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H TAEFRHIE (receiver operating characteristic, ROC ) AW & SE 2 WitEGE. R Spearman/HTASL 5IVIMS 54
Kbk, BR: ETHMANIGIR AT, KA TBF A (TBF e ) B PIIE ([ e ) 1035 50 T 5 TR S 11 PR 53
WZH . e EARTSMBI SRR, TBF,,, AYROCHIZE A MIZE R (area under curve, AUC) (5T pew (0.888 vs 0.789,
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The clinical value of quantitative parameters derived from ASL and IVIM for staging nasopharyngeal carcinoma
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[ Abstract | Objective: To compare the clinical value of quantitative parameters derived from intravoxel incoherent motion (IVIM)
and arterial spin labeling (ASL) for staging nasopharyngeal carcinoma (NPC) and determine the correlation of these quantitative
parameters. Methods: Fifty-six consecutive patients with pathological confirmed NPC were performed both ASL and IVIM imaging
and were assigned into low- or high-tumor stage groups. The mean, minimum and maximum values of four parameters [ TBF,
slow ADC (D). fast ADC (D"), perfusion fraction (f) ] were calculated. The reliability was estimated with intraclass correlation
coefficients (ICCs) and Bland-Altman plots. Receiver operating characteristic (ROC) curve was applied to determine diagnostic
performance. Spearman analysis was used to analyze the correlation between ASL and IVIM parameters. Results: TBF ., and
Jmean 10 the low T-stage and clinical-stage groups were significantly higher than those in the high T-stage and clinical-stage groups.
For differentiating low from high T-stage NPCs, TBF,,,, showed higher AUC compared with f, ., (0.888 vs 0.789, P=0.022). For
differentiating low from high clinical-stage NPCs, TBF,,.,, showed higher AUC than f,,, (0.838 vs 0.741, P=0.025). TBF,,.,, showed
moderate correlation with .., (¥=0.632, P<<0.001). Conclusion: Compared with f,,,, derived from IVIM, TBF,,,, derived from ASL
achieved better performance for differentiating low T-stage and clinical-stage from high T-stage and clinical-stage in NPC. These
ASL and IVIM perfusion parameters were moderately positively correlated.
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BN, A IVIMAIASLAE B 2807 SRR 2030 I R A (i

207 (nasopharyngeal carcinoma, NPC)
ST PR T S AR R 0 e, A
FOT SR o B AT 21 e Bl
HT SRS AT, TR 7 S8 PR T
RS4RI S OIS B A 1 32 (R B
ST BT I A5 R B B AL T S R AR B AT
RS 0, DR AT R A X B A
ST RS RPUR FIT B ST 7 SR S
FEAHLE, oS A KR T, RN IR SE R
B, MR, BB A S A
B, XTI FE R R AL T BB 5 T S M )
W, WEILHE A% ( magnetic resonance imaging,
MRI ) S HAT LUPEAG S 0 s 04 ff ot 74 2
ARG 0, AT REAS SR ) 0]

EZEWNAMTi25) (intravoxel incoherent
motion, IVIM ) YRECINFHAZ ( diffusion-
weighted imaging, DWI ) J&—Ffif i fii F XLHg
OB K 20 T R B S AG R 2B 10 s
SRMRIFETEF A . T A TVIMA PR IREL R AL (fast
ADC, D") FETES%L (perfusion fraction, f)
A7 BT DX 43 S M A g a1 AR
IVIMAE LU FETE 5 iRt se a0 IF, HA R
fb(E 2 FEO A /N R AR - L 3hik
Higbric (arterial spin labeling, ASL ) J&7—#f
MRIEFRAR, TFEFESHEEA, M2 TimA
P REARIC IRV AT LEEE AT FH T4 e Jfi i
(tumor blood flow, TBF ) LA W fad e 14 10 22
BEE S MTHS TGRS, =4
HEELEASL ( three-dimensional pseudo continuous
ASL, 3D pCASL ) © # H1E I K iR %
AT —geftyy 0 R, 3D-pCASLIETE
SRR B T B 51

TEREAN S T 1 5 70 i S A TC A UG AR
Bly & MR8 0 WA 43 BT BB BTR YT D SR R TS
W e > R, RAA BRI ASLAI
IVINVOX S5 M 88 73 300 ) e PRAN (L A7 4 i L
AN, JeRTRRTST P R, ASLATA I TBE S
J TR TR IVIMAT A D sl B AR G, Sy
H H ASLAIIVIMRHEE R R Z 18] FUAHSCHEATIAS

