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curve, AUC) TN BT X 73 &, 2R H] Hosmer—Lemeshow K36 5 Brier PEAM AL BIRIAC HER R . £55R  BRAPI 4 BRI T AR B iR4E P
1 AUC 3 0.823(95% C1:0.694 ~ 0.952) HURIE 4y 85.7%  WIEBUNIEL 89.5% WA I T UTTREL(AUC=0.701) s S KL s
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Construction of a lymph node metastasis risk prediction model for colorectal
cancer integrating CT radiomics and deep learning features

CAI Zhenhui, RU Xiaohui, WANG Jiangli"
(Surgical Ward 1, Zhengzhou Huazhuo Hospital, Zhengzhou 450100, Henan, China)

[ Abstract ] Objective To construct and validate a nomogram model that integrates computed tomography (CT) radiomics and
deep learning (DL) features to predict the risk of lymph node metastasis (LNM) in colorectal cancer (CRC) before surgery. Methods
The clinical data of 116 CRC patients who were pathologically diagnosed at Zhengzhou Huazhuo Hospital from January 2022 to June
2025 were retrospectively included. After stratified random sampling based on LNM status and T stage, the data were divided into a
training set (n=_81) and a validation set (n=235) according to 7 vs. 3. Based on the CT images of the venous phase, manually extracted
imaging features and DL features from the pre-trained ResNet50 were respectively obtained. After feature screening, the clinical model,
single feature model, fusion model and joint nomogram model were constructed and compared. The discrimination of the model was
evaluated by the area under the curve (AUC), and the calibration efficacy of the model was assessed using the Hosmer-Lemeshow test and
the Brier score. Results The AUC of the joint nomogram model in the validation set was 0.823 (95%CI: 0.694-0.952), with a sensitivity
of 85.7% and a negative predictive value of 89.5%, which was significantly better than that of the clinical model (AUC=0.701), and its
prediction probability was also in good agreement with the actual observations (Hosmer-Lemeshow test P=0.719, Brier score=0.148).
Conclusion The joint prediction model constructed in this study can effectively assess the risk of LNM in CRC, and can provide a
quantifiable tool for individualized preoperative decision-making.
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FHAT AR BT HERR ITAL ZOCTE 2. SR, AR HTH M
345w 11 5B ML 2 5 (computed tomography , CT) X
KIS 2EFREPEAL LNM, 12 Wr iU B A7 B, Ktk
INEERIE G RIS . T4 AR 2% (radiomics )
5 2%>] (deep learning, DL) 4% H 796 AR | Jo A
R 3 AR AT R . AR~ vl ey T 4 i
S, E LNM S50 v 2 22 3L T 707 DL g
FI 3 52 O MR XE LA B R A9 2R )2 RS R AR, N T e
AN A E IR E A RGEPFNAIE . filG I R3S b
5 RARRHIE R 51 e [&] AT G 3 52 T T S5 RE A g AL
P& 1% (magnetic resonance imaging, MR1) i 7 55 %
B G rh X B A A5, B8 BRI S 1Y s
R E ] CRC I — 2D IR LNMATASMERE ™ . © A7
WHoE 2 ] S PF e T 417 5 DLARAE , S/ Xk 2
SRR L 53 IR AOCACRUE 5 B R 7R 98 SRl A7 A Y A T
D A7 B B P R ) A 30000 5T R ot R T R R e X
oo ST, AW im i @t pl & CT B4l =5
DL AFE (1% X 38 A A, 0 A6 4 iE 0 32 5 5 SR
IS AT RSN ZE K, 15 7 CRC AR LNM A4
A KU PPA B2 AR AR
1 #ABEFE
1.1 —HER

