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[Abstract] Objective To investigate the clinical value of multi—-modal magnetic resonance imaging using magnetic resonance tumor
regression grading (mr'TRG) combined with MRI morphological parameters in evaluating the prediction efficacy after neoadjuvant concurrent
chemoradiotherapy for locally advanced rectal cancer preoperatively.Methods The clinical data were collected of 48 patients with locally ad-
vanced rectal cancer (stage T3~T4) patients undergoing surgical treatment after neoadjuvant concurrent chemoradiotherapy (NCRT) at Hefei
Cancer Hospital of Chinese Academy of Sciences and the Western Branch of the First Affiliated Hospital of University of Science and Technol -
ogy of China (Anhui Cancer Hospital) from May 2019 to September 2023. According to the postoperative pathological tumor regression grade
(pTRG), the patients were divided into the good curative effect group (19 cases) and the poor curative effect group (29 cases). All patients under-
went high—resolution rectal multi—-modal MRI before and after neoadjuvant chemoradiotherapy. The diagnostic efficacy of mrTRG was analyzed
using the Kappa test with pTRG as the gold standard, and baseline MRI morphological parameters were compared between the two groups. Re-
ceiver operating characteristic (ROC) curves were used to determine the efficacy of multi-modal magnetic resonance imaging using mrTRG

combined with MRI morphological parameters in evaluating the therapeutic effect after neoadjuvant concurrent chemoradiotherapy. Results
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The modified dichotomous tumor regression grading scheme was adopted. mrTRG showed medium-high concordance with pTRG, with a kappa

value of 0.698 (95% CI: 0.492~0.904, P<<0.05) . Single factor analysis showed that the differences in T3a stage, circumferential resection mar-

gin (CRM)and mrTRGhiomarks between the good and poor curative effect groups were statistically significant (P<0.05). The area under the
curve (AUC) of NCRT response assessed by mrTRG, baseline T3a stage, and CRM was 0.842, 0.693, and 0.721, respectively, and the combined

model had a sensitivity of 89.5%, a specificity of 82.8%, and an AUC of 0.907, which was significantly superior to baseline morphologic param-

eters (P<0.05), and there was no statistically significant differences between the combined model and mrTRG mark(P=0.07).Conclusion Preop-

erative mr'TRG combined with baseline morphological parameters has high diagnostic efficacy in assessing NCRT response in rectal cancer,

and it provides an imaging evidence for the clinical setting of individualized treatment plan.
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Hh ] 4 L R R0 AR B AR NG R L R R A
LR R RUR TR B . RERURH
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cer, LARC) , Bl /314 ¢T3 ~ 4Nx 8 ¢TxN+*', LARC
S AR AT HE AT B B B R T (neoadjuvant chemoradio-
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NCRT J& #:4T T ARIGIT Y 48 4 B 9 (T3 ~ T4 ) i
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1.2 WA SHEBRbRE ARSI : OARFT L 45 &
s B K 012 Sl B R 9R 5 YR YT T I IR 43 T3 ~
4N+MO; @52 L NCRT, £ 75 4 500 ~ 5 040 ¢Gy/25 ~
28 YK, FAYRFIHE 180 ~ 200 <Gy , TR RIS 1 R B fth 5
825 mg/m?, 2 W/K , F:JE 5 K, 3 5 J& ; @WNCRT 77 . F
RATEIAT R/ 9 B MRL HEBRARE . OG5 ATIESE
A A e B 5 QR A R LAt Rk g A7 4 s Tl Ak
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T SR T IR AT R 29 T2W) DWW 494 sh &S i
. IR TG 1 O EREBEA R g B2 B ) >R FH i
% Philips Achieva 3. 0 T FH5 1 F 16 18 18 i F A 15 26
FEl JEAT MRI B4 R4 . T2WI 250 TR 3 400 ms, TE
105 ms,NEX 2, )2/E 3 mm,FOV 22 cmx22 cmo, DWI =
TR 5 000 ms, TE 56 ms, )28 3 mm, FOV 36 cmx28
cm, b {HI 0,800 s/mm’, I R H G 2[ PR AHR K
SR E S — B B v X (LU MR = e ) R A6 GE
Signa HDxT3. 0 T MRI 141 A1 8 i# il Torsor AH ¥ F%
LR B AT MRT B0l R 4. T2WI Z280: TR 3 500 ms, TE
109. 1 ms, NEX 4, FOV 24 cmx24 ¢m, JZ2/E 3 mm, L2
[ B o TVIM-DWI Z%§:10 A [E] b HHKIKH 0,10,
20.50.100.,200.400.800.1 200.2 000 s/mm>, TR 4 000
ms, TE 65 ms, NEX 6. 2l 2534 5 45 1 25 2R Pt 25 FL
WAL, 3 6 31, %F L3R 0. 2 mmol/kg, it 2 mL/s .
1.3.2 A HEA 10~ 150 L TERE
14 i 3L 2 1% U SR FH 36 [0 98 E Bk 5 22 Bt 2% (American
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pTRG1 ~ 2 95 X Ry J W b 28 (s 5¢ 2/ LT 56 4R
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517 R 5 i 8 371 2% ) e B2 BB 25 <1 mm Oy CRM BHPEN™
B E A WUZ LA 5K SO R0 ) i 4 N A7 A e 15
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INELZ R, TC I A AR BR (<100, HE) , pTRG 1 ¢,

