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R ST, ARBE VoA Y
LEE271E] H ORI FERAIER 2 2017.2.
25 HASRFHT A AR L

R EE: 1712 35 1F 2 Diffusion tensor tr
actographyd 4 F 1k

M, ORI B S
EREE— R, ANBE ROE B
25[8] H AR ESE 40 2016.6.4
TR SRR

TS RBRE T L2 %4 2% o S R S P TR O A
RAEDNR JEHIMRIR 22 F 7o e AR AT
SMRIFET /RS Bl | B
Ferasemst, R, EkE, ANBE R

25— LR AR R
FT5EIFER S 2016.9.30 R EERS
c 2

TRy b A=\ X B RERE AR IR THEAE
DUEIZHT G T 5,

FERFIEES, /RS Sehfife e RATapt,
HRE—, ANBEE RO ZE50EH



AEEREY 2 2016.9.10 KFT Lo
(X AESCHE AL

BAEIERE 2 /S 0 b L= 7R D
FHHE, FWED, KA, Mhwh —

fe D 2R A AT SRR R T2
2017.2.18 RIERZ25HE  AUHEEX

'H-MRSIZ X % glioblastomais & U'malignan

t lymphoma® 1]

INRERE | R EIRAE - S,

RRayem, SMEEE, aNBE R HiE
— AL RN B AR RS EL 22 5 751

RS 2016.9.29 ~ U 2R v g

Y BEIZ I T 2 MRS X % R T
NS TR IR AR,
R, R aNBE RO 5
12508 A A AREA R E LN 2 201
7.3.11 R FEFERIGERR

The most advanced neurosurgical
simulation

Tomohisa Miyagi, Shigetaka Koba
yashi, Yuki Kinjo, Hideki Nagami
ne, Yohei Hokama, Yukio Tsuchi
da, Masahiko Nishimura, Kenichi
Sugarawa, Takashi Watanabe, Sh
ogo Ishiuchi. Panel The 9th inter
national society for simulation su
rgery 2017.12.3 Nara Centennial Hall

ok ir 23DCCGEH W F A
— > a VIV AT ADOREWRISHICO
VN T O B R % BR

EIRAE Y IR EE | B SN,
FrE -, THZES, ENIEE, B,

PR ANBE AT UL FH40[0H
HAMMECIZZSKES 2017.3.3 JE
WEYaA vYILET L
Wik B o —
2 g & SEAR T TV O B O i R R S
]

EOCR L RS B AR

B RFEFR RO 2
FT5EIFER S 2016.10.1 Rl EERS
e

HURBRIBIRIC X DIRIRRISE BT D@m=
[ERRERRIE D # % —Effect of hyperbaricox
ygenation treatment radiotherapy induced
cellular hypoxic response in Glioblastom
a_

AR, RREEs, MTIEZ, ANBE

RAL— 39 A AR EMFRFER
2016.12.2 /¥ 7 ¢ gk

Hyperbaric oxygenation treatment suppre
ss radiotherapy induced cellular hypoxic r
esponse in glioblastoma.

Chiaki Katagiri, Hideki Nagamine, Shogo
Ishiuchi. general presentation The 7th in
ternational Society of Radiation Neurobiol
ogy Conference 2017.2.9 Hotel Futaba

Rdiation induced cellular hypoxic respons
e is suppressed by hyperbalic oxygenatio
n treatment.

TR AAE AAZ— F94HH
ARAEBFES RS 2017. 77 b7 4k
B R

B ZF5% % & 7= L 7zpleomorphic xantho
astrocytoma with anaplastic features®—
B

BRI, EIRE - JORE ANBE R
A B — 34 HAMESHEL 2 2016.
528 Hparv 7yl Ay H— - FH
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2% B ERNEEEIES B E ENME)
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TT-1. 55 SBIRER RN S 2 E A B
(Frf8) WFgeaet &

PRI IEL LR TR S K 2 URIMARRE R DR HR DO BILIZ B9~ D 5
WFFEsT R WAk IEE. B -, R F AR BE

R E

FORTHY IR B RETR RIE DR L 2 F AL = IR bR RERR 5 FBE DIk oD T

Pz @ od MR/ N2 — U R DYGE et S 5 Hik & U CREAZFEEIE
P (transcranial Direct Current Stimulation: LT tDCS) % H\ T,
1mA OFEWIZ TLERTEREE A 30 7M. BBl 2 fifT U7, MG REmR A
TR N2 — 3 BERE AT o 72 1T BN /X & — U 4y BERE O Sl A3 e

iz,

AL BFFEERY

ARWFFED BHNES KIZ X D 1) Sl s
] - BEYEHEMEIC X D OVE AMEISRIE LS, 2)
W L0 FIE L 72 D A ZESO M A T &
DARERFMGIE 3) FREEMEIE FlUT L 2 BTk
Lle—Mefb i 2 e RICHRBIC I v 5l i
T STz IR B R IR oD BT 7R R
DOFfENL % B I IRIAE ELR AR L O
IPEIZOWTRHMET 2 Z &2 B &35,

B. WL

R 28 44 A 1 H~FRk 29 4F 3 31
HOBIF T, fMRI Fidt & 32 L 72 148 1
ERIHRE Uiz,

Wi /32— Gy BfERE & TS 2 72 O D
B A (K1) V&RV, EER LS
@ BOLD ST DU TREAG L 72,

W T — I NT 4 A LA
(Resonance Technologies L) (ZF&/Rx S
HHEREZ LT, REAERICHD TR SN
HH (New) THIUIRARY v %, R E
NIEBEENFNCb IR SN EEEFE L
(Same) 72 HIEHRZ &, R ESNTE
BRI R SN EE L L THER LGS
(Lure) &R & v &2#F L oI RS

Too NZ AAEBEITIFMEARTRIESNZ D
@ (Current Designs f1:84) Z H\>, #li%
DFE7RIT Presentation® (Neurobehavioral
Systems f1) (2 CHif 2 2.5 B~ S
. BEERE DR Z o ROGTREIR R 2 v
2 — X —|TRER S T,
MRS BERERR AL | TS T AR REMEE T LT
2 ARG BB TR L. RREH B AR BT
(transcranial Direct current
stimulation; tDCS) % fif7T L 7=, tDCSIZ
< DC- STIMULATOR Plus (neuroConn
FHEL) AR U, A SMAIRTEA TR Bk
MM A [EE U, PR EEASR A B4R [
L 1H 1 30%H. ImA OFEFEIZTLE
T AMUFTERRTE 2 f0 U7z, TR IRIE 1
7 —/v5al& Lz,

C. WFFuAEFR

VRl 28 AR (CFAk 28 45 4 A 1 A~ Pk
2943 A 31 H) 1IE~ 229 1 (5 BAREEH
F19%) o MRI#EExEFEE L7, D5
B, 1481 (O bEHH 15 4]) OUgEHEHRE
R & Fehin U7z, WERehREM A 4 0 L 7=
KR ORI, IS 73 1 (%4 50.5
+18.1 %) AL EFEE 4 1] CEEIF 67.3



4.4 5%) . FEEAME 5 B CE¥IFER 52.8+
22.2 55%) . TADAEE 3 B CEEIHEH 32.3
+13.3 %) . 1BME 4 61 CF¥4E6 30.3
+16.25%) . ZOMh 3 ] (< HEED 9 i,

PRAVEREV Y, TEEZEMERES) . EFE 15
B CE¥4E#E 85.1£15.8 %) Th-o7= (X
2),

MESHERERM AL O IR (R 1), Lure iR
DL EZ I I NE AR 24 £22% . K&
FEERE 629%., SEMIMERE 37223%, T
A AEE 29126%. 1B MK 45+ 31% T
ot
New i O L5 2R I I IE A 82+
29%. MMM EREERE 92+4%, SATRIMERE
TT+32%. ThnAgE 84118%. MK
98+2% Cd > 7=, Same FffH D ¥ IEE H
VIR RE T4229% , Jidifn A2 e 5 89+
6%, SHMAMERE 641+38%., TAMDALET5
+927%., 1BMEEIE 91£6% CTh 7o, fH
HREDUE B REREMA DOFE H . New IEA %K 96
+3%. Lure IF& 3 45+22%. Same 1IE%
H861T11% Tho7-, Lure IEZZEND
New. Same HI (2% LT Lure & <& L7
bias % 754y L7z Lure [E&RIINMEIGRE 18
+18%. MMl EEERE 61-8%. FHHIMERE
0£58%. TAMALE25E27%., &M
40+29% ThH -7,

R 28 -4 A 1 H~FAL 294 3 A 31
AIZtDCSTRWR 2 2 T TERNIL 1T B CTh -
7o —EAEE 217 T, case 2 [T EHL
2 K BEIMET L 0 mk s RE R E &
L7z, case 2 DIGERTIDUEEISEER A DR
FE1E New B EA . 86%, Lure i 0%,
Same i 63% C. Lure ifED AR -1
T72< . New. Same ifBEOBE HIE T L
TE Y EHEREN &M LT Grade IIT &

g S iz, F£72, Lure s O ik
[F DI IEAE T L. BOLD iniE 1.8 T
positive peak 7R L, RUWT 4.8 FHZ T
undershoot Z /~ L 7=,

case2 /X 1 7 —/L? tDCS B %47~ 7=,
tDCS1 7 — /L% DO S B RERR A O RlAg 1
New ##iH 84%. Lure if# 50%. Same if
B 94% ., MRS HERERR AR O IR SR ITTRIEATIC
e piEM I B L7=, F72. Lure i
OWFRGHCREI O MBI L7z, Hik[E D
BOLD iJ&iE 1.7 # T initial dip 27~ L,
AT 4 FPIZ T overshoot 77 L, tDCS
H| AT BOLD O & 1 3ifilis L 72l %
~LTe,

D. &%

MEREREREMA IZ T, BEEAMERED
Lure [EZ I IEZEF O 1SD UIND
FPHCIXH - 7273, bias DBEEEET D
& Lure [E2 513 0% & Mg/~ % — 53 BiEGE
DML DT BEE AR I FEE S LTV D
Z E Wy, £z BEERIMERE D New,
Same [EZRITMOFEBIZEE R, D T
TLTHY, @EEHHFIELED 28D LU FORL
FTdH Y VEFEHEREREAT T Grade III T,
MR OEEREE LT Z LN 0o
Too ZAUL, VERFTAERENMET L, WEO
BRENE L<EEIh TS EEbns,
tDCS R THRTBEZ RIS 2 2 & T,
MR HRE O Mt X L, #ikE o
BOLD ST+ & Rk 7R e i R 2 —
o L, W2 — U BERE DN BGE S LTz,
tDCS HIBUIIRE O ERRZ e L, SO
NG = OB B — R TERERE DB
BHIRETFETH D L b s, B
B AEERE LI PN O B2 23 Wi M LR 1

10



S, ZOMANDF Y BT — 7 OIEEDME
EHTAERER ILE L, WE /¥ — i)k
FEEIND L THAKESETL TS &
Bboivsd, ERTEEE~D tDCS FEILMMAN

DFERERI A > b T — 71Tk L TR A 52,

MR AT AERE DU T 5 L TV D ATREMEDS
EAbhD,

1) Shiroma A., et al., Cerebellum. 2016;
15: 645-662
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X1 BEHERE

New Lure  Same

Okinawan bitter melon

2500ms

Start Hibiscus

M2 BEEERENREE A

%Iﬁl

4%
3%
5%

4%

= [ &% (n=73) w NIMEREE (n=4) = FEERIME (n=5)
TAMAEEL (n=3) = [B1£EESE(n=4) = ZD1th (n=3)
m 2% E (n=15)

x1 BEHERERR-E

NeW:ERBIEZE | LureiRRBIF & E |SameilRBIEEHE
K AEH(n=73) 82+29% 24+22% 74+29%
fidd il B FE E (n=4) 92+4% 69% 89+6%
BEER S5 (n=5) 77+32% 37+23% 64+38%
TADATENGN=3) 84+18% 29+26% 75+27%
1B EE(n=4) 98+2% 45+31% 91+6%

HERFEREOFHERVREREERT



x2 BEEERERRBERERELEN—F

age 4 31l B& PR E2 B &
casel 79 M ZAMESE SR RRAE
case2 42 M SEERSME
case3 82 F EHUUNE
cased 57 F RBEWZIBMETER
caseb 65 M FT7VERIE
caseb 18 F FEENATIFUETERISHEER
case’ 43 M fibd H M
case8 15 M BRERITIXRIB 14 ER®
case9 55 F DM, #R¥ fnJa i
case10 51 M DM, #R¥ fnJa i
casell 17 F FEHENATIFUIERIERISMHIER
casel2 1 M ARE
casel3 74 F BRARAE
casel4 37 F R B R E
casel5 63 F M = R xR
casel6 50 M 5% H I % PR M TR
casel’ 29 M SMETERE R T H I

X3 SR REPEE B E (case2) DIDCSRIHEZ D EEMEEREBE RV EEBOLDRIGNDEIL

SAPRE] RERRE
100 100
80 ~ 80
S S
w 60 E} 60
I
9 a0 40
20 20
0 0
New Lure Same
0.1 - /\ =)
9 ' ' ! =
S o4 0 10 20 30 8 o4 20 30
= Time (sec) Time (sec)
-0.9 A -0.9 A




11-2. 57 SHIRER RN IE S EE B
(Frf8) WFgeaet &

BT R B RETE IR O RIS B4 2 WS
—m i (256ch) MR 2 T2 R —
wgeois Bl =5 WA B2 AN BE

WS

FOHH R A RETR IR ORI 2 IS,

e R MR RERE T DIRIRH A 2D

Pz il 95 72D OFREE & L TR BRI 2 F VO CHiE S HEE 2 I3 %
NG — BT TR ORGIE B 2 AT LT, RN 16 A DIREE N2 —
Sy RE 2 PR 5 FR BB S ie, Eiz, WAl R b fFE
THEMT 2 Z &L, WY RS EAERIAM2S rTRE & 22 > 72, Z D& R A 1
F R, ERMEREIEEBE 2 BIICB T DIHEREIC DWW TR L7z, Zh
(&0, mRIMEERERE T ORI AR O TE S b0 L Bbh 5,