A1 PE AR 2022 4F 1 H 2 2025 4F 6 H THBMI4E
FE B Z A DI BR AR T AR5 EER 21 CRC
SBE R IE R BTk, ) I i v T &R e A o A
147 151, HEBR A5 - O AT 42 52 8 il B i fb T
@ CT BHEJZIE >3 mm, A E W RIZ B DY (& )m
Phsg Bl EHZAS T H  @% T (carcinoembryonic
antigen, CEA) B 2 T JiL 19-9 (carbohydrate antigen
19-9, CA19-9) . TNM 73 1] 45 5§ lfa JK B2 R} 8k 2K 5
@ & I HAEPEMRER L ;@ BHE I BEA 2T
BB CT H 4. B A 116 Bl i &, Hdh 5
67191, 2 49 ], AT (62.4+11.7) %, AF-A T [ 34 ~ 85
4 . LNM FHE 48 5 (pN*, 41.4%) , LNM 114 68 14l
(pNO, 58.6%) . M 45 € [ g 4iF Bk & & B &
(American Joint Committee on Cancer, AJCC) 5 8 it
TNM 73 JHF5 10 5% g 1= 0 TR B2 (T category) , Hirr
T390 18 i) T, 41 22 5] T, 340 54 9 T, 391 22 61 . o7 3
f5l4% LNMUIRZS CBHPE/BIE) 0T 53390 (T, _ /T, ) 47
G712 BENLRIAE , LA 703 b ) 4y SR )1 25 4R 81
(LNM*34 f3i] | LNM" 47 f3i] ) F1 % 3k 5 35 {1 (LNM”

14051 (LNM™ 21 1)) o ASHIFFE 2 R8N 4R 1R B 1 Bl 22
Szt E (LS 120260615001 ) o
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JIFAT B R 1 AT IR ARG 9% CT 494 (Siemens
SOMATOM Force) o 433l FXF HRI T4 ) 4838 25 s
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2 4 A S A 104 SR AR 2 T 2 5 1
TR R I, 2R FH ITK-SNAP 3.8 -1 J5 2 Jifr 8 21
HF-B)% )2 A =4k VOL, [A] By A2 B 8 3 mm 37 @
DA SR 885 — DI, DA 356 MR 2 A M Bl B 5 i i) 42
55 o o) 45 RAFTE W 43 BN, X 4 35022 T 28 P
o 3 B — 305 BEAILA I 20 191 5B 35 py 2 44 B O 0 ST 5
B R I R DXRR JE DX T A S AR A e R R Y
ZH NAH G 2280 (intra—class correlation coefficient, ICC)
H AR 0.86 (V5 [l : 0.78 ~ 0.94) , 3% W ) i ] 5 &
PERIF. 1CC>0.75 K — Btk R4 KRB R
F1CC>0.8 BT debmiti , ARG RN AR AE RS E P
1.3 FGEZFERK

i H Python 3.9+ #4 B PyRadiomics 3.0 FF Y& T.
L, NI VoI N $2 HUbR ffE 1k (Z-score) J B RZ 15
HAERHE, 0 5 KK O — WGt i, s Bl AR E
241 Q@ JERFFIE (3D) , /R BIFFAE 164> B K 4t
A B (gray—level co—occurrence matrix, GLCM) , 7/~
1) ¢ fiE 24XN, 1.5 @ JK Vi A K A B (gray—level
run—length matrix, GLRLM) , /~ B4 HE 16 4B KB
F/INIX 3l B (gray—level size zone matrix, GLSZM ) ,
INBIRFIE 161 . BBRIERE AL R TR , IR
DX 5598 J XA TR ARAE 1 247 4>, P RLICC>
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PA ImageNet T Il 2k ResNet50 A& 1 W 25 , B% Bk J5 43
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(1) f&% /N IC A B KM ¢ 5 75 (minimum
redundancy maximum relevance, mRMR) 7£ £ ICC i
B 5 A B A AE A2 4T mRMR . BFXHEAR AL 4y
i B AR B/, W03 30 1> A G ARTC ARy
fIE 5 &1 X5 DL 43 3¢, #% FRAFAE 5 LNM bR 25 [] ¢ 46: 56 ¢
a0 4 A HE T, A X f5e R A9 I 30 ZERFAE .
(2) f /46 X7 U 46 5 1% £8 5 F (least absolute
shrinkage and selection operator, LASSO) + T4z X
B AIE : LA LNMORZS Oy PR A2 &, X 6 9 5 9 fige 126 4 ik
i LASSO logistic [71 5, # 22 L1 1E Wk Logistic [7] 15
1‘%*“” B A8 S IR 1R 22 e /N O AT ZR WA, O 1B

