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[ Abstract]

chemotherapy drugs lack of specificity. They kill the tumor cells, and damage normal tissues and organs at

It is difficult to cure central nervous system tumors using traditional method, due to

the same time. The latest hotspot is targeted therapy on the specific molecules in the molecular pathway of
central nervous system tumor cells. This review introduces the relationship between molecularly biological
characteristics of medulloblastoma, oligodendrocytoma, glioblastoma and the prognosis in the view of critical
intracellular pathway and genetic mutation. Furthermore, it reviews the current situation and progress of

targeted therapy of tumors. As a consequence, it offers some new information for the individualized therapy
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of central nervous system tumors.

[Key words]

Central nervous system neoplasms;

Signal transduction;

Review

This study was supported by Capital Medical Science Development Foundation (No. 2014-2-2013).

Wt R R Bl 22 R G R L 4R Ao A L AR
RO T SRR BT TR A, FR K 2 R G
I IE Hh kT AL BUR 3 5 0y B A S oy T AW
2K, o THLIEIR ST I 2 A0 37 b R B2 W7 i AR
HA . SR 7 ROR A T 25 W 4, i B -5 4
JE PN 731 B DA G o R, X IR AT o AR
Yy o JE VLS 6T 2 HOAT— KRBk A 3005
X £ 240 TR /U 5 M o 4R L e g D I 5 £ 44 i 9
(473 5 LE W) 2 00 2 I H R HL 1] 36 97 BRI A Z5 54

— VB EE 20 1R
T 290 i 9 S /N M L A g R M A AR 2R Ak Y

doi:10.3969/j.issn.1672-6731.2014.12.017

N E IR = I GRERE SO a1 e S I QI B I T R
2014-2-2013)

PEFH HL0L: 100053 JLaT, 1 7 B2 Bk o2 B ik = e g Fi R

W RAE A« 51852 (Email : xwludehong@163.com)

JVR I P 22 b i 2H 2R L 2R AR T N At AR AL Y
JE e 22 SN IR IR . H TR T T BAUR R T
HMRETFARYIBR , LA S G SR 97 f 25 WAL sy,
TR AR E N R o PRI R OB IR 9T O X i
B0 R B U R s R B T O
T AR, BE A X B 200 1 9R AL 1 AIF 5 Y AN
W IR A, K BRI R A 5 Ok T 3 A vh AR 5 e 5 ad
S ] BE S TR AR T ROV A K . IR S
38 B A OGO T AR W AR A L R ORE B B A0 2
AT F W8 WNT B SHH B 24 3 BRI A2 4 7Y,
(DWNT B 47 T2 IL(<4 2 M (> 16 %),
R K Wnt/Wingless 17 5 % 5 38 [ 19 B0E |, 1% TR
iz AT VG Y7 7 AT LR AS RAF TS, 3 48 X HE R
MR I7 WA 9 45 32 6 1 - (2) SHH Y« ¢ 4 /2 Sonic
hedgehog(Shh) {5 5 % 3 3 [ (9 #4005 1, X6 iR fif 300 Fn
JiG JL A0 200 M 34 B o3 Al A BAT SR S AR



