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Glioblastoma neovascularization and MRI evaluation

Zhang Weiguo ( Department of Radiology, Institute of Surgery Research, Daping Hospital, Third Military Medical University, Chongqing,
400042, China)

[ Abstract |  Glioblastoma multiforme ( GMB) is among the neoplasma with highly abundant vascular
structures. The formation of neovasculature is believed to be the major factor responsible for the growth and
invasion of GBM in the brain. The neo-vascularization in GBMs includes vascular co-option, angiogenesis,
vasculogenesis, vascular mimicry, and glioblastoma endothelial cell transdifferentiation, which are interlinked
in the development of glioma. MR perfusion and their derived sequences have been used to estimate cerebral
blood volume, cerebral blood flow and mean transient time, and indirectly measure the tumor vessel caliber and
vascular permeability of tumor. Anti-angiogenic therapies can produce normalization of glioma vasculature,
which can be also reflected by MR perfusion. So, perfusion weighted imaging (PWI) and other MR techniques
can be used as predictive tools to evaluate the pathophysiology of GMB vascularization.
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tion; magnetic resonance imaging; perfusion weighted imaging
Supported by the National Natural Science Foundation of China (81271626) , the Scientists Fund of the National Natural Science Foundation for Young Scholars
of China (81201139), the Key Program of Natural Science Foundation of Chongqing ( CSTC2012j;B10028 ), the Foundation of Clinical Medical Research of

Third Military Medical University (2009XLC29) and the Staring Fund for Personnel Returning From Overseas of Ministry of Education (2010-1561). Corre-
sponding author: Zhang Weiguo, Tel:86-23-68757621 ,E-mail: wguo. zhang @ gmail. com

J 5t BE 41 i 97 ( glioblastoma multiforme, GBM) & HE A B B0IRg (1 PR A= 1 SR 35 3% 1 o3, o2 g -1 4
JIIREE AN & i@ N S =Y (VRO N N 1= 5 82 37 (O £ e i e o e R N R
P R AT S SR RIS 5, SR AR 3R B A L 2 5 A T i — 2 (2 e g i e
dER NI DA E R R 22 59) . Bk s & GBM #& BH 1F fifeg 1 48 1 i B BB A AE 1971 4E | Folkman'?’ EreA
WAL EAA A R TPIE USRI 1AL 0 B SRR 60 oy o e O A BE T 55 1 YA 7l R T — S R

A RCPE , BEAS (T GBM A — BLI (8] N 46 /), Tl 45 %
(EEWE] R AR (81271626): 1% AR e e VLI ILUACER I AL A A BRI, AT R R a2 B
(81201130) s kil (1 AR LG AU F (CSTC2012i10028) s R4k 171 Xk 240 0 25 14 245 0 7= 2 W [l VR P T st T
R RFHITE & (2000XLC29) s BATAR AT ELA SR e BN - 40 5 111 465 DA Ry 24 .
SEE A L AT 20101561 ﬂg A T4 i 'ﬁi/ﬂml i W{%,ﬂiﬂﬁlﬁ;ﬁﬁﬁfﬁﬁﬁ,fﬁn
CEEE] R 5 M AR S W S, feEay A SOR AN BOA ST o (EUR, B R
B B P U A S S BB S, R A D [FVA YT RCRAT R R T 1 L IR A R B BT
B LB B M TR B AP K ORI ER RS gan sy e B T e A S
VS T BB R A | SO IGRE X 14 B BB iy ﬁ %quﬁ“?%ﬁifl E‘E?j/%z‘ﬁml E‘ﬁﬁm{”ﬁmﬁ
BB TR . i oyesrsren,  RILEIEA T A G R TR AR A L
E-mail: wguo. zhang@ gmail. com AP R A PhmiC W AT RE ST . AT 204
[R5 HAR] http://www. cnki. net/kems/detail /51. 1095. R. 20131022. 1408. 002. N NIENN s B ST B A
(20131022, Eﬂ;ﬁ Iﬁei}(/, _XT 2 J5 B 4 L 96 160 T8 R MIRT SEA ) 4F
FEHERIAT IR




35 B 24 W)

2604 2013 4E 12 A 30 H ] Third

¥O= K BE R ¥ ¥ OMR
Mil Med Univ

Vol. 35, No. 24
Dec. 30 2013

1 o st JoT £ 48 e e A 28 I 7 B % S

L1 B8 b £RA5H X

JE S5 £ 240 L 96 B 2B INLAE T A 22 Bl AT R Y AL
HN AL IR A DA A SR A A L I
S i Te A L e A I 7 RE (DS R B AR R AR 1A P
B LA A2 RS AT GBM P Jz 5tk 2 5 i
%% (intussusceptive microvascular growth, IMG ) 2 i J5ii
Jed 1078 A 0 oy — A7 U Elorb SE IR 2, i AR K 7 =Un]
TEAI ] A8 1 AR 1R T i B v I, A = Mg A
TR IE B

185 A Holash 451 ¥ Se4fait , IA N 2 e TR
A AR TR ARAR A Y A i 3K, S SR I g A
JL TR HE S DA T T R FEDE il SR A 5%, 2
PR AR I 22T R A5 048 A 2ok A2 T I e e
B ES AR R TR AN AE A R 10 A S
IR RSP VRYT 7™ Az 052 A, o Jg o 98 440 ff B 4%
Gy AR SRV . B I TR A HERS | g i) 28 K il
N AT R T, AR Y i A R & A IR AR I R
B SRAE , i A i R B