B1 E%E NCRT G W A MR P

1.4 Sl RHAI SPSS 26. 0 FAF U T 4811244y
Bro THEFRTE IES 30 Llots iR , R IS FEA
¢ R o THEICEOREE R R B L RN R PR
PL P<0.05 2 22 5 B A7 48 it 2% & L . Kappa £ 55
mrTRG 5 pTRG 12—k, Kappa {E#E 4 : 0. 00 ~
0. 20, 5% 85 —FPE ;0. 21 ~ 0. 40, P25 Ak — 3k ;0. 41
~0. 60, T4 —3 ;0,61 ~ 0. 80, &5 i i — 2k
0.81~1.00, JL-P 52— R ZILH TAEFFE

(receiver operating characteristic, ROC) il & , & #r
mrTRG FUELIE A ESHOTAE NCRT S 112 ik
AE, THE AR PR B REBUE 55 B | B TR | [ 1 73
A 28485 R T logistic [FIHF#E: miTRG 5
AR SH G FIELAL, DL DeLong 6 %6 A 45
T 1 # (area under the curve, AUC) , Z3H1 ROC i £ [a]
LWIRE 25 . P<0. 05 Fn2F A G4 E L.
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I, 68 % HIA R (RN 204 80%) o A ~ D, #ikli B ALST BB it . A, T2WISARAL s B T Bl BE 42 A2 &) 1
JE, S ERREA K o e, TR T SR IT 2R B <5 em B, T2W LRI 7R I He 588 B 145 WUZ > 5 mm, >T3a 81, H4= K Ze 00
JTARWL; €, DWIFF1 ( b=800 s/mm® ) Il St il o3 22 5455 5 D, 35587 5 T WL EMVI B s E ~ H BT BiGY7 S (ypT3NOMO) . E~F,
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HL B8 PR KPR AN, S AREE TR FLEEHES , ORI A (X100, HE) , pTRG 5%, #7345 m iR 4141,

& 2 Fi A9 NCRT 5 S0 22 /) MRT

) #E K2 HRMFEMERSE S RERLE

mrTRG pTRG PF4% R
2.1 mrTRG 5 pTRG 2 Wr — E 70 mrTRG 5 - X > 3 ; . Bt
pTRG MR R WA 20 R TR BAT TR %, 2 3 0 N 0 8
mrTRG 5 pTRG 2 Wr 45 R # Kappa fH 2 0.440 A 5 0 ; 0 i
(95%C1:0.288 ~0.591) , P<0.001, 5 H %5 — 5 1 . 3 0 2 5 8 | 16
KR B ok R R 45 0 5 %8 e TRGL ~ 2 % 4 0 0 0 4 6 10
N pTRG1 ~2 .miTRG3 ~ 5 X Jif pTRG3 ~5, %K 5% 5 1 0 0 1 0 2
FR ) g IR 4 o G2 Wr—BbE E— D4R & Kappa {H-0 it 9 10 5 17 7 48

0. 698 (95%CI:0. 492 ~ 0. 904) , P<<0. 001, 5% H 45 fisi 5
— ks

2.2 MABFHFRLMRIESHSHLE REX
FRAR A (0 222 W 45 SR W, B NCRT J5 0
U4 R 19 5 (39. 58%) , v 22 20 29 1511 (60. 42%) .
SN 2 2H v >T3a 1 ] (96. 55%) . CRM FH 1 H 41
(75.86%) , & T S I 120 (57. 89% . 31. 58%) , #H [fi] %
FHASHFE L (P<0.05), K28 MRI &Y T 233 .
Jifgeg B AT 2% PE B8 AR K L EMVILRELZS NCRT J5 T
R 72 041 B 22 = 4 it % B X (P=>0.05) .
W3 3.