B E A 2 2 2014 4E 12 A5 14 55 124

Chin J Contemp Neurol Neurosurg, December 2014, Vol. 14, No. 12 . 1107 -

J AU 32 A0 T AR T A M A TR sl
&5 7, Shh FL AR 55 5 32 1R (Preh) 2545, Shh/Smo £
5 3 B R B, TR L Smo 2B 1, J5 ) 3 R
15 "5« 30 1L 1 5 5 5% T 38 2 67w 9895 I SuFu,
R A M o R AR O g 3 R (GLD) 3 5% AR A Shh
T L DA ek Y, LR R GA T  EOA M it
JE A IR MR o TE RN 0L T L Shh {5 5 7E /N
R B AR /) 10 RURL A B 2 oo R A B AR
SRS 0 0] A5 SORE B A0 R P B . A, Shih fR
5 B I B A R0 o R BE Al MR IR T A R
Vismodegib /& 11 >4 35 B & a4 5 25 00 48 B R (FDA)
WNUE (Y Shh {5 5 % 338 % 40 1 57, 5 8 17 Shh 7 5
B 53 % 1 HL At B 7 40 B ) Smo 28 AR 1A GLIS 5 4F
Sk 1) 25 490 FH T Shih 8076 Y A6 B 20 MR, H R b
Il AR5 B B o 7RV 22 Hof R 2 B v, Hh {7 5 5%
T S A G EAYE Sy R Sl A e S,
RAS/RAF/MEK/ERK . PI3K/AKT/mTOR . % 7 4= £
FZ K (EGFR) Fl Notch i f#% i T 17 78 & £ 14 7 il
XS E B0 B, BT 5 vismodegib .\ sonidegib
(LDE225) Al BMS-833923( 5 Smo #1125 & ) M 45 &
M 32 B )92 &0 o R S I R A 0 58 45 21 B
Shh 15 5% 538 I 5 1 — 38 I 3 A 28 X, T Bk G
6T AT LA 5 3 A5 TR 0 i R T SRR AR AR
(3)41 3 BN 4 /Y. — K o F 2= AL i A 58 4 1
B, ELAR /D & A: Wt Fil Shh {5 5 55 50 [ 50, Ot
X A 2 Y g e S A B A T T B X
1 J2 I DR YA 7 TH I (9 e R Bk R . AT R, 4l
FI 2 5% B i (HAT) #1241 2 (3L 5% A2 T (HMT)
R R S R T R A LR 4 A0 SR S A
B 2 97 5 DR 58 A28 D 45 SRR, 4 3 U2 4 7Y
Jif g A0 U AEAE HMT R H 2848 0 5 18 % /M ik 41
UM HL , BEEE 41 i KDM 1A 3k KT+ , KDM1A
P 461 700 T 30 Ao 00 s PR AN A L T R R T A
A4 A i E g . H R A NCL-1 /437 40 46l 551
S PR KDMLA B T 0 56 e o 4 % AR L BH B
P T 2 R AT G 2 A i SRRV L IR
I R B 4 R AT A A s

2011 4, Northeott % "' & Bl T WNT # | SHH
R 20 3 BRI 4 B R SR B SRR AR AL 4 R
DKKI(CTNNBI) .SFRP1(GLI) .NPR3 F1 KCNAI. H
TH AT B 4 T e e 48Uk 22 e, SO I AR 21
W] e B R S, D O R R A AR
H AT AR

G P 5 2 i i ggE

JUAE /D 5 Jo A L e 96 A o B A B i 1) i B
Wi bR E (B A S22 W AW 2 B2 W 1) E
W52 o Bl 2 % 20 98 G JoT A R ORE AR A R v T
TR MR 4R 20 18 4% 2% 20 B O 1k R AT MR R T
PR RAR T2 K .

/U 5% 8 JB 20 L R ) R R 2 — SR 2 B 1p/
19q [F k2% o 1994 4, Reifenberger % " & B 13X
Filr a8t 1 2 28 A8 HLBY Ay 4 28 iR 27 13 1) A ) 2 s
Y, b5 XA 2 E KRBT 1p/19q [a) B 85k 2 i ML
Bl t(1519) (q10;5p10) A1 5 i, LA K IE 1 1p/19q
AT A= e o A, I Sk 20 28 M I 40 ik 9 11 0 o e 7
WHO T 9 /b 5 J¢ Joit 240 i Jirk 98 R i) A5 1 70 2 Jie I 4
JiL 98 B 1p/19q IR B i 2% 1 &k A R 43 Bl 50% il
70% "o XF 1p/19q 2% A 1 Bk 2% i R I S R A
TR A 56 R A i BE I (PCR) M %¢ 6 TRy 2% 52
(FISH) 45 A, 4R 1 3 PR A ks I 75 vk T Rk AR 2
HLFE T, DRI TE WA R B R RO T e
a-internexin (INA) B2 28 i by 2D 58 Jiig J5t 4t B ik 988 1p/
19q [F] B 85k 2 1 A 00 2 b i 0, 3 30 43— 00 ) F 5
WK R Capicua [F]JEIE A CIC 2878 T 28 48 J5 9 CIC
5 1p/19q [F B 62K B 20 53 168 ot 48 e i e 16 3R
ok, B A CIC FIINA s 4 21k Y o n] DIAE K
1p/19q [F] B i 5% (4 A= 4 2 b s