A8 A o8 — PR B R LA it A8 e A= Ty AR A% i 4
Je B, SRR A A SRR T IR AT A/ N B Sk LA B
20 1l A5 FN B 40 045 e 1 Dk LA 1) 2 ARG, BA K
SR TR ek g 1L AT ) 7 = O, A
A R 2R B A R AR R 22RO e B AR SR 4 A, i 4
0 1] it A8 A BRI PR 1 v Rk XKIRATE RS, BB Y
SRR Z R A 200 B, A7 200 AN 8 2 2 412 s i A=
BN, I 2R RS 7 A B R R A i
B PR R A 04K A R 0 1 A R 4
I 32 P R R LA R 7 5 G SR 240 i s 3 1 e fie , O
2Bl BT A A RE | S 2908 1 56 28 1 HL A I i
PEINEER A I L IMG W B 2 R R 2 a4y
PRI A A T R Eh T LA B PN B I A L B
TS N PN B R ok S S0 R A I A 1 03 LT B
FUAT ISR R A R B ) FH 3R DA ROR A I
ST RN AT BB B S R L A5 A e B AR A P, A
JoIRE Th A AEAE IMG, T EL e A PR AR B B sy, IMG f7 7
W,

I8 A SRR BRI B A 5 200 5 A U B
22 iR DX, R 3] i A BE T e 24404 O 1L A8 N R 4
Ho PR AN M S AT IS A5 e 2 RO R 4 1 oAt
1 CD45 " Bz A & , (4% CD11b ™ 8 R A0, Tie2 *
B BAAZ AR A . VEGFRI * 3 IfiL 20 Bt | 988 A G 9 5 41
OB AT R 5 S IR ZH U o A AR TEAS [R) ) G SR
T o LIS ], FE BT IS VA T RO I A2 R R R T

Jed v IS K AR R A LRSS TR et R b A E A
RN AT AR A A A R I A R R A i AR,
H TRYT T30 SDF-1 45 X - 155 22 18 02 1o 15 ke 1052 240 e
) GUORITE I P S5 SR 1S i 2

1L A AU S (vascular mimicry, VM) [ FEAS 45 44)
S BRENEE LA R FE N RS A T HES ) 1Y) e 4 i 3 [m] 4
B IS5, N2 TN B el , (B8 B i Bl g
SERHY . El-Hallani 451" ESE T AN R B 41 g )
ZAETE A A B B UM A8 T 5K, 45 % bR A U] i
A 1S 2 A VM IR, 12.5% il K BEY i £
AP FEIN B VM 454, i — DT a5 R R
HRE7 VM SR A T I AE AR R 20, % 4 e )
st EL A o 22 T 4 R O 5B A4 Y 1 AR L 0 T
TR WS 1, 22 b BB T dn s b mick , A
IF ik T 75 3 e 40 A 55 PN B 200 B G [ A7 A R
oL PR RER I

2010 4F Wang'"®' fil Ricci-Vitiani'" $}38 , ¢ 598
A (A0 M) WIS BRI A RE IR 5L A AL
A5 PN B AL, 320 1 440 A A Sy Mo 9 A T ) P B 4
2 ( tumor-derived endothelial cells, TDECs ) , B /G fifJ&d
240 BRI PN B A L P R S M R AR, T O I A il
HA 5E36 19T, Soda 2510 e sh R0 o B4 /R
T A A BRI T AT GFP 26HRICH) TDECs B 25
SRR o BB A A L AR B SR T I A RE A
Sk JV e 240 R A B8, EL R = P B AL, S 8 v R AR
AETRE (1) I TE A ML 2R 3K PN B A B bR AR A, T S
968 A0 M 27t - AR TR 1) 9 A I 7B AT PR R A e 8 R
ARG A 2 X, H R LA B 5% 7R, TDECS
TERIRE BT A A8 TP AR A AE AR, BLUW W 60 T 14 S TRl it
PN A BE b TR e 3 AR L e RERY S
KT TDECs J& B 57988 7 A6 145 04 1V T A A AR B X
AFTE—E WL
1.2 B 98 o 5 75 R 09 £ %2 AUl

T G S8 T A M8 E it e v, A 22 i i A8 1A
F S HA T AT 5 PR i 52 5 SR AN [l By
BORZERI R AR AT 1, 5 2 A Sn AR B A4l
WP FA 25 Rz 2 R A 2 &
L T G R I A ) Y T T A Y T A7 A
WA BENH 25 B R i A S A
i S SR AR P e A 455 PR A AR PR REAIG  A  T
IRAR AR PR 3Rk S o s B RS M v DL SR =
I A5 A A FHT 52 e Jieb g 1) 2 2B R R AR . B
Jir 3 21y Bk 2% % I F (hypoxia-inducible factor,
HIF) (9 1385 B B 8 A= 18 B A B VTR G &R,
HIF {43805 #5348 8 B2 A2 K KL (vascular endo-
thelial growth factors, VEGF) 5% {#& ( vascular endotheli-



35 B 24 W)
2013 412 A 30 H

¥O= K BE R ¥ ¥ OMR
J Third Mil Med Univ

Vol. 35, No. 24
Dec. 30 2013 2605

al growth factor receptors, VEGF-R) 25 Z#h 5 [ 1 il
A OCH R T . HIF J2 i 8 Gl 8 B 1 o 2 90 35 [
5, PO R A A G B s SN R A HEVE D L B )
BRI S AT DI RE A S o — 2D R IR AR A
HIF DU PRt 41T 223k B, AT BOGHEPE A, 1
AR FE N AR GR A 4 FOEAY, Ang-1 3
VEFH R 5545 100787 F) 200 ML, 445 10048 1 5 Pk 1 e Joe g
T3 BRI 0 3 2 T O A AR A G T Ang-2 Rk
KR BN A AR S T B, VEGE By Bl &R
A 2K, B= VEGE BYTERL T, 2324 iz
AN TR R AL Y . Ang<4 AR AN BRI SR
AL BV, 2 RAK Ang4 AT LUAE HE K TR Y L
AR O B O A0 M Ah R 7 A O T A 2 GBM
R R T RE AR R T VEGE 635 B . 19,
SR TE RS IR BT DX B AY O bR IR HE B Y e
QAP . VEGE KRk 7 FR 4L >
VEGF-A 2 F£ZI =, HZ &k VEGFR-1 fil VEGFR-2 £
BRI B AN 0k BAT I8 N Bz ALY A7 2293 %L
B A0 AT ) 1) A R e 4 e 0 T VR L 5 PN R A
MR SEARSE G R BNE T AL VR ek A Z i
A EE bR IS S A TEA N | K= i iy 8

