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Abstract

Objective: To develop and validate a multiparametric MRI-based radiomics model for preoperative
prediction of pathological complete response (pCR) following neoadjuvant chemoradiotherapy
(nCRT) in patients with locally advanced rectal cancer (LARC), thereby providing evidence-based
support for the precise implementation of the “watch-and-wait” strategy. Methods: A retrospective
cohort of 102 LARC patients who underwent nCRT and radical surgery between January 2018 and
June 2023 was enrolled and randomly divided into training (n = 71) and validation (n = 31) sets at
a 7:3 ratio. Radiomics features were extracted from pretreatment 3.0 T multiparametric MRI (in-
cluding high-resolution T2WI, DWI, and DCE sequences) and subjected to a three-step dimensional-
ity reduction involving ICC-based stability screening, correlation analysis, and LASSO regression to
construct a radiomics signature (Rad-score). Clinical, radiomics, and combined models were devel-
oped respectively. Model performance was evaluated using the area under the receiver operating
characteristic curve (AUC), with DeLong test for inter-model comparison and Hosmer-Lemeshow
test for calibration assessment. Results: Twelve optimal radiomics features were retained after
three-step dimensionality reduction to construct the Rad-score. In the validation cohort, the clinical
model achieved an AUC of 0.77 (95% CI: 0.62~0.89), while the combined model demonstrated su-
perior performance with an AUC of 0.86 (95% CI: 0.80~0.92). Calibration curves indicated good
agreement between predicted probabilities and actual observations for the combined model. Con-
clusion: The high-resolution MRI-based radiomics combined model enables effective preoperative
identification of pCR patients and holds clinical applicability for guiding individualized treatment
decisions in rectal cancer, though external multicenter validation and automated segmentation op-
timization remain warranted.
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1. 5|8

JE3 83k F# 3 L 98 (locally advanced rectal cancer, LARC)IFRHAE TR J7 45 X O HT 4l B AUAL IT (neoadjuvant
chemoradiotherapy, nCRT) & 4= EL % % I8 U B (total mesorectal excision, TME) [1][2]. #R1M, £ 15%~27%
E’\]$%‘E nCRT J& 1A 295 H 58 4= 2% fi# (pathological complete response, pCR), BRI AR J5 A oh JE A7 175 [/ 98 41 it
g o BRI Z HIEHE R, Jﬂi B S MIa T AR E BAG ARG B A A7, H0A] kG K A
Lﬂﬁliﬂ?ﬁﬂﬂfﬁir DRITT “ W% -S54 7 HEME RSO O A 0 o 2 IR B BRI 6] [7]. AT, IRIRE4
2% f# (clinical complete response, CCR)'% pCR HAEZEAES, PAIKEE N BRI A 1) 3R A Za) ik
20%~30%, HICHEVHAL B RE DR 2 A R B EL 25 1R B k(8] [9]. RItL, 7EARTTRE #ER I pCR 12
TRIT BRAT B R B

T 3L 9R 114 (magnetic resonance imaging, MRI) FE A LBk T R AL 215 256, R B 23 BA AN T R0
I E LR TE[10] [11]. LG5 3 B M B Ae FE . R4 Tu e S BE s R, A
MR g ) 2 K, HUNRAE IR sk = R 0 UK S . Ik, BT il ERHE SR AU MRr 4
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4 % (radiomics W ML AR A A AT F2 80 M B AL U, s HLES 5 ST S N HR ME DUHER IO S s i,
pCR FMHAE T ¥ A bsic [ 12] [13]. #4b, Zhaxdbag . 5 ot Thie G751 A weL,
fd MRI 3 DAZEAHARAM RIRR (LB EVE KK 7 -7 BUZ THI ()42 I W BRa v 1, AR 2 2 i A A 25 5
T AR [14]-[16].

AW I B TEIE I B A 150 70 R 450 AR 5 T8O A AR AE S A 3 IR 36 0IE — AR T 7L LARC 3% nCRT
J5 pCR M ZZ4 MR A, BRI “ S - 5547 SHBE FRORS St $2 (LA 1E AR 4K

2. ik
2.1. WRET

ARG R EIEPE . B BAFIRE ST, ELEGNN 2018 4F 1 H & 2023 4F 6 H WiE T 3R B8 52 Bt Bhik
WIF (mCRT)FFATIRIG M F AR R I H i (LARC) B34 .