i BIFEE A TUAR BER B 215 24 % S DLAFAE , 14

@Xﬂn_l_mﬂ%%ﬂ? ME R (PSP E43 RTINS
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ARWEFERTT T 82 1 YRR LU EHE S - DLl
PREGAIAL EE AL (M =1l R 4 S v , 0 31 DA B
—BSRHIE (M2-5248 4% \M3-DL) [ T fiE ) , i
T IS SRR fil - (M4—fl B ) I RIRE , S ZF I
HF0 7 152 G ARAE 5 SC BRI PRI bRt & M 5
Tl R A 1R A I S S R PRI R (MS-TK 5 ) o DL A
AU ABFAEUNT « (D)MI1-IE K : CEA (=5 ng/ml) | Jih 8
AR (T T, 3 T,: T, ) IR 5 (2) M2-321%
412 : LASSO #ii 1% 19 F T##4E 5 (3) M3-DL: LASSO
ifi e ) DLARFAE 5 (4) Ma—fil 5 - S AR 2 “#RFfiE 4 DL
FHIE ; (5) M5-HKA - M4 B BN T3 4+ CEA + MR 2
TG . AR (M1 ~ M5) ¥R Logistic [ )94
NGE— B2y AR S HGE S PRSI R 45 I
54T 28 IR E
1.6 ZitFEFE

TH i GRS B bR 1 22 (ves) UM (Q,, Q) 3
7R, ZH 8] FE AR F M A7 FEAS ¢ 45 56 5 Mann—Whitney U
3 TR LA (% ) KR L AT PR 3 B Fisher

PIME Rk FRAE T % 5 & B B R 4.3.1 5 Python
39BCASEEL, WG 2443 T R FH SPSS 26.0 8k {458

o ARG I T L &K Logistic 7] 14 @B A 51 28
BB (MS) , 2R FHAS SUSIE i 326 e O AR 5] R 40, 3R

B R E TR RIUAR W AR 20 2% 5 DLAFAE , A4 22 il
G RFEAE TR N o R 320K B R RRAE
(receiver operator characteristic , ROC) 43 A7 - i 45 71
RLAE T3 M 2k T i A2 (area under the curve, AUC) |
TR EE R S FE MR EE L BH /B P A, A [R] A5
HOAUC H % >k H DeLong K % 5 K H Hosmer—
Lemeshow £ 5% . Brier score P-4t 45 A% v i 5 o 58 il
2k /3 #1 (decision curve analysis, DCA) VA 4 5 75 A
[Fi] JXUPSS: 50 1B T B9 I R ¥ 4R 7 . P<<0.05 8 22 5 4t
NE-3'E
2 FR
2.1 YIS ESWIE SR IR REFIE

YNGR 5 B0 IR S AR AR IS 1 A4 o8 b I 3467
g e R A T 230 o AR B SR AR 7S ) (CEA
CA19-9) /K-F-J5 T He 48, 22 S ¥ T g it 20 3 L (3
P>0.05) (£ 1), VERBAIFM H R0 LNM AR H
] 5341 LI IR TE8e 127 22 5% (P>0.05) .

