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(=] BW.: WABILIE22 bEHeDWI (METEE0~5 000 s/mm®) &%= N AMTiE5h (intravoxel incoherent
motion, TVIM) {55 T15)AN L3 35 1 L3R 1% (dynamic contrast enhanced MRT, DCE-MRT) -4/ o i 57 /5 foic 11 24 e
WM . Fik s 92451 T A8 BILUIE S (¥ RN B S5 £ 3 R AT HEATMRI . eDWIARITL DCE-MRI. BT R I 43 A% 2l 41
(low—grade glioma, LGG) (I1Z%). =ZkHl4H (high—grade gliomas, HGG) (IMI+1VZK); &R B MU 4H (glioblastoma
multiforme, GBM) (IVZR) . HAMZR A4 (other—grade gliomas, 0GG) (II+II1Z%) . TAFuh#E4TeDWIADCE-MRI )5 Ab B,
STV IMA 8 BB T BV A S D Fas t AIPF N AN S 40, DL A DCE-MRIHL A 1 L8 5 1L &~ 40 fg 1 8] R (extravascular
extracellular space, EES)#5iz% %1 (volume transfer constant, Ktrans). &% (extravascular extracellular
space volume fraction, Ve). EES/[n &M Hia i % (Kep) FUME B0 % (fraction of plasma volume, Vp)4/
ZH, e WU B K JE T S X ) R R X, W BL RS8P E . Dfast. PFAr5] 5Ktrans. Ve. VpAliKep
Ht47Spearman i X YE S M, HILEILGGEHGG. GBMSO0GGL 2 (Al 1) % 7o 2 LA REPE (receiver operating
characteristic, ROC) BHZE T AN R S BU6 I IR 2 I BE S 455R: Dfast5Ve. Vp R HZEHIK (p=0. 460F10. 412,
P<0.01), 5KtranstJEEMEE (p=0. 396, P<0.01), S5Kep¥HAHEM; PF5Vp. KtransflVe 2§55 AH I (p=—0. 345.
-0.323F1-0. 249, P#J<0.05), HKepAtHK. FrKepst, HRSHALCCHHGG. BMS50G6 [E] A & I £ 7
(P#1<0. 01) » ROCHHZE 73 b7 5 2 B4 HINGG S LGGHIfAE 7 (AUC, 95%CI) : KtransHJAUCIH A% &, 40. 808 (0. 717, 0.899) . ROC
il 2843 %350 % BIGBMS 0GG I E /3 (AUC, 95%CI) : Dfastfs, 40.802(0.703, 0.902). &if: KFUMIVIMETAM xS
H 5DCE-MRIZEYIAHDS, Dfast/Z TR AN MG §E 77071 5 B0 1 VA Ao A 080 T R0V CE bR 124
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[ Abstract] Objective: To study the applicable value of 22 h-value (0-5 000 s/mm’) eDWI with biexponential model using
the correlative analysis of incoherent intravoxel motion (IVIM) and dynamic contrast enhancement (DCE) in MR imaging of brain
gliomas. Methods: For 92 cases with pathologically confirmed gliomas, the combined protocol of conventional MRI, DWI, eDWI,

DCE-MRI was performed. The following parameters on tumor regions were measured including eDWI-derived parameters of
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Dslow, Dfast and PF and DCE-derived parameters of volume transfer constant (Ktrans), extravascular extracellular space volume
fraction (Ve), Kep and fraction plasma volume (Vp). According to 2007 central nervous system World Health Organization (WHO)
classification, 92 gliomas were classified into groups of high-grade glioma (HGG; grade Il+IV) and low-grade glioma (LGG;
grade II); glioblastoma multiforme (GBM; grade IV) and other grade glioma (OGG; grade I[+1II). Correlative analyses were
performed between perfusion-related parameters of Dfast and PF and perfusion parameters of Ktrans, Ve, Vp and Kep. Meanwhile,
comparisons of multiple parameters were made for HGG vs. LGG and GBM vs. OGG, as well as receiver operating characteristic
(ROC) curve analyses to discriminate HGG from LGG and GBM from OGG. Results: Positive correlations were observed for Dfast
with parameters of Ktrans, Ve and Vp with p values of 0.396, 0.460 and 0.412 (all P<0.01), respectively, but no correlation between
Dfast and Kep. There were negative correlations between PF and parameters of Ktrans, Ve and Vp with p values of -0.323 and -0.319,
respectively, all P<0.05), and no significant correlation between PF and Kep. Other than Kep, there were significant differences for
the remaining parameters between HGG and LGG, between GBM and OGG. ROC analyses showed the maximal area under curve
(AUC) values of 0.808 for Ktrans to identify HGG from LGG and 0.802 for Dfast to discriminate GBM from OGG, respectively.
Conclusion: There are close correlations between IVIM and DCE in MR imaging of tumor perfusion of brain gliomas. As a potential
candidate biomarker, it is hopeful for Dfast to evaluate the characteristics of tumor microvascular perfusion without exogenous
contrast tracker.

