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Abstract

advanced nasopharyngeal carcinoma (LA-NPC) by arterial spin labeling magnetic resonance imaging (ASL-

Objective: To monitor tumor blood flow (TBF) before and after induction chemotherapy in locally

MRI), and to investigate the value of ASL-MRI in early predicting response of induction chemotherapy and short-
term efficacy in LA-NPC. Methods: Thirty-eight newly diagnosed LA-NPC patients were enrolled. ASL-MRI
were performed both before and after induction chemotherapy to obtain Pre-TBF and Post-TBF. The TBF change
value (ATBF) and the change rate (ATBF%) before and after induction chemotherapy were calculated. After in-
duction chemotherapy, complete response (CR) and partial response (PR) were classified as response group (RG),
and stable disease (SD) as well as progressive disease (PD) were classified as non-response group (NRG). The
short-term efficacy was evaluated at 3 months after radiotherapy and divided into CR group and non-CR group
(PR, SD and PD). Univariate and multivariate binary logistic regression analysis was used to evaluate the effects
of TBF parameters on the response of induction chemotherapy and short-term efficacy. The receiver operating
characteristic (ROC) curve was used to evaluate the diagnostic efficacy. Results: Of the 38 patients, 23 (60.5%)
were in the RG and 15 (39.5%) in the NRG. There were 22 cases (57.9%) in the CR group and 16 cases (42.1%)
in the non-CR group at 3 months after radiotherapy. The CR rate at 3 months after radiotherapy was significantly
higher in the RG than that in the NRG (73.9% vs. 33.3%, P=0.02). Pre-TBF was significantly higher than Post-
TBF in 38 patients (Z=4.227, P<<0.001). Pre-TBF, ATBF and ATBF% in the RG were significantly higher than
that in the NRG (all P<<0.05); Pre-TBF, ATBF, and ATBF% were significantly higher in the CR group than that
in the non-CR group at 3 months after radiotherapy (all P<<0.05). Multivariate binary logistic regression showed
that Pre-TBF was an independent risk factor of the efficacy of induction chemotherapy (P=0.027), with the area
under ROC curve (AUC) value of 0.745 (P=0.012). T stage and ATBF% were independent risk factors of short-
term efficacy (all P<<0.05), and the AUC value of ATBF% was 0.807 (P=0.001). Conclusion: Pre-treatment TBF
hyperperfusion in LA-NPC suggests better outcomes. Pre-TBF and ATBF% can predict the efficacy of induction
chemotherapy and short-term efficacy of LA-NPC, respectively.

Keywords locally advanced nasopharyngeal carcinoma; arterial spin labeling magnetic resonance imaging; in-

duction chemotherapy; efficacy evaluation
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1.1 WA SR

PR 2021 45 6 H 2022410 H ) P4 E R 2
55— W B BE BEsia (5 2 S 38 491, T 1 g0 N A
Y = (1) 20955 P 41 43 2445 W R ok 20 A6 7R B0 9 5 (2)
W 18~70 % s (3OKPS 14328071 s () I ~ Va i
(AJCC/UICC 8th 73 A #E) 5 (5) BEAE R AT BT 1L
J7 R B PR IRIT s (O TR &4 2. HE
BRbrdE s (DAEE 12 8 ; () & IR im b ## ; (3D
B I Hoe G R s (4) Bk LA ASL-MRI A6 7 .
A FE I )P R R K 5 A — B R B A B
RS H B (B 5 :2023-E092-01) . T 321K
HTHOEEMERES.
1.2 WHBITHE

BT A 8B 852 0 ST RO R IEOT i S
IT 77 S AL FE T P A I+ IE 7 % (GP) ) 2 T Ath 38+
AT CTP) 7 58, 3L 2~3 AN JE A, A1 R 21 do I 5K
J7 4b 75 7 B GTV: 70~72 Gy/33f, jiy7 1 1] 3847 LA
BN R F AL 7 2~ 3 AN 3, 1A B& 21 ds
1.3 ASL-MRI#4i  TBF ¥4