AL BFFEERY

AHFFED B BIE55 812 £ D DB FL, s
] - SRPE IS X D OVE ATEE R B,
2T XV FIE L 7o DA RS M AR
K DARMEFEINIE, 3) bR BRI il K 2 IBAT
fbL7e—@fb s EOBEBIZ LV 5 X
Z ST E IR MR REREEF IZ DWW T, SR
(256¢h) JidiEe s L OMMRIZ V- &k
JIbi B8 RE B 55 D YRR I AT 2 M 2 A 9~ 2 ik
BORELX AN LT 5,

B. WrE5E

2015 725 2016 FLEC =8 BN FH &
FCRRAN L 72 513 110 47, i i
1961, AFt 12961 CTH -7, EFHKA 19
Bl 5B, HEABREIC X 2 3HloME %
ROTB], N FE TORERAT —F )
DIEAER L H~_T—28D %8 2 724 % B
72164 (tk94, Bk 64, FXFk
2812 5%) HEFEREL L, B&FT—4
1% 2016 4 JE DIEF] D s & B9 # O b
AN FIRE CRIRD R T & 5 2 Bl a5 &
L7z,

WEEHERE A TNET D72 DI BIZBZ L
7z Lure task BATH ORMIEE 2, mEEE
VY & fMRI Z O CRIREE I A2 1T
ST, MEEYE o —MEEHANE, EGI
HydroCel Geodesic Sensor Net
256-cannel z= 7z, fMRI (%, GE 3T
Discovery & H 7z, EEHRIOY 7V
> 7 TEWH0E 1000 Hz, Reference |X47E
ML Uiz, &g o BE— o A IR
7T LHELRED 50 kQLITF & L7z, FHANE,
EGI Net Station Tools % M\, 0.10Hz ®
Highpass 7 4 /v % 1M, % LT MRI &
BNZPES 7o T 4= b A XL DAED
J A RxrE Lz, obriiid SSI EMSE %
HWT, 0.5-40 Hz @ Bandpass, ICA iZ
KD IRERER) /) A AREZEH Uiz, HilE
EIRHT 100 ms 7> bR R % 2000 ms D
XM ZSHXMEE L, B & ImEEs)
ATV, FHEEN (ERP) 25 LT,

(i B i~ D B )

FFFERI SR 2R U I3 R M ORI 55
RN DGR H BN AT 2 LT 2,
e FEMMI R BB OB Y AT 1E, Tk ~—
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A METIEZR LS BHT L—a2 W TR
< AKIZHA DT DA TG ATRE CHTEIRF R DK
R FIMEDSF HALATRE CAZE DD 30 355 C
FE T3 %, F£7- MRI #RIEIZE L ClamdiRg e
DFEEED D & [FlRf & FIRFIC~ A 7 vk
;é&ﬁ%ﬁ*@ﬁmﬁL BTN D,
BRIGEEIE Lure task 73 74y, OB LHHEE
m&@&ﬁ%ﬁo$15\ﬁ@Wﬁ#T%5
LEFFIRHIMTEEN L Z ORERIRHZBRfR LT 5,
Z O, BEFRFO 7Y —%2HE L THIZE
:~/V75)Hj§!%%)4kﬁbf*§é§%L&)Tb\é N
OAGEERT- ETOTLEDATICLDE=
B —EATWEE N RITRAE 22T b DB
BEDRAZES O HBUE AT > T\ 5, BIfEE
TO L ZAFEFEROFAEITR,

C. #FFuAER

BRI R L7=Lure task(f2lTuvy 2 235

DANER Gy D3 B 70 2 ek e DI RE T KR A

T, W/ B — 2 B OERP & it L7z,
%*42 (R HE T — % O & RT, Lure
DIEZHITA5% &, FATHHEAERIZ New =P
SamelZ b R THEEG EN@mWNZ EBN/RI
720 BOGKERE] % [AEE T, Lure CTl3f1535.73
+ 234.62ms & New D 1138.70 + 229.74
ms<X°Same?1206.48 * 226.66 ms X ¥ FF
RIDMER LTz,

Lurel(Zxt L, AigEREMROERPILHITE %
R1%KI1000 ms & 1400 msfHTIZREMER Y
A LT, VEEEOMRE & RER, Fils
FEHFE CHE STV A BRBE 2 B BRI &
RS DR S FEPIL TV DY HEBIRD
BRIEES MG TE2HEINTVND
k- FEEEENEMOERPIZEBWT, Lure
ILATEE X 0 3800 msfT T D RER M CTRa
PERSC oy A L U7, IRe R R I 8000 AT ik

FOIRISENC BT 5 0 ik (4~8 Hz) OIF
B AN ATEH CT130.02pV2 & 55 <, B EBAL
TIX0.2pV2E B b, —F, AEE
LTI 0 HHE D XD — TR o
7=, BRI FEMOBIEENI/L LD A
BT, LurellxI7 2R 172 i % =g
AIREME A RIE LT A,

T R IR RERE S % Fr > BB ORI B W)
THEE X — 3B O ERPIS I OVRE R & i
BT s ED X S ITIERTE 500, {ER]
T — X ORETET o712,

FEFIT (BT 1IREIMEZ DBRF TH
% (BB o FE %l Lﬂuﬁ{%i@ﬂ%%
FRITRD SN o203, B EIRHRICE
FIFSREDIR T2 H% L CTW\W5, LurelZxfd
% IEA2130% T - 7=, RA%| :iﬂ“éERP
BT LIZE A, £91600 msiZEMERk Sy
Zis, 0 Fﬁf&%ﬁ&)fl¢mrb\ﬁf&@§@b\
IHE 2RO 7=, MOREE T )
HIZRIRREDN R S 4L D, f {ﬁJl (memantlne
1H5mgT106 A B +tDCS 2mA, 30431,
10 v v a UREE%) Tk, Lureslifbix
BIEICeEmE L TR Y, 1000 msiZ KX 722z
PERR D D3GR, 0 IS B 2380 T 5,
JEFI1 (tDCSIR#3 4 A#film) <Tix, 2EH
LR RT — KW D D1000 msLAREIC
0 HHIRDTEE 23D 5, WIET MR L,
HE 2 IR ENZ 72 > CTE TV D Z & DVRIE
Ihd, 9 LIEIIEEOsE T mRt OB
FREICEBN ORI TS (B
4) , SFENE & A - Ri s A (HVLT-R)
TiX, DAANCEELZHEBICEE L -HA
& DY RS %, FERRER R DN TR
A CIEFFIZIE T L TV 72, memantine +
tDCSTEHE % O ERPFS J ONWRE [ & 5 $% fiF
B CIRE R BE O BB D R S L7208,
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HVLT-RIZ X % 5B aLlE o Bl i s
WE L TWhho 7=, tDCSIAIR3 » H ik
DRFRTIE, RiERUGENR O, FEH
ZELT, IRROZRPSFELIRICE TRk
MLTEZ 2L TWD,
JEG] 2 (iR 1%, ZERTEEEERIE AN Fak
fEDBETHD (B 5), Lure EEZHEIX
25% &R o T2, ERP IR TIER
IEEIE L 7o o TRBY, G TH -
7o WEREE A f#AT Tl Lure (2% L, BiEA
HEERR D 400 ms £1IT<° 1500 ms LAREIZ 58
VWD —ZFD DA, T 3 Hz £ TOHISR
Lo TUWT, 0 H#IROIERNITI > 77,
JEB] 2 (B51%) 1%, Lure IEARITRIEICHK
# L7 (56%), ERP Ti% 700, 1200, %
L "C 1800 ms T2 K & 7e il sy A3 78
BTz, O HIROTEE) & A XA TR < 22 o
TUW e, iRl & T — [ H RNV O D,
WTEEN R L, &E Lo MlETh 27~ LT
WhHEEZBND,

D. &%

1540 DEE AN 2 %P 512 Lure taskiZ{ T
W D 2 et Lic, S TiFgeic el L7
ATERE OFLIEIC BE L 72 IS Eh S L b b
L EbIT, FNITHITT B CHEEIRDIE
B34 U T D ATREMEDS R S uTz,  IREH
JE AN ClX, SR OTES) & B HE7e BfR
W% 0 Kk L ERHEREOBIEIT/AA LD b
HCREB I e, RIBEEREM A FV 72 ik
SRS REREMIC AR CTH D L BEZX D
ns,

F 72, WIRINHSRERR T & FF o BH 24 & %t
LI, 1BFRAIR OIMEE & i L7z, ERPIC
Tz, WEEJE BT 2 O TRt 5 2
& TR DO B 225l 23 ATRE T o o 72,

E. f&am

R RN 154, B 24 & %145 & L7- ERP
3B KO R A BT L, Al RO
BN N B RSEE ORI A TH 5 A
REMED RIS T2, ZHUC X0, TSR
BE=HZ Y TTDH L CRRMNEREREE

DIGIRANMEE OMESLN TE D H D & -
bivd,

1) Rugg M.D. & Curran T., Trends Cogn
Sci. 2007;11:251-257.

15



16



&$¥ 1 Lure task— Cerebellum 2015 & Y 8| B —

New Lure Same

Hibiscus

BEHICEEZ 1HIDP2ETRL, TOFEIZIDVWTRE VY ERLERD =,
Ra22iE32bY, MHTRBDIEE (New), RIICREZEELRLHL D (Same),
BMICEEEEEUMTWVWEINELSEE (Lure) ¥4Il L, BEH3ETARE2 VAL ZET
35&3I2HTRTLE, RBOR2REMIE 2500 ms, RHMBREMRIEZ 0~1000 ms & L =,
FBOERIEFETREMS >HFLEL, New Rl (X 76 8, Same R IX 16 @, L

T Lure fl I 16 ETHERL =,




M2 BEA15B2DFL

100%

200C (ms)
1800
s0% |
1600 |
1400 T
60% 1200 7[— —
B new 1000 new
40% —Hure 800 ~ mlure
'same 600 | same
20% 400 L [
200 | _—
0% o | |
Lure task ¥ IEZEE Lure task S5 /it B
320
10uV 16.0
0
= _
-10 0 ¢ 0 ¢ 1 3 1 4 .
0 400 800 120016002000 (ms)
0.01nv I -0 25uv2
BISEERRLEBARIZE 1T 5 Lure task D/ — U9 BEICxt  RISEEMI BB iah‘%) Lure task /N2 —>2 58I
9 % ERP *]‘T%)E—*rlgaﬁﬂl&'ﬁﬁ vaXiil

20pV

_20 1 1 1 1 1 1 1 1 ]

0 500 1000 1500 2000 (ms) 20 0.5 1.0 1.5 2.0
o.o1nv2 I T 0 .25V
EEEEERIEBIZE TS Lure task /82— 0B AEEEIMEIEEIZH T3 Lure task D/88 —2 5B
%19 % ERP Iz *]‘Téﬂ—*fFaEU—J,Eiii ST
320
20uV 16.0
- 8.0
0 4.0
Yo JL N MU B P | 1-0:
0 500 1000 1500 2000(ms) %570 0.5 1.0 15 20
o.01nv? I T 0 .25V
EEEEEGIEMMIZH (TS Lure task /N2 —2 0B  EEEEEPEMRIZH TS Lure task D/N\2 — 2 0Bk
%19 % ERP 2% 9 5 BEfE BIR E0 Ar

Lure [Zxt L, RIEEEREABETHI 1000 ms fFiE & 1400 ms HiEIZ, B - ZEEEBMIEB TIE & YELY 800 ms
5B DB TIRE A AVER (£5) . BREERBSH T, 0 %8 (4~8 Hz) OFENAFITEL T 0.02uV°
EHL, AEEBLTEH 20V LR RO (B3, ZEEIGTILOHEHD/AT—[EHB M > 1=,




&E¥ 3 FEHI1 D Lure task T—4

2.0
1.0

AE] 1 CAERAT) #E5] 1 (memantine+tDCS (AEEH) fES] 1 (tDCS AR 3 7 A#%E)
Lure task 100% 00% 100%
EER
80% 80% 80%
60% 60% 60%
40% 40% 40%
20% 20% 20%
0% 0% %
ERP 300V 30pV 30uV
st g
WHEER M\«W/\W”\ : MWMM : WWM
Yo J) N I . A 30 b TR R | 30 L R <A
0 400 800 120016002000 (ms) 0 400 800 1200 16002000(ms) 0 400 800 120016002000 (ms)
3 4
Fr LR _ -
: 16.0
il ' 8.0
(BUEEMEE) -
o5

sec 0.5+ . | sec
0 0.5 1.0 1.5 2.0 0 0.5 1.0 1.5 2.0
o.01nv I W 0.04,v2 0.01nv IR W 0,03, o.01nv I W 0.02,.v?

FEI 1 CRERAD) (&, Lure DIEEFEMN O THo 1=, BREITHT S ERP £5#7, #1600 ms IZFEMHERK S Z5R
», OFEHEED-BENVTEHOBIVEERZERHS (—FIH), HNOBERLICEL HBFHHLKENTES
nsd,

fEI 1 (memantine+tDCS JAEE®) TIX, Lure BEFBIMICHELTEHY, 1000 ms [TKEF L EMHR S
MNERE OFEFHEROTLS (ZFB),

fEBI 1 (IDCS A 3 » AfRiE) TIX, ZHIE & LR/ST—IXEWLH DD 1000 ms LI 0 Hi5D;EE %252
5 (Z518), BFEEHIUGR LBV GRFEEICE>TETLSIENTEEINDS,




¥4
FEB) 1 DAFEEAICH S HVLT-R IEDZEL

50+

EB 1 FEREBESZEHFELTHEY, EBERNBZAVEEERE (HLT-R) TIX, LEICEEL-EBICE
BLL-IEB L DHFZ KT 5, BRBIIEHAAER TIXFITIET L TLV 2, memantine+tDCS JAEE%

(post) TIEEH 3IT/RLT= Lure ITRBREN HEHEBEEITHE L TLMH, HULT-RICK HEEBLEOER
BATERIIHE L TLVEA o1, tDCS A5 tDCS A 3 ~ AR (post2) TlE, KBLHHBEAR ST,
BRZELT, ABEONENEETLEICEFTERLEZZEEZRBELTLS,




A5

fEBI 2 (AT SEH 2 (ffi#k)
Lure task 100% | 100%
EEER a0 o
60% 60%
N new |
40% wure 40%
20% | 20%
0% | 0% |
ERP
30pVv
(RIEEEREAB)
0
50 bt o 0 000 0 _30|.H|.|.|.|
0 400 800 120016002000 (ms) 0 400 800 1200 16002000(ms)
b e Cr 3208
16.0
(RIEEEREAB) 8.0

4.0
2.0 " —
1.0
0.5

sec " ' T - v Y sec
0 0.5 1.0 1.5 2.0 0 0.5 1.0 1.5 2.0
0.01nv IE—— T 1 14pv? o.01nv2 I T 0.07pv?