®1 NEESHRIEERIGERIFELLE

= “Llé/\ =3 lLTL‘ﬁE
£R ok wp
SEWY (xes, %) 61.8+12.1  63.9+10.8 0.872 0.385
B (fi) 0.031 0.861
5 47 20
'y 34 15
Iz (fi)) 0.008 0.929
2 46 20
H 35 15
Mg kAR (x+s, mm) 46.2+18.7  48.5+173 0.628 0.531
JHbgR IS R B () 1.874 0.599
T, 12 6
T, 15
T, 38 16
T, 16 9
SACRERE (f5]) 0.182  0.67
th-F ok 60 25
K534k 21 10
CEA>5 ng/ml ({7]) 0.294 0.587
& 39 18
w5 42 17
CA19-9>37 U/ml (f§i)) 0.378 0.539
& 25 12
i 56 23
LNMARA (f]) 0.107 0.744
FAHE (pN*) 34 14
BAYE (pNO) 47 21

o CEA: JEMEHUE; CA19-9: BEJSHUIE 19-9; LNM. kbl gh
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1CC i 4 J5 P B3 A2 FEAIE 892 1~ (1CC>0.8) , £
mRMR %] ¥E 30 4~ +DL #J 3€ 30 4~ — & 3 5 LA
LASSO-logistic [A] I3 7E A =0.023 ( Xf [ — b 1 15 1
M) &b P 4 2= EF BB ESL 34 4 Horh T T2 4
ZHAEAHFAE 141>, DLARFAE 20 4
2.3 A EERTNLEE L

DelLong £ % @ 7R~ , 56 UF 45 M5-HX A& B A AUC

(0.823) & & & F MI1-IIfi JK £ & (7=2.41, P=
0.016) ; 5 M2— 52 R A 2 A RUAH L, M5 ) AUC 25 57
TG L (Z=1.07,P=0.285) ; 5 M3-DL i &l
A, MS-I5C A AT R — o R T B (2=
1.23,P=0.219), M5-BXG R medsin /2 1A,
P FLAE AU SRR B 5 e S B T T LA P M-
WG R A B 5 M5 M 2% R K (A AUC=
0.018)(5£2),

R2 SHBMURBENEESEIERE PRI

il 5V B Eea=A Y i g ) Y y 3
pi sl g/ TR S AUC (95%CI) ﬁ%’;f)f; th(‘;zj)ﬁ {ﬁi};ﬁ;)&: H{:lﬁﬁ(fiz(ﬂ;ﬂ Iﬁiji{);m Brier Score
M1 pI[ER S 0.728 (0.647 ~ 0.809) 67.6 70.2 69.1 63 74.4 0.231
YHUrESE 0.701 (0.562 ~ 0.840) 64.3 71.4 68.6 60 75 0.248
B Ulléif% 0.862 (0.793 ~0.931) 82.4 78.7 80.2 76.7 83.9 0.175
IrgE 0.779 (0.646 ~0.912) 78.6 76.2 77.1 73.3 80.9 0.192
V3-DL DI 0.849 (0.777 ~0.921) 79.4 80.9 80.2 78.1 82.2 0.183
ISUFSE 0.768 (0.630 ~ 0.906) 71.4 81 77.1 76.9 75.9 0.205
MBS GT e UIZhsE 0.878 (0.812~0.944) 85.3 83 83.9 80.6 87.1 0.162
IRUESE 0.805 (0.672 ~0.938) 85.7 76.2 80 75 88.9 0.179
MS-EE 4 pI[ER S 0.891 (0.826 ~0.956) 88.2 85.1 86.4 83.3 89.7 0.138
YUrSE 0.823 (0.694 ~ 0.952) 85.7 81 82.9 78.6 89.5 0.148
H: AUC: I TmR; DL: WE%.