2.3 MRIZ# ROC 4> #7 Sz Wi & sg LA — o0 ik

U - meTRG W REIER MR B 4543 5 pTRG Ay B 982 1 4

T

mrTRG1 ~ 2 H:4E T3a [ CRM A48, R k5 B2 Wr
pTRG1 ~2 N & brifE, 41 ROC #hk . XF 158 fr s 1)
ROC M7t b or#r , 45 5 R FEPAl NCRT S
U5 T, B AR AUC {E2R 0.907, 358 T T3a
] .CRM(Z=3. 461, P=0. 001;Z=3. 197,P=0. 001) ,{H 5
mrTRG 122 55 LG 1124 & L (Z=1. 809, P=0.070) , L,
4. K3,

3 itig

B FE X NCRT S i) LARC B & JE17
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%3 NCRT3&FERIIFHE RN EASETHLIRSH 10 —
W1 (%) T
5 e
IR0 T 42 B 1,725 0.189 o
<5em 8(42.11)  7(24.14)
>5cm 11(47.89) 22(45.83)
AR 1182 0.277 .
<4 em 5(26.32)  4(13.79) i
>4 cm 14(73.68) 25(86.21) —-ha
T 5349 2.574 0.109
T3 13(68.42) 13(44.83)
T4 6(31.58) 16(55.17) s 02 04 0s os 10
T3R5 11.260 0. 001 o
mm B3 mrTRG ML MRUE S =S40 (T3a 0] .CRM) WAL 798
T3a 8(42.11)  1(3.45) NCRT R /) ROC i1 £k
>T3a 11(57.89) 28(96.55)
1BI7 )5 TR 3.499 0.061 SEAERA HLPEAE NCRT J5 i e AE W28 SR y7 g o Xt
e Y 16(84.21) 17(58.62) F NCRT J&5 Mg B 45 57 , pTRG H BT 1E Z R T 7
FNGa] 3(15.79) 12(41.38) % f14E Shia 252 =% pTRG LT AJCC 4 8 Bidk
CRM 9-2610.002 4h gy B Ryan PUZ% pTRG™45, Bt Z brifidl . BEAERT
- o842y 70241 98 RN T NCRT J5 ORI 4 2% pTRG H:ifE, B
(+) 6(31.58) 22(75.86) PTRG H 400 1 ~ 5 AT LU UF H 3 B miTRG 1 1 ~ 5
EMVI 2.103 0. 147 P, AFFHAT miTRG 5 Mandard H.Z% pTRG A2 W
o e e PG R R TR IR
—— 0,388 0,533 A — ) MRI 2 815 05 B 2= 2 (8] i — ZorE A l%'lr, Kappa
(-) 1(5.26)  3(10.34) A 0. 440, 5 P 2 — 20k, 25 9 5 RE A58 (Kappa
(+) 18(94.74) 26(89. 66) BN 0.386) F1IT , KL H.— mrTRG F521G = R AN TE

T :T3a 4 T3 HARBEAUZE <5 mm; >T3a I TI R HLZ>
5 mm; CRM : 31 JE Y1 % ; EMVI N BESI LR AL -
JR B UIBR A4 RIEVI R, R 5 IF & GE Y R AR 22 7T
Geitefm S X T E A NCRT 5 P 52 4R 46 1
B AT ARG TT RN QWS4 15 ) Bk g o\ R 2 F
P NOE=Z AW AR R E N 7L b e A =RV L
A IR %A n) Z AR S B E M MRI #E17
NCRT S i P HERA IEAl R A B0, %5 NCRT W 41
BE B RARR T a0 A S ARG B U

WS SE— I Z s s H 23S MR PEAS B
Jii NCRT J5 9 R 285 5 pTRG dEA 7 R, LA

BRI pTRG A9 — AT SEM AR bR B2 . 7E Hall
LIS b ¥ mrTRG BX & DWI #E 47 9F 9%, & 3K
mrTRG 559 B 5¢ 4> SN o8 4B 4 B B B3 43 AH G (P
<0.051) . AWFFRMWEHN, M RHK R 0k
mrTRG 757 % WAL R, 5248 2% 5 0 B 2Z (W) 12 W — B0k
FE T, Kappa {4 0. 698, 30 K 41— 2t . FIH K
R mrTRG 739 )5 28 v] LA 20 UL b fz e NCRT Ji5 i igd
RGRMAREE