ASL-MRI 14 K A 3.0T i £ 9% 1 5 1 (Mag-
netom Skyra, P57 ¥, {8 [E ), FFAL A 20 818 3k 31 4
Bl , 34 90 BBl EH 00 22 I 08 R 2 eme BT 2
15 ST AT G 852 ASL-MRI 3 L3R5 5
& 97 Hii TBF (Pre-TBF) #1155 {4, J7 /5 TBF (Post-
TBE), H1H 515 S 40I7 10 )5 1) TBE Z L H (ATBF)
J ARk (ATBF%) » T A TBF 2 45 2 {7 W 82 35 il
SEVPAl B A LA SR AE 2 8 S B PG .
1.4 J7 RGP

K I B SE A4 98 97 30 PE AN A5 #E (RECIST, Ver-
sion 1.1) , J7 R VF Al 43 4 56 4 28 fil (complete re-
sponse, CR) . 3 73 2% fift (partial response, PR) - J& /%
2 5E (stable disease, SD) & ¥% i #f J& (progressive
disease, PD) . TEF ST 5, ¥ CR A PR JH 4 R B
“,SDAIPD HAAERMH . TEBUTE R 3NH
PE Al 3 HA 97 2, 4r N CR 4 AT 9E CR 41 (PR, SD &
PD).
1.5 Gtk

fi FH SPSS 26.0 #AT R i %0 M. fFAIESD
A B TE 2 TR DAY B b 1 22 (& + ) RN, 4L IR B
BCR ML AR ok 5 . AR IR A0 ) TE 2= 5k
o o7 % DY 232 B R BE D) (M (P~ P, ) 27, 2H1A) B

5K A Wilcoxon FRANET 36 o 1150 58k DL (1 43
ORI, AT LR H Fisher RS AR 2. R XX
] B /L A #H 5< £ %4 (intraclass correlation coefficient,
ICCOZr#r TBF Il & — £t RABERLZHER
432K logistic [8] 1 73 #7155 T AT RUR Sl 9T A%
IS R 2R o R 323038 TAEH# 1% (receiver operat-
ing characteristic, ROC) [l £ #ff & 12 Wi B AE , A2 905 ith
2 T TH X (area under curve, AUC) #ffi 7€ 12 W XL fiE -
PLP<<0.05 AR EA G o

2 & B
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g N 38 il LANNPC & %, 2 b 5 24 il
(63.2%) , % 14 %1 (36.8%) ; 1 24~51 % 5 IIf K 5
e I 399 3 4510 (7.9%) 5 IV a 38 35 91 (92.1%) ; T2 ]
1 %1 (2.6%) , T3 #1 12 %1 (31.6%) , T4 # 25 #l
(65.8%) :NO 1141 (2.6%) ,N1 1 10 %1 (23.6%) , N2
9 1] (23.7%) , N3 # 18 5] (47.7%) ; ¥] ¥4 EBV-
DNA [ 4 8 %1 ( <400 #% Ul/mL,21.1%) , BH % 30 11
(>400 # J1/mL,78.9%)
2.2 JTROENY

755 45 R S 8 2H 23 4511 (60.5% ;2 51 CR, 21 451
PR), B[ Wi 2H 15451 (39.5%; 14451 SD, 14| PD) . Jit
IT 45 9 3 A~ A PEAG I 8197 2%, CR 41 22 41 (57.9%,
22 ] CR) , 4E CR 41 16 1 (42.1%, 16 #] PR) , J& SD
JPD B 5 AT I N AR OT 5 3N H B CR
RN T3.9%, AE B H I CR RN 33.3%, Z 7 AH
it X (P=0.02), W#E 1.