—HIBILAER 2 (#78T) DEET—F2 ERT . Lure EEZEIL 25%THOOEL, ERP (XiNEAE TIHERIZHIRE
EGOTWNT, ENFHRBEGL > TS, FREIRIKBERNT TE Lure [Txf L, RIEEEREIBD 400 ms 443 1> 1500
ms LABEIZEELVRD—ZRBHEH, EITI HZ ETOHEBEL>TNT, 6 HEHDFELHELY,

fif#% (& Lure IEERIEKIEICSHE L (56%), ERP (XIEZHEFIE 700, 1200, Z L T 1800 ms {tif (K & ixfE
BR %R, OFHDFHZROHTLNS (ZFIH), MATEEANT—XEVNLOD, BEBNRKL, RTFE
LE=REEERL TS,




11-3. 55 SBIRER RN IE S F B
(Frf8) WFgeaet &

MR A7 h/L A 3 B —('H-MR spectroscopy) & M2 IR IRINFZIETEIC B3 D A58

AN E

TR R A RE D B WHE D BT I (R 36 1 B i B AL HE O IE e
IRl s K72, by 7 FEFJHL7Z7 " F o MR A7 fL A=
B —('"H-MR spectroscopy) [ZIFR A TILHME S @i < £ DR D2 b
DTHIUTHERTH D L BbiL s MEHAROFM & L TRHRETH 2
DHIET D 72O TICHESL L2 ATENRE ¥ 2 712 X 2 M RBAORE LS
% (functional MRI lure task) OGN A% — U 45BERE % Bl L 7= 3
R E 23 4 CEEJEES 24. 7226, B 154, P8 4) IoxfL, 'HMR
spectroscopy (& & V) {AVEE DA A EY (Lipid 13a (Lipl3a).
N-acetyl-L-aspartate (NAA). N-acetyl-L-aspartyl-glutamate (NAAG).
Glutamate (Glu). Creatine (Cr). Choline (Cho). Myo—inositol (MyoI)
O 7 FEOSFAGEY) ZWE L., W OREMEZFHME L7z, £ ORRA
WEBIZH 1T 5 Myol /Cr (r=0.53, p<0.05) T fMRI S LNIZ/ X — 25
HiERE & OB BERIEOMBEA ROz, 72, AMEEIZI1T % Lipl3a/Cr (r=0. 55,
p<0.05) . Lipl3a/NAA (r=—0.64, p<0.001). 3L Lipl3a/tNAA (r=—0. 65,
p<0.01) THEZRADHBEEZRO T, EMHERE TIXT X CTOHEECHEMNIX
P LR o7z, 'H-MR spectroscopy (2 & DA MNES ZIER & L7z
MyoI/Cr, Lipl3a/Cr, Lipl3a/NAA, N Lipl3a/tNAA 1A A 72t A2 e D

o RS
MEEE -
NAF~—h—L720 5 5,
A. WFEEB

HH R B BE D2 WL DRI I X
FORIZ 31T 2 T A RE O IE e 72 3 FA 23 /R
MR, ALFET T FEFIH LT\ b AsE
HL7MR ZA~Z FLR =2 B—('H-MR
spectroscopy) 2N FIRED 2 HIET D72
(2[R — BB HER] TR L 72/ TERRE &~ 2
702 X D HERERIRE R ILIS {5 (functional
MRI lure task)2>Bf5F B 5 /3% — o FyfifERE
L ANERR 2B 1T D 'H-MR spectroscopy fEHT
B3 B T S TR PEW IR B e & DB
PEZfi~T,

B. W5k

UEBEDOMMBRAIC L D T (28
No.613)2011 6 H~2015 47 H 22~31 %
OREFEH 234 CEEFE 24. 7+2.6, B
16 4 M 8 41) %15 & LT fMRT Lure task
AT U, WS (2 B0 el (ROI) %%
& LT 'H-MR spectroscopy (LA, MRS) %
AT Lize #5547z MRS (TE 36ms) D7 —#
% LCModel (Version 6.3-1K) CHEHT 21T\,
Lipid 13a (Lipl13a) ( 1.24 ppm ).
N-acetyl-L-aspartate (NAA) (2.04 ppm).
N-acetyl-L-aspartyl-glutamate (NAAG) ( 2
ppm ). Glutamate (Glu) ( ppm ). Creatine
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(Cr) ( 3.06 ppm ). Choline (Cho) ( 3.25
ppm ). Myo—inositol (MyoI) ( 3.57 ppm )
O TR DA FHFEWICHE B LT Cr NAA,
total NAA (NAA & NAAG D#FITH Y . LA
tNAA) & DR & Lure task & OBS#ME%
7=, MRI 1% Discovery 750 3. OT (GE Health
care £1:) Z F N MRS O 413 TR 1500 ms,
TE 35 ms, TE 144 ms, PRESS IETIT-o7=, #
#H1% SPSS version 22 & W CHliIRRE 1T
VN, B EKHEIL PC.05 & L7=, Table [ 3T
N BF Yy VT L— g VICHWET 7

Y N ANEWMOWRETEH S, Figure 1 134556
N7 7 b (BOEE % 20x20%20 mn’

& 10x10x20 mn” 4R - TV D) NEMT — 4 |
Figure2 I3EFEH LR OT—2 Th 5,

C. WFIERER

{TENFRRE Lure task (Z2J 25 fMRI O IEZ
& B E IR L E OB T, AR
(n=23) 123 T Myol/Cr 0. 90+0. 24 (r=0. 53,
P<0.05) CHERIEDMHEZRDZ, £7-
Lip13a/Cr 0.347+0.43 (r=0.55, P<0.01),
Lip13a/NAA 0.25+0.30 (r=—0.64, P<0.005
n=22). Lipl3a/tNAA 0.25+0.29 (r=—0.65,
P<0. 005) TAH B2 ADMHBE %580 7= (Figure
3 ). LEUERE (n=23) DANHPEMIIRE T &
Lure task CIZHEZHBIIFED -T2
( Figure 4 ),

D. &%

AMFSETIE EMRT % FI W 72 1 R Aok g A=
REZ O3 2 ATEIARE Lure task OIEZER
(2 K D ARG R AT
Z Rl —f@EEE B W THIIT L, 2 Ok E.
HUERIZB W T Myol /Cr THE R IEDFE

L H-MR spectroscopy

. Lipl3a/Cr. Lipl3a/NAA. Lipl3a/tNAA
THERADHBEZRDT,

Lipl3a (1.28ppm) IEAEE D F DO LAlA TN
RENil% polyunsaturated fatty

acids( PUFAs ) Z XML T\ 5, H¥¥], E b
ZEARIK ( Tive brain ) OFRERTERHHAD % Sk
THv—H—L LTHESER D, #Eim
HBHEZ ALY apotosis D<—h— ¥
DU TERFII O neurogenic niches @
apoptosis rate ZXMT 570 OGN H D
9 NAA  (2.02 ppm, 2.6 ppm) [EAFRRAAIP
IR ICAFTE L, BRI B 2 FE R
5, Glu (2. 04ppm. 2. 11ppm. 2. 35ppm,

3. T4ppm) |FBLENE S T 7 2 OB EYE
Tdb 5, NAG X T 7 Z/NNIZEF LT
V. BT AENEZ & % metabotropic
GIuR3 ZJF L CNAA & Glu ~fif S D D%
Pl L. Glu it 2 B L CTu 5, Cr (3. 03ppm)
TR = L FAEHCBIE L, Cho

(3. 22ppm) (THARABLREHHIC IR T 2 U VR
B OMELE 72 2 B PEY) CHRIB A DRk
HEOTUHE T E) U AR B ITHERS L Myol
(3.56ppm) &7V 7 HiaD 18T %
astrocyte [ZBWTIEENE L .
DO¥FEE AT 2, b EMET 5 &A1
MBEICB VT, Myol/Cr OTLIEILIERE
astrocyte DA . F£7- Lipl3a/Cr.
Lipl3a/NAA, Lipl3a/tNAA DK T IX 2l A~fa
s DI GHE) 2R T 0HDTHY |
D OFT RIS ARG (72 e
A 1) OFRCH/EEIEZ KR L TS b DL
B b, PUFAs 1L brain lipids binding
protein (BLBP) D U 4> KT V) Ui FpEcE
AR PR AT I 2 EICRBLS N TH

¥ PUFAs |3 BLBP &ifii& L CHIEEFT A6 L
THESERICERT 5 Z EnmbhTsy ¥

astrocyte
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VRS ARERNG (7 A R A b)) OBGEIC
££5 Lipl3a/Cr DK T (JHE) 1T ET AR
DL B CEX B4 9, 5%, SBITE
15 % B A5 MRS MyoI /Cr 38 L (O Lip13a/Cr,
Lip13a/NAA 23R A BESC ) IR M A RE PR 55
DA F~—H—L L THLEINDZ L%
HEsL7=\,

E. i

IH-MR spectroscopy (& CAHAMIMERIZBIT
% MyoI/Cr. Lipl3a/Cr. Lipl3a/NAA,
Lipl3a/tNAA ZJIE+ 5 2 & T, fliffi>
ILAAIIZ pattern separation ability (f#
FEFTAERE) 22 5l C & D ATREME A B 2L T2,

SR

1) Manganas L.N., et al.,

Science. 2007;318:980-985

2) Ramm P. et al.,Stem

cells. 2009;27:420-423

3) Boesch C. et al.,NMR Biomed. 2016;
19:968-988

4) Maekawa M. et al.,PlosOne 4(4) :e5058,
2009



Table 1. The phantom is a 2.7L sphere containing ingredients listed in the table.
The pH is adjusted to 7.2. Sodium azide is used as a preservative.

Chemical Name g/ 1L T2
50.0 mM | KH2PO4 Potassium phosphate monobasic 6.8
5.0mM | NaOH Sodium Hydroxide 2.25
12.5mM | NAA N-acetyl-L-aspartic acid 2.19 | 400ms
10.0mM | Cr Creatine hydrate 1.5 265 ms
3.0mM | Ch Choline chloride 0.5 175 ms
7.5mM | MI Myo-inositol 1.35 75 ms
12.5 mM | Glu L-glutamic acid (monosodium salt) 2.34
5.0mM | Lac DL-lactic acid (lithium salt) 0.5
0.10% Azide Sodium azide 1.0
Figure 1. MRS phantom 0.10% GdDPTA Magnavest 1 ml
Phantom TE=35 ROl size: 20x20x20 mm? Phantom TE=35 ROI size: 10x10x40 mm3
g
o
<
=

Cho (3.20)
Cr(3.04)

Cr(3.04)

S
N
a2)

o
<
|

Myol (3.56)
Glu (2.29)
ac (1.30)

NAA{2.02)
f Lac (1.30)
=
=
:_.=_\__l- .
i £
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o+
Fa

: i 2
ppm ppm

Right hippocampus of human TE=35 ROI size: 10x10x40 mm?3

g
o
% Myol 3.56 ppm
— § I Cho 3.20 ppm
RS
~nes Cr  3.04ppm
5 7Y
= Glu 229 ppm
i § g NAA 2.02 ppm
K‘/\'l' e & Lac  1.30 ppm
th; “"‘“/'MW /M Lip  1.30 ppm
B W, ﬂ Lip  0.90 ppm
i oty

a
ppm
Figure 2. The phantom and human hippocampus of 1H MRS spectrums
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TT-4. 57 SBIRERARNTIE S EE B &
(Frf8) WFgeaet &

i 2 G o A T I e RN T e FS BERERRAT (2 B 9~ D AT 58
WHZEsr A KZH B BT B2, 6 B

R E

FOTH i UM RE PR 2 WA s K ONBIRIE ORI 2 H BIIZ,

e R R RE

b E ORI DINEZ S 2 72O DFEIE & L TSRS 2 T L %
P THE S FERE 2 SRk 9~ 2 RRIERRE 2 21T Th O IS B 2 ffdT L kS~ % —

VOrBEREIZE B LT 21T o 7,

S A FHI & 2 7 DT TR & RO TR T 40 OFRER 1T, G/~ ~
— BRI B L 72 500ms 7 B A 9 5 RFEAD 2 SRR BEEEAL & 0 I
DOEPBIEE STz, ST > 27 A TORMIEEFHNICI VTS,
T RN RE P B DR SR RE ORI T & M BN &
FERERY MRI [RIFFRIHHI L 0 I &L T 5 & b b,

A. WIFEERY

ARGEO BT RIC L D 1) RisEFig,
HRfE - AP ISR I K D OVE AR RIS,
2) I LV RIE L7 DR R FEC M AR

2 K DIREERINIE 3) PREEMEFEHIC L D
BIEAL U 7o — W b T3 2 e RICH BRI K Y
Gl & 2 S o mR I RERE 5 2 5
B 722 Wik L ONERIEOBINLZ2 S,
T A FEBRIZ T i B I E AN s T
B N OB MERIEE 2 K95 2
& DRI Z T T OARMGE TIEMMHREG I &
2 W FEHERERR 5 2 2 W9 2 72 8O D1 5) iR
S AT LOBAFE ATV, R
TORGEEATIR > T2,