2 Py E MRI A

0 fi A A KRB 1~ 2 mm S I G 57 B (14 245+
AT RESZ A, T BEA Iried i) g — 2B A= 1, Iebgg 1L 8 T i
WG 22 T8 G M A5 ZE AL | U S R A
JERES DN s N R - S Al IRE R s es
Moo A A8 0 £ 2R AR, AH B I AS e S Wb 78 1 1 4
R A BE BV TR A R I A8 3 3 v A 5 b R AR 2R
FUEMEFR A SCHIE AR D REAR DL o ki e 1 4
THRE b0 S BRI B R R 0% i 3 A
I AACEAT B ()R 23 ) b A A1 — 1, ZE A [R] 7 i firh
ol Z A AT 22 5 o IRE I A8 5 AR AN 1) — Bl i 1
TS ML A A, MR 7E — E R B B 08 K e fib
TR AR NS R S TN TRE R S8, WS B 12 W7 %
PEFRFE A DL A8 R 7 SOR 55 J7 T B PPN A 45
ARSI, [F] I 2 % e S g ZH 2~ DA A RRh 72
2.1 MR # iz

MR 3 84% ( perfusion weighted imaging , PWI) £,
TENR B B s W Sz i R AR B
A FE v 1ML 254 ( cerebral blood volume , CBV') i Ifil /i 18
(cerebral blood flow, CBF) -3 i Bt [&] ( mean transit
time , MTT) 1 Je8 1L 487 () 38 75 M . PWT 5z e 1) 2 i fiep
Jed 4 IML3AE 30 3 2278 A RT IR T A LA 1) 22 /D TS J2
i B A BB AR B2 . PWIL i I ) JUUT 91 4 45 3h A

BBURINALT 51 F1 3l ik F €45 i (arterial spin labeling,
ASL) J¥ 31, Fii 4 75 2L FAME M MR X)L, 1 5 &
2R R REIAR 1 ok b e 20 % 3 B I 3 2R A T R A A i
HCIR /N sz W i i e 78 ot O £ 1 A2 Ak, A B i O U
[ AT 43 M2 Mk vp ASL B R 5 28, 5 — AR H N
DEPERE BRI 2 10 1 5 R T A R S R R
R (flow enhanced signal intensity, FENSI) , AN [&] F ASL
I E /Y CBF [ mL/ (100 g - min) ], B LA ifi 3 8 fE
[ cerebral blood flux, CBFlux, mL/(c¢m® + min) | /R,

PR 8 % 8 (volume transfer constant, Ktrans) f&K
ST e = 4 10 A %) 2 T BRI I A A B L 1RER Y
JEXT EE TR I 2 1 1 A A 20 21 8] B ( extravascular
extracellular space, EES) i i %, & — 1 E &R, 1F
A ZLEAT S8R U B B, Kirans 4238 T% . Kirans
(A5 Ak 55 A A AR A I A R RS 1 1 4T A 2 )
MKFR, 5 CBV JMIEAE, HROCIHASR , an A g il
VG Z AR A BV R, CBY (g ind A2
£ Kirans 39K, 1991 4F Tofts il Kermode 7E MRI 3}
T, WI 14 5% 1% 1% (T, -weighted dynamic contrast-en-
hanced MRI, DCE-MRI) i+ 345 Ktrans, ff 5152 2
o FH 5 FH T I S5 98 Tl o 65 3 o 1 1) s A PR A D
FELEERE It R 2Rl B 0 25% 8h Jy2E s 7
15 T LA Kurans P4 il 45738 325 74 19 MEH 14, L DSC-MRI
BRI REAS A5 e B8 1L 1Y Ktrans , rCBV 5 Kirans
AN L ST 04 3 G PPAR Y8 Ry e S ) T R 2%, P
1G0T JE o 988 1) 2 4 U A B SR P #e . Ve JE 45
ML A0 20 g 71 8] BR AR FR 532 ( volume fraction of extra-
vascular extracellular space, Ve) , 1 J& 5 &M A /)
HEESHL, S I WL AL FR b , 5 by 400 i 2% 2
TAHDE, 5 Kirans 5 1EAH G, XF B 50988 14 53 T 45
E I E
2.2 BB 12 MRI SR

M4 45 #1238 5 ( vessel caliber index, VCI) & Jz
I e I P13 BLAR ) MIRT K A J7 v , 2 ik T i St
FeARI G B AR 1] 5t FR 38 (R2 A R2 ™) 1y 8 AL AR &, i
AL AR2T AR2) X I 48 25 S UK, AR2 BfiE
A AR/ N TR, AR2 ™ WA QR RS, BT 1Y
FLfE( AR2™/ AR2) HF S e afi 487 #4724 42, B
FE R, VO 55 B L4 1A 20 2R e 4 SR A |
T () — S0P 2 T A S B TR 0l A AR A 2RO R
W AFTE—E T2 BE (0 2k B2 D iy I 80 i A8 48 e ik i
26% )" BT RE S R AR AT S ALV T ik T LR
FrAs v i) B bR DB BT A IS AT R Ao A, T
MR DU A6 A7 100900 34 3 ) 6 %) JM g ot 45 1 fed 75 oK
PR RBONAL K V)R S BN H LR 48 DL S A
LU R 7V B 22 5 (I 1 2 1A AR ) s %