[ Key words ] Intravoxel incoherent motion; Biexponential model; Dynamic contrast enhanced magnetic resonance imaging;
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1.2 MRI
1.21 FHMRI

AT N B0 S P 1E3.0T MR %
(Discovery MR750, GE Medical Systems,
Milwaukee, WI, USA)#A744, RS E
LRl BAEAMEMYL, ki, SKERE TLET
U S IE= ¢ NG PR NTIRST 7% < 3/ Nl 1L RS
B o HIEBOEAMTY) BT =1 (B
Wit . SR AU AR D E AR, SRR AR

T R BT T8 A AR E L, HIEP AT T 4,
PEATSARTE T IW A, F90 90 Bl w5 22 X000 30
Wk Hz, 24 mm, JZEEIFEO0 mm, FLIRTH
L G R Mh 2 B, SR AR S D
NRARIEFRFIE A N B L 47, E TR MRI
[EFETIWIL, T2WI, T2 AR08 e 1 (fluid
attenuated inversion recovery, FLAIR), DWI]{]
i, A I BT i DO Sk B AR R AL, JRE
28~32, TEHSHE R,

*1 MRIIEFHEFIIRSH

Sequence TR/TE (ms) FA Matrix FOV (mm?) ST/IG (mm/mm) Scan time (min:s)
TIWI 319524 111 256%256 240 4/0 1:27
T2WI 9 185/108 142 256x256 240 4/0 1:41

T2 FLAIR 9.491/140 111 256x256 240/256™ 4/0; 2/0* 2:33; 6:50*
DWI 3.000/90.6 90 128x128 240 4/0 0:48
eDWI 4000/90.6 90 128x128 240 4/0 7:00
DCE 3.4/1.6 15 256x160 240 4/0 4:32-5:29
TiC+ 8.2/3.2 12 256x256 240/256™ 4/0; 1/0* 1:40; 3:45~4:20*

T TR: HEWE; TE: FIGEHE; FA: @iF6AM; FOV. HEF; ST. J2)&; 1G: HfHAk

1.2.2  IVIMaAE
KM ZbHeDWITFFI[b{EH: 0. 10, 20,
30, 50, 100, 150, 200, 300, 400, 500,
600, 800, 1000, 1500, 2000, 2500, 3500,
4 000, 4 50015 000 s/mm*; YA (number of
excitation, NEX){E b EIEN, % E MM
4), JZ2E4 mm, 2[R0 mm; R T
5T2WI. T2 FLIAR. TIWI. DWIHH[F ., #4012
BUEEIERL,
1.2.3 T1#ZDCE-MRI

K H3D LAVAJFSI, o [H 5 55 5 A X
F )2 JEE )23 () B () At s DR TRT T 4 8,
S5 SV Z % T2 FLIARJF Y, 10 % Mg i)
B EFE, W & 10~122 idst
FEMETZEEAEFE . TI-DCEFS (&
5 T1-Mapping)i% & H a4 A NI A IC SR AL &
58, ZE4 mm, ZEE0 mm, BJZ%20~24
2o SR e T4 B fA (50 80,
12°/115°) T1 Mapping$d 4, shAEH R
AN BEUREREL NG, Ja e &
4 #5(Opistar LE, Liebel-Flarsheim Company,
Cincinnati, USA)¥&4, 15527 A EL MR il

