(R B85 8% ) 202553445051
Oncoradiology 2025 Vol.34 No.5

515

A

ETHRCTZXEBHEBAFHILEERS MK
fe Be [Fl 2= ¥ 2 45 B 95 AR B Bk B = I Pl Ul 4= Y

TS *, ABSTH’

LSk REzm2a e, T4 sk 515041 5
2.8 T NRERESSZGR, T & 7 515300 ;
3k KRB 2R B MR E B E R, T AR sk 515041

[(HWE] B Wi TR EIUAIZ & (computed tomography, E?ﬁﬁ: Jio

CT) 2 1K LI (915 45 A 1 45 W D e 00 11 22 0000 0 0 R i B g | POERIRSR fERRDIERIEE

s . R 1B [2025] 55047,

(lymphovascular invasion, LVI) (#{l. Fi&: BIFIF5rHr20184FE1 ) —2024 MRS FEE

107 BT N R B2 B2 K A 02 B 25 i B BORt, 0 I R4 F BIRAARST: ZEWidE, HIom. KT HR

TEAE . DN CT UG 43 ) 20 g 200 IX S 988 813 mm Xk, SR BGEAR 41 2% CTZ XY R AL R AR I & I RS

BFIE. MRS . Spearmantfieth h T H/NERHICH S IEF T (the least | ARSI RIIKE RILHIEUD
L] M52, 2025, 34(5): 515-523.

absolute shrinkage and selection operator, LASSO ) [RIIHFfiE4FE, 4354 2 s

Fts DXL 988 A DX RO IX S A5 8 B AR A A 3l 3 logiistice [m] U 07 6 Ik PR 2 57, Funding: no.

fab R 2, I SRR A AR I R 2R A 2 AR, SR ZIAE T Conflicts of interest: authors declare no

YE4EHE (receiver operating characteristic, ROC ) RHZRPPANFERIVERE, 1T T conflicts of interest.

TR (area under curve, AUC) . KT . BERE . PSRRI Scistr, & Ethical approval: lunshenl\.10‘4 of 2025.

o Informed consent: not required.
R RAUAGIUBEEINT : 300 LOBEIA NI (OS0) HRIEE (41 | i tois mrtioter 11 1 2. ZHENG W

) o RXIMELG G AR (FRAI3 ) RIMEAL, BIFAEAUCH0.863 (95% B. Multi-region radiomics features from
CI 0.720~1.000 ) . IGFR—SA4 B AT — L3 T T Fsche, BiF4EAUCA enhanced CT combined with clinical
0.873 (95% CI 0.740~1.000) , A . 555 435170.808/10.800. Logistic risk factors for preoperative prediction of

TR B . 5 — lymphovascular invasion in colon cancer
E]Uﬂ ]}*}AET fijyll ( OR—2 446 95 /0 CI 1 056~5 665 P—O 037 ) *ﬂ'lmfh I}’Eﬁ [J] . Oncoradiology, 2025, 34(5): 515-523.

( OR=3.838, 95% CI 1.045~14.096, P=0.043) ZLVIFM 7GRN E, &

%?iﬂ%CTgI‘hﬂz AR SRR IR A I IR J’ﬁ&lﬁl%ﬁ’}%ﬂﬁ%ﬁ«ﬂh*%FUTﬁxﬁwﬁﬁ
FEARAILVIIRA, MRS USRI SRR .

[ kiR | 4l THMURZERUS; IRERIL; Bl

hE4#ES: R735.3+5; R4453 STEAERERD: A

DOI: 10.19732/j.cnki.2096-6210.2025.05.010

Multi-region radiomics features from enhanced CT combined with clinical risk factors for preoperative
prediction of lymphovascular invasion in colon cancer LI Wanping"’, ZHENG Wenbin’ (1. Shantou University
Medical School, Shantou 515041, Guangdong Province, China; 2. Department of Radiology, Puning People's Hospital,
Puning 515300, Guangdong Province, China; 3. Department of Radiology, The Second Affiliated Hospital of Shantou
University Medical College, Shantou 515041, Guangdong Province, China)