B. WFEHE

R RN T4 (K44, BrE3 4. F
yeeln 283.43.9 5%) & RS A LI BE
WOSER] (L, 49 m%) X% e Lz,
MR ASRE &2 A9~ 5 7201 B I BIgE L=
M HERERE (X 1) V2T OMMIES %
S MMIEFHA S A 7 A& VL BHIIL 7=,

S FHI S A T A &K 2 1SR T, R
HL Sy F TR SN D BEERIRIC
kU BRAEFIZHD THer S5 E (New)
THIUL SRV TERAED 5 %, RS
NIEBEEPHNZ bR RSN FEHEEF L

(Same) 72 HIE XKV THA [F) %2, #
RINTZBEENHNIR R INIEERE ST
72556 (Lure) 1330V FTEHEAFD
Ml 2% v FT DX rRSic, JilE
#27~ 13 Presentation® (Neurobehavioral
Systems ft) (2 THllGH S 41, BERE D/ S%
e By F LT AR T2 2 M R S 4
HEHcTm T As Tz, M OREE L
IR DR S AT REE] S O R 23 /S % L
(& v F LR3I~ PC IZReEk
SND, ERITEMmEM L -2 R
FEAIIICL L, B — FREALTHE
FEEORIENFIRE/R T 7 7 4 7 B E W
7z, FEME 10/20 {£®D Fz, Cz, Pz, £fi
SHE S TE (Foreface: FF1, FF2) (2
M2 R E L, BRI ZRICERE L
7= (3), £7=. glabella |27 — A &kl &
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RE L7, Fz,Cz,Pz i+ v 72 HWT,
FHWN T 4 L ZI2AH T 72 Active BBARIZ T D
CEHAWTEmRY = ) —&EAL TR E
T, WS 2 G TEMOERAE LD
FF1, FF2 [T S& T 4 ARZ A T DT 7
T 4 7R AE V2, M ETIE Polymate 11
AP2516 (X =) 2w, 7Y~
7 &% 1000Hz TR EHAI 21T 722 > 72,
STzt EMSEeSuite (CORTECH
SOLUTIONS, INC) % M T, 0.5-40 Hz
@ Bandpass 7 4 /L ¥ —ZdH L1z, I
S7RAT 100 ms 7> 5 I3 2R 1% 2000 ms O
X %555 XE & L, New, Lure, Same #
WM L ITHNE R 24TV, HREIEEN

(ERP) ZH ML, & 51T wavelet JEIT &
2 W] R I BT 22 AT 72 o T,

C. WF7ERER

T8 2 MG ZHNZ 38 1T D HpkiRas 7 4 0
WS FERERR A O IEA 21X, New i (F
B3 86+11%. Lure IEZ3E 45+20%.
Same IE 3 89+11% ThH >7-, New Hil
%, Same HI (2% L Lure & )& L 7= Lure
FIPL D bias & 7257 L7- Lure IE438 (% 23+
26% T o7z, fMRI TOWFEHGERA %
AR L7 194 (P4 35.1+15.8 %)
D) IEZEZR X, New IEZ £ 96+3% ., Lure
IE& 2 45+22%, Same IE4 3 86+11% T
HY ., ZHOOFHMITIETO Lure IEA 2 (31Z
EFRfETH - 72,

4 \ZHEE PSR T 44 D Lure FIIEZ
Iif, Same FITHIEZRE, New HITHEZ R,
FhENnzNE L7 ERP /39, Lure %'
WEZA R T, FF1 ﬁﬂ?&()\ FF2 Eﬁ*’ﬁ
VT 300ms & 500ms 3T 12 B Rk oy
AR » 7z, FF1 &M TiL, 1000ms H

(28 L€ 500ms Fifed D 2Rk oy DA
Wiz, FF2 BTl 1000ms i
PER Gy 2R E DB Y. YR
DIRIE 2 Rl T & 7o, Fz AR TITRIME R
. 500ms UL 57372 1000ms 1F &
Ffoe 9™ 2 Bty R Sz,

Same FFKIEZRFD ERP (%, Fz Tix
800ms T TOGPERR Sy DER 25D T,

Pz SR OPETE TIL, 500ms (1T TOREMERL

5y D3RR S 7z, FF1 6 Cld 800ms 13T
TORRMERSy DELDFED bivlz, FF2 T
X 500ms TR & 1000ms TDfa M
Eﬂ?ﬁj\@%@%’:m W7z, New FIIEZRED
ERP 132 CO®EMIZIBT, Lure HIHL,
Same #i ‘{ﬁfbérﬁif (ZEEARIRIE DS/ N S v o T2,
i Fz, FF1 TlX 1000ms (2 &Ry D%
AT,

TR I A L 5\ N D JE B DI R FE RE
HOFER, New ib#HIEZE = 88%., Lure IE
ZER 31%., Same [FEEE 44% ThH -7z,
New #i|i#. Same HIIZxt L Lure & Kt
L 7= Lure ##4 ® bias % 7%y L 7= Lure 1E
BRIT-1T% L AERHREORRE & D &
MRV IERETH - T,

RIS i LE B8\ O JEB] O ERP 3%
X 5 28T 5, Lure flIIEZE L, &
i Fz |23 C 700ms, 1000ms (2 TRAME
RRoy DFENFED b, FF1, FF2 ST
IX 700ms (ZFEMER Sy DOARE A BIEE STz,
Same FIPIEZE R, EM Fz, Cz I\ T
700ms |2 TREMER ST DOIRIE A3 FERR S 4,
FF1,FF2 Tl 700ms (& CREPERL ST DI
NRE BTz, Lure fIJHIEE KD ERP 4T
(X, R & AR R EEE D SE S

TITERR D Z 0ot
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WA, R H 5 O R B R BT D5 R %
6 |25, Lure HI EZ RO E i
FF1 TiZ 1300ms 7> 5 0 3 OHY @R H B2
AU, MR FF2 Tl 500ms (2T 0 J 358
L. 1000ms i Y T 0 FILFTT D03,
1500ms (2 T 0 #1358 L7z, Same
FIEARECIE, M FF1, FF2 & b1
500ms 226 0 J & a WOHBN R LD,
FF1 (2[R~ T, 1000ms LARED o 317137585
L. 0 WOHERITHSE L7z, New HITHEZ
TILEM FF 1 ¢ 500ms 12T 0 OHE
FEABIZR X720, 800ms iV T 0 I
55 L7,

Y R 80 A LI 8\ D SE A1) D Vi G A RE L RE PR
DI R JE I BT OFE R A 7 128 LT,
Lure FIJIEZA R ClL, EM Fz I2BW\ T
500ms 7> 5 1500ms D FEFEHE T 0 I O #58
%R, HEM FF1, FF2 Tl 500ms i Y
MNH 0L alEOEN R 57, Same
AE B IR 0D B[] B B8O Dt R T, EEAR
Fz, FF1 (25 T 500ms %5 1000ms O
REEH C 0 DD a WO ZFRD T, &
i FF2 Cid 100ms 7> 5 0 i O 58 % 78
1300ms F Tk L T\ 5, F£7=. 500ms

WY TalEombBleEsnsg, 1300ms
T O E I D/RT —13WH5 T 5 08,
1500ms 726 0 JOHREZFEH D, New #i
WOIEZA Tl FRE0 72 B A ik o 14 9
TR TE o Tz,

R A LATE 8\ O JiE 1) OV R M RE R REIRF 0D
IR )BT38 B AT D 1% & DRI SRR IC
WThH, fdEEDNRY—2 B2 FFI C
D 0 D peak DERFNH S ZDIXH —
IZ same & XD T & 9 B IR PN EF-
HR[EI(CA4)-CA3-CAL-¥EE B &V D
polysynaptic pathway % i & 72V IR N

(IID-CA1-¥H &V 9 direct pathway %
95 ATREME DS RIE S U7z,

D. &%

85 MM FHANZ BV T b fMRI &[RRI
MEEERENER CTEZ D 2 R0 o7,
Lure EZ #0585 I FHNZ B W CREE
ThoToDlE, R RN 25 LRD 5
ATz IMRI & 3aEV 85 MG T oM
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Global cognitive function: MMSE, Memory: HDS-R, Psychomotor speed: Digit symbol test, Working Memory:

Digit span test, Executive function -Flexibility-: Trail making test, Executive function -Inhibition-: Stroop test.
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A. The vertical axis shows correction rate, and the horizontal axis shows each stimulus in Lure Task. Lure
Task had an explicit 3-alternative forced choice task, including novel (New), repeated (Same) and
similar (Lure) stimuli.

B. The vertical axis shows score and the horizontal axis shows each subtest. MMSE: Mini Mental State
Examination (Global cognitive function), HDS-R: Hasegawa's Dementia Scale for Revised (Memory).

C. The vertical axis shows T score and the horizontal axis shows each sub score in HVLT-R. Thirty points
are minus 1 SD values in the same age group (broken line).

D. The vertical axis shows standardized points, and the horizontal axis shows each subtest. DST: Digit
Symbol Test (Psychomotor speed), DS: Digit Span (Attention), TMT: Trail Making Test (Executive
function-flexibility-), ST: Stroop Test (Executive function-inhibition-). Ten points are average values in

the same age group (broken line).
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Figure 4

A. The vertical axis shows score in the visuo-spatial span test (VSPAN). Nine points are average values in
the control group (broken line).

B. The vertical axis shows score in the reading span test (RSPAN). Twenty-eight points are average values
in the control group (broken line).

C. The vertical axis shows T score, and the horizontal axis shows each scale in the Profile of Mood States
2nd Edition (POMS2). AH: Anger-Hostility, CB: Confusion-Bewilderment, DD: Depression-Dejection,
FI: Fatigue-Inertia, TA: Tension-Anxiety, VA: Vigor-Activity, F: Friendliness, TMD: Total Mood

Disturbance.
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ATEAR IR (r=0.51), ZE$HKER (r=0. 43) |
Fe EMER (r=0. 42) |, ZERTBRBORR (r=0. 42) |
FEFHER (r=0. 42) TH -7z, 7 FHERIZIR
FBIC KL 0 Fln DB o wET 2 L HEE
(NS WA

(FEARIE)

MIEIZREF3240 DN, ERIR BB & 272
FERFRIEIR A 5 UT2IER] 1 A LIS & BRab L
7o B¢, BEREEOIK T 2R LIZERIE 144
CEYJAEERSS. 3% T 14. 15%) T 1 Mo
XT3 —OFEREBII YT 55EEL.3
FECh o7, PR THEOEAE L&
PRIRBRKE R OFAME & DRI A B2 AR
5SIT=DIT/NET (p=0. 0025 1=0.74) D
T o Tz, JER ORI ERALIE AT AT EH HE 4151
(T AMARITERATER 3, AT 1 41) | 26T
E@@W(%%Mﬁ@%%%&ﬁ@%@m\
IREES 1)) | AAEAEELE (BT .
OsH] (ZEMERZE, A/ TE . Mg
IR, BB Thol,

(GEEIME% O 2 FE B OFEE)
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JEB AIBAMERL DA ZAMERIIE N I (295,

1)
& et aikeE, s, U —%
Y7 A = FATHEED RE/ T IS

DRFETIH o723, LB % K3 5 Dig
it symbol test ClX[EI4E#EE L bk L2SD
T OMREIR T2AH 0, HEES T & Fif
PEDORIEE R L=, tDCSIAMERL CTldDigit s
ymbol test® A 7 AISDELTF DAL T & 72
V. SR FEMRF O EES ., Rt m b
L Tz, DTTMFAT & 2 A R O fis &1
PRI CIXtDCSIRME NI BE & b L 1. 5S

DEL T DAt R DS MRS 7 [0] . A SR
HFAT T > 728, 18WRBITFAD ER-RH D |

VBRI E RN O/ L 72 o7, (K) .
SEF 42 ZZimAME (421%. FE)

B MG o BT RITERD &
e 1oy, JEFNEFRABEREDIKR T 2 B
LTz, DT K 2 3Efl 72 VR E Sl
EDCSOIEH & BHAA LTz, ML BRI
A TIEHIEIBMS95 i T IE FF A DA T 28 2
Hiv, FLIERETE R Sz, tDCSTRHE 3
s HRIZIE3NS998 & 72 0 | FRIETE H ook
DI BTz, DTN & 2 fif#tT Tl tDCSIRIEHT
(XA RS PR IE] OO ZAFME S R & e L
1.5SDEATF SR F&27R L QU iz, TRERITA
WS LRRIFAME S ER- U, @ EHN & 2o
e () .