(gadolinium-diethylenetriamine pentaacetic acid,

Gd-DTPA; Jbatdthhizilr By A RR A F]), FiliE
“40.01 mmol/kg{A T, 3 i T B ik 19 5'c B4
B ERIKET P A, HE84~5 mL/s, AERRERK
15~20 mL . Fed4ii608, FEUCRAER A4 min
32s~5min28s, PEASEE B ILEL,

1.2.4 T13g3%MRI (T1C+, contrast—enhanced
T1WI)

K H3D-BRAVOSFAI, i, 4%
ML FEIFT2 FLIAR, T2WI, JZ/54 mmif
1 mm CRAPEEHITAUT ), NEX=1, 4S5
FEMEL
1.3 HFERBKIFAE
1.3.1  IVIMAUG AL A

Fr A R FHGE AW 4.6 TAF sl 2 fiE 11
Functool 9.4.05"FMADCHE #4750 # . TVIM
XS Bk BT T e DW LB J5 Ab R, 3528 5K
Wmr.

S(b)/S,=[(1-PF)xexp (-bDslow)] + [PFxexp
(-bDfast)],
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o SIS HREAFEMFZHREE, St
%%b{ﬁjjo s /mm’Hf [ 5550 EE ; Dslow Fl1Dfast
RIS I VRELCREL, J5 3 NFRR R ELR
5, Ewlﬁﬁﬁ(é{f?l‘ﬁﬂé; PFAR PR Bl 43 o 1
G A bEBH TR R E A, bE
200 s /mm’ fERP I FHE, SR BE, S
s bfEFAR A Dslow, SR G425 mb(EA T,
FFF BAKOIEH /011 Dfast, 5115 PF,
[FI) P= A S et % K Dslow . DfastfIPF, Jf-LA
Processed Dicom#g = A%AE
1.3.2 T1#ZDCE-MRI

K HGE AW 4.6 TAEW#4L ) GenlQ (Brain
DCE)# 4175 ab ¥, R A M) Tofts-Ker-
mode P AN B e HEATIZ SRS IE AT 1AL
1E, RS AL BRET R, SRR R ) A R
FELHEAT IS A B sk A pR% (arterial input func-
tion, AIF)R M H ZhikPeii=tl, 2l X Uk

DL X (region of interest, ROI)zfZx1g 5 i 2k (&
2G. 2H)HI(E3G. 3H), 4rilil&Ktrans, Il
AN AIa] B 2SR5 (extravascular extracellular

space volume fraction, Ve)., EESJZ[a] %41z
ZHU(Kep) FMLIE 2B (fraction of plasma vol-
ume, Vp), Jf:LiProcessed Dicom#g = AR1F -
1.4 BE&ELERROIEX
1.4.1 B FAede sk

EIG T 50 X 55 925 g [T 9 e DW L 46y
BT A TAES N & HFEMADC )7 (£ bl
MAREAUA A #E TR, #TiE s IE .,
DCE-MRUF Iz 3 1FE FHAW 4.6 T AE3 N E 4K
1 Genl QAT -

FIETFI R TCHE . Processed Dicom#g =ik
B % K Dfast, PF., Ktrans, Ve, Vp. Kep/
HHLFFIT2 FLAIRFIT LC+m Ak o S A T A3

. . o |
T2FLAIR TT i i
: — J s |
DCE ..;_ L4 GenlQ Ve 1l AR I
. Brain Vp F
| = Kep : IR |
I 3 I . | EIE.' |
| % I '
L] MADC Dfast | | |
eDWI 7 — 5 PF : .
| BE) + L{ Dfast, PF5Krans: Ve | |
I i 1 Vp- KepfER |
, .
L1 i -
T1C+ g
L-—————-———-——---—-!l_._._._._-_...II. J
B 1 IVIMS5DCE-MRIEFEGELEBER SRR
WEIRME, HIWECHES 7RO E . SR TICHEN ST, B e o Ak 5 K i ARLUZ 1tk
1E B e AR LA RO E , F-h/amTICHRILSL I, 454

