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[ Abstract] Objective To investigate the potential application of dynamic contrast-enhanced
magnetic resonance imaging (DCE-MRI) combined with diffusion-weighted imaging (DWI) in
evaluating response to concurrent chemoradiotherapy (CCRT)in locally advanced esophageal
carcinoma (EC). Methods The clinical data of 48 patients with locally advanced EC who were
treated with CCRT at Jiangsu Cancer Hospital from February 2018 to June 2021 were retrospectively
analyzed, including 24 males and 24 females, with an average age of (67.1£7.7) years. DCE-MRI and
DWI-MRI were performed before and during CCRT (2-3 weeks). Patients were categorized into two
groups, namely, the response group and non-response group, after 3 months of treatment in accordance
with the Response Evaluation Criteria in Solid Tumors (RECIST) version 1.1. The quantitative
parameters of DCE-MRI (K™, Kep, and Ve) and the changes in parameters (AK"™, AKep, and AVe),
as well as the quantitative parameter of DWI-MRI (apparent diffusion coefficient (ADC)) and the
changes in ADC (AADC), were calculated and compared by using the paired sample #-test and
Wilcoxon rank sum test before and during CCRT of the two groups, respectively. The independent
sample z-test and Mann-Whitney U test were used to evaluate the differences between the response
group and non-response group. Moreover, univariate and multivariate Logistic regression analysis were
used to analyze the potential prognostic factors. Receiver operating characteristic curve was used to
evaluate the efficiency of the prediction model. Results A total of 48 patients were divided into two
groups: 32 in the response group and 16 in the non-response group. K™ before the start of CCRT in
the response group was significantly higher than that in the non-response group (0.42(0.33, 0.55) min™'
vs. 0.29(0.25, 0.42) min"', Z=2.909, P=0.007), whereas ADC before the start of CCRT ((1.42+
0.38)x10° mm?/s vs. (1.14+0.21)x10”° mm’/s), ADC during CCRT ((2.30+£0.43)x10~° mm/s vs. (1.63+
0.44)x10”° mm?*/s), and AADC ((0.86£0.39)x10”° mm®/s vs. (0.45+0.49)x10” mm?/s) also showed a
remarkable difference between the two groups (=-3.244, —5.013, —3.068; all P<0.05). Univariate
Logistic regression analysis showed that K™ before the start of CCRT (OR=1.093, 95%ClI:
1.021-1.171), AK"™ (OR=0.968, 95%CI: 0.939-0.997), ADC before the start of CCRT (OR=18.304,
95%CI: 1.606-208.659), ADC during CCRT (OR=22.678, 95%CI: 3.920-131.211), and AADC (OR=
9.996, 95%CI: 1.802-55.440) were the potential prognostic factors for effective early treatment.
Multivariable Logistic regression analysis showed that ADC during CCRT could be the best parameter
to evaluate treatment performance (95%CI: 1.331-81.220, AUC=0.892, P=0.026). Conclusion  The
combination of DCE-MRI and DWI-MRI can be used in predicting response to CCRT in locally
advanced EC.
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Table1 General data of 48 patients diagnosed with locally

advanced esophageal carcinoma

ZH AR (n=32) T (n=16) Y16 PIA

R, M(Q,, 0;)]1 68(65, 72)  66(63, 73) - 0.449
PN B, %) 1.500 0.221
5 14(43.8) 10(62.5)
E’g 18(56.3) 6(37.5)
JEIHTE AT (B, %) 0.807 0.369
EH 24(75.0) 10(62.5)
T 8(25.0) 6(37.5)
bR & (B, %) 0.098 0.755
s 7(21.9) 4(25.0)
T b Bt 2(6.3) 3(18.8)
S B 0(0) 1(6.3)
Mo B 12(37.5) 1(6.3)
M B 0(0) 1(6.3)
Marh Bz 5(15.6) 3(18.8)
fgrp 1Bt 3(9.4) 1(6.3)
MR B 3(9.4) 2(12.5)
T, %) 6.524 0.011
T3 11(34.4) 0(0)
T4a 20(62.5) 15(93.8)
T4b 1(3.1) 1(6.3)
NI (], %) 3.799 0.051
N1 14(43.8) 3(18.8)
N2 10(31.3) 5(31.3)
N3 8(25.0) 8(50.0)