2.2. PHHRHE

2.2.1. PNFRE
1) &GEERAES N B e, MR 4IRS <12 om;
2) BN MRI (5 w43 HE5E T2WLL 3 BONMA R Zhas it Lu g iy 1) Bkl e %, BB TE ™ E O se
3) % UICC 2 8 i3 #AN ¢T3-4 Bl cN+;
4) 852K nCRT (50.4 Gy/28 f, [AI2DREHhEEL mFOLFOX6)/51AIME 6~10 FAAT 4 E i R DI
(TME);
5) ARSI EER S TT B A DT B 52 A A (pCR, ypTONOYIRZS

2.2.2. HiBRARE
1) BEAE A At 0 e PR 5 ok 5
2) AR ARG T SAAT AT 5
3) AFFRIEMERRE . FE TR LB MRI 28 5 3 SRS T EAE
4) A5 IR ERTCVE VA R R 4

3. MRI E{& 5B R # R E FHFHER B

JiE BT nCRT 81 1 B N4T 3.0 T 75 MRI AL E, FHIFFEHE: 1) SaPERN. JOR AR
R T2WI (TR/TE 3500~4500/90~110 ms, /Z/5 3 mm, FlAlFE): 2) BKEA EPI-DWI (b =0. 50. 800.
1000 s/mm?); 3) =4 NGS5 g 58 TIWI(VIBE, TR/TE4.2/1.5ms, 25 1.5mm, %50 Gd-
DTPA, 7## 0.1 mmol/kg, ¥ 2mL/s, %EE 30, 60. 120s K%4). K% LL DICOM # A SH, HP4ZE
A 10 FLLEEBEREEE B RIEIT (B0 R, ROEAFIBRELE RHEN T, #H 1TK-
SNAP 3.8 A IF e S i 4304 2 ) ) = HE S FUBOGER X (VOD) . AR5 e, 53 ) /) 1 5
ISR EEM L, BRI E A I VOI HTHRHESEEL

4 VOI F A PyRadiomics 3.0 *F- &, #2HUL 1316 MMERFHE, B 1) BEFMm =18); 2) —Mi&k
H(n=108); 3) L3 (GLCM. GLRLM. GLSZM.NGTDM, n=744); 4) /]Ng/ i Wi A8 R 1E (n = 446).
FAARHESC AT Z-score FrifEfl, BEJERA LT =04t © 1CC<0.75 H A, (RIEMEE N FE s
@ Spearman fHX REL > 0.9 FALRE —A, BEATUR: @ 1 H B/ ids 5k 57 (LASSO) E I,
I 10 Hrag NI IEE IR A 5, PREAER REUFE, MW ARH 5% (Rad-score).
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4. G =E 9

T R0 AT E R 4.2.1 A 5ERG. ¥ 102 B14% 7:3 LLBIBENL ) AU 2R (n = 7T1) 5 3IEE M = 31),
K53 R CRIE pCR ECBIARIT o FEYIZREE TR, B JaR A DK 3208 48 [ A 40 A oAk %5 IR R AZ &5 pCR 1
KL, P <01 WEEBPAZHEMT. EE2HERES, REMIZITE TP < 0.05) M 2 IG KRB
HARM S, IWARBERIGIN L R4 . 34k CEA /KPOESARE). IR T (T3 vs T4). IR N 2 H(N1
vs N2) K g PR AT Sk BE 25 GE SR B) o 1207 128 SR 25 T BB AR SCRRHRIE /) pCR T R 28 S AT 75 (1) Mk H1)
Wro B/, # ERIEREEA S5 Rad-score 84, KM —u@ i RIHMREEGHA, DIEAL AR 4 =R ExT
I AR R R R . EUIZREEF, 2 BILAIGPKAE &, Rad-score. Ifi/R + Rad-score #4718 4 [l A 1571
B IR, AR 10 358 GBS EE 100 VX Bootstrap BEAT A #RIGIE . AL BE DLIGIE SR £ 523
H TAERFAE M2 F AN AUC) N B8R, K DeLong F i b AUC Z 5%, IES 0 AiiE S48 & UMY
+ WEZEROR, A BRI FEA ¢ /55 dEIEASAEE L M (P25, P75)% R, KA Mann-Whitney U
R 73 FAR R LUK H 2 5K Fisher FERMEZRE . XU P < 0.05 NERA G5 L. RAEFREUE 8
I “glmnet” “pROC” “rmda” f3; {#H Hosmer-Lemeshow L&t R I VRN AR IR v B, H4%
HlRe e 2. RAEMZEH “rms”  “ggplot2” L.