R B, AW B L ECKR A ASLAIIVIMEY
FE T S RO SR - R IE IR B, R e X L
E SR

1 ORIk

1.1 BEEN

[l i 42 201 84F-6 H —20204F-6 H &1 &7 &
HALS6. HABRUE: O Zh B2 A A IE 5L 11
B s Q@ BEAERATIE R SIRYT; @ TMRIK
AT @ A& . HeBRAriE: @ Bt
= SEHERIE R FMMRIESE, @ 7 T2 A &4
( T2-weighted imaging, T2WI) IR K E
F/NT10 mmo HRAE IE EEAE 5 23 50 S U AT
SRR IR A T, N Gt AITNMER
PEANF R . SIAHSESCHE " 2, B E
SRR AL IR T . T, T,. T4,
No. NHIHAMALL, IR, V#, T,. T,
B, N, NI A S A .
12 KREHZE

K FHAar 2% Philips /A A i Ingenia 3.0 T MRIH
AL, (1 638 3 Sk SR AR I PR T . R Sk
SEEBUMEM, BT /AT S s MR
Ja, HATIVIMAIZD pCASLEH, o EA7Ha50
Hiho WHMRIFH ARG A TIWT [ 552 0[]
(repetition time, TR ) 614 ms, [FIJEEf[E] (echo
time, TE) 18 ms | , i T2WIgHi#I#] ( TR
2 780 ms, TE 100 ms) , Flifii . ARA7 A
SR A Y X HE 5 T 1 WL 5 B0 0 7 51 ( TR
450 ms, TE 15 ms) . JZEFZMEEES5]45.0F
0.5 mm. TVIMAIASLIFS T 5% F A i o8 il
IVIMR SV A& R TR0 38 R BIOASCF T [l 35
W% (spin-echo diffusion-weighted echo-planar
imaging, SE-DW-EPI) , Ht14bfH (0, 20,
40, 50, 60, 80, 100, 200, 300, 400, 500,
600. 800F11 000 s/mm>) '¥"', JZ¥(15, TR
2000 ms, TE 50 ms, #7230 mm x 230 mm, JZ
JE4 mm, [EIEEEREESS, SR EC R4, ASLIF
5 RH3D pCASLI¥4I, 3DIRGERE T, br
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JEAERATET 025 ms, fEF240 mm x 240 mm,
TR 4 326 ms, TE 11 ms, JZ/8&3 mm, JZ[[]HE
0 mm, HifF288 x 192, [IUEEEK 21, B
N3,

1 56| BIREEENIRKFA DS EHE

I RAHAE 0 (%)
il
HE 42 (75.0)
Eycs 14 (25.0)
T34
T, 10 (17.9)
T, 17 (30.4)
T, 16 (28.6)
T, 13 (23.2)
RT3 (T,) 27 (482)
T (Tsyy) 29 (51.8)
N34
N, 15 (26.8)
N, 17 (30.4)
N, 14 (25.0)
N; 10 (17.9)
RN (N, ) 32 (57.1)
NI (N, ) 24 (429)
M7
M, 51 (91.1)
M, 5(89)
i R 43
8(143)
I 14 (25.0)
| 11 (19.6)
\Y 23 (41.1)
RIGRS (1-11) 22 (39.3)
il RS CI-1V ) 34 (60.7)

1.3 MRIB&&ES5SHh
FH N FR A TIVIM2b32np ( fif >= Philips
SN ED) R RUEE B R TV IM BE AT o b, fdE
ARk P
S)/S=(1-f) x " P+fx e """ (1)

Sy — AR A VREUR L DI TR
SRR R WA VKRR B A5 Tk B, 2 S5 0E
A HYTE I 7R, DI R 3 IR )
1&IREREL (slow ADC, D) , D EHEIFEARICH)
PRVRHREL

%€ 5 ASL/3r T 7 Philips IntelliSpace Portal T.
Yesh FiEfT, AR,

6000 X 4 X (STonroi~ STipie) X €7

TBF= : (2)
2% 0 X T piooa X Slpp X (1-€T)

AR M5B R B, SLaoneor F1SLgper e X
HREUG AR IC BRI -2 it [ {5 59 B2, PLDJZ
PRICJEFEB ], T pooqde LAY B B9 1LY F)
s ER ], aRARICRCR, STyl T2 5
BRGIE SR, ohbric RSt .

