IFNb, 1: +B AL 0.18
oncomitan : , 1t ev e
Adjuvant TMZ + 7 HUE% 27.8 .
_ 3 Z D 15.3 14.9-15.9
HEREK 1 10 ERTRE 0.118
PIEFH b BEFH S TOHM 8.9 m (2.0-4L.7) »Hv 14.8 9.2-20. 3
2L 18.6 3.6-33.6
Table 2. =R 0. 643
mPFS (mos) 95%CI P Value =98% 26.5 13.4-39.6
TIRF 0.115 <98% 18.6 13.1-24.1
Z655% 9.9 8.4-11.3 Adj. T™™Z 0. 629
<65 5.6 4.0-7.1 Hy 18.6 10. 3-26.9
HeAl 0523 L 15.2 14.6-15.8
5 4.8 0-11.3
% 9.7 4.5-15.2 Second CT 0.617
KPS 0. 956 Hy 18.6 10.5-26.7
=90 9.2 0.9-17.5 2L . .
<90 5.6 3.2-8.0 Bev. 0. 599
AL 0.143 HY 26. 4 8.4-44.6
LLEEE S 9.9 : L 18.6 14.3-22.9
Z 0t 5.6 2.8-8.3 HIFENCHT 0. 391
ERTERHE 0.28
HY 1.4 0-5.7 M 22.5
2L 9.8 4.9-14.9 U 15.1
i iR 0.917 FFFEMGMT 0. 473
=98% 6.8 3.6-10.0 M 27.9 6.9-48.9
<98% 9.9 1.8-17.9 U 18.6 11.9-25.3

BENTO T2 RAFIR 7 & L THIE S 7z (P=0.022)

F 7=, 2fiiH (Gross total resection, GTR)ILH E /K

|G T2 T2 o Te DN PR Z LR S ¥ DN H - 72,
(BE) HREO KPS BAMH, HFFIFIZT GTR 234

AD DRERITIL, BBOEFIRLBETXETHD

EEZLNT,

[IZL®IZ]

MBI TLE 7R #PH T OR KM & £l
< FEHRRIEIR., ALSFREIC X > THBZFEICE 3T
BE B2, UL, BRBIFEICHT 2R
1. HLEIT bevacizumab O, 531213 HESL LT
W WORBURTH D, ZOH T, BRI ICHE
WOBR E L TEES NN, ZOus & Aok
WOWTEHMmFNZ W, 4E, HEICTHH

temozolomide (TMZ) fE¥ETEZ TR L, BRI & i
TUEERBIEICOW CIBEER AR LT,

[ - A&l

2007 4 1 A 725 2012 4 12 A ORIC Stupp L ¥ A
> (TMZ DR R B & 2 D% OffERF TMZ Bl
W) TOWBRRRICHIE L, FFRINE T LB
JEE 10 Bl Akt 5 & Uiz, BRIRIRF- [4Edn, PERI, 5
JRTE, Al Karnofsky performance status (KPS) . #][A]
FFHE, PR & FFRARFE TCOFINMRE, 55
i KPS, BRI ORI EE (extent of resection,
EOR) ] }% U O°%methylguanine-DNA methyltransferase
(MGMT) fn¥ 7 0t —% —fHD A F LD
HEICOXTHBRTHECTH L OFEZ BT LT,
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PFS from Reoperation
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0OS from Reoperation

1.0 B FilATKPS90
10
-1

—_ =+=0-f15¥5ht
© = 1-J5{eht
2 08
= 0
]
0
I
o 0.6
>
o]
-
o
2 0.4
=
]
Q
<
o 0.2

0.0 T T T T

5 10 15
Months from Reoperation

20

Kaplan-Meier curves showing progression-free survival (PFS) (left panel) and overall survival (OS) (right panel) from
reoperation by Karnofsky performance status (KPS)=90 or =80. Differences between the groups were analyzed using the
log-rank test. Patients with higher KPS had a significantly longer OS, but not PFS, than those with lower KPS.
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0OS from Reoperation
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Kaplan-Meier curves showing progression-free survival (PFS) (left panel) and overall survival (OS) (right panel) from
reoperation by extent of resection (EOR)Z98% or =97%. Differences between the groups were analyzed using the
log-rank test. There were no statistically significant differences between the groups.