Correspondence to: ZHENG Wenbin E-mail: hwenb@126.com
[ Abstract ] Objective: To evaluate the value of combining multi-region radiomics features from enhanced computed tomography

(CT) with clinical risk factors for predicting preoperative lymphovascular invasion (LVI) in colon cancer. Methods: A retrospective
analysis was conducted on pathologically confirmed colon cancer patients at Puning People’s Hospital from January 2018 to October
2024. Patients were randomly divided into a training set and a validation set. Radiomics features were extracted from venous-phase

CT images by delineating the tumor core and peritumoral 3 mm region. Features were selected using #-tests, Spearman correlation
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analysis, and the least absolute shrinkage and selection operator (LASSO) regression to construct three radiomics models: tumor
core, peritumoral, and combined dual-region models. Independent clinical risk factors were identified using logistic regression and
integrated with the optimal radiomics model to develop a clinical-radiomics combined model. Model performance was evaluated
using receiver operating characteristic (ROC) curve, with the area under curve (AUC), sensitivity, specificity, F1-score, and accuracy
as metrics. Results: A total of 136 patients were included and randomly allocated to the training set (95 cases) and the validation
set (41 cases) at a ratio of 7 : 3. The dual-region radiomics model (Model 3) demonstrated the best performance, with a validation
AUC of 0.863 (95% CI 0.720-1.000). The clinical-radiomics combined model further improved predictive performance, achieving a
validation AUC of 0.873 (95% CI 0.740-1.000), with sensitivity and specificity of 0.808 and 0.800, respectively. Logistic regression
identified gender (OR=2.446, 95% CI 1.056-5.665, P=0.037) and clinical stage (OR=3.838, 95% CI 1.045-14.096, P=0.043) as
independent risk factors for LVI. Conclusion: The prediction model combining multi-region radiomics features from enhanced CT
with clinical risk factors effectively assesses preoperative LVI status in colon cancer, providing valuable reference for individualized
treatment decision-making.
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Tab.1 Characteristics of baseline data
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It RS it M (n=136) YIZEE (n=95) RS (n=41) Giit ik Py
PE5 7=0.006 0.941
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Tab.2 Performance comparison of prediction models for LVI in colon cancer patients

TR Kt R FE S F1 3%k TR L AUC 95% CI
IR (poRi2e ) lEzeS 0.689 0.618 0.724 0.663 0.716 0.651~0.781
IUEEE 0.714 0.550 0.667 0.634 0.667 0.559~0.774
BRI (93 JH 4 ) PlEES 0.780 0.750 0.807 0.768 0.887 0.793~0.980
AT S 0.692 0.600 0.720 0.659 0.814 0.677~0.950
FIAI3 (fhEdl) VIS 0.855 0.800 0.855 0.832 0.892 0.799~0.985
BAIFE 0.741 0.714 0.784 0.732 0.863 0.720~1.000
IR—ARIR A 1T Il 0.845 0.838 0.867 0.842 0.906 0.822~0.989
IUFEEE 0.808 0.800 0.840 0.805 0.873 0.740~1.000
2.4 FEEKRER., BKR-FEAFHEASEE  CEANCAI9-9KF. &t a2 & k17
EE Zlogistic[IH4H1, 1L H 5LVIA AL &

W Al PR OB AL AR A L R L Bl
TP, BN ] G PR L R o AR
JE MREALE . R R AR RE |

(P<<0.05) SAPEH . Mg BN 3] LIl R 23
WL MR TR L MR R ORAE . RELA A
BH . RATCA19-9KF (£3) o KR A



(R BBEE) 20255534555

521

R EAESITFE XN ERENAZHE
logisticlnl 4437, Z5H WoRtE5] (OR=2.446,
95% CI 1.056~5.665, P=0.037) Hlilf K 2>
( OR=3.838, 95% CI 1.045~14.096, P=0.043)