I FH 25 S D A57 2% A8 B AR A 1p/19q [ B ik 2k
Bt B, B AR 1q f19p Z A5 IR BG4, X Fh B
G %F T 5 A7 18 W 1p/19¢ 7] B Bk 2% 1 70 5 i I 41 it
iR R L S — Rl RS A TS K . Ren %Y
XoF 148 15 20> 5 i Jo 240 i Fifr 98 R0 3 A A S R AT Bk R ARG
B J5 6 2 A 1A R e ) e R 2 R G R A A
WI(PFS) B AR A7 30 440 S %) 7 300 7k 57 (R % Tl U 4y
B E — 25 0IE 52, 33 5 I PR 250 T R AR A 0 4 Y
M PR T 28 AR A A A i kST TR
BRI, X 1p/19 [ B ke 2 g 20 2 Jie Joit 240 i Jiek 98 ] fsf
15 1q A1 19p Z A5 UG, X 1505 2F 0 Fds 54~ e fk
BT HAT EEIRIRE X

29 71% 1) /0 58 I JoT 44 i i 988 A7 7E O°- Y 5 5
W5-DNA H S BB (MeMT) 3L ] )5 8 1 F 34k, BR
YR E B 58 FR 9T A 2L (EORTC26951) B 5%, DL )
T E NOA4 3 K B, MGMT Ji 3+ B Ak 2 2 58
JI2 5 440 B B 98 £ 3 6 POV O B8 CHE S F + KA
B+ ) B R TT ) A B e I T RUER RN T 0 Y
Prai o i i — ISR HE R, MGMT Ji 8 7 H Jkfb



. 1108 - o AR R A A 2014 4 12 145 14555 1201

Chin J Contemp Neurol Neurosurg, December 2014, Vol. 14, No. 12

STz L A R A — 8, T LR R TS
RLUE L IR 5 PR, [) AR P 2 5 e o 4 el o
B AE CpG B 2 B L AR 4y o TS K TR 11 7 e
A F WA CpG & FF AL AL 9 A= A7 1 (5.62 4F ) i
KF CpG & A B AL W R (1.24 4, P =0.000) ',

IDH 1/2 9% 5 718 S 70 I o BF 41 L9 v 4 2R,
HGRAZ AR 5%) o FEARB L STE H , IDH1/2
SRR ARG s AE WHO LA 2 /0 5 658 S5 240 it firk 98
K 69% ~ 94% ' o IDH1/2 3875 1] 5] 2 o- B 1 — R
(a-KG) W1 2- 32 1 W2 (2-HG) 3 fin . IDH1/2 %
AR 2-HG 35 0 i 240 i n] 51 6 B 5 i) 2 00 35 1% 2% 2l
AF (DNA FILLEE Ak K e o 5 59 ), M1 52
ST ek, oy ST bR B & A R R AR AR
RS AT R R LR 5 (MRS) 43 BT 2 AR 7T LA
3 2-HG o A ARKK X B RFIER ] T IDH %8
7 5 S5 9 A/ € B BT 2 W o IDH 1/2 58 78 X i
JEIRE e — PP AR R RAF WS ARG Y. ke R B, BT
A AFAE 1p/19q [R]85l 2% 1y 20 58 g Jo 48 e e 98 78
Yy A IDH1/2 287% , AW RAF; 55— i e, —
2B TR R R BN IDH1/2 575 B JG 1p/19q it
0, HWE AS a0 A B & A 1p/19q B2k /Y 3, B4R
F BN BRE

= IR 4 i g

2 I B 40 i 96 2 BN DL 0 O D R S
JirgRg R N S SO R G R 2 — o
B 240 H 95 200 B B 9 A K, R AR SR AR R
TR L 5B 20 MR X R R T 8 2
97 #B B AT HEBT P, B T AR DI BR i g R R R R
57, B AL EAF IRy 12 ~ 15 T R
o — P IR IT ik

