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Abstract

Objective: This study aimed to develop an integrated model based on CT radiomics and clinical fea-
tures to accurately predict the lymph node metastasis (LNM) status in patients with rectal cancer.
Methods: The study enrolled 220 patients, randomly divided into training and test sets in a 7:3 ratio.
Multi-level quality control was applied to annotate the regions of interest (ROI). Radiomic features
were extracted, and 10 different machine learning algorithms were used to build and subsequently
integrate the models via super-stacking. The discriminative ability of the models was validated us-
ing the Area Under the Curve (AUC) value, and their clinical utility was assessed using Decision
Curve Analysis (DCA). Results: The integrated model achieved AUCs of 0.935 in the training set and
0.875 in the test set, consistently outperforming both the standalone radiomics model and the clin-
ical feature model. DCA further confirmed that the integrated model provided a higher net clinical
benefit. Conclusion: The integration of radiomics and clinical features effectively enhanced the pre-
operative discriminative ability for LNM status, providing an objective and quantitative tool to aid
clinical decision-making.
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BB SR T AR WIS W . Rk, SCOURSHERIR BT/, 2B B E ks
55 A 3 S B R O I IR 75 2K

AR ER AR RC AT AT VEAS F B BT, IR MR H 2 E SV EHEHR#((CT). #
LR AR (MRI) LA K IE B 7 & 5 W E2 A AL Z R (PET/CT), X S R % BRrta 5054 .

MRI, AT AL, SRON L RCT 40 &I P12 (CRMMAR S IS8 510 . 7EVEAS
LNM JiTH, WM, MR >3 mm (ENBIER, MRIZH LNM R USSR 5 58
75.80%- 87.5%7F1 68.0%; #+#F BI{EE R 2>5 mm, HERHRARER: B0 20 BIFETH 2 77.42%F1 86.84%, {HHHK
RS NHE 62.50% [8]. XK T X TS KN EFEEOAAEMEBNHRESL, BEERERSNS;
T %o T R 98 3 B g 7 1 1 A A o DRI B R AF R i A e R RO L 45 5 2 tHE iR 12(9] . CT, ol 2 HAkg e
i, 2 H AT & s e . Bl KSR k. R R IME T 4 W5, AW AdiE, CT #
Wi RCT 7 WIS R UER R 2000 78%, XF T1 & T3 WIFIWT I HEmh 2R 5= T 78%, FHLAUse B ARy = 43 il A
77.4%H1 66.7% [10]. SR, FEVFH LNM X — KB 485 b, CT BfESiZWiae i Hhik. RR4HE[11]
LK TR, FA LR >S5 mm (E R —FRiE, FO2Wiuemhze ., BUREFARER BEIUN 53.5%.
60.3%71 39.0%, ECWIIMEAR. H2425E5 2N EEFREWIR SRR > 5 mm, DB, ALY
5. R AR I3 AMEHTLRE AW, 2R ] AR TR 90.4% [12]. X EHRRER, K
R —FRAR Wk 2 45 K/ RIS I LNM VERER 2, TH#EG 2 4808 B AR A R T Wit R 13]-[17].

18 4H % (Radiomics) & & 225218 0 T AU — 37 iR 2048 4, Gl I e J 2 3 ORI 40 i A PR TG v B e
RIE = EURAFIE, AR A % BIEM BB H A N A28 . B A SR W R e, i
fRRD R R B ST R, SR RIS IRIRSE R TRIERARAE . JE DN RIA S ORI SR A b 18]

AHA T BRI BRIEASRFAE I AT, SR =A@ A e A e |mAFAE, AT g S 7
B, BeERpts A, R, PTEEMVEY, vEFIREHREIRIT HRIE[19][20]. HET, WMEBH¥CES
T bR () LNM JR0 R B E R . B, R ST CT AR MR, H T IR 21]. FLIR
FE[221Z5 AT MY R R 45 Bk X I LNM, TP AE(LL AUC B8 &) Eam it TSR 28 5, SR T R
R VR AT S FH T 5%

AT B ARSI IFIUE— DT CT W9 BB 2 43 38 0) 1 FEAR 20 2 S PRARFAE 1) 2 RS R S Y,
PEAEHAE RC ARFT LNM T = (4048
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FREAT 55 FH A SR RIS 5E . PRALERITIITE B e CT AR W 5 4 A 2 &8
FAERIG RS . TERATARIERT, BT VELE S Do B, SRECELIE IR 2 2R 2880 L R Hf i) o
BEEATLEEE). IRRLk . MEERIEREE (T 2 1) MESEERBEE S E . KE R ZRZIERE
TEN RS B BRI FIR b i IR & 2 BB 3 B R A ITK-SNAP (WA 4.0.1). I #AESSET]
FrIK A 58 CT BUER 51 BadAT, DUR] A B i e 5 R 4230 L BE[23].