VL AR TR 43 o AR A (AU fef IR P9 VOT 4%
fE, 43288 A Logistic 015 ZE B IEAEAY AUC 24 0.782
(95%CI: 0.649 ~ 0.915) 5 K 2 B (i FH 983 9 + 98 J#
VOLRFE , B M2- 52 Ml 41 2% ) 7 35 iE 45 1Y) AUC
0.779(95%CI:0.645 ~ 0.913) . —HEF LG H¥ =
N A(Z=0.09,P=0.928) , #L/R AW E I b, I8 JH
3 mm X IRIFFA B 2 P T PN RLRE -

Fi A A% 14y (Rad=DL score ) .CEA=5 ng/ml(%: 1/
B =0) JRRERE XA £ IT Logistic 114, [ 14
77 B2 M« Logit (P) =-4.872+42.146XRad-DL score-+
1.058XCEA,, + 1.324XT, 0o T A8 B [0 R EL
FEEE BN I 2R K140, Rad—DL 43 BE 84 i 1 2457 31
2143, CEA=5 ng/mlit 1143, B =2 i R BE (T, )3t
1343, K43 0 ~ 100 435 i LNM XU 0 ~ 95%. &l 1

24 FZEREESIE e 2R AR S P A, TR A5 A AR 4 AR
2.4.1 PR Je W S 6 7 B XGRS AR . LA XU B {E 0.45
B MS— 156G 5 70 b e 48 A 35 A8 20t 7 T30 [R5~ cut—off I}, B iIF A 44 82.9% H & v IR /)2 o
Y + + + + 1
0 20 40 60 80 100
é‘%ﬂ%ﬁﬁ\ t t t + i
1 2 3 4 5
W5 1?“ i
(5ng/mL) 1
Yes
JiiryR (2 1
B 5 20 20 60 %0 100
4 C Cutoff: 45% (70 pts)
REEHER t + + I
0 0.1 0.2 0.3 04 045l 0.5 06 07 0.8 09 097
El1 CRC LNM JXUB& 1l 51l 2 =l
{: CRC: ZiEpfiE; LNM: KA.
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Hosmer—Lemeshow i % y* =5.370, P=0.719;
Brier PE434 0.148, 7~ B4 51 28 300 A 6 5 S P
ORI — B0 B4, 3 s AR T B 25 3 B AR AR %
DCA 455 5 oR 78 0.1 ~ 0.9 B XU 1 {1 38 Bl P9 , M5—
A BRI AR R T 23R T 7 5 N IR YT IR
W, 35 BEHE ok B R I PR R 25 . T HIAE 0.3~ 0.6
(14 ARS8 DX ), HCvgedk 25 fe ol 2
3 itig

AR BT HERHPEAL CRC LNM R 2S5 X167 T 3K 2 6
HE, B CTIE A HURE A B . 1542
I AR S A Bk AN T AN L T DLAE A 30
P20 S OCHIR 2 BUR AL ARRFSE 2005
T O R FH ARG AR Rl A 5 G006 R 4k SR, e 42
ICC Al mRMR §i 3% , 75 FH LASSO [8] U= JA filt A5 457 A1
PEHR S 34 SCHEERAE , 5 AR T T /MEAR (n=116)
B R g 5 @ 51 AR 3 mm XIS4T 407, IF:
Fo 0 AR R AT 1% FU B s B M T AT R
I RINZ IR 3G T A8 2755 (CEA Tl M i i TR
JEE A G PR N FH o ASHIF 5% ™ ek 2 ST 900 A5 7R
FEERE , RS 45 RE BN A A,
{CRIH T 53 0045 8. O 1 B Rk Sl s Pk

S5 JL B UE o WG BB A B IESE h AUC Ry
0.823, HUE i 35 85.7% , Bk T IAE h 89.5% . KW
AR IS T HERR AR XU J 3, DA AT fE ikt o A
W R FEIR YT, 5 AR S B DS T EL A e LA
5o BRIBLRE AR 3207 18, AT N = A2 AT
ST B SR IX A BE S, M5 R AUC Jy 0.823, 11
TAL GG PRALTY | 3= W FLRB S 47 Hb X 43 LNM FH M A
B PE R 5 LR T BE , Hosmer—Lemeshow £ 56
1 Brier PF- 43 3 3¢ B AL (%) T30 A 5 5 S0 bR & A= MR
Bm 8 R R IR IR R 25, DCATESE , fE 24 K
Wr 5 T, foff FH 2% A58 R 8 5 11 DR DL O 3 T A5 ok v