R 22 B4 o B 24 ik 9s SRy DR M B Bk AR R
oI JE O R 0 R T Sk A Ak D M S 0T B A AR RS o 7 A
I AR JETRUAT 5 AN B 4 F 2 B R R PR B O 3R
B E K T Z R (EGFR) FER 10 5 Y4 (0 A i 2 1ty Fn
ik 1 LA R Y (PTEN) 525, 4k & M 0]k ps3 %
A% Sturm % 0 ) 43 F AL o 30 ik % o RN
SRALLEG AT BT, K 210 161 158 5T B 240 M 8 AR 4y oy
6 A 55 1 WA AR N8 Kk, KA IDH F TPS3
ZEAR | JE 2 B R Rk, R B IR B cpG 3t fk
AL (G-CIMP) W 5t (& 2 i =X 55 2 W & A= T L
L, FR TR AR AR T R A A, T i T A ST B 4 R L R
T R IR HIF3AK27 5375, /0 53 Ji¢ Jox 4 M e sk 1A
F2(0lig-2) o BAYE, BUS A R ;56 3 WA 8L 4

FHAE N, 8 TP53 M H3F3A K75, CpG 5 1% H 3
b o oA 3 A 32 R A T AR N H 2 A
(4R AE PE R B EGFR ™3 | [a] J0) 85 11 4 ot 3 il
6157 2A (CDKN2A) 5% 5 [a] Jo1 7Y AH X 45 /0 %) JE 1A
53 A% AL R B8 DU H 0 e A% 5 Db 45 30 780 2 3 I
AN MR A KR F 2 AR A (PDGFRA) 37 35 il
CDKN2A 812k .

FE R U RE A5 A i o B 4 i U AR E PR AL Oy
A RIEYT 7207 A 6 B 5L AN IR 6 b oy 7 it
AT o3 Hr R W], — SEOR 431 UL 0% Ji Jo B 4 9 7. Y
(4N IDH 7% T F H3F3A 578 G34 WY ) S A= A7 ) o
K, HANBE N H R 7 8 25 W A g7 b 3R 45

N5t A2 2% L SR T, I o 4 i R 2 — Rl B
v B S BT R b R R T AR R Y R DR A A Y
J& AR T B T I b ) I DR 9 AR X6 e I B A4 i R
T R i 2 AR YL DA S A R AR
HE DR Ay B S HE AT B ) 96 9T R A T RS BT BE 41 MR Y
— T . VE 2 BRI R B R AR A S R T TR
PO (RTK) B3 CH: R 30 38 3 1 ) 01, A B i 97 e
JoT B 20 LR P VAR S Y KRB HUERIF T2 Ik
81 Sy 1 W A 1 52 A TR 2 R U, L R O A T
SN WA 5 G N, DT TR B R L 43 s I A A=
A, 30 28 {5 5 5 e 0 K N R AR S AR
&4 BB )96 7 B ST Bk 40 LR Y H s

o Ak LN R N o) A w1 W5 o A N o o 1 i |
AT REDURIG ST o /INGr 13 il R 2 1% 24 iR ¥
it 410 1) ), G0 Ao 3 AR R T R TR D A )
T 1) 240 6L PR 235 A S5, DT BEL BT S5 R 95 A 5 1l T i
B 5 T PR BE BT AAR S K Ar T ARG W, AN AR S 4 i
FE, AN B 0 1) 2 G A AR 3R AR ) R L A R BB
(e DA 3 36 v, 888 1] 25 ) A Sy ok N7 IR YT kAT T A
R e T B 240 9 SRR 12 W 1 e T B A R, B
HCRHETT 25 ) 407 B A T

TR AR R T Z AR5 S0l P 12 e
B} 4 B 98 5 D8t A% 2% 2O, ) 609 8 5T B 241 9
Vo ks R EAKKE 2K, 2l 2
EGFRv Il B 58 28 22 45 5 A2 b 26 4 | I 48 26 U2
22 o VF 2 /N 53 T S TR T 40 ) 5 R B B A T A4
KEH FHW R LA KN F2ZIRGES . HFE
Je IR B e R AR /N4 1 R B A K 32 4K
i 2 T % e 00 4 500, B RS R O R A I AR A 3K
5, 5 3R AR R 32 UK P O A5 R S A, AT
T T AT S T B R I PR T B S G