B WFIE R, R 4515 s TRG R |13 % 0
mrTRG1 ~2 gL B35, F ARG B EE T 437 ypTis

(yield pathological T staging of carcinoma in situ, ypTis)/

T1 ~ T3 G N5 50 A s RRTPERE A mTRG3 ~ 5

%4 mrTRG FELZL MRIFESZ ST E R NCRT & B M &

0 255 SR AR AUC(95%CI) REPE(%)  FEREE(%)  PAMEBUNE PAPEBUE L FEEL
I AR 0.907(0. 819~0. 996) 89.5 82.8 0.773 0.923 0.723
mTRG 0. 852(0. 732~0. 973) 84.2 86.2 0. 800 0.893 0. 704
T3al¥ 0. 693(0. 530~0. 857) 42.1 9.6 0. 889 0.718 0. 387
CRM 0. 721(0. 569~0. 874) 68. 4 75.9 0. 650 0.786 0. 443

- mrTRG AR IR R 45 5394 T3a 0 T3 WAL <5 mm ; CRM AR JEITI 455 AUC S TR T THIFH
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K, FARIG R 40 KR Z280E ypT3 ~ 4 W, JLFA &3 Xk

FEAE ypTis/T1 M, WS A7 7F i & 22 51 Niu 5
K BL,NCRT J5 mrTRG1 ~ 2 5 94 A 8] 4 J0 i Je A= A7
W5 M OE (P<0.05) o ABFSEES R BN, 40k
mrTRG WAL B9 NCRT J2 b7 (1) 5% 555 B g e 13k 2k
MRIUES =S8, STF TS5 IR 4R —8. A5
W, mrTRG AL NCRT Jiz I 4 19 9 14 750000 4 (89. 3% )
e, 2 B MRI A8 IE 80 3 5 58 & MR 15 5, R
mrTRG REFi H NCRT v 25 (pTRG3 ~ 5) R H HA W
HEMIGIRE L. AWF5EHE 1 NCRT 5 M85
5 FEAIGR S pTRG W A SR AE AR 98 1, 4
20% HH ARFIPEAL S NCRT KW (mrTRG1 ~2) , J5
22 FARUESE A 53 BN AR S 25 (pTRG3 ~ 5) , X 7]
fiE 1T NCRT 737 5 il 20 4 51 K b 8 E IR BE
RS LT 4 A S5 & R 2 AR B miTRG 1)
MRI A G AR MER b 3R A58 B 2 ik A8 5 % A i Rg 41 4L IX
DIV B —J5 1, =4y HE T2WIL.DWI 41 9K 2 i
MRI K 5 5 P51 H & BT MRI EEA S B Dhs |
FEA LN B 1 T2 SR80 A5 N 2, 78 K a1 4k
b S N7 2 2 AR /N AR ek 98 2H 2 AR R TR 5 M
AR EF 4 At W] B B R A K R R L 2 R R T
mrTRG PPl NCRT J& g 58 4= 1R 4 1 12 W sl e -

Achilli 2058 & B, S i = L2 L 5
mm, Bl >T3a 0} , miTRG 1 pTRG 12 Wr— 1 44
o REFEMFIE 45 R, A% NCRT A4k MRI
i 968 5 W JILJE AN [RITR BE Y T3 WE 430300, 2 NCRT J7 2% i
e R, AW B R 5B & 3 NCRT I 4
RN ZE A FELIE S 4S50 (T3a W .CRM) 2= 57
Gt W4 meTRG . T3a ] . CRM B 446 8P
i NCRT J i 14912 Wi 5 fig itF — 25 32 &5 (AUC=0. 895) .
T ZH5 MRI BCG AR BMERR AT NCRT (19 5 )
U124, 7] LARC BEFT NCRT Ji 42 im0y 7 2k i
IF R B 5 R B P2 B R BRI R I AR I B
BAF R,

AT i A7 A6 3R 43 Jey BR A% - DA 5T BLAR & £ v
OFFE AR R RN, A i — 5 KA R Q
RUEA bR AL TE S . md TRG F1 pTRG A PEAL AT A fig
T NLE A EHEZ N . QA I AN
i ADCAE R A T2 s OB SRS i 465 8L
FE D A FE TR A1 G5 R S BUE, R IR BGY
QA 2RI S S8 AR I S s h i — D 583

Zi b ik, miTRG A8 — & 2 B b = Wt B o
NCRT 5 pTRG Wi 284k . miTRG B G HL L &%
ZHCA B T UERA AL NCRT J5 09 IR A, Ak
Y7 7 A 2 SR A SR R E FR I
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