T —FoR I
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F2 32 Fl R E SRR A IR A S EIRYTET . 3RYT T DCE-MRI, DWI-MRI 248 LA
Table 2 Comparison of dynamic contrast-enhanced magnetic resonance imaging and diffusion-weighted imaging magnetic resonance imaging

parameters before and during treatment in response group in 32 locally advanced esophageal carcinoma patients treated with concurrent

chemoradiotherapy
iH K™ [min"', M(Q,, 05)] Kep(min™', X+s) Ve[min™', M(Q,, 05)] ADC(x10”° mm*/s, X=s)
YT ET 0.42(0.33, 0.55) 3.13+0.96 1.62(1.28, 2.12) 1.4240.38
IELA 0.31(0.20, 0.45) 2.18+0.76 1.86(1.07, 2.89) 2.30+0.43
K 7=-2.820 =4.383 7=-0.081 =8.612
Pl 0.006 <0.001 0.805 <0.001

E: DCE-MRI AREIARZAXT RS s DWI-MRI Sy BEIHRIRBOMAUSRIR ;. K™ 9B W8 Kep FHRFE; Ve MIMASH
HIPSMEBRAFR L s ADC HRMY HUREL

®3 16 G R ERERRE BT IRST OB IRITRET . 1RSTH DCE-MRI, DWI-MRI S8 HAL
Table 3 Comparison of dynamic contrast-enhanced magnetic resonance imaging and diffusion-weighted imaging-magnetic resonance imaging

parameters before and during treatment in non-response group in 16 locally advanced esophageal carcinoma patients treated with concurrent

chemoradiotherapy
Wi [ K™ [min™", M(Q;, 05)] Kep(min™', X+s) Ve(min™, %+s) ADC(x10” mm’/s, %+s)
JRITRT 0.29(0.25, 0.42) 2.49+1.23 1.94+1.11 1.14+0.21
YEIT 0.30(0.25, 0.61) 2.19£1.14 1.99+0.89 1.63+0.44
K6 90 (L 7Z=—0.641 =0.731 =—-0.139 =—3.887
PlH 0.520 0.470 0.890 0.001

E: DCE-MRI NGRS LIRS s DWI-MRIL AREILIRIRBONEURIS ;. K™ WG Kep HBREEG Ve MILE S
MAESMAIBRATL; ADC IR MY R L

F4a A8 PIHERII A EEIRE UL B AE IR TR AL S JEAA] DCE-MRI, DWI-MRI S5 L (xs)
Table 4 Comparison of dynamic contrast-enhanced magnetic resonance imaging and diffusion-weighted imaging-magnetic resonance imaging
parameters between response and non-response groups in 48 locally advanced esophageal carcinoma patients treated with concurrent

chemoradiotherapy (¥+s)

g5 RIFRTK™ [min™', 3B HK™ min",  AK™[min', ?ay:r‘ﬁﬁxep ‘IE‘H?':PKep AKep
M(Q,, 03] M(Q,, 03] M(Q,, 03] (min™, X+s) (min™", X+s) (min™", X+s)
HRH (n=32) 0.42(0.33, 0.55) 0.31(0.20, 0.45) —0.12(-0.25, 0.30) 3.13+0.96 2.18+0.76 -0.95+1.03
ToRLH (n=16)  0.29(0.25, 0.42)  0.30(0.25, 0.61) —4.98(—0.13, 0.24) 2.49+1.23 2.19+1.14 —-0.31+1.24
R 7=-2.909 7=—0.569 7=—1.815 =—1.980 =0.020 =1.912
PfH 0.007 0.519 0.081 0.054 0.984 0.060
25 TRIT B Vefuia' ", ?Iﬁ‘{?m\/e AVe (min', %) iﬁﬁﬁﬁADC iﬁﬁWADC AADC B
M(Q,, 03] (min™, x+s) ’ (x10° mm?¥s, ¥+s) (x10° mm¥s, x+s) (x10° mm?’s, X+s)
AR (n=32) 1.62(1.28, 2.12) 1.87+0.94 0.03£1.25 1.4240.38 2.30+0.43 0.86+0.39
TR (n=16) 1.72(1.14, 2.34) 1.9940.89 0.05+1.31 1.14+0.21 1.63+0.44 0.45+0.49
OLOAIEN Z=0.066 =0.424 =0.053 =—3.244 =-5.013 =3.068
PfH 0.717 0.674 0.958 0.020 <0.001 0.004