2 44 LSRRk 15 T R AS ST 21 4 B 2 4 2R
THOL T 43 B 2 il B4 BRIX. (region of interest,
ROIL) , FFMHEIVIMAIASLA S50, 1 W0
LHENKEENE, MEHIFERFRA 1A A G K
SR BB RS . 7Eb=800 s/mm’fHIVIMIK]
B b, K ROUCE 78 M e R DI R S 43
HR AR 7 22 A& B A = 5 S X . A 3hitE
ROIZZ%L (D, D', f) W¥ME . H/MEMEK
. 0 TR IVIMSEIROUZ T .

¥b=800 s/mm’IIVIMEILAE TAE 73 55
HS5TBFEIGLG, S8t HFEIROL, DL
IVIMAIASLZ 4. H3i B ROIFTBFAYFY
{H . $5e/IME AR KR
1.4 SitFahiE

A TM B BAS B> (561, RATMI
PEFT G50 HT

FKHISPSS 25.04k iA1=t RH
Kolmogorov-Smirnov ( K-S ) % J Wi & de J& 15



396

UNE, A IVIMAIASLAE B2 5O 5 R 20300 v 9 I R A4

MR IEZS o3 A o FF 6 IE A3 B A2 /2 R xts
TR WA NA X R EL (intraclass correlation
coefficient, ICC ) FiBland-Altman[&PEA5 ASLAI
IVIMZHOW G & LS (B i A1 R A
SpearmanfH X 53 HTASL S TVIM Z: £ 2 [H]
MR FERA ST, RS EIES S
A, B LR ST REAR R 56 3 AT A . R A2
I E TAERHE (receiver operating characteristic,
ROC) MhZfDeLongfy %53 7 PF-#r ASLFIIVIM
ZHOGT B WA e o B B X e T o THERE R
B RES R AN ZE P AR (area under curve,
AUC) , 8284880 e S e . SR 0T
S [0 U513 A f S e AR e R 0 9T A ASLAITVIM
ST TN SEL, P<0.05H2FEGITE XL,

2 45 B

2.1 IgR&ER

L7151 S BB E e Ay, o 1SR HE
BRAEAN, HEBR R - 06 G A 31 S5 o I
4, BLZ SERE I TNM S48 S MR B 8 1]
A T2WIENZ L g fe K B AR/NVT 10 mm 34
2, dLsefldg (Erkan, ik, SE
EIRS18 ) PAARESE

TBF. D. D FIf8)F 354 F e K AE R
N5 2 P UL 2 8] 1 — B0k R 47 (ICC

80
P<0.001 P<0.001
1 .

60 1 I 1
LLg 404
m
P

201

0
4 s

0.889~0.994) , #EULFR2, K1, 2. %Ki,
TBF. D. D Flffie/IME B 7= WLEE# P38 A
FLH A —EE R 2% (ICC: 0.025~0.285) ,
Bland-Altman & WE3 P . b, FRAH L
H1EWMEWTBE, D, D IR HIME AR K
(HIA TR EE53HT .

%2 3D pCASLHIVIMEEZSHIFEEMENARNEXRE
MRS (95% CI)

WEEE N W 1)
TBF, 0.934 (0.878~0.965)  0.920 (0.854~0.957)
TBF,,;, 0.025 (0.000~0.327)  0.052 (0.000~0.265)
TBF, 0.889 (0.800~0.940)  0.892 (0.805~0.941)
D, 0.945 (0.911~0.968)  0.931 (0.902~0.958)
D 0.353 (0.268~0.582)  0.291 (0.145~0.397)
D, 0.915 (0.889~0.951)  0.905 (0.880~0.939)
D, 0.988 (0.975~0.994)  0.994 (0.987~0.997)
D 0.285 (0.000~0.535) 0.125 (0.021~0.399 )
D, 0.988 (0.975~0.994)  0.994 (0.987~0.997)
Fonean 0.981 (0.957~0.991 ) 0.955 (0.917~0.976 )
Soain 0.283 (0.024~0.544)  0.065 (0.007~0.365)
S 0.956 (0.919~0.977)  0.954 (0.915~0.975)
| R
=
0.6 P<0.001 P=0.001
1 1
0.4
0.2
0.0
T/ I A 7349 B