[#58R]
ERRAF

Fln, PERI. MESERIE, AT KPS, #IEIFHR
FE A & R £ T O PR, IR KPS,
HPHEEORHIE . MGMT BT A FMALOF .
KON WIEIEER O NZ % Table 1 (27”7, 241 C Stupp
LU AN CHINEE 1T > 72, 1 #li% interferon-
B %, b 9 —PBlL bevacizumab % L 7= WIHITEHE
ZATo72, 10 Bl 5 B 7 BT TMZ MERFRTE A fi
17 (FFAfH : 6 cycles, #il : 3-37 cycles) ZhfT L
7z FFJE# D second line DAL LT, low-dose ICE
JEIE 2 5], TMZ HMURIEDS 3 i, ACNU 75 1 4,
carboplatin — etoposide {}f FI#&1% 1 5 T4 8 BT fdT
U723, REIGEHE GE A8 R 2 & T U R TRl L s 2 1)

=26 -

T2, AR AT o 72 10 151 0D MEHE T A 75 HA ff v S fi
(mPFS) 1% 6.8 » H. &AEFHMFRE (mOS) I
18.6 » HTH -7,

R KPS FFRfElE 90(40-90) . H-Fln D
A E TOMMITPRME 31 (0.72-6.9) »H.
T B TOMBITH R 9.1 (5.3-17.4) »
HTHoTz,

WEFHED PFS - 0S

10 Bl OFFEM & et T L7 5ERI T, Fln, MERIZR E
DK+ & FEFH# D PES K Y OS & D REEiE S
DWTIRFZAT 2 7o, W T U I W T H AR, PRI,
IS R E, Al KPS, #IElI g A, wiel & i
Wil £ CO TG, BT KPS, BTN RO
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Table 4. Table 5.
wPFS (mos) 95%CI P Value mOS (mos) 95%CI P Value
BRI 0. 132 BENERD 0. 061
2653k ¢ 3.8-4.1 >655% 12.1 4.9-19.2
<658 1.8 0.8-2.8 <65 7.6 6.5-8. 6
FESERSKPS 0.633 KPS 0. 022
=90 23 075.6 =90 16.4 9.1-23.8 .
<90 L8 0-4.4 = . : .
e —— 0. 443 <90 7.1 4.5-9.7
>98% 2.3 0-4.8 ERTEE 0. 265
<98% 1.3 0-4.6 HY 9 7.3-10.8
TR REMOMT 0. 387 L 16. 4 0.4-32.5
M 4.3 0-9.3 B 0.512
i 2.3 0-4.8
Second linefk2EHEw: 0. 149 =98% 12.1 2.5721.7
51 L8 0.6-3. 1 <98% 9 7.1-10.9
AL 4.3 FE S REMGMT 0. 652
FIREREMGMT 0. 393 M 7.1
M L2 U 9.1
U 3.1

HEE 7 Y ORRRER T3 LY MGMT &in+ A F v
{EOF T THOAERK T L LTI
7= (Table 2, 3),

BF1if& 0 PFS, 0S

FERORFIZB LT, BFi#% D PFS X TR OS &
O BEEAE | DU TS B fiffT 2 fE{T L7-, PFS 123
WTCITABERIKF 13725 72, 08 (2B W THFATR]
@ KPS 90 UL EXFEHFIICAHEZE S o CTHFIN
FENTOTPHREHRT L LTHIH S, BTk
® EOR &, T OMORFIEWT b A EKEE
lii7= X722 ho7- (Table 4,5) (Fig.1,2),

(F#]
HFRN O 5 B RITHEFR R OREHR - B

FER2IKT & mass effect DFREERIZ K DIEIRDOBERIZH 5,

FIAREBBFRREICH 0 | TEIFRIHUMED B OIS )
ERETDHZ LICL 5T, ZOBOHBIILEDIRE
IREEDDZ LR ERDL D, L, FOHIED
BRPUTEEL <. ERBEORMOIR DI DB L
Tl quality of life (QOL) DHERFNEE SN H & T
H Y BRI L D ERMEO PR R R 3R T B~
XTHLEVOIBEND, HFINICESIERILES
no, BARMIZIZ, QOL 2K F &7 CHEAR
DERIR 2R (gross total resection, GTR) T X
HEGADNEIGE 720 . 2007 AL, MR TTIE 10 4
EDTIRVEBIEIC R F o 72,