B E A M 2 2 2014 4E 12 A S 14 555 1201

Chin J Contemp Neurol Neurosurg, December 2014, Vol. 14, No. 12

1109

W EESE, 35 AR R R B R JE B AT T AE i
R, I3 2o 1 1) 3 Bz A K TN 1 32 AT A K AR
FEA0T o AR, H I PR A 36 O R 3k B UG 9T RCR
ToAVe AR o 5V I B A0 R B — 7 1l B2 W
F19 I Joi £k 240 5 P TS R T S AT R T I
HoR BoR ARl R A 27

L /N B A AR TR 1 52 AR o o kT T B A
JE IR 55 — Fb A WLk i A R A R T T
S eV S ERED) IBU IR eSS SNID- #0/5 =W (i LTI
M TE R > A7 T R — AR A/ AR R A K
DA 32 AR HG A 33l T — R 9 /N 2 1 22 e 4 o
H 55 B A R 52 R T A TR A R AL e e
] /N A DR A K TR A2 AR 3R TR R T BEL 0BT T
U {55 e B B E e . [FAE, O 5 e i PR L 37
T He il

Wi R ATF 5 43 W, /0N 731 1 2 TR 388 il 440 ) 50 %
IS8 J5 B 240 i 96 RO B Bk P X R T R A K W
Jb 22 13 578 R 20 25 A e Tl B A0S T R S5 o
PEAIG = 32 5 0 B — JE D R AR ST R W] # g T
B Rl e T R R YT BORRE AR R
1A SR A R E S QU L (e PR gy RPN TR (1) S
1 2 P B — 0 () 2 1) sl A 22 /N O3 1 T R
WS 5. BRI LE Ty AT LR o B R T AL, B
(i) IS L 38 T 1 2R e B R A A XU

V% PR — Rl BT AN BB, S Rk
T AE A0 R 2 B 20 i R T A R 2 AR R T2
PRI S5 4 45 A I 5 4 A BEL Iy 5 At 7 R dn 5%
FERNF-a(TCF-a) &5 o PU % Hp il S BUR &
A PR 32 MRS ARF TR IR, 0 L 5 1 A i A
PO AR A M R o i DR T B A S 36 45 2R
R VY 2 SR A R A0 A I O A K B
Yy A A7 1 2 A T AT i R 3K 36 v R AR s
BHETE

O3 e o R TR R 1 R SRR, O B i R K R
RGN B2 W S T RO T A R, T
Py 5l R B A D O B2 W BRI T S B
e, 0 HLE R HI W T OGBS BT X G B BT
1R A5 5 % 1 e e Sk R Z i 1) 38 1] 90 7 R A
ASPRAL R IT AN T Bk R 2y, AT R 2 W S R T
B E—AE BB

& % x Wt

[1] Taylor MD, Northcott PA, Korshunov A, Remke M, Cho Y],

[2]

[5]

[8]

Clifford SC, Eberhart CG, Parsons DW, Rutkowski S, Gajjar A,
Ellison DW, Lichter P, Gilbertson RJ, Pomeroy SL, Kool M,
Pfister SM. Molecular subgroups
current consensus. Acta Neuropathol, 2012, 123:465-472.
Teglund S, Toftgdrd R. Hedgehog beyond medulloblastoma and
basal cell carcinoma. Biochim Biophys Acta, 2010, 1805:181 -
208.

Varjosalo M, Taipale J. Hedgehog: functions and mechanisms.
Genes Dev, 2008, 22:2454-2472.