1.42 ROIZ X Ffes &

FH T 44 AT 28 360 8 P 28 FIC SRR B 0T (B4 AN SR
HZ W2 ) e [ g E RO &Y, 7EGE AW4.6
ARG N E IR h 1 TROIA) i), RO bR
W AsRAbBhE . DIT2 FLAIRTEN S %, %H
it 5 K TR ARZ T EA TROLECE " 221l e iz

i IXEROL, F34 T2 FLAIRE{F 5 X5,
ZEADWI, TIWLRTICHTS, #EFF3E4 . s
R KA X IH(EI2A~F . 21~L); s&Abfbig: DA

T2 FLAIR, DWI, TIWI, #8848 i ok
M4 X IB(EI3A~F | 21~L); A MIEROLS 5%
P, BCFAE,
1.5 ALREFKRE

JIT A F AR AR A AE S DR 2= [ AL s
Bt 11 22 LSO 2 TR ISR L MR U
AT IHRANE LT (hematoxylin eosin, HE) 44ff,
FIKi-67. P53, GFAP. Olig2. IDH1% i yis2f 41

Ak 2# Y4 {4 (immunohistological chemical staining,
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B2 MBBRBWHO Il 4%
A: T2 FLAIR; B: TIC+; C: TIWI; D: T2WI; E: Dfast; F: PF; G: DCEIMASshARRMLR (&L limR); H: s fi(E @
FER)FNE RSS2k (R 7R); 1. KtransthZ Rl J. VethZ&l; K. Vpth#E; L. KepfhEH

B3 EJBEWHO V4

A: TIC+; B: T2 FLAIR; C: DWI; D: T2WI; E: DfastthERl; F: PFOUER; G: DCEMvE IR ML (A LIR); He M4
i 2R (4 LR Sk BT %) FE & (U Bh S i IR RT3 R 1 Kiransfh Rl T Vet &l K. VpfhEKEl; L: KepthEIA

IHC), 144 0 285 BB AR 48 HE )2 THC 45
RALFEIZ W, H4E20074F 4 T A 44 41 (World
Health Organization, WHO)H X 28 2 5t fiIeg 47
Ry RFRESA T2, 4 WHO T, A
IV SRJE A A T g o3 ARG AL (T 4%
low-grade glioma, LGG). mZ il (M+1IVY;

high-grade glioma, HGG); K J5HE4H i 24 (IV
2 ; glioblastoma multiforme, GBM), HAbfE
H(M+MZ; other grade glioma, OGG),
1.6 SitFEhE

PREORTE 1 S H A s SR L 0(25% . 75%
g0 Fn . HISPSS 17.0FIMedCalc#k {417
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Siit2# /3 M. Dfast, PFS5DCE-MRIGEES
Ktrans, Kep. Ve. VpRJtHIMEI T, AIFSEL
ZIAI LR o 321 TAEFFE (receiver operating
characteristic, ROC)HHZE/HT AN [R1 S50 i oy
STRETT o

FH M B R FH Spearman i 6, AR 45 AH
KRBp YK, 45 R 57 A O PE 22 5 —
M (<0.4) . FHOEHEHEE(0.4~0.7) . AHCIE R AT
0.7 WLE I ST L3R A 36 (TE 250 A7)
s;Mann-Whitney U5 (AE IEZA434i), Shapiro-
Wilkks 55 FH T2 IEAS R g . ROCHIZ 40 Hr
ANFRISEOT BRI TR IGE ST, FH & T
(area under curve, AUC)(<0.5: E2%AIZWHE
715 0.5~0.7: 2; 0.7~0.8: H1%%; 0.8~0.9: [
ﬁ?; >0.9. /ij)o

W oo e g T, WHO Tl 224841 . M2k 17
. V274, s X R Dfast (x10° mm®/s)FIPF
S 4. 2.3240.0.379. 0.58+0.138; TM%%:
2.43+0.324 . 0.43+0.104; IV%%: 3.15+1.005,
0.45+0.103, LGG4H 5HGG4 . GBM4 5
OGGH Z A DfastFIPF 2= R A G it % & X
(P<0.01)(32).