MEOSCHRTIX, PFS & OS Id. FHREFOIEY
NADHEZTENRZNEOWRERHD P, SE0D
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AR GUIE I BICBR > TR Y . FRAFIEMI T
DOFRFTIEHEIT L T Wiz, RN RO P&~
@ impact |FHRFSTE TRV,
FRBEEIT 2 HFFMEO FHRKF L LT,
AT KPS, iR, s, AR, S0, g &
BEETOFNHERE, DEERRFTHD & OHRE
NWdnH 2P, SEOBRFTYH, il KPS (3 #0
AEAZ LS TCTPHRBIKRFE LT ENk
(logrank # 7€), LU, AL, Fifs, HALICEIL
TITHEETIE R -7, £, PlEOFHHEHEIC
b 69, HFRMFO GTR 1% 0S & KIRIERET 5
EOWENDH DY, AlElE, EOR TEE DIER A
oD b, MEHFICIIERZET 2o T2,
XD sample size 23/ SV (n=10) Z & HEEL
TS EEZLN, SHROEFOER « et M
ThdERbNTZ,

[#&3E]

UEEIZIT D, 2007 FELARE O FEFEBHE T Stupp
L YA L COMNER % O PR R 1 & M T L
7210 IO TR 1 % ffht Uiz, FFiTaiD KPS O
F, AERKT L LTt s, i (GTR) 11X
BEKEIT /e hote, Stk BFRINIERITOR
FIBIERER] & bt 5 2 & T RO 0S g~
DERERNTDHZENRMETH D, SRIOBHT
1L, FFERFD KPS BAFG], FFFIIZ T GTR 28 A
W AHRERITIE, BEBOBETFIRLEEIN 5L Eb
iz,
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The Cancer Genome Atlas (TCGA) T—#4 @ Glioma stem
cell IE~ADILA: iR FEMBEDHAFEZBEHIEL T

Molecular and lineage analysis of glioblastoma stem cells identifies
clinically relevant models of glioblatoma

FIRKFERE 2 — KNG s et v
MD Anderson Cancer Center, Department of Neuro-Oncology ?
MD Anderson Cancer Center, Department of Bioinformatics and Computational Biology

OFFHERE V2, HAFE Y, P M V. ik ED | Voo fF Y, ke Y,
LG RE Y AR VL GEURDER V. R V. L Y. Dimpy Koul .
Roel GW. Verhaak ¥, Jun Fu?. Jun Yao?. W.K. Alfred Yung ?. “&¥ia V

Department of Neurosurgery, Toho University Ohashi Medical Center, Tokyo, Japan
Department of Neuro-Oncology, MD Anderson Cancer Center, Houston, USA 2
Department of Bioinformatics and Computational Biology, MD Anderson Cancer Center, Houston, USA *

Norihiko Saito ?, Kazuya Aoki V', Nozomi Hirai ”', Masashi Ishii ", Yu Hiramoto , Kenichiro Sato ",
Haruo Nakayama ", Junichi Harashina ", Hideaki Izukura , Keisuke Ito ", Takatoshi Sakurai ',
Dimpy Koul ?, Roel G.W. Verhaak ®, Jun Fu ?, Jun Yao 2, W. K. Alfred Yung ?, Satoshi Iwabuchi ”