D. &%

bR FBSE B DN, BMEIEE 1] & S SME
SEB & AT AR O BRI FE AR & MR AE
& DREZ MR LTz, F 7R BIE B o
i & ARRRAE R & OFEBE b AT L. FHES
I B I TR RME R RARBIIC L 0 | 4
M ORBAE BRI LT,

R INEERE & OBEMEIC W T, T
S oA = —JFMild cognitive impairm
ent (MCT) JiEt (5 CIIAUBEZEPMIE , 2R
[B], BERZ R 7 & Ok 4 72 FEIK D FAfE D
KT HE I TWD  (Persson, 2006)
Jibd RIS D JE BN 35\ C b MISEEE PN R (7
MINHER, AEWEEED) | IR (K
B o BECERIRED ONEEF) 1ThnA, 1
BT 5 & F i 5 iR EISEIR O FAE
& ERRMEFREIRERE L OB 5 - X
FATHE MR —H L Tnd EEbh s,
Z O, BRER, AERTHEGIER T S ER
RE& OBENHME SN TV D, St
BEEEMAE IS HEIRF LNy T U —
ThdZ P oEEAEICNEEZ 24 50E
BINFRERRAE DK F 2R LIzl LB 27z,

JLER IR FEE & B AS A B X T AP AR AT
ATEASEREE NG, AAREL ZERTER
TRk, ZERTEBEEAR) | IBEER. (B4 T
e, ZEgah R, eV eER) . BRTAZEE
(£ E/ER) . #EA%ERESE CREF) &AW
TEIAZ 5340 L CuNe, ALBREEE & DTT Tl
E AT RE 72 E Bl & O B R IZ DUV TR
DRI B FVIRUN LB L DOFEIE & LT Digit
symbol test Z i L7=2, ZOHmAE Tix
PR, EH), M0l A2 S5 2
D> B REE ORI & OB AR 32 LN
Wit TdH 25 &b s, fMRI AFZETIE
Digit symbol test ZEfifiHFIZRIFRHRENC

E R MR s ST Y | R
WIE OB % DTT DEEETH 5,
Radial Diffusivity % FVNCHRZRMICSE
FrLTWSERZH L EEbs,

FATHERE & BEE A Zx & X 7= AR oI
ATEASERE S (ZERTHLAR IR ZE RITERRRER ) |
MEARE R (ZESmRAR, 28R ER) | BATHLE
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ek (fe BAESR) . A2 PBREEIIC /040 LT
Too IMTIRG EIER B2 T & HIZRE
ST T L ARA CF 2 R HADIET B < A7
TR SHETH Y | RERY —F 7 X%

J—., SV —F o A® ) — ETH
RE. PLICEBNHFARE /) e E N ER SN D,
B4 SCT O MERIZ B U C AR R BREE D)
DASESE, SATHZE, AEAZEICNT TAWVR
v N =B R D Bb b,

FEARL R & BN Zx O AU T AR SR
(X RTERSE REIk D/ N - T o 7o, FEAR
RLFRREIT —E ORFMNIZEH S 2 HFEH
Afztatil Lo, RUEREICE S GE%
MRBERETH Y | ATAEM R A & L Cff
HEInTETW5, BEEIRTZRLTIE
Bl DRt Tl e RTEAEEP A & o0 B )3
HINTWD, FTEHEERNITE X FAT 238
THEMTH Y | SRFINRIC—IEmPEDSE
FEPETE, PR O TS S Z &2
HENTWS (Kinoshita, 2015), A ElD
ARt CILFAf & FAT L 3EAEE & O E 248
BIRfRIZA BN -T2, Lo LEEARELR
T &R LTAER 14 Bl o C/E FAT 24815 L
TWIEBNL 5 Bl 0 . Z O LRTIALELY
SMAEF ARFESEF, /MR D, AN A
e BER. RIBESER: TR & 2T > T
7o X, WRHFRIRZER & LTt S e )
SleEEZBND,

BHERSME R D 2 FERIZ tDCS TR 24TV,
TRIATE CRREMEREDSGE D & & b IThpfR
PRMER D FAEDOUGEZR X H Z LN TE
T2o JEB A N IZASEIME 4 |2 38 7 iR oD
N—F 2 MRT TIEEGE AR A D Z &%
Hk7emo =73, DTL f#bTIic K v . WS
fHED FAEOR T 238 7 L | 18I DAk
AL EB D T L Ak,

A [EEHT O U 7= DTT AT I3 PR S5 E
TOMHZBEL, 2w R74 L TOH
BRNT CITZ D K D ICEE i1 -7, AT
B OHMORRNIELS &b, 20 /3 FEE Cig
Pro3v[Re Td 5 &, BRARYs 1 COMM & "]
REIZ7R o T, EHEET —2 037 Fiin
BERN DT — 2 = ZADNERED A 14 DRFE T
BHbd,

97 KT & D A, HRfE - VR R
IZEDOVFE AMEIRIRE, w9712 k0 RE
U 72 D R ZE SO AR L L 2 ARG 3R I |
R BRI K BB L LT — R b i
REMND G E R I I D m IR RERE E O
JRIA & 72 D AR E R O 72 X = U >
i i P 2R AR 48 e & D A AN E 2 E
BEICE B X 2ENTE, RIETEHOWRE
SRR EICEHTH S L Bbhl,

E. f&im
ZRRTIRBIZ K 0 | Bx 2k i Re R
BT 25, MRHERHER O AR A TEOIR T
& RkRERE T L OhE A EEICET S Z &
IMHREE 20Tz, A, mikIIMEERERE S B
(2B D ZRRAIER & B OFAME & DR
BRI Ry hU—2 L LTCHIER, T 7
BEROTFEEFHWTHNT T 5 2 & Tk Mg
REDFAMEICRE T 2 BMENRE D b D & b
N,

ik

Catani M. et al., Cortex 2012; 48(2),
273-291.

Smith SM. et al., Nature protocols 2007;
2(3), 499-503.

Wakana S. et al., Neuroimage 2007; 36(3),
630-644.
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1 % E204 O FHFrontal Aslant Tract (FAT)
(o F#R38.6m% 1£16.95 B4 104, %4104 )

Automated Anatomical Labeling (AAL) 7 b RMDSMAEAreaddd 2 ;1
%18 3B 9 SFiber tract Zprobabilis;c tractgraphy I H #HEXR & 204
NENENHEEL., MR O ML EBREMNIEIZ EITIEE
{EL. B OFAT7 RS RELTERALT=,

2 LB (RREFA

0.55 -

0.5 A

Medinria

0.45 -

0.4

r=0.76 p<0.0001 o

0.6 0.65
FSL
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medinria

0.55 A

0.5 A

0.45 -

0.4

REEAREFA

r=0.85 p<0.00001

0.6

0.65

0.7 0.75

Medinria [C&4 Y =217 JL2ROI;EEFSL_TBSSTIZEEL R IZHFED
7 S AROIZ B LM =TSA(Tract specific analysis)i& D 3 HrfEl D HE %
BEHERE 2048 O HARFAE THET, EELGHBENRoNT-,



X 3. £AEMHEAEEEE(MS) EFAEED TR (IXERE324)
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FA
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Cingulum in the cingulate Parahippocampus Superior longitudinal
gyrus partR areal fasciculus L
0.8 1 0.8 0.6 7 .
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LN ]
%7 1 T 5% ./)‘1’1;3’
0.5 1 .
0.6 e 0.6 ) >
< . <
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0.5 05 ]
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p=0.0155(r=0.4242)

p=0.0233(r=0.4001)

p=0.0105(r=0.3911)

4. ETHER, R$FDMSINT 57 1—(ibi B2 55 4 )

SRENHEBEFEZE SE I (Glioblastoma 49y male)
3MS: 45/100+ Disit symbol:8 TMT(mix): A~ &

-
A

SRANHERE{RTEE I (anaplas;c astrocytoma 24y female)
3MS: 99.5/100+ Disit symbol:51 TMT(mix):29sec

ETHER

EMRMERBIERESMMETLLUTO THER, KEtFEIAERENZLL BERSHEETIFAED

1&L\1_|E€7.|_: L/f:o



5. Digit symbol test&FAfEE D FE B (X 2153245

Inferior longitudinal Forceps minor Cingulum in the cingulate Inferior frontoToccipital Superior longitudinal
fasciculus L gyrus partR fasciculus L fasciculus L
0.7 0.6
L]
. .
P * .
0.6 .t H%A . o8, .
» ® o . 0.5 v e
E 05 R :: E « * t B
* 0.4
0.4

100 1«

DS DS DS DS
p=0.0033(r=0.5035) p=0.033(r=0.5031) p=0.0064(r=0.4717) p=0.0101(r=0.4481) p=0.0117(r=0.4402)
i Uncinate i Inferior longitudinal Anterior tharamic
Forceps major fasciculus L Parahilpppcampus area L Fasciculus R radia;on L
0.9 0.7
Zo6 1°** Los
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03 T )
0 50 100
DS DS
p=0.014(r=0.4303) p=0.0161(r=0.422) p=0.0328(r=0.3782) p=0.0385(r=0.3675) p=0.0475(r=0.353)

6.Trail Making Test GE &) FAEE D FERY (i fE & 2942)

Inferior frontoToccipital Uncinate Superior longitudinal Superior longitudinal
fasciculus L fasciculus L fasciculus L fasciculus L
0.7 1 0.7 7 0.6 7 . 0.7 7
.9 &3 L/ ..Q
0.6 1 %pe 0.6 1 " -t 06 1 »
‘e . . ': . ¢ 0.5 1 . &vo.\
) . LY o
g 05 A *. Zos4{ *.° b » Sos{ .
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0.3 : : ) 0.3 - r . 0.3 r T ) 0.3 T T ]
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p=0.049(r=T0.5079) p=0.019(r=T0.433) p=0.0217(r=T0.4246) p=0.0224(r=T0.4227)

Inferior longitudinal
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X7 tDCSAERIZDFAE(RR @SN E24)
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* (B EEE(204)T1.5SDN SIDCSARZICBEHBENIC LR Uz R RUEFIMKITEEBEE. EFANIEEEEE), T5—/\—(F1.55D
ATR=anterior tharamic radiation CGC=cingulum in the cingulate gyrus part CST=corticospinal tract HIP=parahippocampus area
ILF=inferior longitudinal fasciculus IFO=inferior fronto-occipital fasciculus SLF=superior longitudinal fasciculus UNC=uncinate
fasciculus FAT=frontal aslant tract Fmajor=forceps major Fminor=forceps minor
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. _ A case of high-grade
Nakata S, Horiguchi K, _
astrocytoma with BRAF and
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ATRX mutations following a Neuropathology - -
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IX. BEEOGHE

BB O BEHRAEA
HEREEL - BIER

Radiotherapy for the patients with brain tumours

EABE

Key words

COTRBEEE, WOHTERWEEE, dRNE, WEERTZA. neurocognition

Ui

BT IS A DEFIC B VT, EEREG
WERTHDH. MENEHEIED X ) RS &
bRk A GhEs L THEL D KR
6, BEEHIC 900Gy FH4 L. L O RS & MifT L
ThH, HEBANATORBOFEALIZLE
H oA MRBFImICAER S L EMRES
BOTHRULBEBRTETHELIIEDY L
W RS ORI X DRI 5 4 F
S BB OR L LTH A TR A
N4 7 RMAE LT TEHBERSRERLY
WfTd A% DT R, FYFEPETFHIRED
&9 iR MRS OIEENR 2 B & T A
BRELBREH ISR TWSD, L) bITELRE
DEVARIBIFIRIZ O WTIE, B4 R0
ITEhTwaY BB &R L AT
RELEITKRLEICEEE D kRO
HEHRiR e LTS v sl FiIZEE
L OMEBMTHYBHTFRROH), ~N) T AAF
¥ ("He), WHRF, ¥, #EA A2 (RFESC
A vPNe, THMIyPANIZKIESh, HE%
bl FXH#, yRETREEIS N
A0 RFMOPIMEE TR ERE S Z L IIHE

BRI TY — 2 (Bragg peak) # 502 & T
HbH RHICEHYRIFLEMMESAZELZ
EATE, EERE~OWREHEIMEIL L
HUREE 2B, TRXE yMSHMESLY
A5 5 AV F — (linear energy transfer:
LET) AMEVK LET 84t ¢ 5 D3 LT,
BRI E LET AT TH ) MR R
(relative biological effectiveness: RBE) %@ \»
ZEHEELEMTHS. RBEICHL TG T
FUIXEEIIZRBED 11 TH B IURFEMILS
ThY, FAEDEWENREREZ TOIXM
AP ETIGY LB L S RERIT1IGY, B
FHuT 2 7Gy BT Ik vwa Ltk s R
BN & FRASRE 225 IR ERIE S PRER IR S h
7z, RFEMRERF IR Y AT AIIAHAHL S
SRR TS L T B s AMIBE % 2 D TRIKIC
Bo TH BT AHEMIDAF YV FILLBEH
TR0 IEH HLAL &[]0 L CBIRAY IS 2 R 159
BHEGEA ¥ M) —DE AR Y, SHBIERRDOS
TOFOEROWEAFHFIN TS,

AAS T B R AESS % PO S TR B OB
AR L, FmEEE ST B Rgass
b MBI BT B B E O EIE quality
of life(QOL) # WD 272D DRAAMMIDVTH T
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K L7,

1. #RERFEICKH T 5 MERAE

T TR AR BT 2 B o A A AR TE 1213 MRI
R L LT AR ES 4% (gross tumor
volume: GTV) 1= MRI T2 i 8 [ 1% T 0 15 WX
H+2cm F /-3 MRI FLAIR E[{§ T O & R
+2cm DT A F A=V PET R ERBH I
i BRI RO {545% (clinical target volume: CTV) % &%
SEL S 5D CEFE R 53K (planning
target volume: PTV) % it $ 5. 1pl9q DE(E
TR FeH e v IDHL/2 B A2 8 o0 R P T AR B
N CIE CTV 12 IMRT (intensity—modulated ra-
diation therapy) 12T 40Gy %, 2WTGTVIZ20
Gy ®»7— A b+ % temozolomide (TMZ) PIIRF (75
mg/m*) 24T 9 OPEEERTH L (®1). A
B % MR BT R -V A %5 &S
TR0y REOBRBFISNEL &
NaA, BEOHEREREOERD S IXEHER
SHRCII T SUESE LT TH ) BE D QOL
AHERFCE WY, FRETET AV ERlR
T 328 60 Gy OFRHEIRHE & Y L TRIn$ 5%
S EEAEIC DV T MGMT JE A F VALIER] T
TMZ 2 FUE % 78 & B WIEBNIZ 13 5 IR R ik
RWIEF = v 7 RA ¥ MHEHOREATID A
NENDBTHAD., b OHERICITEERT
FRTIFAHFEWTILE LICHHIEREL 7
Tay b LEWTI-WI0, 25/ —<DERK
HEETREEE LI Tv B3 PD-1(programmed
cell death—1) PuiksiE % & THIBORBEISE IS
PFORAT L —F2RETAZ ETTHRD
T LIREE 7 HERe L ASAMIIL 2 RSB 1o 8w R
BRERARTHAE R THROEFEERIZEH TS
i1 K+ CTLA—-4 (cytotoxic T-lymphocyte—
associated antigen—4) {253 A kD bt & 1
FEhTna,

2. Lower-grade glioma M &#

1p19q R %% 526 IDH1 B E R KD Lower—
grade glioma Ti%, &MU TH o 7EHT

R EERE IO T LIS {FEZRT

b EWiEA S, BEHEMARERTFHYH HEEMNTIE
46-54 Gy BB E DR G iEH = IMRT THFH 5.
MEE, SR LCOER - MERICIHALT
% overall survival IZITEZEEIX 2 WA%(0S8: 7.2
F vs TASE) AR A S0/ L7213 5 25Hl =Rt
.13 % (PPF: 5.34F vs 3.4 )% $EE diffuse
astrocytoma & % \» {3 anaplastic astrocytoma &

TS NIERAOBETREICEHEH L5 EH
BoEfiE s h? gradell, IO F )+ —<%

BRI LD Type I, 11, Ila, IIb i243tF
550 THDH. Type [IZIDHEED H Y [FIEFFIZ
1p19q K E4H ) TERTZEE Z & (F 1 2

L—AEEAE L F o 2 7 HEREEATLE) T
AHEH @ grade I1/111 oligodendroglioma =24

4 5. Type ILiZ IDHZERDH 55 1p19q K
Jefp { ATRXZ R (7 u~F V5 BE) % 6t
BT D AT CHEROEMBNE SN 5 IR
HETHY, Type ML IDH DEEIT R L, Hk
HEAY: 0% grade TTAH 4 @ Type 1lla &, HRKEME
J¥ grade 111 #H24 @ Type IlIb THEk D anaplastic
astrocytoma {ZHY ¥ 5. SBIEIhoLH5T~
— A= bBEI LU LR RO £ L dt
fThhAZ Eil’b 9.