7 : DCE-MRI J#E3L4R S A5t FE 35 AL 4% ; DWI-MRI o BESLAR VR HOMBURAS 5 K™ A BEREBFE; AK™ NIRIT P 5670
K™ 2208 ; Kep MHRHEL; AKep NAITH SIHITHT Kep M2E{H; Ve MIMAFTIMIMIAMAIBRARILL ;. AVe IIBIT FS5IAITRT Ve (1)
% ; ADC WFEWY BIRE; AADC JiAay7H S5IAY7HT ADC Y258

AT Ty SR SR N 3R (3 P<0.05)(38 5). Kl PPASIAYT SN BGE IR REE R A 2R, JUHUEER

e IRYTRT K™, ADC, AK™", JG¥rH ADC,
AADC 94 AZHZ T Logistic [0 AR 04, 45
WK, JRI7 ™ ADC ZIRY7 A 88 1l 37 1 R &

(95%CI: 1.331~81.220, AUC=0.892, P=0.026)
(6, K 3).
3 itig

Jeyi it A B R SR B AT R R AT IR

A PEAS AT IR R B ARG YT T S e iR
Wi ABFFERGT T E # DCE-MRI & DWI-MRI £
B T ) RIS TR 0T S R B B R R D Y
Je AT AP Y RN A E, R
ZH &K Logistic [FIHHE T & S EUE ML IRTT
JPRRINZE, 1523RI7 T ADC SRR 97 A 5L AT
WM 2R, AUC 53] 0.892, AHF5E Xt 48 44k
RIS B TS, BURITES R 3 A A AT
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B 1 EEREEH (LM, 74 2RI ET (A~D) FIAT [RAB T IT IR 45 3 J8 (E~H) # MRI & JRYTEHR 3 D H JE I R IPAG 45
FIRITARL, ETEAFR DCE-MRI 240475, %03/ DCE-MRI 25058, A N T2 USRS PR EIR, mEE il FE
g AR EERILTEA (FkBR ) s B IEIREE, Al BiRil (#%F7R); C v DCE-MRI EE, RIKXIEHE
AHEWRIRASONE (FLFAR ), K™=0.84 min", Kep=4.07 min', Ve=2.07 min"'; Dy ADC [&, RIMEeX 0] AR5 S (%L pr
7R, ADC=0.92x10°mm’s; E 4 T2 IAUGE /- PRIEIR, NEEN EBMPGRSE . ERERIE (FFkm ) s FOREIR, x
T PR DX S A SR AL 839 ) (T SK 78 ) 5 G o DCE-MRIEE, BRI EE G0 (FikPizA ), K™=043 min', Kep=
247 min™, Ve=3.18 min"'; H4 ADC [, /RHIKR XS W R & (HkFTR ), ADC=2.32x10" mm*/s, MRI JH il 248 hi 1% 5
DCE-MRI A #3E4%3h 50 LGRS ;. K™ AR WG Kep NHEARFHG Ve WILEMINISMNAIBATRIL; ADC ARy HL
Figure 1 MRI images of a patient (female, 74 years old) with esophageal carcinoma before (A—D) and during concurrent chemoradiotherapy
(3 weeks) (E-H)

((8))

B2 BEEmEHE LM, 70 2)17E LT ET(A~D) FIATE BT F G SS 2 J8 (E~H) i MRI & JRYTEE 3 > H IS IR Al 45
SIRIT I, BB 3R DCE-MRI S4B, ¥ €38 DCE-MRI ZHUEKK. A K T2 AU A HRER, ~EE DB
B, BEEREER (FER) ; B ARGREE, Ry Rl (§K07R ) ; C 5 DCE-MRI EE, /RERKE LG EIREG
R E (FikFR ), K™=043 min"', Kep=4.27 min"', Ve=1.02min™'; D Jy ADC &, /RMHHIXIIABASES (FLPizR), ADC=
0.87x107° mm?/s; E N T2 BUGE S HEREG, mEESBA SRR (Fi kiR ) 5 FOURGREMR, mERARMEATII] 8581k
(Hi3k iR )5 G4 DCE-MRI K%, AEIKIXIELIL €8 F (FFk iR ), K™=0.97 min", Kep=4.58 min"', Ve=2.11 min';
H N ADC [, /REERMEUBEMES (§73kFi/R ), ADC=1.13x10" mm%s, MRI REHARK % ; DCE-MRI i AR Sh A%t Ho o
BU%; K™ R EEG Kep NHERHEG Ve NI IMIMSMNAIBRAFILL ; ADC HFMY HIREL
Figure 2 MRI images of a patient (female, 70 years old) with esophageal carcinoma before (A—D) and during concurrent chemoradiotherapy
(2 weeks) (E-H)