DCE-MRIME 1T % ¥ Ktrans (447 %,
25%~75% 5 i B0 (min™") . Ve (H {7 %k,
25%~T5%5- i %) . Vp (T8, 25%~75%
S B FKep (%L, 25%~75% 45010 %0)
(min )M F . T9%: 0.05 (0.02, 0.11),
0.15 (0.05, 0.27), 0.03 (0.02, 0.05), 0.57
(0.25, 1.27); M%: 0.14 (0.06, 0.35), 0.38
(0.12, 0.59), 0.38 (0.12, 0.59), 0.06 (0.03,

0.12), 0.53 (0.32, 0.80); IV%%: 0.16 (0.12,
0.28), 0.46 (0.33, 0.68), 0.11(0.07, 0.21), 0.44
(0.32, 0.66), BfKep#l, Ktrans, VeFIVpfELGG

2 4 R
12007 WHO i AiX bt 28 5 G2 1l I8 43 2

%2 IVIM5DCE-MRIEEEXSHNE 5K B R
Dfast PF Ktrans Ve Pv Kep

LGG (n=48) 2.3240.379 0.58+0.138 0.05(0.02,0.11)  0.15 (0.05,0.27) 0.03 (0.02,0.05) 0.57 (0.25,1.27)
HGG (n=44) 2.87+0.880 0.44+0.102 0.15(0.19,0.29)  0.41(0.31,0.63) 0.06 (0.04,0.10) 0.48 (0.32,0.71)
GBM (n=27) 3.15+1.005 0.45+0.103 0.16(0.12,0.28)  0.46 (0.33,0.68) 0.11 (0.07,0.21) 0.44 (0.32,0.66)
0GG (n=65) 2.35+0.366 0.54+0.143 0.06 (0.03,0.14)  0.18 (0.06,0.41) 0.03 (0.02,0.06) 0.54 (0.28,1.18)
LGG vs. HGG

z/t -4.038 5.463% -5.081 -4.381% -3.623 -0.856
PfE <0.001 <0.001% <0.001 <0.001¢ <0.001 0.392
GBM vs. OGG

z/t -5.459 -3.148*% -4.266 -4.026 22615 -1.179
Pif 0.001 0.002 <0.001 <0.001 0.009 0.238

. <&UERAGEE, Al Mann—Whitney UKL, P<0.05hZEFAGHRE X

5HGG, GBM5OGGZ A2 R4 B &4 0.848); Ktrans: 0.808 (0.717, 0.899); Ve: 0.765

X (P¥)<0.01)(F2).

HEVE R E R 2 5 5 DCE-MRIGE FE S B0
KAES T B~ , Dfast5 Vel Vp b 45 i A1 ¢
(p=0.460F10.412, P<0.01), SKtranstH GRS
55(p=0.396, P<0.01), 5Kepl&f#X:1:; PF
5 VpHiKtrans 5 55 7 AH ¢ (p=-0.345, P<0.01;
p=-0.323, P<0.01), 5 Vet ¥ 551 AH X (p=-
0.249, P=0.017), S5Kep /A HHX(p=-0.006,
P=0.955)(&14)

ROCHIZE % HILGG 5HGGHAUCTE 43
Dfast: 0.745 (0.643, 0.830); PF: 0.789 (0.651,

(0.663, 0.867); Vp: 0.719 (0.613, 0.826), P
¥7<0.05, Kep o %512 Wi i {E(P>0.05), ROC
i1 £k % 5| GBM 5 OG G AUCH 43l A Dfast .
0.802 (0.703, 0.902); PF: 0.701 (0.588,
0.813); Ktrans: 0.783 (0.692, 0.875); Ve: 0.768
(0.674, 0.861); Vp: 0.674 (0.558, 0.790),
P¥J<0.05, Kep LU RI2 Wi E(P>0.05),

DCE-MRIAJ % 1 P S ML A PN 1 5 57 38 o
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AN A A RE (R FR B, 55 e i At A % R
FAASEMT L At A A M T M R A
M4 A B G2 AE Y, ARG Tofts-Kermode
BRI K trans . VeRIVpAESHUr SR AR
4 VI8 A L AT« s I SR 1 L iR ]
J R g I R R, H b K trans & SN BT A=

g A M E 2 bR ], & FLGGH M4
TR GBM S5 AS SRR EL R A S )™ LA
TG M4 25803677 IR PR R B #1525 40 (7
2. DCE-MRIK G [ Ktrans . VeFlVp7e i i
SR P EAEA 5T TR AR B — 2P e, 7E
IVIMELS h, PRRECRS YREOT A 5 2451
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