B il T 535 2 /) i 983 ) = 4 I R [X 35 (Region of Interest, ROT). /) i i P k& v T 88 Si2 i e it Ak 12
ST, [FIRESEIRIRES, F 3R R E e & A nT ae =R SR O L A 254, B ki eedE
iR 2 2R R oy T4 FE SR I SR A 2R TR . FRATISRAN T 2016 4RI B A FH RGBS 2 2 AR AU
PUEN LNM AR A br e [24] B RS WEARAR >9mm. SE SR HANT 5~8mm
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FERRARETERSG, FAMENLIEE 30 B CT, HPA A E MO 5E 48], A B2 A A 6 25
(ICC)H B A PPAL 2 18] (2l —E bk, LU ICC >0.85 NBRIME, RUIEA RG—8hE. — DL TTRR RN
Xt I bid 45 AT O B A% o 12/ N — S B = A B RV FARZ LM B AR AT T
WAL i~ HHER RIS WA G R EAR IR . S E B =010 1) AheiE
R B E . KB BORJEE . T 5 IR 5 5 5AR 2R I SO B R R AR R, 25 o o 1 5
RHEARTF, SR EIRFRCO/N KIS 5B 2 it 20%, MNZAEATGINSZIGE; 2) 2
B iSRRI RN  TEAS . B, 75 2016 FERM B WA 385U 2 2 R AR AU LR E
LNM (RS ER T &, AR IR L5 1 T o AR MR 107 v () EL A 5 o (B R SBAR I . g 5%). 3%
JADIG TR RS . SR RN AR, UL IS B sk S S o (ISR SC R, R SR
FIZERIRTT: 3) EMEARIA AR 4 B R VIR A) A bRAER R EIE V. B, oT1 . ATBIk
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X AR AL B i U M o T IEER AT BAR), HARRTRAR (W MRDIZ U7 kR 45 %642 > 5 mm 5%
SRR H, T RBAT R BRI MR A . B N 2SS S IR T AR KRB R VE ], IR —
AR AR S5 AL T AR T ARSEREH R XA - AEFIE CT EydbniE, (B2 T hrik
TME B3 itk L4 5 Va2 AN R 45, R BEERRAE AW TR AT 2 ob e X — D ERAMARA _ERIIE
TARERIMRE S5 TR 1 R A AR — 2ot A 30 G TR RGMER S A RC IR % -
%%, FR5ERL 220 BIFFE BIRFTA BRI RC 458 CT EHEARA . X 220 BB CT BUGRIRIR 7:3 1)
L BIBERL > Jy s gn AR EE (AL 1)

Figure 1. Pixel-level annotation results. Red indicates normal rectal wall structures, yellow indicates tumor involvement, gray
indicates metastatic lymph nodes, and purple indicates normal lymph nodes
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Figure 2. The most discriminating radiomic features
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S B AL MK 28 B AT 43 B X s A SR B PRI () — S0k . 85 TCC > 0.85 BEiE NBIME, F5& b4 RFE B A
DRV AR B VP A 2 (R R AN A 58 T LA AR

WFICTHE T BT R 2 18] (6 1 B2 R 2 AR 56 R AL, X AR R P ANRRAE , 25 LA S R B4 xHE > 0.90,
MIBENLOR B e rp—A . b P IR, ik H 150 NMARA S FRHE. @i LASSO [BIHIEAT P48 (1 RHE L
e, A 150 MEIRRHEHR I E T 9 MR SRR A S RE(LE 2).

2.2.4. RIFAFRERE

FIFHAFEZEFHLR). SZEAENL(SVM)FBEHLAR M (RandomForest)7E N 3L 11 10 FhAS [E AL &%
SOVENE, R T SR S RS TN A o FRAT TR X LA T () M REEAT T RR M LU AT, AL,
TG R B AN A GBS BRHE , FRATER ST 1 Ak fk & SR B A B2 PR 28 PN v A M 77 1 )T AE L
PR IX 53 e J7 a8 i A8 52 i3 TARRRE(ROC) M 2647 PEAG , FAEIRSE M A e 1 2 Wrakse . JF
15 FH e 5 i ZE(DCA) A 5 285228 1) i A FH 128

2.2.5. IEERFERTE

TEARWF T, FATX W ) 838 I AR SR B AR AR AT 7 VR B AR B0 . B ST T NI R
A 5 28 JR P 2 111 EU AR L (OR) S FLAH B A e v 2% S 2 (p ) o JE SRR BRI i 1 A i
SCHIIE PREFAERE F T A R I PRAFAE R A o LRI R AR B (K IEAS (£ Shapiro-Wilk #3#EHATIRIE. 1R
oo Attt AR H A 43 BIR A MO AR A t K30 51 Mann-Whitney U K36 43 28745 80 (10 41 18] LA 1R
R IGEL Fisher AR . BT WS BAF A FELRAFAEE L3 1.