WHRIPAG A5 50 AT AR, ST T AR B SRR RO ML T A% . 5 3¢
AR B HZ TR, S0 [10]fdche RIS R0,

MBI pCR R T HALMOBSELE 50 ABF 3.1 DCE-MRI G Rl bR S Al
GESK I AR, WIT AR AT PR T 4 i

(T3, Tda, Tdb) HOZSATHI 4 L RIIGIK AT TR, T A ALATT I K A
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&5 HRMEEEFEL AT L DCE-MRI, DWI-MRI
SNSRI IR Logistic [ 5347
Table 5 Results of univariate Logistic regression analysis of
dynamic contrast-enhanced magnetic resonance imaging and
diffusion-weighted imaging magnetic resonance imaging
parameters for predicting the efficacy of concurrent

chemoradiotherapy in locally advanced esophageal carcinoma

patients
& M 95%CT PH
IR ATK ™ 1.093 1.021~1.171 0.011
AK™™ 0.968 0.939~0.997 0.032
IBITHRTADC 18.304 1.606~208.659 0.019
RIFHADC 22.678 3.920~131.211 <0.01
AADC 9.996 1.802~55.440 0.008

¥: DCE-MRI NREHAREIZS XS HLIE a8 A% ; DWI-MRI S #gIL
PRORBOMBURAR ;s K™ HHE R FEEG AK™ BIRT T 516
JPRT K™ M220H; ADC WEWMY HFRE; AADC MigI7r s
JRITHT ADC BY2E(E; CI N EAF X

|6 ERIIEAE RS LST i # DCE-MRI, DWI-MRI
SR AT TR Z H R Logistic [M147347
Table 6 Results of multivariate Logistic regression analysis of
dynamic contrast-enhanced magnetic resonance imaging and
diffusion-weighted imaging magnetic resonance imaging
parameters for predicting the efficacy of concurrent

chemoradiotherapy in locally advanced esophageal carcinoma

patients
PSS B ZH ARdEiR Waldfti P ORI 95%CI
JRITHTK™™  0.068  0.047 2.058 0.151 1.07 0.975~1.174
AK™™ 0.001  0.023 0.002 0.961 1.001 0.958~1.047

IBJTHTADC 1,704  1.867 0.833 0.361 5.496 0.142~213.404
BITHADC 2342 1.049 4.986 0.026 10.399 1.331~81.220
: DCE-MRI HREHARZHZS X IR % ; DWI-MRI AR
PRVCBOMAUS AR ; K™ R EEG AK™ RIEST 56
JYRT K™ BI2E(H; ADC MRUY IR o B X

Kep ¥ FAY7 H K™ Fl Kep, H2ZER¥H ST
RS IRITASHIRI T K™ TR, =
A G E L Sun Y AR SR K], dEE
R SR R S Y IR IR T AT A4 K™ Kep
WETRE, SARMRER -3, BIHE Logistic 7]
IH 25 BT, JRYT7HT K™, AK™ Y252 mmyT
RN o IGRAFFERMT, o BE A g A 7
BUIT BA TH 250 Gaustad 481 i
T R AR 5T T DCE-MRI 368 AR PF-Ad g
AR T, S22 I R il Y AN
JE BT, K™ BB A5 S Wb g 1 10 Y 08 3
SAHEN RO 98 DX L BE T UM RN T KT
K™ BB A O O RPN A A o IR R B9

1.0 ]
0.8} ‘—
0.6}
il
ﬁ /
WF% s
04t
02} S s LT 83.9%
g \{»A;ﬁ ADC TESTIE 80.0%
" I P4 1.915
y AUC=0.892
0 02 04 06 08 Lo
1455

3 IRYT P ADC X 48 fAlik R A R R e IR B T AL
SR RTINS RE A 32 TARRREIZE] ADC 2y
P BLA AL

Figure 3 Receiver operating characteristic curve of apparent
diffusion coefficient during concurrent chemoradiotherapy in
predicting the efficacy of concurrent chemoradiotherapy in 48