SLVIA G i2FE X, W@ Gk W&+
PRI RAC Y, IR PRBIAIAUCH0.820, HF I IR
A 1.0 4 —
0
i 06
™ 0.4 4
02 -
P BT (AUC=0.997 )
e — HUH2 (AUC=1.000)
0.0 4 ¥ —— HUH3 (AUC=1.000 )
T T T T T T
0.0 0.2 04 0.6 0.8 1.0
155
C
1.0 4
0.8 |
i 067
™ 0.4
0.2
004 »~ WP S A BU (AUC=1000)
T T T T T T
0.0 0.2 04 0.6 0.8 1.0
145 5 3

FRAE R G A 2 B AR (B3 ) AR 4l 2%
FRAESEATER SRR 8, BRGRTRYIIZREAUC
90.906 . REE H0.845, FESE40.838, Fl
SECR0.867 . MERGER0.842, KUEEAUCH
0.873 . RAEFEH0.808, Fi5HFEH0.800. F143-4L
490.840 . R 40.805 (F2 K E4)

P BT (AUC=0.667)
— B2 (AUC=0.814)

0.0 4 ¥ — HUH3 (AUC=0.863 )
T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0
1R
1.0 4
0.8 -
s 06
&
® 04
0.2
004 ¥~ IR IR A BUR (AUC=0.873 )
T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0
15

B4 ZERTINEEEARTILYI ROCHZ
Fig.4 ROC curve of multiple models prediction for LVI in colon cancer patients
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Tab.3 Independent risk factors by logistic regression analysis for LVI in colon cancer patients

- e ZHE T

OR{H (95% CI) PlE OR{H (95% CI) Pl
Ge 1.020 (0.991~1.050 ) 0.180 — —
PE 2.061 (1.031~4.120) 0.041 2.446 (1.056~5.665) 0.037
Ja BH2E T 531 2.007 (0.894~4.509 ) 0.092 — —
RPN ) 3.784 (2.248~6.370) <0.010 1.098 (0.349~3.456 ) 0.873
It PR 534 6.799 (2.965~15.593) <0.010 3.838 (1.045~14.096 ) 0.043
J¥hgd oy A R 6.355 (2.010~20.095) 0.002 2.705 (0.739~9.903 ) 0.133
i g o7 0.597 (0.295~1.211) 0.153 — —
Jie e KA 0.809 (0.660~0.991 ) 0.041 0.818 (0.636~1.053) 0.120
MR S5 H 1.330 (1.150~1.539) <0.010 1.117 (0.929~1.343 ) 0.239
CA19-9 2.292 (1.087~4.833) 0.029 1.529 (0.625~3.740 ) 0.353
CEA 1.591 (0.784~3.227) 0.198 — —




522 B, A

b

TIETRCT 22 DX 5 AR 2~ R TR IR 45 6 PR 6z PR 3 A 23 i o AR T Dk (A0 Tl g

ARG L 22 XSGR 2R R ST, BF9E
I IRIAZ O XS AR AR, IR TR
JARIRARAE, IEiE— PG TR ISREIE, 8
o Z KR EE A EE, AT
FEf HLPPAR VIR

WFIE LB T 6 M bLas 24 > 5k, i
LightGBM Nt E . LightGBM PAH: B RHRE
i 16 S50 P B AL 38 P T A B s 4R B . AR S
PR AR . AWFIEE A R . FR
F153%0. WERE FIAUCIX BE 5 5 % 510 2H 24 5
AU TN PERESEA T e, WoRBEARIL (Rdl )
YIALE S5 2 R BV, $RE R
FRHE R AR ERETE; B (R4 ) Bk
ERBUE (0.714) BiA12 (JE)H2H0.692) =,
Ui B R | B R v Aff 0 R e Rk HLZ A
U BRI (JREIAL ) BIEEEAUC (0.814) Hifi
I (RE210.667 ) =, ULEHBIRIEEAR - 2ePERE
AL A3 (RlEY]) SRR TR AR Y] E Y
W B B LVITNsaE, A3 KHIEAE I AUC
H0.863 . RAHE H0.741, F:5FE H0.714, F14)
BOR0.784 , HERARE 40.732. lid ARG LKL F
Bk, ATNSE IR LV I SR T 5 A A
ks