3. ERMEMREE, tXRE, HFiiaE,
BEIFIE

1) E#EHMEE (pilocytic astrocytoma:
PA)

NIRRT A B (grade DO EfalE T
W, AR T 2 RITHT R AR R O LR 3 %
v, R T ERR A ATIEA L2 b O Tl
T 5 ERBMEEMICERET S, EBHETHRER
CINEEFIER L TwWAEM TR HIE
¢ IMRT B4+ 45-56 Gy 2 JifT§ 5. A VKT
FF v, U2 ) RAF reHui{bEEiisy
FETHMTHAH. /MM PA Tid tandem dupli-
cation |2 & 5 BRAF #faF L DEED, T b
1@ PATIXV60OE ® HERDIERNFED LN
A7, EHBRERE CRBOEINL S 7 BRAF
EROF IS HORETRETH 57
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1 IMRT %A /ef

a. A BTG RRE N S AN 2 o0 CT iM%,

B R R ORR EETIE

b. FLAIR Wi{& @it &5 2em D= — 3 ¥ % & 5 /2 planning target volume (PTV) (2 40

Gy (2 Gy X 20 fractions), & @A ]
c. A AARIRAINNIE DA i o> CT IJK.

d. PTV IZNi=s % & Eefihilc 27 Gy (1.8 Gy X 15 fractions),

10 fractions) 7 — A b Ha5 % htidT.

12 20 Gy (2 Gy X 10 fractions) 0> 7' — A I FEg % filif 7.

T OHMEBLIZ 18 Gy (1.8 Gy X

P A A BT LA S A 5 W % 2 DT B,

2y Lk el

JEUFE P i I 955 42 o5 9D B (2001-2004 4F 42 ] ik
I A RT 55 13 W) LA, Eﬁéﬁi‘fﬁtiiﬁf]ﬁc’)*ﬁﬁ
EBIUSELEFRIFNEN0S5%, 04%B
L Ur88.5%, 581% THh 5. /J\;E'Cﬁi{ﬁ SH
WS4 <, AP, A 349 5. Radial
glial cells #34RIFEE TLHBBH 5. TDIE
BRI = AT 2 0B IBHEIZ & C
37, MR EZATLAETFTELEILTLEL
Va ALz THMIIA~ G AERE L, SRR SE Y
ST D T LOERTY—Y gL

DR ERTEEADOTHRIIRTFTH 5.
grade III, & % W I3pEpEE L & T TS
VWA IIASEATHLINKETSSF R
ATZF L bEY PR L7z b8k
IMRT |2 & % 46-54 Gy FLEE O U A b ieid: &
P 5. SEEIRHEIDSEED S -G ld ek
PRERIRG & JG 173 5. ATl LANE OB
PR Z-D IR T ZINIME LI TE ST,

FTHRERET AN A= —HELE
T\, grade I THEAEEDILARER &
BRI EACHE 2R LT ld 50 Gy L E o> Ji gt
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IMRT

2 IMRT & IMPT
F U 2515 ependymoma FEW @ axial, sagittal dosimetry & B & B2, 7~ b I ependymoma
DREAEE 2 B axial view (27597, IMPT 12 IMRT (2 PR L o2, e, P aEfdds & o8
FHEOPMEEP T EATE 2.
[Reprinted from International Journal of Radiation Oncology, Biology. Physics, 71, MacDonald
SM., et al, Proton radiotherapy for childhood ependymoma: initial clinical outcomes and dose com-
parisons, p979-986, Copyright(2008), with permission from Elsevier. ]

BHE BT 5. /AEO ependymoma 2B WT  HERKGEEAMfTHONLTW5 (K2). IMPTDIGH
RSB ETH L7270 by E— 2K Dk, B AR, N, MIEEEE R &
5% w72 IMPT (intensity modulated proton  @IEERHEED AT ) ¥ 723 L ) s S ik
beam radiation therapy) & fE#8 e IMRT & @ BEfa i (2B IE AR O REEDY & 0 Al 12
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3 ZHE2FEHEHRICE T XBELEEBETFEOERD
X#E(EE T - M- I - BH3L 7 oo Bk 7 B ASHRE LT & L W AS R -
HFECTEY) TlRRDEIRA AR E 3 L7 B AT 5B T 2 IAEFEDT A R DI B B I

REDN AT TR LWHEND D 5.

[Adapted from Translational Cancer Research, 1, Dinh JQ, etal, Particle ther-
apy for central nervous system tumors in pediatric and adult patients, p137-149,
2012, with permission from AME Publishing Company. ]

% 5. A IMPT 25060 O X ARG B L T
EDOFEEE hearing loss X2 B #1556 1955 o S 1
DT E L7 THHHT L7259,

3) RimkafE

F IS A NE Tl IMRT % H W TS P %
GUMHIZ24-27Gy, & B IIZHEEIRIC 12-18
Gy D7 — A MNEEAZ4T5. AEFEIRFIC teratoma
DR HHERET Z LT e 47) (B 1). 2
WRTFF &L MRY FICX B0
Y RRIAIEE & 13 S T TR BIGHRTT & BRI
179. & HITHATHURHERE T #4123 7 — W iifr
LIE D %5 4. DS B b6 D A A IE 5}
O A, ARSI (2L # e
HIE L 9 BB TH D AN ORI Z5- s b
BEREE R 2 IRMEFEDSA DY) A 7 & TIF B
AL FHED TRV E 7 5 (K] 2).

4) B8 ¥ §E

Molecular subgroup & L T F#%® E\v WNT
medulloblastoma, #¢ % T DMy Group 3, in-

termediate—prognosis ¢ Sonic hedgehog (SHH),

Group 4 D 4B D53 HEMNH Y. BB LT
RGP T e AR R IR ST 36 Gy, 23.6 Gy,
% UHFE T 36 Gy, 36Gy, NEf#iE: 55.8Gy, 55.8
Gy itif73 2", fbfaid aais = ol &3
HEFBEHB R TR T A, SEEFERIE
Fbi i BT 93 %, MIERAAHIT 56 %, I
i T38% THAH. Ak, FEEHN T W TH
OB O, FRAIRE O R T, 2
WHENERE D) A 7 OB TH 5. XHZ
G ) B a2 IS 3 5 2 & TalNe i
O & B0, B, B, IHHEZ & ophig %
FEREDILR EET FASTFEI bt 715
%9 (= 3).

4. WERAEEDRMEEICH T 228
HOHR AR IS0 L C 42 id IR GHa e iR 1 4E % 1%
723 D 50-90 % \ZFEMIREREAGED 5N DY,
018 ¥ & (spacial memory, and verbal mem-
ory), EFEE X OHIHEIC B A ik
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NIORT AL L &b HEBEELHAEOMND
HERMRRICRE TS5 2 5, HETHIC X 2 s
[ {3 A P R B AR B vasculopathy &
P INBR
astrocytosis & SRERE, AZEEMiaomE D,
Lt Z B HEEE L MR EERE, MRS
%t L Tld maturation deficiency & ¥ F 7 A 885k
®%HE, microglia 12 & % neuroinflammation %
EPMHEICHE L DS E AR ENLHET
HbH. &Y DITHEEERIREOMEREEET
REEORBEFEHRAZREAETSL W
1A 45 55 > 40 % D FHIEIZ 7.3Gy BLE DRI D
725 ERARENTERI NG L OWREND
B SREBEREHREZ ORAEES % b
4 58 —4 L LCIMRI % Bl S A
HfE % ML§ 5 pattern separation task % G H
Lt iEaRh o Mg O R O AE & IR Y
ICE=F ) I TAHLENRHEH Y.

B b
Mg, WRERES X SRS IR T

i JF ﬁk”,“”” ‘

EIZBITARERAE, BEHRICHE¥(TS

BLUERDOFRHBW A S, WEEDGTEWFIF
WORREEZRY) ANZHLWHO T TET
BB OBENIE T o -o8EMER I N &
HIZRH OB D S ITEEROBRETE{LDS
PRIER EBEROFHO—EIH S s ho
Db FO—HTIMRTIC X S IREBAERIC
temozolomide % bevacizumab % B\ 7-BiTD
BEETIEHTFRORELEEIFED O WE
YA, R EREIOE S 52 m R EET
WamEOBEL L WS PER & ITE L ZHRREIRD
LA LI TEL W HERrEEL
L7287 ) F — < oM A IRABREEIE L
THEQOLEZEDL:-0IC5BTbARITH
WAL BVIFEIIDTO3IDIENTE LS.
OERENENE O T FEM O, OB
st oRE oY, @ B3 neurocognition DFF
EBRNDIETHL hoEHEET 2
THEDBNCERIRWIZE & BRI e v T A &
PFETH 5.
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ZZFiE (GBM: glioblastoma multiforme)

23888 : 2017/03/21

Rl 7o |

15TV IIAR—INED

CHOIATIVTIE. EVERICEUTOERISSR - 287 - 8%

REEBHBUTVEET, ﬁl)\%
SEEMEE, Bl - ERLTVWEEITOT. TOTERLES

% 54735V

ABREETT

BABE (W35 LL5T ) K

RRAZEZE BEAENNZE 2R

gl ZEEHE g2 28 g3 AT pd SEOEE g5 FE3ZER
@6 ZE(CR3YA+ (LNEIRER. SE2ERRE)

1 EEBE

m i3 - ER

FEZFEE (glioblastoma multiforme: GBM) (3, ERESEORTEEHEENE L. H
DEMFNCE D EERMERTFEAROEEIEN (brain cancer) TH%. SE@aD
AR, CECHBEECAEECHFEL. SHEEEEEHETS.

RIRFR (CREFMREREEN B <. Robilla. JMOAME. HEHERE. 28R
BFLUZREMRL DB TN, BRZEMDBEDBMIRET Z1H58ETS

(pseudopalisading necrosis) .

WHO grade IVICHEBSNSEELEFTEF10%, FEIRGBF15H8. DFEMENIFE
WE2B(CHfEENS. (VYOI VEER/KZFESR (IDHL1: isocitrate dehydrogenase
1) BEFOIF13207ILF=> (R) 'ERXFZ (H) CRERZBIBITLEICEK
D. SFMEEDSVIWHO grade 11, [IIOEAREN S EMERE (malignant
transformation) UZStRM4ESTFRE (secondary GBM) &EIDHIDOZERZHEDRRVER
HRZZFRE (primary GBM) &(CXBIEN3. MEEEGBMELTOFRICEREGFRL,
FENBIFEETHS (R .

gIETI(&. TP53 mutation (>65%) . ATRX mutation (>65%) (CHL\TLOH
19q (50%) . LOH 10q (>60%) . TERT mutation (30%) H'8i=FE=N3. —
B, BEOELTES S TOHEEETERT mutation (70%) . EGFR
amplification (35%) . TP53 mutation (30%) . PTEN mutation (25%) . LOH
10p (50%) . LOH 10q (70%) T#&» 3.



R JUA—THEBE L FERESVELRFRAR

WHO grade amp T BEFEE
Grade I FARMAT 2R R 1T BRARHEGTOMS (KIAA1549)
F3REE (V600E) =:2HD
IDH1(FFF4 8
Grade II U AT SRR th &l IDH1/IDH2:3%& % ATRXDZEER,
TPS53REEHD

g, HFE. Sl REI Do
Diffuse midline glioma& F&R &,
H3 K27IMOZER & fEOBIE L

WHO grade IV
HA A 1 i 1p19q co-deletionh\DIDHIMZE R
[FFEERTF
Grade 111 BIERL M 2 RAaAE EM IDHEZEZTEZ (FATRX. TP53
LEMEHND

IR T 2D AR E IDHETE#IT1pl9q co-deletion®
V&< (FG-CIMP+ TMGMT
TOFE=F—@FAFIULENTLND
FEBIOD T4 BT

Grade IV THEREITHE EDHT  IDHFHRTG-CIMP FFEFR
Bt

O EFZILAT S

eGrade IiF. /NBICZLWHLRBETTFERNRL (10FE£F(FB80%LE) .

eGrade II. IIIiF. 1ENSHMETGrade IVICEEERIRT 3.
CNEFRIC. MRIMSHEBFELUVUTRIET ST TI0H3.
WINOWEEFESTREZTDOHTEL (SEEFE10%) .

® BRAF: B-Raf proto-oncogene. serine/threonine kinase TRAS/RAF/MEK/MAPK =+
IMEEDEFEREEZES.

e TP53: p53% 11— FI3EEGTF

e G-CIMP: CpG island methylation phenotype DNAIEEEEZEMGMTO T OE—4 —48ED
AFIULERTRIRE,
COFRETEIMGMTOEBRR T ENZZH. FRRFOY-H—&123.
GBMEBE TCIMPHIEESE, BEDELTFFRE N proneural typelCZ < & FREDIE
ElIFS5T 3.