locally advanced esophageal carcinoma patients
BB T AR BSARIE, FA Da I AITFE )
BERAEN K BRI TR K™ BARSR W R ) A8
P8 DR LR TELE | R IX AR R A, Jf it — 20
HOALS T AR, NI T i PR 22 . Ye
ST TE X R P U A R AT R P AR
197 5% RECISTIFA R ks 838 70 9 U4 At
24, BURALRITHT K™ B S T A, 54
IFFEE R —E AWFTEA R R T ARl I
AIRITHT . IRJTH Kep. Ve M AKep. AVe i2: 5
WG, Sun Y B R BN, R
B B S R AL PR T RIS Ve ALY 22
SIGIEE Lo Gaustad 25" [ FEREAFST 25 5K
/N, Ve HBATE . KATE4L515 5] DCE-MRI 2
Horp K R AU A I T TS A
3.2 DWI-MRI & i 2 H07E Bk B IR T R0
HEIFEH]
AT, S FEEHAT, HIT AR
5 TERAL R ADC YA AR R AR RS s 1L
AL PRI A RO EE R R A T, S g
AR AY SRR VRS | TR BONIIALE AL kG . i
JHT-FIIRFE, Borggreve 25! Fl Wang 257 AU 5%
ZERUESE, o R AR R R A Y
2~3 Je| S T e S5 L ) B A AL, s A A 1%
] B A A AR B R AR B R A SR, 2 PR X i Ak
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ADC. JA¥7™ ADC. AADC ¥ TIoadl, H%
S GRS, R Logistic [B1H4H14Y
EHW], JRJTHT ADC. JG¥7H ADC. AADC &5
[R5 A T Y A s R R . — 3¢ F ADC
VSR B A8 g BG4 408 B B e T P 1
) Meta 73 AT O BIF 58 45 SR R B, 76 AL y 3 1]
pCR 41 ) ADC B, John 2" iff 5% %
W, RIT AR ERE IR ADC HE B E T
ToRAH, HEIRIT 51097 ADC )2 {H (AADC)
55 R A G s RIS S AR T A R — B
Aoyagi ZBFSE R E, ADC 5 R R 3 i
W) S R A G, RUIEYT A BRI X
WA IR A 4R R, W5 B
Bi, XTI ERP; 10T T ADC 5EP ST
(AR TS A G . X TR A S BOTAL B 86
R T K AE AR R S HANE, AR
JE I TAE 20 BB I3,

3.3 DCE-MRI } DWI-MRI 5 & Z: 5 i i A5 750 7
A B [R5 AT B R ROTAL
w18 g
Z K2 —JC Logistic FIHAMT 45 R B, AT

o ADC &R Y7 7B AR M S TN R, AUC 153

0.892, AW 58 % DCE-MRI, DWI-MRI ¥ 7 3 fiE

BAGEE G, B TR e R R A AT S

Y7 SPEAL A B A5 D RE LR M AR A, 15 5 ]

DCE-MRI Z 00 BUAST TP RO L™, #2817

W EE 7T . A B9 N 5L F H PF-FDG PET/CT

1 DWI BEGBAPPAN B 88 B 7 FE 1Y pCR,

25 B R, 1697 )5 “F-FDG PET/CT 14 2 % 2% k.

(SUV IBIT a5 FHEA2(E) Fil DWI-MRI 2401

HHAAR L (AADC) IR A TR0 B 48 9 7 A B T RE IR

BSH, SR, EEM PETRASIMEREN S

A, MRIALE AT [H] A% 2 DWI-MRI & DCE-

MRI JJRERLf%, ATHEAEMERCHR . Heethuis 55 BX 5

fd Fl DWI #1 DCE-MRI i 6045 98 58 & i Ak 97 I 19

pCR #ATHIM , & BIGIT 5 5697 Hi DWI-MRI

ADC ZE{H(AADC o5 pre) I Pos (5 75 FI4ML) REAE Tl

Wyrss, mivase o (R - RaYT 2 8D 598

J7if DCE-MRI IJJ-BERY AUC 22{H (AAUC jr pre)

(1) Poo( 555 90 1 4-) TR 7 R s e et , Wi
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5T RN NI R], BEAXTE 2. T

AAIFGEM E FFIFH Tofts(W%) BERIZKEL DCE-MRI
DIse G BRI e 24, e &

A FEAFAE R R BRAE . (1) I BB X G B
T RATRN R EA &, BRORBFSTAS R
e (2) FURIR] B4 0E . DWI-MRI D fig i
GRIE b A e, R aAA YT 7 XA,
AIAEFEUX A R0 . ToRd ) e B A — K
PRI RIS BT, 7 X i S i T e — 0
. (3) HRTC AR E AR L AERKK 24k 2
(HER2) K HARSCAE W M br i) 5 524822 7 A
SR I PR T A Y I e AT TR I 48
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WA K R (VEGF) K- 22 Wik, £
AT S s, TNM 430 . s 20 21 37
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MIARER, WG RS T S P 7 X
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