AR, IR S5 i LV IR Al S7
fEl 2, WangZs 7 FiZhongZs ' BYBISY HAR
s, RSV TCH =4S B R
FHLVIRMSI MR, X S EE R AR, Uil
e S AE PEAR LV h A Sy, BEAE
BEgE I, S BV IR fE K N 2 AT
fifggg A= MrbRaE ) ( CA19-98{CEA ) . JFH2=TSy
W%, SARRMIEEE AR, nRE S AR REAR
RN WAHEBRPREARA S, Bz 4h, &
WS AE 22 KGR 24 5 Pt 50E T
PRGN B PR B AE LT b () 2, 487 T
R B FE RE

TR A L ) P A 1R CTRAR 4 2 AT

K ARFTCEAZK - AU &5 E A LVEIRAS R, A
TR I L 2H 56 E 2 ) — B £ (C-index )
SR0.751, 0.749, & TR (IR
0.719, HE410.720) . ARMFRIKAGEHAUC
(0.873) & THRIPEMC-index (0.749) , 1]
AEfS 15 T 2 AR IE AL & A L A SR ke B . 4B
SRR FIADEECTAIMIANS R (extracellular
volume, ECV ) S4Z 4 27 M KRB A HE AL, 1
G5 W 0 AE IR LA DL B AR AR R -
Tl IR S i o AR AL A AR A 5% 38 T8
FUEGRCT, a2 XA G IR Z A,
WS T ALY RO PERE . MR pe s A
FA 45 E I 95 C T 1 55 i Jk 08 Pl (A e 5 5 2 A
RIJEICA LVIER: R ARFTCEAK A R A
FEAY, BESEAUC (0.751) & TG4 F Rl
(0.730) . Li% "' JET CTHE I 52140 41 F
HWELVERAS B, R A 5IEIRK G
BRIISIEEE (AUCH0.818 ) APk REUL AL Tl IR
Rl (AUCH0.709 ) . {HESAL T A B A1
RISIESE (AUCHO0.873 ) , FRATHEM, BTA
R T 288G SRl A (AR 2GR A
R) WL, ERIIIN R AL
AL

g LTk, AT 2 XA LA 00T
PLER: 2 FL AL . IR IR -SRI A A B T
PEAG AR AT 25 B LVUIRZS , TS By lfs IR 5 U
S5 Wi FB i B s W S I AR A B IR T R . SR
1M, AWFFEAETEREA R/ . Brfu B DL SR
PHNH DL E AR B SRR, AT IR SR 5
skt Aokl 2 b O UME. B sk
E T H A Z A 24w A 3 — 2 SR TS B A A
Il R AN

E—1EH:

ZEETE (ORCID: 0009-0000-5533-0072 ) , [R)&52¢ FFoe A7
B2, FBIRE,
BIEES:

B3k (ORCID: 0000-0002-1750-4999 ) , 1+, FATEEI,
E-mail:hwenb@126.com,
EE AR

AW . SCERER R, RUGALRE R A BT, RE RS
Wk HEE, HRE .



(R BBEE) 20255534555

523

(& % X W)

[1]

[6]

[8]

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.

T YU Y24 B Rl 2 B 2. A L R LR
iz, B EWrEE (20234E00) [J] . PEYEESRGE,

2024, 34(1): 13-66.

Colorectal Cancer Special Committee of Shanghai AntiCancer
Association. Shanghai plan for early screening, diagnosis and
treatment of colorectal cancer (2023 edition) [J] . China Oncol,
2024, 34(1): 13-66.

DRESEN R C, PETERS E M, RUTTEN H T, et al. Local
recurrence in rectal cancer can be predicted by histopathological
factors [ J ] . Eur]J Surg Oncol, 2009, 35(10): 1071-1077.
ZHANG L J, DENG Y X, LIU S R, et al. Lymphovascular
invasion represents a superior prognostic and predictive
pathological factor of the duration of adjuvant chemotherapy for
stage Il colon cancer patients [ J ] . BMC Cancer, 2023, 23(1):
3.