Abstract: The Cancer Genome Atlas (TCGA) project described a robust gene expression-based molecular
classification of GBM. However, the functional and biological significance of the molecular subclasses are being
determined. In this study, we hypothesize that Glioma Stem Cells (GSCs) isolated from individual patient tumor
samples will recapitulate the molecular characteristics of tumor samples and provide a relevant model for functional
analysis of the molecular subclasses. Thus we conducted a comprehensive analysis of 25 GSC lines with expression
array, lineage markers staining and xenograft model. Analysis of the expression data classified the GSC lines into four
subtypes (Proneural 1, Proneural 2, Classical and Mesenchymal,) closely similar to the TCGA subclasses with a distinct
profile for each subtype (c-Myc, Cyclin D2 for Classical; Olig2, NKX2-2, Notch-1, Notch-3 for Proneural 2; BMP4,
DCX, pl6INK4a, ID2 for Proneural 1; CD44, CAV1, TGFBR2 for Mesenchymal). Further analysis showed that GSC
subtypes exhibit divergent patterns of signaling pathway activation. The major pathways activated in 4 subtypes were
Notch pathway in Proneural 2, Wnt in Proneural 2 and Classical, while TGF-f in Mesenchymal. In vitro treatment with
SB 431542, a TGF-BR inhibitor, showed that Mesenchymal subtype is more sensitive than other subtypes. More
importantly, lineage analysis of GSCs subtypes show that Proneural and Classical GSCs differentially express linecage
markers for neural stem/progenitor cells and were responsive to differentiating agent retinoic acid. In addition, GSC
subtypes exhibit distinct biological behaviors in self-renewal capacity, proliferation, invasiveness, angiogenic potential,
response to growth factor stimulus, and differentiation in vitro and in vivo with Classical subtype being more
proliferative and Mesenchymal subtype being more angiogenic and invasive. In conclusion, our comprehensive analysis
showed that GSCs reflect TCGA tumor subclass and these subtypes showed distinct regulatory pathway activation,
lineage profile and biological behaviors. Thus GSC is biologically and molecularly a more relevant model system for
preclinical studies of therapeutic intervention and to expand our molecular understanding of human GBM.
Key words: TCGA, Glioblastoma, Glioma stem cell.
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The Cancer Genome Atlas (TCGA) 71m ¥~ 7 ~Z
&0 BIFE OB FRBUCIES O FaEMTbhh
7o LML, Y77 T AOEEN R L OVAED T
BERIIEKARLE LTHLMNIZEN TR, ARIFFET
W BEERRIEN L EEE LT 25 KR 7' U A —~ i
ERWT, ¥4 2787 LA XD RBRITo 0 Y
BB L OEWET VI L DG 21T - 72,
7V A=~ T a7 7 A VT E AT o T
LA, TCGA %7 X A 71> CHELL L= 4 5D
7 % A4 7 (Proneural 1:PN1, Proneural 2:PN2,
Classical:CL, Mesenchymal:Mes) (25748 &4u, %o
BEFRIUC L > TS 6N, 2, &3 7
B A TIXENENFRA 72 > 7 F AR ERR K DTE
bR dZ ENbhote, V744 7 TIHEMEES
AT D EE % & L CTIX PN2 (231) % Notch #%2
. CL & PN2 IZ31F 5 Wnt #£#&, Mes IZH1F 2
TGF-B b1 B 15D, & HIZ PN2 | Noteh B A%
BeH5T 5 &, ot 7 X A4 T OEERE L -~ Notch
BELE AR 2 B s @ < L [RRIC Mes (2 TGFB
REREZ G35 LMoV 7 X 4 T OEGHEEL V&
SMERFE Do T, WIZT Y A —~ @il o £ i)
MWEOMBEIT-To & T A, B OEREE ), HEFREE.
R, A AR, R R RIS 2 BOG.,
MM IR NWTE Y 7 4 A T TR T2/EY
FHME AR LTz, Bx OWFEREITIC L > TO Y
F—~< A TCGA 7 % A 7Tk CTREL L 7=
VT HA TR THY, LY T XA T
IMBTIR D 2 7S AR EERR R DIE AL, AW FHIVEE
Mla b & Rd 2 ERA LI 5T, TCGA T —
2137 ) A —~ iR TR B BRI B LS H AT
RRTHY, IOLRIMTHEFRIND,

[IZL&IZ]

The Cancer Genome Atlas (TCGA) 2 & AR
JEOMEFREABIE TRATIC L Y . BB TR IZHESH
TBiT- 2 N RB SN T\, FZ CTHLMNRIZ
72 o T R 2R B AR B R BTy TR O &
—7y hELTHENRBEHTHY . LR DH5EN
YENTWD, I, 7V A —~ RO EN 17
B, < OB TOI TV D, AT~ 1% 25
RO ) A —< il Z T, & ONEFRAIRNT %2
ITWTCGA 7 —# L EBMGEHZ LV . 2 D554
PR ERH SN T B Z L ERATZ, £T2F0OT
— X B I ENENDOEYFHREEZB ST LT,
INHORRLY TCGA T — X137 ) A —~ifiia
MRICHIEHAARETH Y . 7V A —~ a3
RGO /22— MV D EEZ D,

(&R - Fik]

fE&#HRE : MD Anderson Cancer Center T GBM & 2
Wr S V72 T AR D & S BERS R 21TV RINL L7
7V A —~#fila (GSC) 25 BRAMEH L7z, Mk
bFGF & EGF % iR L 7= e IsHT i CH538 L7z,
B FHIBEN - Human Genome U133A 2.0 Array %
i/ LT GSC DFBUIRHT 21T > 7=, 533 $il> TCGA
T —X4 X TCGA dataportal LV X7 m—KL7-,
RAE - MMET—H—DHRBDO RN : 8-well
chamber (227 A —~ipfiffdZfEfE L, 7 A&
L7, Paraformaldehyde (2 CHfifld % [EE%., 13 D~
— 71— (GLAST, Nestin, Olig2, Sox2, PDGFRa, S100b,
GFAP, Tull, PSA-NCAM, 04, NG2, YKL-40, A2BS) %
RE7eHUEZ W CRlgEOE e Ge e 2170 R
REATEE T CRBUGMEMIN OFS 2 500 L7,
Neurosphere assay : 96-well plate {Z 100 cell 3>
ML, 7 HRER L, BME FIC TS
sphere $t% &l L 7= (primary neurosphere formation
assay), €% sphere Z[FIX L, FFEE 96-well plate
(250 cell T"OREREL, 7 HIHIEFZE L7, BAMEE FIC
TR S A7z sphere % FHilll L 72 (secondary
neurosphere formation assay) ,