Han YG, Kim HJ, Dlugosz AA, Ellison DW, Gilbertson RJ,
Alvarez-Buylla A. Dual and opposing roles of primary cilia in
medulloblastoma development. Nat Med, 2009, 15:1062-1065.
Jimeno A, Weiss GJ, Miller WH Jr, Gettinger S, Eigl BJ, Chang
AL, Dunbar J, Devens S, Faia K, Skliris G, Kutok J, Lewis KD,
Tibes R, Sharfman WH, Ross RW, Rudin CM. Phase [ study
of the Hedgehog pathway inhibitor IPI1-926 in adult patients
with solid tumors. Clin Cancer Res, 2013, 19:2766-2774.
Brechbiel J, Miller - Moslin K, Adjei AA. Crosstalk between
hedgehog and

of medulloblastoma: the

other signaling pathways as a basis for
combination therapies in cancer. Cancer Treat Rev, 2014, 40:
750-759.

Parsons DW, Li M, Zhang X, Jones S, Leary RJ, Lin JC, Boca
SM, Carter H, Samayoa J, Bettegowda C, Gallia GL, Jallo GI,
Binder ZA, Nikolsky Y, Hartigan J, Smith DR, Gerhard DS,
Fults DW, VandenBerg S, Berger MS, Marie SK, Shinjo SM,
Clara C, Phillips PC, Minturn JE, Biegel JA, Judkins AR,
Resnick AC, Storm PB, Curran T, He Y, Rasheed BA,
Friedman HS, Keir ST, McLendon R, Northcott PA, Taylor MD,
Burger PC, Riggins GJ, Karchin R, Parmigiani G, Bigner DD,
Yan H, Papadopoulos N, Vogelstein B, Kinzler KW, Velculescu
VE. The genetic landscape of the childhood
medulloblastoma. Science, 2011, 331:435-439.

Jones DT, Jager N, Kool M, Zichner T, Hutter B, Sultan M, Cho
YJ, Pugh TJ, Hovestadt V, Stutz AM, Rausch T, Warnatz HJ,
Ryzhova M, Bender S, Sturm D, Pleier S, Cin H, Pfaff E, Sieber
L, Wittmann A, Remke M, Witt H, Hutter S, Tzaridis T,
Weischenfeldt J, Raeder B, Avei M, Amstislavskiy V, Zapatka
M, Weber UD, Wang Q, Lasitschka B, Bartholomae CC,
Schmidt M, von KC, Ast V, Lawerenz C, Eils J, Kabbe R,
Benes V, van Sluis P, Koster J, Volckmann R, Shih D, Betts
MJ, Russell RB, Coco S, Tonini GP, Schuller U, Hans V, Graf
N, Kim YJ, Monoranu C, Roggendorf W, Unterberg A, Herold-
Mende C, Milde T, Kulozik AE, von DA, Witt O, Maass E,
Rossler J, Ebinger M, Schuhmann MU, Fruhwald MC,
Hasselblatt M, Jabado N, Rutkowski S, von BAO, Williamson
D, Clifford SC, McCabe MG, Collins VP, Wolf S, Wiemann S,
Lehrach H, Brors B, Scheurlen W, Felsberg J, Reifenberger G,
Northcott PA, Taylor MD, Meyerson M, Pomeroy SL, Yaspo ML,
Korbel JO, Korshunov A, Eils R, Pfister SM, Lichter P.
Dissecting the genomic complexity underlying medulloblastoma.
Nature, 2012, 488:100-105.

Huang X, Wang S, Lee CK, Yang X, Liu B. HDAC inhibitor
SNDX - 275 enhances efficacy of trastuzumab in erbB2 -

cancer

overexpressing breast cancer cells and exhibits potential to
overcome trastuzumab resistance. Cancer Lett, 2011, 307:72-79.
Northcott PA, Korshunov A, Witt H, Hielscher T, Eberhart CG,
Mack S, Bouffet E, Clifford SC, Hawkins CE, French P, Rutka
JT, Pfister S, Taylor MD. Medulloblastoma comprises four
distinct molecular variants. J Clin Oncol, 2011, 29:1408-1414.
Reifenberger J, Reifenberger G, Liu L, James CD, Wechsler W,
Collins
tumors shows preferential allelic deletions on 19q and 1p. Am ]
Pathol, 1994, 145:1175-1190.