5535 #4524 )
2606 2013 4E12 A 30 H

¥O= K BE R ¥ ¥ OMR
J Third Mil Med Univ

Vol. 35, No. 24
Dec. 30 2013

PIH 5 MR ZE A —F0rE, W A0 i 1l
T2 O 07 3 R I PR 2L SR R i
W T LURES T2 2000 A A B e R I A T S
PP, Farrar 20 6 UST Ji J5t 983 65 51 4 X6f 1 Ao
FELE RGN, VT JCis A i vh o sl 2 i h 2 5
MRI FIr 5 45 5 B R — B, BARBORAE # Bat
ESE T MRT S 755 J5e S50 98 eI I 65 728 Je 4 2 14 Tl 47
FIER P

3 M EET MRS T4 MRI iE4

DU% 24T ( bevacizumab , BEV ) & VEGFR H#iK,
SR ERH PPN A A= B A R ) 25,2009 43RS FDA
Wk, FHFIEYTE B GBM, oAt 1fi 45 4 1) 25 ¥ 4 b
TR B, RACELE R R . A5 E 5 E e
BEV 1E°h GBM JR¥7 M —£k 259, T 4645 5 U7
AR BLE VR T Hi2 Wi i) GBM, [w] st mf Bk FH F 42
J M GBM 1At S B4 Y B A VR 7 e 1) 3 e T
3.1 Fde i Y 25 M 33 G o B 69 E )

BEV Il A 1% 22 12 ik 1 52 441 61 790 3= 224
JRHE R VEGF AS[R s i A7 WAL S, &, B FL 507 F
N i ZR 11 VEGF 524k ( VEGFR-1, VEGFR-2) [ #H
HAEMH . 1RYT GBM J5 1) £ B4 21 AR AL AL 46 145
R A I O LA S A R T T O R AL B 2D i
o8 21 e P 28 AR ik 2L, (L[] s e e 174 A0 420 R 2 T )
PI3K 1 Wnt {5 538 G MR T & o R, 76 2icss i
Jed 5 | 2 1) J) [T ZEL UK i R B ATOR BL TR0 832 H A it A 3
R 1T A K R 20 MR 28 A TE 441
RESTH AT BEMESS T IR T K B S 45 SRl R
43% (1) 52 % GBM XPYAYT TR , BV A4 A A 4 ) i
& ARG NG i R P R A e e — 2 A RO
3.2 b ¥ed)ib T )G IR R Sk K AL MRI AL
3.2.1 BRI AY I 3 AF fb MRI BEV ZE470 1ML %
AR R 25 0 e R A A L B R LA R g I A e PR A
SRR R AR A 2052 . Keunen %1
K E EHERIR A GBM “ 4H iR 7 A AL A T
IR FE— R AR B T A GBM i g Flisi 4% 55 )it
PERRIE, BT VEGF JAY7 BT AT 68 B8 $230T F I R 114 52
PRasci . BEV (4L FH T {8 fi e AE 1 02, g i £
HARHE] FE K, Ki-67 ek /b, X b A A ILAE N 10 ¥
L i ) 1 R ek 55 PH S o R B I L L
S B ) AR, S I e i A 1) 3 53 R R A, 40 Kirans
i JeR 2 T A A 1 (PS ) A 2R 0] 9 5 &R (Kep ) #36
P 5 R

{H Corroyer-Dulmont %[43] M)A 5% 45 S ) s,
BEV X U251 F1 U7 Jii¢ g #5211 A 4 F 3 AT g 31 1y

TCHA S 520, AN A 50 H L iy 34 K R o {1 8 4t e
FEE B R GE R UST K LAY A= AE I [A], IR Y7 % U8T
U251 R ibJed f) I 75 e 2 0 I SR i, (H U251 A7
V1R 0L/ %2 B AT i AT, G 1f 7 A A IR, W) 1Y
B S IR 5 BLAH 2 SR 45 2R ) i s, BEV B
B UST B Joued 1l A8 A B s, IV e L A8 ) J2 U A8
PRI W, ZEELFE LRI B AR A 30 ) el el |
AT UL S s e o A R 0 A A M AR A
i A58 e A0, T S AR AP et/ , T 00 9 8 4 D Y Al 1K, L
i 1L 3 53 R 1 A8 Ak 5 BEV b (i FH 5700 G B A 56
L)

JHC At i TR YA T 0T B3 LA ) 2 it A7

1ERE K 22 5, 4N Vetanalib ( PTK787 ) 1] 5 % VEGF .,
SDF-1 HIF-1 D) & VEGFR2/3 Hl13 7 A= K A+ % &
(epidermal growth factor receptor, EGFR ) 7& [ 88 i1 2%
(IR X538 0, e (%) AR LA S i Jed 141 2% 1) Kirans B
8l N G DR R ol T O N 3 0 < [
(sunitinib) W FZAEFH T VEGFR-1/2 .PDGFR ., T 41 i
7324 (c-KIT) (FLT3 Al RET 4, Fooph i nT
fift UST /INERUBSE AL A= 47 Bk 1] W I SE K i g 448 L 285 3 o
1%, Ktrans Fl Kep 3407 & (A%, 24 35 Je st £ )
i B {d AR FD I 7R 49 %2 ( blood volume fraction, BVF)
A S8 AR AV, 0 o s 24 0 e 18 s o 757288 8 A A1, o 2
AT 18K . VEGF-Trap J2 —F Bl 5 2 (R
F1, BERE A R VEGF {5553 %, B R 437 9L KB
JEJ5T PR 968 A5 Y 14 1L 3 3 ) °F 2 U ( Kirans | Kep
Vp) W7 iRg 4 /NS Ak TG I B AT S
JoE DA R B B A4 . B A G I A R 1] YR YT S
FHObiEg MR L2800 A2 A0 v A 88 2 B AN E 1, B
HIAIBIFFE I ARIE LU 1 —BhE4hie .
3.2.2  AHOCHLEZBUE LB Im K MRI $F-f BEV
S5 ALY 250 B I B0 BRI — B0 2
e e 10 A8 TR AR 2 ) T R Ak AT e e T BT 4 7, B
7T A6 AR vy SR 7 A 24 0 1) o 8 238, WPk T 24
PR PR I P R Y . S s S BB S 45 R
RN, PR B A= ML IR 7 B i R ROCR I T A + 43 B2
AT R EA Z R R, U g G T
A7 3 Pl AT AE AL SURT ERAE S < 2 WX Foh g o A 7
AR 3 BERBCOR e 17, e ) 8 3 ) R,
SR 2B IR AL S T 48 R iR A A 8 R BB
XoF S5 1 A T e g I A 7 AR R B Y R I 4
FTELG ) BAVE R 28 A58 00 T 1E 5 178, AT 5 | B
JeA LI T8 T A 3 K 3 AT e R e o i85 vR T 5 AT
25U RAVE A LR . MRI BU& AT 78— 2R I
J5 e fiebg i A e AR FAE AL YIRS BOR AT (Y
WA BRIIMME