ABFFE L 53 B & B, AR JE 3 mm X3
T T BRIALRE . LT RE LR A < R S X
TIE 5593 P ARRAE = BEAH G, B5C7E XY iR I 42 ERURN 7 22
RemE T, HmfE BA . %4518 5 MR E A —
O B IRE T DX T A T R PR g AR
WG SEA B 7k 5 AEAR ).

ZE b R TR E KA R T, Bl S 1R 2H 2

FEAE 5 DL AFAE F4 #E 7 00HE 18 B0 AR, 58 1L 0.823
I IESE AUC XF CRC LNM KU #EATH B2 . #
A CEA 5 T/ 5 s 4 AT 94k 3 25 P EL 4 R4
REWERE , W VE R AR TC A 43 B3k i & 0 B T HL
ARG A7 — 72 SR PR « A S vt [l B 35 31, B
BN S T R I NP A AR RS E A L NN
FEAFAG S — 2 ik 9 R A REIE S5 2 2408
1845 B, DLAFAE 0T 904k 5 HL I A7 352 18 K 78 49 5 e oeg
VOI N T/2) A7 7E— 5 WA 22, J5 22T R R H
Bhaa [ 3o EI k.

S 3k

[1] BRAY F, LAVERSANNE M, SUNG H, et al. Global cancer
statistics  2022: GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185 countries[J]. CA
Cancer J Clin, 2024, 74(3):229-263.

[2] MORGAN E, ARNOLD M, GINI A, et al. Global burden of
colorectal cancer in 2020 and 2040: incidence and mortality
estimates from GLOBOCANT[J]. Gut, 2023, 72(2):338-344.

[3] EE, KRBV, KT, ¥ HemEHeZkfiyllh
L H IR B P TS MEATRM AR G 2 S0, P EERE
&, 2024, 34 (9): 873-880.

[4] NERAD E, LAHAYE M J, MAAS M, et al. Diagnostic accuracy
of CT for local staging of colon cancer: a systematic review and
meta-analysis[J]. AJR Am J Roentgenol, 2016, 207(5):984-995.

[51 MRHE, FA, A%, . ATHRCTHEYRAFHER
T B BT RRK LB FRARHFE
&, 2023, 39 (12): 1985-1989.

[6] %#, EAH, AT, ¥ MRIPHAFAREFILAL
Wk P e R R[], P B CT A2 MRIZ &, 2024, 22 (5):
177-180.

[7] CHENG Y, YU Q, MENG W, et al. Clinico-radiologic
nomogram using multiphase CT to predict lymph node
metastasis in colon cancer[J]. Mol Imaging Biol, 2022, 24(5):
798-806.

[8] kifrih, RiLA&, Fuedd, & EATHOLAPRFHIEGR
B TR AL AL A0 By BT ik SR AR AL R B AT AT R B AT B
LA R AR (D] P el s A R &, 2025,
24 (6): 769-776.

[9] KOO T K, LI M Y. A guideline of selecting and reporting
intraclass correlation coefficients for reliability research[J]. J
Chiropr Med, 2016, 15(2):155-163.

[10] LAMBIN P, LEIJENAAR R T H, DEIST T M, et al. Radiomics: the
bridge between medical imaging and personalized medicine[J]. Nat
Rev Clin Oncol, 2017, 14(12):749-762.

[11] KORSAVIDOU HULT N, TARAI S, HAMMARSTROM K,
et al. Inclusion of tumor periphery in radiomics analysis of
magnetic resonance images does not improve predictions of
preoperative therapy response in patients with rectal cancer[J].
Abdom Radiol (NY), 2026, 51(3):1116-1128.