VP. Molecular genetic analysis of oligodendroglial



1110 - R E AR B A 2014 A 12 S 1455 120 Chin J Contemp Neurol Neurosurg, December 2014, Vol. 14, No. 12

[12] Minniti G, Arcella A, Scaringi C, Lanzetta G, Di SD, Scarpino J, Versteeg R, Volckmann R, Mikkelsen T, Aldape K,
S, Pace A, Giangaspero F, Osti MF, Enrici RM. Chemoradiation Reifenberger G, Collins VP, Majewski J, Korshunov A, Lichter
for anaplastic oligodendrogliomas: clinical outcomes and P, Plass C, Jabado N, Pfister SM. Hotspot mutations in H3F3A
prognostic value of molecular markers. J Neurooncol, 2014, 116: and IDH1 define distinct epigenetic and biological subgroups of
275-282. glioblastoma. Cancer Cell, 2012, 22:425-437.

[13] Nagaishi M, Suzuki A, Nobusawa S, Yokoo H, Nakazato Y. Alpha- [21] Bai RY, Staedtke V, Riggins GJ. Molecular targeting of
internexin and altered CIC expression as a supportive diagnostic glioblastoma: drug discovery and therapies. Trends Mol Med,
marker for oligodendroglial tumors with the 1p/19q co - deletion. 2011, 17:301-312.

Brain Tumor Pathol, 20]34[Epub ahead of print} [22] Patel M, Vogelbaum MA, Barnett GH, Jalali R, Ahluwalia MS.

[14] Ren X, Jiang H, Cui X, Cui Y, Ma J, Jiang Z, Sui D, Lin S. Co- Molecular targeted therapy in recurrent glioblastoma: current
polysomy of chromosome 1q and 19p predicts worse prognosis challenges and future directions. Expert Opin Investig Drugs,
in 1p/19q codeleted oligodendroglial tumors: FISH analysis of 2012, 21:1247-1266.

148 consecutive cases. Neurol Oncol, 2013, 15:1244-1250. [23] Dillman RO. Cancer immunotherapy. Cancer Biother

[15] van den Bent MJ, Gravendeel LA, Gorlia T, Kros JM, Lapre L, Radiopharm, 2011, 26:1-64.

Wesseling P, Teepen JL, Idbaih A, Sanson M, Smitt PA, French [24] Peereboom DM, Shepard DR, Ahluwalia MS, Brewer CJ,
PJ. A hypermethylated phenotype is a better predictor of Agarwal N, Stevens GH, Suh JH, Toms SA, Vogelbaum MA,
survival than MGMT methylation in anaplastic oligodendroglial Weil RJ, Elson P, Barnett GH. Phase Il trial of erlotinib with
brain tumors: a report from EORTC study 26951. Clin Cancer temozolomide and radiation in patients with newly diagnosed
Res, 2011, 17:7148-7155. glioblastoma multiforme. J Neurooncol, 2010, 98:93-99.

[16] Cohen AL, Holmen SL, Colman H. IDHI and IDH2 mutations [25] Ostman A. PDGF receptors-mediators of autocrine tumor growth
in gliomas. Curr Neurol Neurosci Rep, 2013, 13:345. and regulators of tumor vasculature and stroma. Cytokine

[17] Lu C, Ward PS, Kapoor GS, Rohle D, Turcan S, Abdel-Wahab Growth Factor Rev, 2004, 15:275-286.

0, Edwards CR, Khanin R, Figueroa ME, Melnick A, Wellen [26] Mellinghoff TK, Wang MY, Vivanco I, Haas-Kogan DA, Zhu S,
KE, O‘Rourke DM, Berger SL, Chan TA, Levine RL, Dia EQ, Lu KV, Yoshimoto K, Huang JH, Chute DJ, Riggs BL,
Mellinghoff IK, Thompson CB. IDH mutation impairs histone Horvath S, Liau LM, Cavenee WK, Rao PN, Beroukhim R,
demethylation and results in a block to cell differentiation. Peck TC, Lee JC, Sellers WR, Stokoe D, Prados M, Cloughesy
Nature, 2012, 483:474-478. TF, Sawyers CL, Mischel PS. Molecular determinants of the