F1 YT R RN AR B 2H A 1T R LA

20 51 Mt CR,n(%) 4E CR,n(%) P
J 3 2H 23 17(73.9) 6(26.1) 0.02
PERMNH 15 5(33.3) 10€66.7)

2.3 Mg — SRR

# TBF 2 %1 4H N AH G 22 HORT2H [a) 1 D% R 20
B RIF(ICC 4 0.739~0.998, 3 P<<0.001) , % 2.
2.4 FFITHTE TBF AL

38 15 E MR & 1) Pre-TBF 4 57.97 mL/100 g-min ",
2 % & T Post-TBF #J 35.81 mL/100 g-min" (Z=
4.227,P<<0.001). 2§ &2 35 AT A0 5 e K
BIE 1.
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£2 TBF ZE RN — B 56
ZH M N ICC95%CD P WL A ICC(95%CDD P
Pre-TBF/(mL/100 g-min™) 0.997(0.994~0.998)  <<0.001  0.972(0.948~0.986)  <C0.001
Post-TBF/(mL/100 g-min™)  0.994(0.989~0.997)  <<0.001  0.739(0.551~0.856)  <<0.001
ATBF/(mL/100 g-min™) 0.998(0.996~0.999)  <<0.001  0.881(0.782~0.936)  <C0.001
ATBF%/% 0.998(0.995~0.999)  <<0.001  0.805(0.605~0.993)  <<0.001

g e
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Kla~d NiF A7 e ik B CR B3, 1k, 45 %, TANIMO T30 5 05 B2 - CO MR I ) oK 20 A Y Al A A P e BB N 5 AT

SN sa: 75 AT BT T2WILFF B, B 42 90 S R, UM AT KE 83 30 5% » b= 5 4697 1 TBF DA RZ I, S8 50 R I LA D i
TEAE T sc: 3 TP U5 5 S AL J5 I W W] 2338 5 35 24097 Ja TBF O R2 [, S WA &0 T W0 b 0 55 B BV 155 5 W S BRI
K e~h NiF AT Ja i Ae € o, 37 %, T3INIMO T30 s B2 - CR MR P00 R 7 AL AR A ALk e, S8 0 AT R
FAH s e: 15 S AT B T2WIF 410, I A 42 20 20 0 &5 358 Dy =« £: 35 54097 30 TBF D B B, on B B IE LA SR 5
g: 2 JAMA TP Uy 1% ST J5 , M6 7 T o B9 S 3R s h: 75 3097 J5 TBF Dy B, RV IR M B s s 5 .

1 2 ST R R

2.5 S4TSR SN 41 TBF 40 H
% S 1697 S N 4 Pre-TBF . ATBF [ ATBF%1
B FE T AR RN 4 () P<0.05) ; 5 41 Post-TBF Lt
L, ER A EE L(P=0.085), LK 3.
2.6 80T JE 3~ H CRAFIFE CR 4 TBF 4 L
BT G 3 H CR 41 Pre-TBF.ATBF } ATBF%
Y8 % T E CRAL (3 P<0.05) ; 4 Post-TBF Lt
B, ER LSRR L (P=0.114), L.F& 4,
2.7 YT RO BT R 45 2K logistic [H] A 45
F5ROC 2k
E SLT2~T3 WA T 70 81 T4 BA 9 & T 40 A
NO~N1 H NAE N 43 # K N2~N3 # v = N 43 .
a3 i AR S AT 2 S RN KRBT R 3N A RS
CR/ENR A=, 1=/%). HT Post-TBF.ATBF J
ATBF%E 5 ST 45 A T VP AlT , o T Pl %
ST I R AN NN S A7 97 R = 432K lo-

gistic 73 4. LI 3 45 2K logistic [H] 9 45 5 12
7N, Pre-TBF 515 S A0IT BLE FH G (P=0.017) 5188
Pre-TBF.ATBF fl ATBF% 5 )7 J& 3 4~ H /& 5 CR
() P<0.05). HT ATBF.ATBF%E R FES
IT R 5 TBF 24600, H TBF% & brE Ak (1)K JF
HAE I WiRe , 5 20K ATBF% I N IT HAYT 3%
ZRZE T FET T 3 JAATN 43 BILE I PR A T 55
Ja VU MDD R, T 43 30 N A BHIS AN 597 3
JOERT M2 R . ZRESIEERER,
Pre-TBF & 5 S A0I7 R AL 5200 K] 25, #2715 Pre-
TBF # Kl Ge X 75 S AT 72 AE R, WK 5T 4
AN ATBF Y% /=& JHUIT J& 3 /N H 30 B9 20 4 37 5% Vel
K12, 278K T 20 199 M2 ATBF% 5 K ) 5 5 1E U7 e
3NHERGIEBICR, WK 6. L6 7 RO
197 2 1) ROC #h £k 7 i€ TBF 2 012 Wi & ie
LB 2.