® ATRX: alpha-thalassemia/mental retardation syndrome x-linked geneT. CMiE&IG
FOZERIZ. TOATOHERENSTOXATOMEE (alternative lengthening of
telomeres: ATL) &% 7J.

RS, BEFRREETVA-—IFREOBERR. ROXEESEE(CUE.
Siegal T. J Clin Neurosci. 2015;22:437-444.

N THITESNZERARICBVTTEVOSF (TMZ[BR&: TEY-IL]) #E8
(2FEEFE26.5%. FEH=£FHB14.608) N HEHEAE (RT) EWaEs: 2F
E£7F7E10.4%, FE2EFFRE12.108) (CIELUT. BEEZE > TEFHROERN
RSN, TMZ + RTH'GBMOEEAE S SN TS,

GBM(Z. TOLISICFEART HAOPRDONA" EVNWESRZs., EIEORER
D, TESTERBREABLIFREEZENHREINTLS. GBMOIREEBEDEILN'SE
DORZTRFETHD.



m B2

EACST3REEREEEE (FR2BA. AOI0BAICDE14N) M>S5. GBM
(32,220 AT, BEHMEBEEOPTREEZL, 11.1%%F 583,

ABFEROE(CIFRL (FIEEE35%. BIEEE25%. FEIEE18%. %EEE6%) . BI(C
B2 T U CTHEIFRAZSET 3. FIIRESEHIZ60RE. 45~75mDPEEICE<,
ERMEEFENEZSD. TOFEIREEDI62F. FRIEEFEITIISHREE
V. BEDTEDLAEZL<. NETRERENTHD., A ELERDRERED. REK. BEEX
BCHFFET 3.

FRAERBHIROBEDS JUBBIAOS FHRIBIZABEBEINTLARL,

Bailey&Cushing (1926%F) (. #HEFREZSB(CRREMARICEDVWZEEDEZIR
IBL., iEE%16EC93E L., glioblastomamiZiEfBi2 % bipolar spongioblast (Fi&E
HZER A IF DMERME) SUr.

WHORREBHFBICEE LIS AFOeHE— (3. BFEZEMRES CBICERY
U7oEBEEERELZY. AHOIEERERI V7 EJUA-OEBEETOFHELRHRE
C£BE. MBRFTHRUEREZECSH <KVHERZERICE. 8~9nmOFREET«S
X FEDED20~25nmOENE LT IS B EB I 2ER I U7 ELTOR
BN, SMEEDEMREBTEISFEINTSD. BEFETEFRIEFSINTVLSCENS, JU
A-—ZEEEIT V7 EERLUEZ. =5ICEFHEE (astroblastoma) (F. [EFEMEREN
nEZMOBA THHFRCEI SN TWRZ NS, NERMBHASNZESEEL
Iz. TOEDCEBLORBEEN, EHREZ A FOYA FORMELTZEBSEEEL
TWw3,

REFNCE, FOEROBENS, BEMICBVWTEHERBORMETE (SVZ) t°
BEEIRE (DG) (CHUWT. neural stem cell/glial progenitordiEF i I8Ek o FEH#H
BB dmigrationh"FEER=NTL V=, James E Goldman5 (3, JUA—iBREOEE
THDELBEEREZ. neural stem cell/glial progenitordiF = RBRL TS EHEEL
TW32), Fred H Gage5id, JOETAFZOUSOEZEMNIRETZTET. Sima
[CHVWTESVZEDGTIIDNASA T ZNeuNZ I EEZREE L. neural stem
cell/neural progenitorddFEZ A LIZEFRE UZ3), Sanai N5(&. & RSVZ&EEHN
B BAOEIBEROWFAENS, MEEependymalE T dastrocyteh', neural
progenitorta 3 SHELIZ4), WRIESC(F. RS TEIEERERESNTLRL
H'neural stem cell/glial progenitorht, U A —<HilDEMBROBNMERE TS S
ERONDZ. THICERMGBMEGRMGBMTIE. I LIZESITELTFEED/ (5P —
UH'RIRBz6h, RIEMRENEAZ S REEINSS 6,

N EoEh. BENCTUA-—TOFRARELTIE. U7 (PAOYA ) ofitsavt
EIBEZE, BISEMEOmaturation arrest& 38N B 3.

T, EFSEFEOBERICHEV., AREEFNEIN'GE. STAREEFTOENAMED
BeEMRESN TV, WOICKZ L7, EEEECHEBECHIZIEERETE. 7
IR—IOFIAEIdR— FRAENERENEZN, 105U LORBZNETEYR V0L
SERDHIIN DIz, RADIT—T UICHBFZEGMNBARTE. 10FEEEBX TIREEER
FaEAUCETIE. EEREEHE L T2.680U AN EEEINZ. BAESNMUE
EPEHRFEAFT [INTERPHONERAF] Tld, REFEAEEN'1,6408HMU tTAw X114
&L BERLEEZERUE

BLENS, EFEBGACHAZECSEZUEEN I EHESNTLS.



m fEiR

EEREECRFEZ VRN SRRITEMECIBET 326, BinEBEEaT.
R EERABUTERNETT 3. PIRERELUTIZIER (31%) 8%, RVWT
EE (18%) . HEZ(L (16%) TEHME (13%) RBREDEFERNEL.

TER (. BEORE UZIBPIORKREDEEZRRT Z2ONEARATHZ. £z, BEN
ETL, LECESET3OEREBEELLRS. L EMAREECEET IEMNTE.
HEZE, BRET. REZE TROMENTIRTZ. —@ITE. PEICEBREELZ
T, BLCESREEMAL. MEBHNBEECR3EBRLT 3. AIEEEETIE. Bu¥
wmﬁgtmkzﬁ@&wk?rwwmﬁan¥5@£ﬁmmub?m,it\ﬁﬁﬁﬁ

. BEEENSMAVTLRVTENSL,

Mubt$9u EEBECICUI-HEFNBEEROERN\ERTH M., &z
BISEE(CBTET BB CHMZMEEE (frontal-parietal networks) ZJTL T, FEIEE
DIEENRDHENDZ T ENS IO TERELURTNER SRR,

BEfle LT, BARBEERZE TRV DEED ICEBEANEH TR LI R EDEMR
HMEEDETY°, CRFBEEFS CRES - KB EAARL EBUFHREEEFRELT
DT ILA B AERNBHENBREDFINEIFSND. COLIBEFTE. BEBIRIEE
TAKBBEZN T 3EENBRE CHIEEN B,

INBPEFE TR OERUBERPHSAEDBEENETEERNIHRT S, 2EIC
BANIL=TACETL, BHRERICAZDT. BRZREIREBICHILTIENE
BLird. BEUTRHESESE. AR - /NER. BERICSVWTRE. 1>l
Y. TH - BIE. RRHE. BRESLULTEZSNTVREEEHD. TEEFTH -
IBIEN', AT 3BHIC—HT 3L, TEROFDEHTERIESTNZIERNT D
™I,

ZTDIzéh, J|ENEENE EFEHOUVWVERICRREL TEFBE (MR ZM{TI30T
(F2 <, FERNBRET, ET - BELTWVWBEICIE. BEHNLRRLER Tz,
Fz, BENRMEEZAOU-—— 033 0IC6. MEFREZZEORRICRDAN
BRENAUTHZD. CNICEDHFIAFOT v IRBHRUGEETSE, BEDED
BEIUBRETFROUE(ICDORFRCENTEZINETH . BLEDUWVEFITRLE
. ERIZHETIHIC. HMEENAREBNTUTH LT EEETHS.

m T

BEEAE. TROSHARINRIIBREICTMZZ ARGFA LRSI EEEETEED
247FHE (0S) (3, 151 BEBETHS. IDHIFEETO.95 8. IDHIZREIT24.0
HBTH»3. £ MEE/2O0F—ILREORINSZART (BRG: 7/ (AF) P25
—JIOVOHEBIE. OSICEFFS LRV, EEF8(Cglioblastoma with
oligodendroglioma component, giant cell GBM, cystic GBMIZEMZA', HENQ
GBME D PFENBIMERICHS. DFERICE DV TMGMTIEXF)ULEFIN®IDH
HEROFEABRHITIZ. TMZICRIGZERESRVEENEZL, SEEEEEPREFT
W ORA > FREFIOICAEFRD ANSNZ THES. CNSOEEICIE. BEATFE

M /0 S BN \AT4 Mo - IS =T A4 N oM
ST IRV | LT CDlLCIl:]“%I_I'P‘I’*a} /-J-/ \/I UTTWT1-W10, I)bl'U ik

(Programmed cell deah-1) AAEER ETHRRORBIGE (CHTENET L —F =52
TR ETTHROBHEREZ#IZL. NAMRZHEREECEVV 3RS THS.

B U < THliEOFREICFKIR T 21F14EEFCTLA (Cytotoxic T-lymphocyte-associated
antigen 4 ) (CH I 3RAEOHBEEHFINTVLS.

aN—TOPA



22 (RE - ERZHE30)

m RE

BE/MRI, RMMEIBE2. MRS. PET (methionine. FDG) REMDBEESHE, #£
Ef(CHERT 3,

m ERIESER

BEEMRITISFCTT(E, AREIRD D IROBESFHNRZERT . GBM, EBERES.
S EDERN B THS. GBMTI(E, SFAIDFEXRZMDEOMEREZRIET
BOT. KDAREIRY TRICIRB. TNICHEARBEDY >JE. BETEDAL—
ATHD. GEEREESZ. GBMEMBEOPREMAOTERICRZN,. =5(CILE
SBIAMRIP®MRZNRT MLAOE —RESBRADBET. RENICHERTZIENESRT
»3.

T ALREZE T3, B ZEE D BEOEBMAECSINBE S TRLEHGG (high grade
glioma) &2ZEEN30DT. BEZHIIKAERICELZ LTS, BHEAICHILA
2F> (HABERGMEEE: BCNUDT)\—[BRg: FUTTIL]) OBREFET
2EFE. BICERY ) ELOERNNBREERS.

ERU/ETIE. mMERLEOESHEROERECIE LTI 3N LCA,
GFAP, MIB-173 EREEAEFNIBRET(E. AEEXDIERN B ERZEMNEHS.

gZRMRES S oEE LoERIZEB TH SN S TENICadenoid
glioblastomadiEfI TRRER AT RE LEESMEZERIDT. FENVETHS.

B N—TOPA



38 (aRDP - IEPOEDOEID)

m BXAER

EEEEORICEEZHZENIC. FINRERZITD. iF. FEF—> 3> &f
FMRIZAVWVZERFE(C L HRIFMN. — BN ERO>TETND., FUA—T DR
FRDERZ. MEZERDSCERKBAROBLZETZZLICHS.

MRI Gd (Gadolinium) -DTPAICTEFSNZIEERA'. £aMEHTnZEMDTE
TREF TS, BERLENBVEETFROBEICEME< & BRoRSHRENTL
Do

RWTHEZIECIE. TMZHADEFREREENRELETHS. HEREE
(&, MLABFrICtotal 60Gy (2Gyx30 fractions) ZiESEl. GERMNITITOOHEET
H3.

|3, AEREOFREZENSEEZAMEITRERE (Intensity Modulated Radiation
Therapy: IMRT) Z{TSZENBL,

PERAER TEICE. TMZoRNRZBSBBITD. BREIC(F( > F—-TJT0O B0
A, MERNRIERETCHT I/ (S XTI oAk EMThN TV,

n ZOMDER

FWRIBCHSRILI« > F RUDA (Bmi: LTI UY) 250, REEMIC
FETE. FWICKIDBAROBLEICL —HY — A7 2 BHETROSHEMICH I
SHBNFRFELHILARF > OREEREREN'D 3.

aN—TOPA
4 SEROEEL

BFR. RERFEUROZEPEFREEEELED. FHUWRERZBUVZEERES DG
AP OAILAEE, MAENEMIAOFRR D ZEH &M E U THREENE
convection-enhanced delivery (CED) . BB ERENHS.

REEECE. NAREICIEECEH<EDICHIT2EREENET S, THIREEE
HFIFR(CXT I BHPD-1TUER(C K BEFEPH ABEFWTL (Wilms tumor 1) ZHFRE
MELT, BEDTY Y/ GRICHAMBBZREZEEIWTIRT F ROOF U BEENS 3.
®EZ HEROSIAEELUTEZE2MEIENRIESNDDHD. T4 MR
HEBOBERENHTFEINS.

BAR—ITOPA



5 ¥i=32EH

o Rtz
% EFRECI O TEZENBORDERRZCENHDEFT.