BEENMAFEHE T T )L - Nude (nu/nu) ~ 7 A (6~8
week-old) DA KIH-ERIZEN BN BAETR . £ DAL
BRI LT, Yl TR~ — 1 — O3S BURNT
i1 o7,

(#&R]
BETREMITICE ST Z 4 758

7 A=< DY T X A T ELT D T2,
25Kk 7 ) A —~ipiiiiaz T2 oD 8RR 5 Fik
W TR FRBUEIT 21T > 72, £ Verhaak &
\Z& 5 GBM D 4 2OV 7 XA TRV HT
1461 @ probe set Z {5 F§ L T supervised clustering #17
Sl & T A, 2 OOREL cluster I INTZ, &
HIZZEDN—2D cluster |E“proneural”i&fx - DI HL
FHEPBEDEND 2 DD sub-cluster IZHFHE., b
9 — DT ZE N E N classical” i {5 1~ & “mesenchymal”
BAR T DOIEBL EH 7D 545 2 DD sub-cluster (Z
DH X vT=, F7z. proneural sub-cluster OO & D
“Proneural 1” 1% “neural” B 1 O3TL EH %380
5 H OO, “proneural”’ BAin DB LA H H D
“neural” cluster £ TOMEREITFF DR D > T,

RIZ A7 1600 @ probe set Zf# A L C unsupervised
clustering 17> 72 & Z A, supervised clustering & [F]
C 4 S sub-cluster (ZHFHI Nz, ZDHETIE
“mesenchymal” ¥ 7 % A 7Tl L ¥ “mesenchymal”
BIETOEFEBNED HIv, F 72 “Proneural 2”
sub-cluster ClZ “proneural” B1x ¥ & “classical” E s+
DWW SR EmHFEE L TH Y | “proneural” 7 & A 7' &
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Supervised clustering

lines into 4 subtypes:

Both supervised clustering or unsupervised clustering classfied 25

Unsupervised clustering

[IHERT 77 R A

nmEEn

MES L M2 PN

GSC cell

Mesenchymal (MES), Proneural 1 (PN1), Proneural 2 (PN2) and Classical (CL).

Figure 1.

In-vitro (Glioma Stem cells)

Neural Mesenchymal

In-vivo ( Tumor Xenografts)

Figure 2.

“classical” 7 & A 7O HICALE T D & D & HEH
SNz, BT XA TITBT HARENRBETE L
C. Proneural 1 TiZ BMP4, DCX, pl16INK4a, 1D2,
Proneural 2 T Olig2, NKX2-2, Notch-1, Notch-3,
Classical Tl ¢-Myc, Cyclin D2 . Mesenchymal Tl
CD44, CAV1, TGFBR2 23211 5415 (Fig.1) .

7Y A —~<BMRIERIBME~Y -V —DRR
ZRY

I RIZ G THY 7 Z A FIZBT D5t
~— A —ORBURNT 21T o T2, 7 ) A —~ailiidix

231 -

TNENRR Db~ — I — OFRBUEM 2R L,
FIRRR EHIBERE WO B Db EE R L
7. Sox2, Olig2, Nestin 72 EffifRaiifn~— 7 —I%
PN2 & CL THEL R E <, GFAP X S100p 72 ED T
A ~haHA FRv—I—IEPNI TERBLZRL TV
7eo 7 VT HR~Y—A—Thb% A2B5, GLAST % PN2
LCLTEBERTHoTZ, TNHORREID PN2 &
CL IZIEH & bR RAM i kil HFB2050 & a0l L
TeME AT 2 ERHERI ST, S HITIE PNL 2353
{EAEE 27" LTV D DIZ R~ PN2 & CL 1T & Y JFih
B 72 ERHIAEE 2 HEFE LT D EHEI S D (Fig2),
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Control
GFAP Tud1
CL Gscn
PN2 GSC16
PN1 GSC23
Mes GSC20

Astrocylic Meurena

Olgodendrocitic

1% FBS+1 uM RA
GFAP Tudl

CNPase

Astrocylic Meuranal Oligodendrocytic

+ Most PN2 and CL GSCs displayed tri-lineage differentiating potential, while

PN1 G5Cs rarely differentiated into oligodendrocytic lineage.
+ MES GS5Cs were less likely to differentiate into astrocytic, neuronal and

oligodendrocytic lineage,

Figure 3.