- 1308 -

PR R S R 2024 Sept. 41(9)
£3 P SAbIT R SALRIE R B 4L TBF 23 i
X xS
ZH N (n=23) Ak M (n=15) t P

Pre-TBF/(mL/100 g+ min™") 78.61+35.49 50.70+15.59 3313 0.002
Post-TBF/(mL/100 g-min™") 35.24+17.97 46.23+£19.86 1.768 0.085
ATBF/(mL/100 g-min™)" 43.13+33.64 4.47+17.73 4.644 <<0.001
ATBF%/(%)" 50.87+25.67 5.16+£38.28 4417 <0.001

ATBE BUE VO, e M4 - -13.58~131.21; AF R W 4H : -27.16~29.18. *ATBF% %18 5

SN2 -18.32~86.71; 3 ) W4 : -82.70~53.38,

F£4 BUTIE3AH CRYLFIE CR 41 TBF 24t 4%

x £
ZH CR 4 (n=22) JECRAH (n=16) t P
Pre-TBF(mL/100 g'min™) 77.15+35.48 54.46%+21.57 2267 0.029
Post-TBF(mL/100 g-min™) 35.36+17.96 45.39+20.01 1.620 0.114
ATBF(mL/100 g-min™)’ 41.78434.40 9.07+23.45 3.284  0.002
ATBF%(%)* 49.26427.05 10.23+40.42 3.569  0.001

"ATBF {8 5, CR41:-13.58~131.21;JE CR41:-27.16~68.87. *ATBF%¥{{H 7 [ , CR 4H :
-18.32~86.71;9F CR 41:-82.70~62.17.

X5 FHPIT IR 4> 2K logistic [0V 73 Hr 45
T, B RS Z R R
p o Wald OR(95% CD P p o Wald OR(95% CD P
PR CRL Lt Ry 2 D -0.251 0.131 0.778(0.199~3.035)  0.718
R 0.017 0.326 1.018(0.960~1.079)  0.560
THHCMET M NZE) 0134 0.035 1.143(0.284~4.604)  0.851 -0.167 0.039 0.846(0.163~4.401) 0.843
SHICCMEN 2 HINSE)  0.875 1.437 2.40000.574~10.042) 0.231  -0.993 1.309 2.699(0.492~14.805) 0.253
EBVDNA(ulﬁﬁﬁfsﬁ’i 0.547 0.464 1.727(0.359~8.322)  0.496
Pre-TBF/(mL/100 g-min™)  0.048 5.667 1.049(1.008~1.091) 0.017  0.047 4.914 1.048(1.005~1.092) 0.027
F6  HUTIE 3 H I HAIT R = 43 F logistics [11 9 43 #7485 S
I BE ST ZRE T
Vi Wald OR(95% CD P Vi Wald OR(95% CD P
PEACRA et R 2 D -0.421 0370 0.657(0.169~2.549) 0.543
R -0.077 4.264 0.926(0.860~0.996) 0.040  0.095 2.670 0.990(0.810~1.019) 0.101
SO T I ZIE)  -1.099 2.017 0.333(0.073~1.518) 0.156  -3.022 4.241 0.048(0.003~0.851) 0.038
\ﬁE(WEEN%ﬁBﬁ%HE) -0.336 0209 0.714(0.169~3.027) 0.648 -1.973 1.495 0.138(0.006~3.318) 0.222
EBV-DNACPLIATE NZIE)  -0.243 0.088 1.007(0.848~1.196) 0.938
Pre-TBF/(mL/100 g-min™) 0.031 3.994 1.032(1.001~1.064) 0.046  0.044 2.074 1.045(0.985~1.109) 0.146
Post-TBF/(mL/100 g-min™)  -0.029 2.376 0.971(0.936~1.008) 0.123
ATBF/(mL/100 g-min™) 0.045 6.640 1.046(1.011~1.082) 0.010
ATBF%/(%) 0.036 7.198 1.037(1.010~1.068) 0.007  0.058 4.117 1.060(1.002~1.122) 0.043
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a: 5 FAITRER ROC; b JiUT i 34 HIE WP T 2 ROC.
2 TBF 2300 3 S A0IT ROR Sl W7 2012 i se