Table 1. Baseline characteristics of the study cohort

= 1. ARPAFIELLHHE
OR lower OR upper 95%

OR lower 95% OR upper 95% p_value

OR_UNIgsocr Unt c1 UNp  P-Yalue UNTOR MULTL "'y o1 “of MULTI MULTI
R 1.006 1.001 1.01 0.029 0.971 0.955 0.988 0.005
T/r# 1213 1.099 1.338 0.001 2.181 1.477 3.219 0.001
PESI 1.477 1.071 2.036 0.046 0.746 0.386 1.442 0.465
FHEZY S 2 1.209 3.31 0.024 0.749 0.355 1.582 0.525
fkE R 4.1 2.296 7.323 0.003 4.655 2.098 10.329 0.002

22.6. ARITASHETE

AW TR AT 73 B TAEIIAE OnekeyAl “F & (WA 4.9.1) F5ER, 4afi i S N Python3.7.12. 4iit
ST EEAF ] Statsmodels FE(FRA 0.13.2). SR HFRAERFERGEIT PyRadiomics T B AL(MRA 3.0.1)5E
Mo PSR MRS, SRR ENEREE, WHED Scikit-learn FERA 1.0.2)58 8. A0
FUE TR E 2 ] (Deep learning, DL)HEZEJE T PyTorch (BAS 1.11.0)F %, 3:FIH CUDA 11.3.1 & cuDNN
8.2.1 #HAT T ME R AL LIS 11 B A B AN HE R 26

3. 58
3.1, AANEXRIFALER

AR FEIAN 220 41l RC 38 Hor, BYEEE 150 B, PGS AET 68.2%; Zoik &3 70 4,
5 31.8%. BEER AR, AT 33 P25 90 ¥ 200, XM RC EA IR B AREF 1R 1
SRS R T v . i RS B HERf I 5 — 350, BRAT BT S I R aG e AR 5 34T T R gtk
(RN . WA ERE AR R 4(AICC)EE 8 il TNM 203 R Gox BTG IR b AT T ARuEIL 20 1. 455 R
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Table 2. Univariable analysis of clinical features

2. IRFFER R E RS54

JERTN MHAEE(66) WIZREE(154) p
ERCPIME £ FrifEZE, ) 63.782 + 12.015 65.273 + 12.957 63.143 +11.573 0.123
4 5] 0.269
S 70 (31.818) 25 (37.879) 45(29.221)
5 150 (68.182) 41 (62.121) 109 (70.779)
CUEZ ) 0.146
9344 144 (65.455) 38 (57.576) 106 (68.831)
FH 14 76 (34.545) 28 (42.424) 48 (31.169)
Jok B Jea AL 0.801
0 149 (67.727) 46 (69.697) 103 (66.883)
1 71 (32.273) 20 (30.303) 51 (33.117)
T 53 0.993
1 15 (6.818) 5(7.576) 10 (6.494)
2 57 (25.909) 17 (25.758) 40 (25.974)
3 125 (56.818) 37 (56.061) 88 (57.143)
4 23 (10.455) 7 (10.606) 16 (10.390)
3.2. FRLBFIER TN RE MG
Model AUC
1.0 g - —® T ———
0.8 1
20.61 et
E LR AUC: 0.817 (95%CI 0.748-0.886)
§ === NaiveBayes AUC: 0.781 (95%CI 0.708-0.855)
@ == = SVM AUC: 0.804 (95%CI 0.732-0.876)
041 = KNN AUC: 0.831 (95%CI 0.770-0.891)
e RandomForest AUC: 0.908 (95%CI 0.858-0.957)
o ExtraTrees AUC: 0.958 (95%CI 0.931-0.985)
024 // == = XGBoost AUC: 0.967 (95%CI 0.938-0.995)
’ e === LightGBM AUC: 0.750 (95%CI 0.676-0.824)
me - AdaBoost AUC: 0.908 (95%CI 0.863-0.953)
L] MLP AUC: 0.808 (95%CI 0.741-0.876)
.0 F T T T .
0 0.0 0.2 0.4 0.6 0.8 1.0
1 - Specificity
Figure 3. ROC curve of the radiomics model on the training set
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0.0 : 04 06 08 1.0
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Figure 4. ROC curve of the radiomics model on the test set

4. FBEFNAERE ROC
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AT EZ AL BE 77, FRATTAEAR ST (R 45 _E AR AN ) 10 RS RS HE4T 7 ROC 207, il 4 Fios.

3.3. IEFRBHEER B TS BB T4,

Model AUC
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o
=)
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Sensitivity
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~
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0.2
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Figure 5. ROC curve of the clinical feature model on the training set
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Figure 6. ROC curve of the clinical feature model on the test set
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Figure 7. ROC curve of the combined model on the training set
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