GUAN Z,ZHANG X Y, LI X T, et al. Correlation and prognostic
value of CT-detected extramural venous invasion and
pathological lymph—vascular invasion in colon cancer [ J ] .
Abdom Radiol (NY), 2022, 47(4): 1232—1243.

CHO S S, PARK J W, KANG G H, et al. Prognostic impact of
extramural lymphatic, vascular, and perineural invasion in stage
Il colon cancer: a comparison with intramural invasion [J].
Dis Colon Rectum, 2023, 66(3): 366-373.

WANG X F, CAO Y H, DING M M, et al. Oncological and
prognostic impact of lymphovascular invasion in colorectal
cancer patients [ J | . Int J Med Sci, 2021, 18(7): 1721-1729.
BETGE J, POLLHEIMER M J, LINDTNER R A, et al.
Intramural and extramural vascular invasion in colorectal
cancer: prognostic significance and quality of pathology
reporting [ J | . Cancer, 2012, 118(3): 628-638.

R TR ], AR s 2. HR
PR E S 2T EE (20230) [T ] . hESIH
AIMRFR A, 2023, 43(6): 602-630.

Hospital Authority of National Health Commission of the

People’s Republic of China;Chinese Society of Oncology,

[10]

[11]

[12]

[13]

[14]

[15]

[16]

ASSOCIATION C M. Chinese protocol of diagnosis and
treatment of colorectal cancer of the National Health Commission
(2023 edition) [ J ] . Chin J Pract Surg, 2023, 43(6): 602-630.
LAMBIN P, RIOS-VELAZQUEZ E, LEIJENAAR R, et al.
Radiomics: extracting more information from medical images
using advanced feature analysis [J]. EurJ Cancer, 2012,
48(4): 441-446.
ZHONG J W, YANG S X, CHEN R P, et al. Prognostic value
of lymphovascular invasion in patients with stage [l colorectal
cancer: a retrospective study [J] . Med Sci Monit, 2019, 25:
6043-6050.
R G, PITE, KL, . 45 AR R I RILR G
R SR a0 ()] 27 2RaE, 2019, 7(3):
203-206.
SANG W C, LI Z D, ZHANG X D, et al. Analysis of risk factors
and prognosis on vascular invasion in patients with colorectal
cancer [ J | . Chin J Diagn Electron Ed, 2019, 7(3): 203-206.
RORIM, BOHEHL, o ==, AR FETRARLL A 5 oR T B
SiHRRE A RAL [T] . hEESFEAEIE, 2018,
26(3): 191-196.
LIANG C S, HUANG Y Q, HE L, et al. Preoperative prediction of
lymphovascular invasion of colorectal cancer based on radiomics
approach [ J ] . Chin J] Med Imag, 2018, 26(3): 191-196.
PRITE, 45 S, X, S R OR AT EON S B
WM EATRNE [ ] . IR 248, 2022, 41(3):
495-499.
CHEN J H, LI R, LIU H, et al. The value of radiomics in
preoperative prediction of lymphovascular invasion in colorectal
cancer [ J ] .J Clin Radiol, 2022, 41(3): 495-499.
KROCET, EFTHT, BRA IR, 45, Gk CTARAN A TRIR R -1
LR ERER TN 2 B IR A Sph st [0 ] . i
B2 SRR A, 2023, 29(5): 551-559.
ZHENG W X, WANG L L, CHEN X B, et al. Spectral CT
extracellular volume clinical-radiomics models for prediction of
vascular lymphatic and nerve invasion in colorectal cancer [J].
Chin Comput Med Imag, 2023, 29(5): 551-559.
LI M, JIN'Y M, RUI J, et al. Computed tomography-based
radiomics for predicting lymphovascular invasion in rectal
cancer [ J ] . Eur J Radiol, 2022, 146: 110065.

s F . 2025-06-23 &[0T H . 2025-08-12)