E1 BIEETS AR B EAITBF oan 1/ mean EATIR E
A: ARTIHH ARG RIS AITBE oo [H 20 3 50 T 5 TOHW AN I R 04T B ART MR I RS, L2350 85 T R T3S 51 M
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B2 RTSE (T,) MRIGEARSE ( 1H1) MEREEEVRIES

A: T2WIEIMG b7 S W R k08 P 1 L
( TBF en=51.124) ;
F: T iR 0 i BT (fean=0.446 ) &

5 ES; B: T1W1[El1%ﬁri.:.};%ﬂlﬂﬂ*ﬁﬂii’1 51afk; Co TBF[E]E‘UTE'{JWEEEI—HEH:
D: DI’%IE/%HLPJEEW“ 1E5m“ (D, =0.453 x 10° mm’/s ) 3

E: D'EIFEI NI A EHEE (D)0=9.234x 10° mm™/s) ;

E3 STHH# (T,) FElEKSH (V) HERESEMRIES
A: T2WIEHE BRI A S555 5 B TIWIESRENG B A EAY A1 ; C: TBFEIE /R & ( TBF,,,,=30.604 ) ;

D: DI BRI AR E (D,,=0.393 x 10° mm’/s ) ;
HE (fren=0.334) &

22 XFEWESKRTSH

BHESKTAYHTBF, D, D', f
(TBF,.,. TBF,... Dyus Dys Doy Dl
Srncan~ Smax ) BIPE AR KAE WLZR3 . GnE1~3 7
IR, TETEZEUTBE e M mean TEAR T 23 W 20 H ] G2
BT ETAM4 (P<0.001) o TBF,,. D,e
Do Dieans Dy Ml fora FE T2 8 i IR S0 21 Fp 22
SEGIEE X

max » mean ™

max »

E: DRI AMIG TR (D)00=8.107x 10° mm’/s ) ;

Fr P o s e i

ROCHI 4 i 45 WK 4A R4, TBF .
(IAUCTE T (0.888 vs 0.789, P=0.022) . —
JCIZ H EH 53 M7 R TBF epn ( P=0.001) Flf;can
(P=0.010) J&X 43R TS0 iy 7 F5 A1~
2.3 LFERESRNSH

TBF. D. D", fI-FH {8 fld KA AE RN
S3 AL R RN AL 2 0] 22 R 3 TS 2 7 X
(P>0.05, %£3) .
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R4 TBF ean®f mean e X3 BAR TS BAFNIG R 53 BRI W 20 BE

2WLRE TBF pean Sonean PfE*
T4 0.022
R 37.050 0.390
AUC 0.888 0.789
RIPE Y 86.2 72.40
RS/ % 88.9 81.5
I R340 0.025
TR 34.650 0.383
AUC 0.838 0.741
REE% 79.4 64.7
FESERE % 81.8 77.3
*: TBF e T/ meanf I AUC2E 5K FIDeLong 6 46 1 7 452

2.5 ASL5IVIMS#mEX1E

F5HIE 5] H T ASLHITVIMZEZ 8] A ¢
. Spearman®kAHSC AT B R TBF o FIf ean Y EE
M (r=0.632, P<0.001) . HABLIVIMSHS

ASLEHUTCH M

%5 IR HR3D-pCASLAIVIMS S HIHE M

TBF can
BH
rE PlE r{E Pl
D,... 0.241 0.073 0.037 0.789
D,.. 0.245 0.081 0.045 0.741
D 0.126 0354 0.161 0.237
D ~0.113 0.406 -0.031 0.822
Foon 0632 <0001 0.092 0.501
fon 0.082 0.546 0.011 0.938
0.8 =0.632, P<0.001
0.6-
i 04
£
0.2
0.0 : : .

TBFcun

E5 ASLAIVIMIEESEL ( TBF et/ mean ) BURE

B R v R R 2 —, R
SR e AT O R R, WERR TR T R4
X B R SR R PR A B MR I T T R E
FE . ASLFIVIME—FPICHR ST . Jowe 5%t
BTN REE 5% N PO R AN b OF SRR R (1 S0)
LR 4] 20 2425 2830 ORRRSY R, ASLAI
IVIMAYHETE S ELTBE e 1 e P LA DX 73 G50 MR 9 155
TR TR R 203 . ROCHTEZR 3B 4 5 B
TBF prean H mean 7 45 591 £ W 358 125 (1R T 20300 AN i3 A I
PR3 107 1 AT A2 Wi RE . kA, AR
FEIE 2 IR IEE TBF a5 frmean Z B FAAE HH BEAH G
KHR,