%35 B 24 ¥O= K BE R ¥ ¥ OMR
J Third Mil Med Univ

2013 412 A 30 H

Vol. 35, No. 24
Dec. 30 2013 2607

EE e %8, L cediranib (—F7Z VEGF [i%
SRR 7 M I35 ) X5 & GBM 785 HLAL T 11 3
Bilt AT IS 1A YT, 26 TR T A0 R B R AL R 1
P ORI, LA TR JEL A R K P DB S i
[i) P14 A2 e Ak i 553 ) B Ay Y S, T i 3 9 3 D) o
B3 PR TR A 2 BRI 2, BIEE v AR B e TR L AN T
o MEETHE RIS CBF (ASL) FF£2TF st 1 4
J1, T AR E B 25 B 1M A5 I5 ) 7 R I8 14 I SE TR T 3 8
B RE A Y 174 367 55 1 ~ 112 X, CBF -8
HAK 5% ~15% , [ Wit 1ML 78 38 35 P ) Ktrans W) BH I [
G, T s 2 B0 6 3 ) AR A A7 ST 1) 4 1 3 948 7 AR I A
FasE (i B U AR 0 s I —MITATHIESE 1 Hi il
BGTT P HUR BRI IE AL BB U. S AR E )
AHATT 456 BEV 1697 & J I8 5008 Al mT 2 Bk 1f 4
IREMIE AL, TEVRYT 5 1 J8 Kirans BIFF4G T M IFAR
TFIELE AT, H B B 8] 9 IE K 28 TR, T26 2 S H
4 T T XE I ZEL 4 0 a4 s R 7 DSC
TG 0 B Al |, LaViolette 250 5% 1 <7 14343 BT
B AN e ggg 1 1 A5 K0 43R 44 S B B0 JkORD bk R 43
( f;j( Z ﬁ\j Z—j] % B]:k E _%_‘ & 7k N arterio—venous overlap )
AVOL) X Ji2 92 10 078 3 R AE B 47 20 #r , 205 R S /s i
i AVOL B IE % I 4 & TH s, &R & IR ORI IGIT Ja
AVOL 7254k 5 5 A= A7 i ) 45 BA S A9 AR G 1, AVOL (&
A B A E AR ) B s S, Bz, PWI KA 6
FEARTT LA ek 174 0 75 6 | I 90 2k L K I 9 4 e 97
ZHA PN (11 538 2k B[], 34 A ] 2 0 6 e geg I A A I
PR AR LA R e o 1L P 38 a2 v, T LA A 1) 3R T e
B 1L %8 1 At Rt BE A IR0 T 7S

4 BEFENEEES

GBM L85 % WAL 376 148 A i A8 A I M58 R
PR TLEETERE” B A LA | LA AR RO A R 8 2
2507 SO URE 7 SO AR R NS A7
TE, TATZ B E SCTE A 50, BT 3 FhE B 12k
LT THBE 5T RE 07 A L T I L A A A 2 A
SR8 400 s 43 1 25 T X i R 200 L/ T 400 ML 16 5 T
H P P 7 B — R SE Ff A . e i i 5
BRI RS S5 T GBM JiA A4S 1% i R 5
SRR dhy T R AR L T 20 A Ak T A f 1 A A
Rz A= VEGF-A FILF 4540 A K N 732 4462
XA T RE S S BN VEGF 2R T A8 14 3 6] 34
FERCR AR R P 2 — A5 BF 5T 3 H B4 1 T 3 0 v
TE BT I 30 1) 3677 07 0 L R I, GBM #4387 2= it
R ) DAY B LA R L 13553 83 1T ) S e
SEREE W T AT A BB SE AR , 1 I LR A 7] B

PRV A R DI R 10 25 ) . U8 MRI X J
Jo8 AR E RS B PR B — %E RO {8, 1L R
TE S REAS B 4 B B R A= i A A AR IR S, 7
s AR IO 3 752 7 FH AR [] P AR A DA 22 T 5 g firh
1R 1S = N = B i s B R K E = R R AN [
FIRT A 1k i ok = RAE AR A9 A 5C MRT 3P4 b g i 4
(22 FRD BT EE AR FE0E T S RO — Bk T E =
B 2 N 8 S T T 8 A S A AR o
ARMEXT GBM L4547 15 7 2R DR S AT HER 7
1M GBM A& FC A4 23 HILA A5 5380 S R R A E F
MRI AHSCPENF Tt 2 Ab T2l B, (ELREE X fi e i
R KR W BRAE AL R TR IS LR MRT £ R 1
NI 2 R e e g L A A TR T S R )
P RS TS PR 26 P 0T T SS0JRE Ao 1L/ A 2 280 g
A BRARZES | LA D RE S A0 A5 T T B T 508 22 B EOR
AN, I 28 g i PR $ A3 Ay v ) sz ke o 2
A A RS AR i

SE Lk

[1] Gilbertson R J, Rich J N. Making a tumour’s bed: glioblastoma stem
cells and the vascular niche [ J]. Nat Rev Cancer, 2007, 7 (10):
733 -736.