3 7 it

B m R TRE R IESE M, [F
J7 /& LA-NPC b ifEvE I 130 A 73R B, B4 1
7% Sy v #E— 2 3 LA-NPC B 0w AE A7 0, 2
T I 56 R IR 97 BEME™Y . B Ah, i SR IT AN
IR 1 AT A se i R ke, HonT
B8 DRLROT A N B SR T 5 1 TS BRI, 1
T LA-NPC X 75 S 4697 19 [ 8L, % 28 4o 3F 0 ZE 1 4k
ST RISCE TS A EEE L.

AR B, g it A A2 PR AR K B B R 1 %
BRI, -5 MR a7 AR 2 DIAE 5 TRk,
i 988 I 9 E Y 1 0 T e T DAL T 2. ASL-MRI
s — WA T A |8 S VP A PR MR A, &
87 FH - 22 o Jie 8 10 Y R KT R ROEAR Y. ST
(T F B, ASL W] 72 A8 R 415 M L A A1 v 1 1
1%, REAR G M s i 5 W e 11 If 9 E v K, H S
B TBF HEM R, AW Y, TBF Z 5 M
% 18] (3 0.739~0.972, ¥ P<<0.001) J M %% &
M ICC (i 0.994~0.998, 35 P<<0.001) 18 i , %
B TBF I & B A R 4 1) 5 5 A — Sk .

AT ORI, i B3 1 Pre-TBF 4 18 3% & T
Post-TBF. iX 5 Fujima 5™ Ff§ ASL-MRI #¥ 1} 22
B2 52 48 TF ARG I 1 Sk S008I e 1 1t g &5 SR
— %, 677 §I TBF A(121.4 £27.8) mL/100 g-min™',
B E R TI6IT R 1(24.9414.9) mL/100 g-min”. &
1155 8 55 S A0 y7 5 S50 I8 40 B 453 10 S 8 3 sk />
BIo Mk, AHE TR IFE ST SN 4 M 0T e
3N A CR 411 Pre-TBE.ATBF f ATBF% %2 ¥ &1 ,
Hif Sy 7 R BAERITE3IMHPICR B3 & T
ERBIH . 3E—B 15 HTR 8, Pre-TBF £ 7% 31k
7 R ST S R 2R, H AUC 0,745, RATEIR
J7 /T B LA-NPC X 5 5 4k o7 850 M 0 0 18
ATBF% & 35 {7 200 Sk 7 52 ma K &, Hod ATBF%
X 4> P41 AUC N 0.807 , #2715 155 AL ST AT - J i

FETE K AR A 280K, 0T 5 3 H 1) CR 2210
1% 5 Lin 2524 B ASL-MRI ¥EA 55 1 42 5% [5) B ik
A7 1 B W i 7 3K R E AT & AR AL, R A,
T 77 B AR 40 Gy 5}, PR 41 /) Pre-TBF 1 ATBF
{E 44 75T SD 41, Pre-TBF [X 4r B 41) AUC 4 0.845;
AN BT JE 1A H AE5R B 411 Pre-TBF #1 ATBF {H
¥ImE T HR B 4, Pre-TBF X 4r i 411 AUC 4 0.831.
BATHE FEVRIT A = FE T AT 1 g S R Ak 9T 259
W i, 65 AT ORGSR S0 I
BT 2GR SR PR IR TR B R iR v K CF TR
% N B % S AL AT 5 5 0 B 6 ey ek i
15807 J5 3 /N H I CR R &y . 108 97 A R MK
FETE S8R = AR T AT AR R ARG
P> B T AT I IR A A B 1 R B B R

zi BRIk, AHE 7Tl ik ASL-MRI %} LA-NPC
ST AT IR I A AT I, R I W
BT T IR I I v R R B R S 4T 1R 9T R, Pre-TBF
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