ASLAE Jy—FhE4 8 MRIFE AR, $2MLE RS
BUOTBF, RE S i o 0 3 Aok I 20 2008 7 19 A B
B e iz N T R 4y 2k 4 19 B
G N B R R R 5 A A R
FHOG, (HRTEARDISE T, AT/ RIS R 55 1]
JH 988 () TBF pyeqn ot 110 T3S0 0 50 115 P 40 30 e
X—F GG = A R R AT R, 7 e il A AR
RGP B A T BERG BE  AR 5 AN AR
AE BT RN, 1 = 20 1 5 0 9 T T RE 1Y
Ui 3 A LA I AN S i e e B v 0L —
TREE X Sk 20 B R 20 S B ASLFSE 2 R,
A3 I g B TBFAIR T 43 0 g, A 38 hm fih
JAMIEIET:, X SRR A5 ZFH
R g XM 2R, Bk, AEAmEROIN LR
i, RATZEP=800 s/mm’ WIVIMEIE ik &S
X EROT, Lkt IRFEIX I, H T 5
R 88 AN Bkt G AS 58 SRFEFIRAE, UM
e B HOR, TR E . R . T
I SN ) Sk SR R AN o 22 [E) A S b, b
Je I3 T BEAFAE—E I S

ABFFEEE R WoR, ART 23 A I PR 43101 i
TR ) meanten T 1o TSR G I IR 20 IR, X 5
FHIEBIFE 1 20 b MR o 1 £ 5 iR 200 0 P
FEEER—B X AT REFE /N = 03U g R Pk A
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UNE, A IVIMAIASLAE B2 5O 5 R 20300 v 9 I R A4

MFEA I, A HIEIRE R, &
WM B IR N IR R, P ECR R A
HERF D, BEAh, AR S o W S T AR R
B R A, (LR g i A ) N B DU
SRR Y

TEABIFEH, TBF o0 X 2050 M i 25 R T 20300
FE PR AUCTE T/ nean» 15 ASLAFITVIMXS
B8 SR8 3 i LIS 1 R —. A LA T g
R ZE T LSRRI Rh 22 5 . B2, 3D-pASLIEN
— RS ASLEUS P A, g A . T
AR FIBD AL L G5 0, $2= ASLAETBFAL
BRI B R R Y TBF e, 1T
DL Bz R A 5] 3 A e L 9 25 5, A8 e
UL AE G, Mg SR 2 R AR 5 i A &1 )
BRARZ e P #5=, IVIM DWIH A
MRIFLAS ZBID(EA 2257, X TR .G DWI
FRAEBMEA R T T I VM S
AR . B, TBF,,., 7E e KT R e %
I R 33 B 23 A TS e

AWFTE BN, AEARNG A = N 3 B 2
B, WH-NSHERESFARITFE. JEH
AT B2 NG RS AN AR T g 4 1 8 AL R
A, Wz HAZFP R R, anJFE L RN
Bk BRI ks g g Y

AWFFE R IN, SRS B ASLATA Y TBF ean
5 HIVIMATAE B/ et TEETEADC (7=0.632) .
X — 45 R 2 e R BT ) AR, %
5 R TBF A Z M AETEAR G (7=0.560) .
Xt I i 5 0L A L7853 1) 4R B AR B, g 41
RN 1 I RTTREN i Dbl [ i O EA N [N 1S s
T A I AR RR B0 oA Bt 1 07 gk,
AWFFEG RN, TBF Ml Z AT GETTAH
Ktk (7=0.011, P=0.948) , [ AT RER i T
A SR, VETE S BN fe R AE N RE V1 S e
Mk AT

AWFFEAFAE—E MR RYE . B, HEARHE
AN, BATREEE—AERAFEARIATT . NAIE
PRAMARIWFSE . 55—, Fh T B AR A % B ]
DL B H A AR, R s M T

FLTE R BT, (L FRATTAAR Hi5 b 93 41 21
PRI A % SECRIEMRIGE R S 80, 5 =,
AT ASL AR HH PLD [ 5 Ry 22 Rij SCHR 1
1 000 ms, {HEPLDRYIESE T G824 52 M I i 1)
TBF{E, FATKIEARBIISE LB ARFPLD T
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