[2] Folkman J. Tumor angiogenesis: therapeutic implications [ J]. N Engl
J Med, 1971, 285(21): 1182 —1186.

[3] Jain R K. Normalization of tumor vasculature: an emerging concept in
antiangiogenic therapy [J]. Science, 2005, 307(5706) : 58 —62.

[4] Bao S, Wu Q, Sathornsumetee S, et al. Stem cell-like glioma cells
promote tumor angiogenesis through vascular endothelial growth factor
[J]. Cancer Res, 2006, 66(16) : 7843 —7848.

[5] Gerstner E R, Batchelor T T. Antiangiogenic therapy for glioblastoma
[J]. CancerJ, 2012, 18(1) : 45 -50.

[6] Hardee M E, Zagzag D. Mechanisms of glioma-associated neovascular-
ization [J]. Am J Pathol, 2012, 181(4) . 1126 - 1141.

[7] Ribatti D, Djonov V. Intussusceptive microvascular growth in tumors
[J]. Cancer Lett, 2012, 316(2): 126 —131.

[8] Holash J, Maisonpierre P C, Compton D, et al. Vessel cooption, re-
gression, and growth in tumors mediated by angiopoietins and VEGF
[J]. Science, 1999, 284(5422) : 1994 —1998.

[9] Plate K H, Scholz A, Dumont D J. Tumor angiogenesis and anti-angio-
genic therapy in malignant gliomas revisited [ J]. Acta Neuropathol,
2012, 124(6) : 763 -=775.

[10] Zagzag D, Amirnovin R, Greco M A, et al. Vascular apoptosis and
involution in gliomas precede neovascularization: a novel concept for
glioma growth and angiogenesis [ J]. Lab Invest, 2000, 80 (6):
837 - 849.

[11] TungJ J, Tattersall I W, Kitajewski J. Tips, stalks, tubes: notch-
mediated cell fate determination and mechanisms of tubulogenesis dur-
ing angiogenesis [ J]. Cold Spring Harb Perspect Med, 2012, 2(2) :
a006601.

[12] Carmeliet P, De-Smet F, Loges S, et al. Branching morphogenesis

and antiangiogenesis candidates: tip cells lead the way [J]. Nat Rev



2608

535 HEE 24 1 B, = E BE K ¥ % Vol. 35, No. 24
2013 4E12 A 30 H J Third Mil Med Univ Dec. 30 2013

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

Clin Oncol, 2009, 6(6) : 315 -326.

Arbab A S. Activation of alternative pathways of angiogenesis and in-

volvement of stem cells following anti-angiogenesis treatment in glioma

[J]. Histol Histopathol, 2012, 27(5) ; 549 —557.

Kioi M, Vogel H, Schultz G, et al. Inhibition of vasculogenesis, but

not angiogenesis, prevents the recurrence of glioblastoma after irradia-

tion in mice [ J]. J Clin Invest, 2010, 120(3) : 694 —705.

Greenfield J P, Cobb W S, Lyden D. Resisting arrest: a switch from

angiogenesis to vasculogenesis in recurrent malignant gliomas [J]. J

Clin Invest, 2010, 120(3) : 663 —667.

El-Hallani S, Boisselier B, Peglion I, et al. A new alternative mech-

anism in glioblastoma vascularization; tubular vasculogenic mimicry

[J]. Brain, 2010, 133(Pt4): 973 -982.

Scully S, Francescone R, Faibish M, et al. Transdifferentiation of

glioblastoma stem-like cells into mural cells drives vasculogenic mim-

icry in glioblastomas [ J]. J Neurosci, 2012, 32 (37).: 12950 -

12960.

Wang R, Chadalavada K, Wilshire J, et al. Glioblastoma stem-like

cells give rise to tumour endothelium [ J]. Nature, 2010, 468

(7325) : 829 -833.

Ricci-Vitiani L, Pallini R, Biffoni M, et al. Tumour vascularization

via endothelial differentiation of glioblastoma stem-like cells [ J]. Na-

ture, 2010, 468(7325) : 824 —828.

Soda Y, Marumoto T, Friedmann-Morvinski D, et al. Transdifferenti-

ation of glioblastoma cells into vascular endothelial cells [ J]. Proc

Natl Acad Sc1 U S A, 2011, 108(11) : 4274 —4280.

Rodriguez F J, Orr B A, Ligon K L, et al. Neoplastic cells are a rare

component in human glioblastoma microvasculature [ J]. Oncotarget ,

2012, 3(1): 98 —106.

Wong M L, Prawira A, Kaye A H, et al. Tumour angiogenesis: its

mechanism and therapeutic implications in malignant gliomas [J]. J

Clin Neurosci, 2009, 16(9): 1119 —1130.

Jensen R L. Brain tumor hypoxia: tumorigenesis, angiogenesis, ima-

ging, pseudoprogression, and as a therapeutic target [ J]. J Neuroon-

col, 2009, 92(3) . 317 -335.

Machein M R, Knedla A, Knoth R, et al. Angiopoietin-1 promotes

tumor angiogenesis in a rat glioma model[ J]. Am J Pathol, 2004,

165(5) : 1557 —1570.

Brunckhorst M K, Wang H, Lu R, et al. Angiopoietin4 promotes

glioblastoma progression by enhancing tumor cell viability and angio-

genesis [ J]. Cancer Res, 2010, 70(18): 7283 —7293.

Ferrara N. Vascular endothelial growth factor: basic science and clini-

cal progress [ J]. Endocr Rev, 2004, 25(4) ; 581 -611.