PN1 PNZ2 CL MES
GSCIX3 G3C13

VEGF (pg/mi)

@5‘ o & &

Bl st werorsphers O 2nd wmorsphere

Sphere formation (%)

HE : ! |

+ (G5C subtypes exhibit distinct biological behaviors in self-renewal capacity,

proliferation, invasiveness, angiogenic potential.
+ Classical subtype being more proliferative and Mesenchymal subtype being

more angiogenic and invasive.

Figure 4.

Fx TS BITH~Y—N—DFB NS = ZHERT L
BHET VT AZIT o7, ZORET ) A —~
HHII I IBAEE 7 W W T b R T & Rtk OMH
ZiRfs LTz (Fig2),

7Y A —~<BMRIIET T ZA T ICLoTRED
MR E &g
(1) 5r1ERE

AL ERSH (B 1uM Retinoic acid) Z{#FH L 7
U A —~ipfila s bRE 2 MRk L 72, PN2 & CL

X7 AR, —a—mr %, AU ITHRD 3 HZHEIC
T DN E R LTc, EFT-PNLIZT A hrRé =
a2 —n %, Mes (30 bFFERHICIRGIMEZ R LT
(Fig.3),
(2) HFERE

VT HA TR T D7) A —~ i O REhEEE
% Wb~ % 728, Neurosphere assay 17> 72, CL I
K& 72 sphere Z T 5 DIZxF L. Mes (32 O
BT H A SN E U sphere BFEAL LT, FT2HE
FHIRIE S CL 7 % A 71E Mes Y7 % A 7 1 0

-32-



Neuro-Oncology 23(1), 2013

TGF-$
signaling pathway

VEGF
signaling pathway

Notch
signaling pathway

Wnt
signaling pathway

Figure 5.
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WE72 iR 2 B L7z, & 512 PNI Tl vWF Ze@ i
fEMECoH 0 MEHAEROERN EHER S 7z, [FERIC
F#% FI2BWTH PN1 TlE VEGF & MMP-9 O
DAEBIE -T2, HHEEEZ D720 ki-67 Yefa
ZiTo7c & ZA, CL TIHEEBL L TR Y | Ko
FE7 £ - Tz (Fig4) o

-33-

BV T H2A TICBOTRHEO 2 7T AREOE
AL Z RS

ANOVA fENTIZ T ) A—~ipfifla D7 2 A
TTHEEDH DBIAFRAELZHMLIZEZA, £
< 7% Wnt, Notch, TGFB FEI}IZEHENLHEMRTTH
STry INDOREFITST ) A —~ipfila D7 4
A TNZBNT Y T T IARER D B 72 DR/ ARTE
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{Z Notch [A]# D ARTE(L & F1LCV 7=, Notch [F] 1 PN2
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F v T TN RIEZEDOEEERENT 21T 5 72, Notch
PSR (RO4929097) & TGFP FHESE (SB413542)
A LB FIoBeE Lz, £ 055, PN2 1 Notch
PRI E WS MEA 7R L, Mes 13 TGFB FHLE#EIC
FEWESZ M Z R LT (Fig.o).
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M - BRICSER UER. B LWERIGE

(K65, &fam 4 57) 09:30~10:50
INx FEE) KA (RRELEHER HiRRE)

ZWICEE LZEDEMEREE L 1= CNS Lymphomatoid granulomatosis (LYG) @ 1 45l
S B £E (RREXTFEHMKE KEiEssh

Anaplastic oligodendroglioma or clear cell ependymoma?

tH BE KE BHKRFE HEEMESNED

2B IZE B L 1= anaplastic neuroepithelial tumor with glioneuronal immunophenotype @ —45
]BR K 4% (RREESEMKE HNEENED

Pilocytic astrocytoma ® 1 &%
INE B A& FBKEMAER MKeiEssh

BERBRICTHRIE L= FTEAKRED 5
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RS FEMBEOEREZBELT
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