5. G5
5.1. RABHSELRE

F& 102 1A AhHERRYE 05 SR ) ELA S8 AW NS 2 00T, ORI 71 191(69.6%), HilE Sk
31 611(30.4%). VR SRR Tl KBRS RBEILGEE . FELR IR SR (CEA) KT
PR T 28380, PR N 2001, BKEF IR, R, V4 ADC R BHR BRI 7 % S s 7y T 2%
TG E LI P > 005, # 1), FORBHLZMBEER, PRI, T BT R
HI 5 SN

Table 1. Training set and validation set baseline features

= 1. GRS ELAFE

ZE WM =171 BAESE(n =31) PfE
SEWE (%, mean £ SD) 57.8+10.1 58.0+£10.2 0.92
St 49 (69.0%) 21 (67.7%) 0.89

L 22 (31.0%) 10 (32.3%)
BMI (kg/m?, mean + SD) 23.9+34 24.0+3.5 0.88
Jifr 968 B AT 2% B 29 (cm, mean + SD) 6.8+32 6.9+3.3 0.90
F:2k CEA (ng/ml, mean + SD) 7.0£10.8 7.1+£10.9 0.94
IR T 43 3 0.96

T3 63 (88.8%) 28 (90.3%)

T4 8 (11.3%) 3 (9.7%)

I R N 43 3 0.93

N1 55 (77.5%) 24 (77.4%)

N2 16 (22.5%) 7 (22.6%)
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ik E RO (+) 18 (25.4%) 8 (25.8%) 0.97

AR 20 (28.2%) 9 (29.0%) 0.94

¥4 ADC {H(x103 mm?/s) 0.92+0.14 0.91 £0.15 0.87

B BT T & 0.91
CAP 1% 46 (64.8%) 20 (64.5%)
XELOX 25 (35.2%) 11 (35.5%)

5.2. RSB FRHETHIZES Rad-score #4938

2 1CC. FFMEHT I LASSO =D M4E)a, B 12 Mase it HAETUAR ISR S5 1T
Forr /N - S BOHARE & 8 A, JRIA K m B BRE S 2 AN BT FIRFFEIIAKR A4S 2] Rad-score,
HAENIZREE AR pCR X 23 BE SIBIIE AUC 0.79 (4 1, 95% CI 0.72~0.83), fEMIIRIESEMm = 31)F, #
gl R AUC 9 0.77 (8 1, 95% CI 0.62~0.89). Rad-score 5 pCR ZH 42 % & T4k pCR (7% 1.47
vs —0.38, P < 0.001), #&7~EAFHIE T 20 fe M R 45 7 7

Sensitivity

0.0 02 04 06 0.8 1.0

vl — JI% £ (AUC=0.79
— % (AUC=0.77

00 02 04 06 08 1.0
1—Specificity

Figure 1. Construction of AUC curves for Rad-score in
training and validation sets

1. YIZEMIEUEE F Rad-score FIFIE AUC BhZk
5.3. TMARERE

B Rad-score J&, BRARBEAIEIZRE T AUC #2722 0.89 (151 2, 95% C10.82~0.95), HiF&EH AUC
fH4 0.86 (512, 95% CI 0.80~0.92). [FIF, e 2 th [F) 2 B Tt 2 5 Sz it il — 25k R 45 (14 3).