SR MRS PR MR 32 Wik Jr—— 3 i 1 S5 A PR R

fIER MRI AR [T]. 38 = PR 22 4R, 2010, 32(20) : 2153 -

2157.

TR, BRI, Bkar, & shASRERURIE IR MR R

It e 5 DA B sl 542 7 P U 6 6 9 R o S T R 6 1) W 1

L] = HER, 2009, 31(11) : 1073 - 1076.

TrvEE, RRIEZ, TRABIE. WA e B e g R AR 2 I F 5
JELT]. WEIRAE, 2011, 2(2) ; 147 - 151.

Tofts P S, Kermode A G. Measurement of the blood-brain barrier per-

meability and leakage space using dynamic MR imaging. 1. Funda-

mental concepts [ J]. Magn Reson Med, 1991, 17(2) : 357 -367.

Choi H S, Kim A H, Ahn S S, et al. Glioma grading capability:

[35

[36

[37

[38

[40

[41

[42

[43

[44

[45

[46

[48

]

]

]

]

[

—

]

]

—

]

fa—

]

[

—

comparisons among parameters from dynamic contrast-enhanced MRI
and ADC value on DWI [ J]. Korean J Radiol, 2013, 14(3) : 487 -
492.

Jia Z, Geng D, Xie T, et al. Quantitative analysis of neovascular per-
meability in glioma by dynamic contrast-enhanced MR imaging [J]. J
Clin Neurosci, 2012, 19(6) ; 820 —823.

Tropres I, Lamalle L, Peoc’ h M, et al. In vivo assessment of tumoral
angiogenesis [ J]. Magn Reson Med, 2004, 51(3): 533 -541.
Lemasson B, Valable S, Farion R, et al. In vivo imaging of vessel di-
ameter, size, and density: a comparative study between MRI and his-
tology [J]. Magn Reson Med, 2012, 69(1): 18 —26.

Farrar C T, Kamoun W S, Ley C D, et al. In vivo validation of MRI
vessel caliber index measurement methods with intravital optical mi-

croscopy in a U87 mouse brain tumor model [ J]. Neuro Oncol,

2010, 12(4) : 341 -350.

Gerstner E R, Batchelor T T. Antiangiogenic therapy for glioblastoma
[J]. CancerJ, 2012, 18(1): 45 -50.

Piccioni D, Lai A, Nghiemphu P, et al. Bevacizumab as first-line
therapy for glioblastoma [ J]. Future Oncol, 2012, 8(8): 929 -
938.

Paez-Ribes M, Allen E, Hudock J, et al. Antiangiogenic therapy e-
licits malignant progression of tumors to increased local invasion and
Cancer Cell, 2009, 15(3): 220 —231.
Keunen O, Johansson M, Oudin A, et al. Anti-VEGF treatment re-

distant metastasis [ J].

duces blood supply and increases tumor cell invasion in glioblastoma
[J]. Proc Natl Acad Sci U S A, 2011, 108(9) : 3749 - 3754.
Vredenburgh J J, Desjardins A, Herndon J E 2nd, et al. Phase Il
trial of bevacizumab and irinotecan in recurrent malignant glioma [ J ].
Clin Cancer Res, 2007, 13(4): 1253 —1259.

Vredenburgh J J, Desjardins A, Herndon J E 2nd, et al. Bevacizum-
ab plus irinotecan in recurrent glioblastoma multiforme [ J]. J Clin
Oncol, 2007, 25(30) : 4722 —-4729.

von-Baumgarten L, Brucker D, Tirniceru A, et al. Bevacizumab has
differential and dose-dependent effects on glioma blood vessels and
tumor cells [ J]. Clin Cancer Res, 2011, 17(19); 6192 -6205.
Corroyer-Dulmont A, Peres E A, Petit E, et al. Detection of glioblas-
toma response to temozolomide combined with bevacizumab based on
muMRI and muPET imaging reveals [ 18F ] -fluoro-L-thymidine as an
early and robust predictive marker for treatment efficacy [ J]. Neuro
Oncol, 2013, 15(1): 41 -56.

Ali M M, Janic B, Babajani-Feremi A, et al. Changes in vascular
permeability and expression of different angiogenic factors following
anti-angiogenic treatment in rat glioma [ J]. PLoS One, 2010, 5(1) ;
e8727.

Chung C, Jalali S, Foltz W, et al. Imaging biomarker dynamics in an
intracranial murine glioma study of radiation and antiangiogenic thera-
py [J]. Int J Radiat Oncol Biol Phys, 2013, 85(3) ; 805 —812.
Lemasson B, Christen T, Tizon X, et al. Assessment of multipara-
metric MRI in a human glioma model to monitor cytotoxic and anti-an-
giogenic drug effects [ J]. NMR Biomed, 2011, 24(5) . 473 —482.
Hoff B A, Bhojani M S, Rudge J, et al. DCE and DW-MRI monito-
ring of vascular disruption following VEGF-Trap treatment of a rat glio-
ma model [ J]. NMR Biomed, 2012, 25(7) : 935 —-942.

Thompson E M, Frenkel E P, Neuwelt E A. The paradoxical effect of

bevacizumab in the therapy of malignant gliomas [ J]. Neurology,



%35 B 24 ¥O= K BE R ¥ ¥ OMR
J Third Mil Med Univ

2013 412 A 30 H

Vol. 35, No. 24
Dec. 30 2013 2609

2011, 76(1) : 87 -93.

[49] Jain R K. Normalizing tumor vasculature with anti-angiogenic thera-
py: a new paradigm for combination therapy [ J]. Nat Med, 2001, 7
(9): 987 —989.

[50] Sorensen A G, Emblem K E, Polaskova P, et al. Increased survival
of glioblastoma patients who respond to antiangiogenic therapy with el-
evated blood perfusion [J]. Cancer Res, 2012, 72(2) : 402 -407.