[18] Polivka J, Polivka J Jr, Rohan V, Pesta M, Repik T, Pitule P, response of glioblastomas to EGFR kinase inhibitors. N Engl J
Topolcan O. Isocitrate dehydrogenase-1 mutations as prognostic Med, 2005, 353:2012-2024.
biomarker in glioblastoma multiforme patients in West [27] Stommel JM, Kimmelman AC, Ying H, Nabioullin R, Ponugoti
Bohemia. Biomed Res Int, 2014:1D735659. AH, Wiedemeyer R, Stegh AH, Bradner JE, Ligon KL, Brennan

[19] Theeler BJ, Yung WK, Fuller GN, De Groot JF. Moving toward C, Chin L, DePinho RA. Coactivation of receptor tyrosine
molecular classification of diffuse gliomas in adults. Neurology, kinases affects the response of tumor cells to targeted therapies.
2012, 79:1917-1926. Science, 2007, 318:287-290.

[20] Sturm D, Witt H, Hovestadt V, Khuong-Quang DA, Jones DT, [28] Patel M, Vogelbaum MA, Barnett GH, Jalali R, Ahluwalia MS.
Konermann C, Pfaff E, Tonjes M, Sill M, Bender S, Kool M, Molecular targeted therapy in recurrent glioblastoma: current
Zapatka M, Becker N, Zucknick M, Hielscher T, Liu XY, challenges and future directions. Expert Opin Investig Drugs,
Fontebasso AM, Ryzhova M, Albrecht S, Jacob K, Wolter M, 2012, 21:1247-1266.

Ebinger M, Schuhmann MU, van Meter T, Fruhwald MC, Hauch [29] Fukai J. Nishio K, Ttakura T, Koizumi F. Antitumor activity of
H, Pekrun A, Radlwimmer B, Niehues T, von KG, Durken M, cetuximab against malignant glioma cells overexpressing EGFR
Kulozik AE, Madden J, Donson A, Foreman NK, Drissi R, deletion mutant variant lll. Cancer Sci, 2008, 99:2062-2069.
Fouladi M, Scheurlen W, von DA, Monoranu C, Roggendorf W, [30] Combs SE, Heeger S, Haselmann R, Edler I, Debus J, Schulz-
Herold - Mende C, Unterberg A, Kramm CM, Felsberg J, Ertner D. Treatment of primary glioblastoma multiforme with
Hartmann C, Wiestler B, Wick W, Milde T, Witt O, Lindroth cetuximab, radiotherapy and temozolomide (GERT): phase [/
AM, Schwartzentruber J, Faury D, Fleming A, Zakrzewska M, II' trial: study protocol. BMC Cancer, 2006, 6:133.

Liberski PP, Zakrzewski K, Hauser P, Garami M, Klekner A, (WS H 9 :2014-10-10)

Bognar L, Morrissy S, Cavalli F, Taylor MD, van Sluis P, Koster

TEHRNBEBE AT 201545 12 W IE 80 i 8 — B, R N A T R A A I 1 585 — 2R T 5 il 2 o
— G TR R 05 5 L e L 2 e o B A e SR AL 5 A PR 22 2 I A TR AR S P S R 5 T ] DC BRI — 2
By H 0 4 805 5 AR 2 5 2 o R R N I A — S T 5 ek B DRT A AL A — 8 97 ) A T 5 I i
eI TR B FCTUS SR T s HAT SEDAN 373 Ko AH G i 1087 6 I8 PR 2 F900 2 1 okt P 4 o 9 A o 10 % A0 I PR AUF 7 5
ABCD3- 1 V23 15 5 8 P il e x4 0007 536 977 Hh AR IS 5 96 38 2R TR TG et 7008 S ke ot 48 2 v 8 387 L 58 78 e - S I 2
F1F A s 200 3 A i U7 1R 445 5 B 1 PR D 5 e e a4 e R L ROR R R SRR AR A I R s miRNA-29a TE 1 22 21 i vh
0 2 TR R 5 P00 DR A PN Sl DR LA A T AR I BB 8N 5 A /N IR AT S B TR 5 O 5 B I AR OGP e a4t A il
PRATF ST BLAR