Sensitivity

0.0 02 04 06 08 1.0

L’ — % % (AUC=0.89)
. — IEZ (AUC=0.86)

00 02 04 06 08
1—Specificity

Figure 2. AUC curves of the joint model on the training
set and validation set

2. BREEBTENIZREMITIESR T/ AUC HhZk
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Figure 3. Calibration curves for validation set and training set

3. WEEEFNIZRERIROERZ

6. g

AWFFIET 2250 MRI JBUR 4 =R @ A B AL TE MO IO IF A 3R AUC 0.91, BER TS50
PR - SRR, Dy Je s 0E R 300 B e R0 i B T i 9 B 56 A R AR R R i T S L T mT R A Ak
TE. AE7iEE ICC - #HKM: - LASSO M =24 [ 4Eskms, A5G T =iniE 3.0 T P8 52755
BRSO TURRHE, A RTE RS RECEE R FEAR M ok, BRI STk s & I A, TReh T
BOE A AN 3R i R TR T 2 R R R SR B BT S BN S Jm AL s R, RASZE 7:3 BEMLR 4 15 LA
Bootstrap FHEHHFE, /D T /NEA A T LA ALA KU, {8560 I 2 SR B e S R R I

AW TR R B 1) 12 DN ERAUFFAE S, /N - B SCRRHE 5 HIE 66.7%, X —ILR 5 E s i
WIS ) S PR = B G . BRI S, N HRRAE @ i 22 RORE J3 e 308 TR P 3 AS [ At 2 4
B84k, Formn gy & n] i iR 40 M 25 SEHES B S AOM 45 M 2880, TTER A 40 52 UL x 82T ] ot £F 44k
KRB IR ) 7 A [ 17]. ABFFH pCR 4 Rad-score &35 7 T IF pCR 4, #7677 AR
P SO S R VR B 5 SR e A R, X SRR A ARIE B R R R M2, AR
Jo P AT R S5 B R PN A E 22 PN 25 Sa B ST, TR T 25 J5 11 ST 45 A A A SR v R — B R R,
ST BUBRMETE NG — (18] [19]. AL, G 2 A B BB BRHAE 3 ZE A IR I S BRI FR L, [R] 422 S
g — TR JSRAS LT IR S, % FE AR S A R 2 R AR RRAE LA T AR DGR [20] [21]

EAFFERIE, AT pCR B IGYT BRI /N - S SCERRE 5 300 2 IR 5 0T AR,
X—RIE De Cecco Z5[ 1348 ISFRHFFIE 5 MIRIR 46 0 J(TRGY M KMEAHI & o R AW FARATRLGT
REREEIGE, (HUT AT FUPE R, MRI SCHRRE 5 B W I 58 TR 2T 4 Ab RE BE . o 400 P 2 i % eyl o 2 01
BAEAE A RME[21] [22] HARTI S, S80S RRAE v] B8 S B g 44 it 85 SR HE Z BT S0 O 45 44 2R 8L
TR AT 438 DU S5 87 1) J J JER R PR e W 4 A+ e A0 0 I AR 2 PR 200 S ABERYH 82 T T e [ 4 R AE 8 -
(1) Jo7 52 S THD PRI 1 o R SRR T A AN VR IT BTG A A PR B804 0 B 23 BT (e 1 28 1 30, CD8™ T 4
I 2 B AR AEARAT ) AR DNA shaS I, DU TSR SRR AE -5 IR A 58 K o015k BE
SRR B RER, T IR A5 R R AR AR 2H 2R 2% 12 THI 9 SR SR

PRI, AWFRAFAELNT R —, BBk b ST AR AT i A7 e e B mfr, RERIm I LR 4
5 Bootstrap BilE, 3ik T AN RO BAAIBGAE; 55—, F LA VOI FER HARIRA K, e 232 Bk
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PRI, Ja SR IT R A B FISENECRTERCR 5=, RIIAIEIIE DNA s et bifats, Hivz
SRR AL S 0 B R AR IR 28 L 2RI 2y SR AR ) O BC R BG I, BRA| 1 R AR A 42
B CIR MR . ACRIVE ZNATIETE . 2 il itie, SiA %A MR A R4S Ko BN T
BRE, DRI 6. BRI IE H HHESE.

ZR L, BT 20 HE A MR TSR H A R A AR FRS HE U0 B S8 A R e, HL %48 3 SR - 4457
SKUS IR R AT AT 1. BEE A3 0 815 mimih 5o & ik, 2 TRAGEBRAHEBETIERRE, VER
TR T R BESCIN RS .
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