[51] Sorensen A G, Batchelor T T, Zhang W T, et al. A “vascular nor-
malization index” as potential mechanistic biomarker to predict surviv-
al after a single dose of cediranib in recurrent glioblastoma patients
[J]. Cancer Res, 2009, 69(13): 5296 —5300.

[52] Cabrera A R, Cuneo K C, Vredenburgh J J, et al. Stereotactic radio-
surgery and bevacizumab for recurrent glioblastoma multiforme [J]. J
Natl Compr Canc Netw, 2012, 10(6) : 695 —699.

[53] Cabrera A R, Cuneo K C, Desjardins A, et al. Concurrent stereotac-

g 1 1000-5404 (2013 )24-2609-01

tic radiosurgery and bevacizumab in recurrent malignant gliomas: a
prospective trial [ J]. Int J Radiat Oncol Biol Phys, 2013, 86(5) :
873 —879.

[54] LaViolette P'S, Cohen A D, Prah M A, et al. Vascular change meas-
ured with independent component analysis of dynamic susceptibility
contrast MRI predicts bevacizumab response in high-grade glioma
[J]. Neuro Oncol, 2013, 15(4) ; 442 - 450.

[55] Hardee M E, Zagzag D. Mechanisms of glioma-associated neovascu-
larization [ J]. Am J Pathol, 2012, 181(4) . 1126 - 1141.

[56] Hormigo A, Ding B S, Rafii S. A target for antiangiogenic therapy:
vascular endothelium derived from glioblastoma [ J]. Proc Natl Acad
Sci US A, 2011, 108(11): 4271 —4272.

(¥r#5:2013-09-24 ;f& @ :2013-10-07)

(/¥ EHE)

TE=E5ER

FNZHE-ERRBEARRERINE S ERIHMESIE WAL AsJLERS| ™~ 1 61

ZF B mmm, IR KA, ERR AT &

[REEWE ] BN EFEEOA BS54 ; U1 80 B AL 5
ZREUENR ; i LI
[REZESZES] R713.7 [ X#ftrEfE] B

5 B A= 58 B R (assisted reproductive technology, ART) Il &
N ZE A 30 AR, 022 41 341 S R R 32 B A 0l I 2 G
T, 0 E AT B ER S A S G IR H W IF RAE . AR
W 1 BRI Z K -IE G FE A8 (in vitro fertilisation and embryo
transplantation, IVF-ET) 835, AR J5 I % 5 52 B1 S5 B 2R &
fik (ovarian hyper-stimulation syndrome, OHSS) izt Ui i
ILTEEARE1, IF I Mt B A S AR 22 4tk

1 &R &E#

BB, oM, 28 & BMI 19, 15, [ “ JFR A2 4 48 WU 51
EAERE 2 4F7 T 2010 4F 8 H A F B 7 Bk A A B 2 v AT Bl
ZRYT , WEAT A M A8 o sk, i P B A Ak IR W B Rk
25F GnRHa K5 &, ¥l L HEBE ( controlled ovarian hypers-
timulation, COH) 11 d,3KB0 9 4>, 47% # IVF-ET, # 4 2 NIk

GG AEAR S 11 d W B (EBEiaIT , 2 Wi E B OHSS, 7
VAN R R TR 2 e 10 SR S8 I, 4 5 i Ao O 4 VR T
15, %% B s AR 14 d Il HCG 590. 48 mU/ml, 445 # {4
SCHE BB ARG 33 d B IR B N AUE NG, LS B R
SCRPZEZE L J, 2020 Ji 20 A0 TO B g DR I Ok A ik |
TTHEBEIRIT , &b N2, ZIEMEA%, T LU I FIRE & 2
O T P RIRTT | A A R A4 T2, 2 22 TR R

[B51EE&] T 12,E-mail;anyhewei@ 163. com

[fLsEHAR]  http://www. cnki. net/kems/detail/51. 1095. R. 20131127. 1109. 008.

html(2013-11-27)

(400038 HEJK, 55 — F 05 K270 pg BE B (0=, AR s R 22 uly)

PG Jify, TCE 7K, B2 00 552 J5 [l 75 0 g, FLOBUE R S, 47
SRR, A RIHEL AT B LB M 3 (0 (R 8% RAS A5 K i L P
LS a=e

2 g

Wil N2 B AR B R R R BT & 8 IVE H i & 2 32
B2 BT, AT IVE (3% HEAT FE 0 R BT IEAY , L i s b
LI o B 2 i s e LA DR, 45 S B VA
ek B N R A E R A, BN IMNE A 2= il IVE R
JEER SRR S ARG ) IVF-ET By 22 i 3%
AT I R LT8R 7 16 R, oAb 2 5 Mk A ol H Bk &
SRS I PR AR I HE B 25 )7 8 4 B8, $ROPE0E H , HCG ]
255 13 d R LETERE OHSS, ik %L, 4347 S R S5 2215 0 0% 5 .
T RIKSE HCG R 22 il B0 524 G 5 Oy A IR U /N, Al 2
OHSS EifaH %, AW B H 5L LGS, 5 IR ] 60
S UAHETT T A, B ML PR S5 B R 5 A T35 3l
WA RES OHSS Ji K& IME F & M %K MR I ARG —

IVF 55 Bh A58 b e B AR, e A0 A R 32 2 i
FREZTHZHAERE KRS, i KF &2 HEon 25 Wi A,
TRANA 7080 T A A, 4% P 32 WO e T 10 5% . H
BIARFFEA S ART A2 LA BT R 45 5 14 5 , 74095 K IR
1 % B R T RS2 20 T8 2013 4F, Hansen 25 Meta 434
WA ART TR 2R B b R T A R 2 22 AR, (Hd A B
AR, ART FA8 HH AR S A R (0 38 5 32 B 5 R AR 2 R AR B A

(#2613 ®)