BR—ITOPA

6 EF(CRRBYA b (ANBIKIGER. EERBHRRLE)

208, HRICEAT 3EHR

eEUNARRT Y- HAXREBHRT Y- HABERY—-EX
(—EFAER EEREEEDTOFE S E > IZIER)

?—REHEEA BAMEENRIZES, BAMEEAR DI R MEEAEERE
HFR—=
(—REFBERV CEREREERTOFE S E O IZIER)

BA—ITOPA

SE R
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Case Report

doi:10.1111/neup.12370

A case of high-grade astrocytoma with BRAF and
ATRX mutations following a long-standing course
over two decades
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Pediatric high-grade gliomas are rare and occasionally hard
to classify. These tumors often feature a well-demarcated
histology and are expected to have a better outcome than or-
dinary diffuse high-grade gliomas in adults. We herein report
a case of circumscribed high-grade glioma that showed a dis-
tinct molecular profile and followed an excellent course for
26 years. The patient, a 3-year-old boy at onset, presented
with a contrast-enhancing mass in the right temporal lobe
and underwent resection. Histologically, the tumor mainly
consisted of compact bundles of GFAP-positive spindle
cells. With its malignant features including brisk mitotic
activity and pseudopallisading necrosis, a diagnosis of high-
grade astrocytoma was made and adjuvant chemoradiother-
apy was administered. After a disease-free period of two
decades, the tumor recurred locally. The resected tumor
was histologically identical to the primary tumor and addi-
tionally contained pleomorphic cells, but lacked eosinophilic
granular bodies and reticulin networks. The primary and re-
current tumors both harbored the BRAF V600E mutation,
and the recurrent tumor was immunonegative for ATRX.
Combined BRAF and ATRX mutations are rare in gliomas,
with only a pediatric case of glioblastoma being reported in
the literature. However, our case cannot be regarded as glio-
blastoma because of its well-demarcated histology and ex-
cellent course. The distinction of either a diffuse or
localized nature in gliomas is important, particularly in chil-
dren, for predicting prognoses and selecting adjuvant thera-
pies that consequently affect life-long health care. The
present case provides novel insights into pediatric high-
grade astrocytomas.
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INTRODUCTION

Pediatric and young adult gliomas are variegated, with some
being histologically hard to classify in the setting of malig-
nant features. In addition to grades III and IV diffuse astro-
cytic and oligodendroglial tumors in the revised 4th edition
of the WHO classification,' anaplastic variants of pleomor-
phic xanthoastrocytoma (PXA) and pilocytic astrocytoma
(PA) occur in this population.>™ Despite their strong prolif-
erative activities, anaplastic PXA/PA generally follow less
aggressive courses than diffuse high-grade gliomas,>” and
this may be due to their less invasive nature into the brain
parenchyma. If a given glioma harbors anaplastic features
such as brisk mitotic activity, microvascular proliferation
and necrosis, but lacks the typical features of PXA/PA, a di-
agnosis of diffuse high-grade glioma is initially proposed.
Under these conditions, the distinction between a diffuse
and circumscribed nature is important, particularly in chil-
dren, for predicting prognoses and selecting adjuvant thera-
pies, including the timing and field of radiotherapy, which
consequently affect life-long health care.” However, it is
challenging for pathologists to accurately evaluate the inva-
siveness of each glioma.

We herein present a case of pediatric high-grade astrocy-
toma predominantly composed of compact bundles of spin-
dle cells devoid of the features of PXA/PA. This case
followed an excellent clinical course and recurred locally af-
ter a long-term latency of more than two decades.

CLINICAL SUMMARY

A 3-year-old boy with impaired consciousness was admitted
to a hospital. Computed tomography revealed a hemor-
rhagic mass in the right temporal lobe, which was



heterogeneously enhanced and was considered to be a ma-
lignant glioma (Fig. 1A). The tumor was completely
resected, and extended focal radiotherapy of 33 Gy and
platinum-based concomitant and maintenance chemother-
apy were administered based on the pathological diagnosis
of high-grade astrocytoma.

Although slight enhancement around the surgical cavity
persisted in the subsequent 20 years, no evidence of recur-
rence was detected (Fig. 1B). However, the patient visited
the hospital with a worsening headache at the age of 26 years.
MRI revealed the recurrence of a large tumor. Despite the
large size (7 x 5 cm) of the enhanced mass (Fig. 1C), the vol-
ume of surrounding edema on T2-weighted images was lim-
ited (Fig. 1D). The recurrent tumor was resected and
histopathologically confirmed to be identical to the primary
tumor. The patient received chemotherapy with temozolo-
mide and bevacizumab and has maintained his quality of life
without further recurrence for more than 2 years.

MATERIALS AND METHODS

Tissue specimens were fixed in 10% formalin and embedded
in paraffin. Paraffin blocks were cut at a thickness of 2.5 pm
and stained with HE. An immunohistochemical examina-
tion was performed on paraffin-embedded sections using
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the  biotin-streptavidin ~ immunoperoxidase = method
(Histofine Kit, Nichirei, Tokyo, Japan). Primary antibodies
against the following antigens were used: GFAP (polyclonal,
1:5000; our own), Olig2 (polyclonal, 1:100; IBL, Takasaki,
Japan), nestin (monoclonal, 1:200; Merck Millipore, Tokyo,
Japan), neurofilament (RMd0-20; 1:100; Invitrogen, Cama-
rillo, CA, USA), CD34 (NU-4A1; 1:200; Nichirei), pS3 pro-
tein (monoclonal, 1:50; Leica Microsystems, Wetzlar,
Germany), ATRX (polyclonal, 1:500; Sigma, St. Louis,
MO, USA), and Ki-67 (MIB-1; 1:100; Dako, Glostrup,
Denmark). After visualization with diaminobenzidine, tis-
sue sections were briefly counterstained with hematoxylin.

In direct DNA sequencing, genomic DNA was extracted
from the primary and recurrent tumors, then amplified by
PCR and sequenced using primers for BRAF, the telome-
rase reverse transcriptase (TERT) promoter, and isocitrate
dehydrogenase-1/2 (IDHI/2), as previously described.®

This study was approved by our Institutional Review
Board.

RESULTS

In the first tumor, intersecting bundles of spindle cells
formed a compact, polynodular mass that entrapped a
medium-sized muscular artery presumably in the

Fig. 1 Axial CT and MRIs. (A) Contrast-en-
hanced CT image at the onset showing a hemor-
rhagic mass within the right temporal lobe. (B)
On a gadolinium-enhanced T1-weighted image
(Gd-T1WI) when the patient was 22 years old,
slight enhancement around the surgical cavity
remained unchanged. (C) Gd-T1WTI at recurrence
shows a solid heterogeneously enhanced mass
that is 7 x 5 cm in size in the same region. (D)
On the T2-weighted image at recurrence, sur-
rounding edema is limited despite the volume of
the tumor.

© 2017 Japanese Society of Neuropathology



Unusual HGG with a two-decade course

subarachnoid space. Malignant features including
pseudopallisading necrosis (Fig. 2A) and high mitotic activ-
ity (Fig. 2B) with up to 4/10 high-power fields were ob-
served. In the adjacent brain parenchyma, tumor cells
partly intermingled with normal glial cells and neurons,
whereas the subpial and perineuronal accumulation of tu-
mor cells was not detected, which is in contrast to that in dif-
fuse gliomas (Fig. 2C). Tumor cells showed moderate
cellular pleomorphism and xanthic changes, which indicated

PXA. Furthermore, lower-grade areas that consisted of
loosely textured bipolar or multipolar cells (Fig. 2D) and fre-
quent hyalinized vessels (Fig. 2E) appeared to be analogous
to PA. However, neither Rosenthal fibers nor eosinophilic
granular bodies (EGBs) were observed and reticulin fibers
were poor (Fig. 2F). In immunohistochemistry, tumor cells
were partially positive for GFAP (Fig. 2G), diffusely positive
for Olig2 and nestin, and negative for CD34. Rare plump tu-
mor cells were immunoreactive for neurofilaments;

Fig.2 Histological findings of the primary tumor. (A) The tumor is predominantly composed of spindle cells forming a compact, polynodular
mass. Necrosis and palisading tumor cells are also present. (B) The dense proliferation of atypical spindle cells with frequent mitosis is shown.
High mitotic activity with up to 4/10 high-power fields is observed. (C) Although tumor cells partly infiltrate into the brain parenchyma, the
border is fairly clear. Subpial and perineuronal concentrations similar to those in diffuse gliomas are not present. (D) A lower-grade area with
loose-textured piloid cells is shown. (E) Thick-walled hyalinized vessels are shown, which indicate a precursor lesion. (F) Reticulin fibers are
limited around vessels. (G) Tumor cells are partially positive for GFAP. The boundary between the tumor (bottom) and brain parenchyma
(upper) is clearly observed. Original magnification: A, x100; B, x400; C, x100; D, x200; E, x100; F, x200; G, x100, inset, x400. Bar =50 pm.

© 2017 Japanese Society of Neuropathology



however, normal neurons or neurites were not entrapped in
the tumor mass. Immunostaining for p53, ATRX and Ki-67
could not be evaluated due to sample deterioration over
time.

The recurrent tumor was similar to the primary tumor,
but showed a more circumscribed pattern. Spindle cells be-
came thicker and a hyaline-like cytoplasm was more evident
than in the first tumor (Fig. 3A). A limited number of
xanthic cells and eosinophilic hyaline droplets (not EGBs)
was detected, whereas reticulin fibers did not increase.

S Nakata et al.

Malignant features including pseudopallisading necrosis, in-
creased mitotic activity (Fig. 3B) with up to 12/10 high-
power fields, and microvascular proliferation were ob-
served. The border between the tumor and adjacent brain
parenchyma was clear (Fig. 3C). Lower-grade areas and
hyalinized vessels co-existed, similar to the primary tumor
(Fig. 3D). In immunohistochemistry, tumor cells were posi-
tive for glial markers. Notably, tumor cells were positive
for p53 (Fig. 3E) and negative for ATRX (Fig. 3F). The
Ki-67 LI was approximately 20%.

Fig.3 Histological findings of the recurrent tumor. (A) Thick spindle cells with cellular pleomorphism form compact bundles. Microvascular
proliferation is also observed. (B) Necrosis and the dense proliferation of pleomorphic tumor cells with frequent mitosis (inset) are shown. (C)
The tumor (right bottom) is well-demarcated from the adjacent brain parenchyma (upper left). (D) A lower-grade area with frequent
hyalinized vessels is shown. (E) Approximately 20% of tumor cells are immunopositive for p53. (F) The loss of ATRX nuclear expression is
noted, whereas endothelial cells retain their expression. Original magnification: A, x200; B, x400, inset x400; C, x100; D, x100; E, x100; F,

x200. Bar =50 pm.
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Unusual HGG with a two-decade course

In DNA sequencing, the primary and recurrent tumors
both harbored the mutation of a valine to glutamic acid sub-
stitution at position 600 of BRAF (BRAF V600E, Fig. 4).
The TERT promoter and IDH1/2 were intact.

DISCUSSION

In this case, based on the proliferation of atypical astrocytes
and malignant features including pseudopallisading necro-
sis, brisk mitotic activity and microvascular proliferation,
GBM was primarily considered for the differential diagnosis.
Although GBMs are typically infiltrative, some are partially
well-demarcated and their dense proliferation mimics a
compact tumor mass.” In the present case, the absence of in-
tervening neurites in compact areas and the lack of the sec-
ondary structures of Scherer suggested a more
circumscribed tumor.

In the current WHO classification, anaplastic PXA® and
PA with anaplastic features’ are described as localized
high-grade astrocytomas; however, not all circumscribed
high-grade astrocytomas clearly fit into either of these.>’
In our case, PXA-like thick spindle cells with a cellular poly-
morphism and partly xanthic changes were detected at re-
currence. However, the present case lacked some classical
characteristics of PXAs, such as reticulin fibers, frequent
EGBs and CD34-positive tumor cells.>® In addition, immu-
nohistochemical results for p53 and ATRX, which strongly
suggest both mutations,'®'® are common in pediatric
GBM" and extremely rare in PXA; p53 mutations have
only been detected in 6% of PXA® and ATRX-mutated
PXA has never been reported; one case of diffuse glioma
with a combined PXA-like component was described
elsewhere.'
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Recurrent tumor

Fig.4 Direct DNA sequencing for the encoded valine-to-glutamic
acid substitution at position 600 of the serine/threonine-protein ki-
nase BRAF (BRAF V600E). BRAF V600E is detected in the pri-
mary tumor (upper) and recurrent tumor (lower).
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The BRAF V600E mutation has been reported in 60—
70% of PXA>' but in only 2-3% of conventional
GBM.">!® Additionally, recent studies revealed a subset of
pediatric and young adult GBM showing a higher percent-
age of the BRAF V600E mutation and taking less malignant
courses.'” ' Korshunov et al. reported a subgroup of pediat-
ric GBM with PXA or PA-like genome methylation profiles,
40% of which harbored the BRAF V600E mutation, which
followed significantly longer courses.'” Zhang et al. and Mat-
thew et al. also reported that 16 out of 107 cases of young
adult GBM and five out of 10 cases of pediatric secondary
GBM exhibited the BRAF V600E mutation and had better
prognoses.'®! Although detailed histology was not pro-
vided, these cases of pediatric GBM with a PXA-like meth-
ylation pattern appear to resemble our case.'’

It currently remains unknown whether concurrent
BRAF V600E and ATRX mutations are associated with a
specific glioma subtype or clinical course. We searched a
public database (cBioPortal for Cancer Genomics: http://
www.cbioportal.org®®?') to investigate cases concurrently
showing these mutations. In 812 samples of grades II to
IV gliomas in The Cancer Genome Atlas (TCGA) pro-
ject,”> the BRAF V600E and ATRX mutations were de-
tected in 0.9% and 26% of samples, respectively, but
were not concurrent. In other case series, one adult case
of grade II diffuse glioma and one pediatric case of GBM
harbored these mutations together; however, detailed his-
tology and clinical courses were not reported.”>** Our case
cannot be regarded as ordinary diffuse glioma or glioblas-
toma due to its well-demarcated histology and excellent
course.

We previously reported a case of epithelioid GBM that
concurrently harbored the TERT promoter and BRAF
V600E mutation.® Epithelioid GBM is a rare aggressive sub-
type of GBM, with 50% of cases harboring the BRAF
V600E mutation.”> TERT promoter and ATRX mutations
are both associated with abnormal telomere maintenance;
the former is mediated by activated telomerase®® and the lat-
ter by the alternative lengthening of telomeres.”’ These mu-
tations are nearly mutually exclusive in gliomas and
associated with certain histological subtypes.”>*® The combi-
natory features of these mutations may be connected with
some histological types and clinical behaviors.

The limitation of this study is the lack of evidence of
ATRX mutation in the primary tumor. A possibility remains
that the primary tumor harbored only BRAF V600E muta-
tion, and subsequent acquisition of ATRX mutation caused
the late recurrence and progression. Further studies are
needed to uncover the significance of concurrent BRAF
V600E and ATRX mutations.

In conclusion, our case illustrates the excellent prognosis
of localized high-grade astrocytoma. This case cannot be cat-
egorized into a specific subtype based on histological


http://www.cbioportal.org
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features and molecular profiles, and further suggests the
presence of unclassified variants of pediatric localized high-
grade astrocytoma in addition to anaplastic PXA/PA. More
of these cases need to be identified and their histological and
molecular characteristics assessed, and this will ultimately
contribute to a more robust diagnosis and appropriate risk
stratification.
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