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The predictive value of MRI imaging omics combined with clinical
features in machine learning models for colorectal cancer liver
metastasis
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Abstract Background and Aims: Colorectal cancer liver metastasis (CRCLM) is a major cause of poor
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prognosis in patients with colorectal cancer. Accurate and noninvasive preoperative diagnosis is essential
for treatment planning. Conventional clinical biomarkers have limited specificity. This study aimed to
develop an efficient predictive model for CRCLM by integrating multimodal MRI imaging omics
features with machine learning algorithms, and to evaluate its clinical value.

Methods: A total of 150 patients with colorectal cancer who underwent preoperative MRI and were
pathologically confirmed at Nanyang First People's Hospital between May 2022 and May 2024 were
retrospectively analyzed. Patients were randomly divided into a training set (n=120) and a validation set
(n=30), including 57 cases with CRCLM and 93 cases without. Univariate and multivariate analyses
were performed to identify independent risk factors for CRCLM and to construct a clinical diagnostic
model. Radiomics features were extracted from multimodal MRI, and the least absolute shrinkage and
selection operator (LASSO) method was used for feature selection. Logistic regression (LR), support
vector machine (SVM), and random forest (RF) models were built and compared for diagnostic
performance. A combined clinical-imaging omics model was further established, and its performance and
clinical utility were assessed using receiver operating characteristic curves and decision curve analysis
(DCA).

Results: Carcinoembryonic antigen (OR=1.323, 95% CI=1.079-1.567), carbohydrate antigen 19-9 (OR=
2.512, 95% CI=1.225-3.799), and neutrophil-to-lymphocyte ratio (OR=1.881, 95% CI=1.354-2.409)
were identified as independent risk factors for CRCLM (all P<0.05). The clinical model constructed with
these three factors achieved an AUC of 0.793. Among radiomics models, the RF model demonstrated the
highest AUC in both training and validation sets (0.770 and 0.763), outperforming LR and SVM. The
combined RF-based model yielded AUC of 0.913 and 0.947 in the training and validation sets,
respectively, significantly exceeding the performance of the clinical or imaging omics models alone.
DCA confirmed the superior net clinical benefit of the combined model.

Conclusion: The RF model showed the best diagnostic performance among imaging omics models.
When integrated with clinical features, the combined RF model significantly improved the noninvasive
diagnostic efficacy of CRCLM and demonstrated high potential for clinical application.

Colorectal Neoplasms; Neoplasm Metastasis; Liver; Multimodal Magnetic Resonance Imaging; Imaging Omics;

Support Vector Machine; Random Forests
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Figure 1 Multimodal MRI images of primary CRC lesions and corresponding ROI delineation
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T2WI, sagittal T2WI, axial T2WI, and DWI images; E-H: Corresponding ROI delineation
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Figure 2 Multimodal MRI images of CRCLM lesions and corresponding ROI delineation
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Table 1 Univariate analysis of factors for CRCLM
(7N ES CRCLM 4 (n=57) J& CRCLM £ (n=93) 74% P
Hn(%)]
% 37(64.91) 50(53.76)
i/s 20(35.09) 43(46.24) 1803 017
AR, MUIQR)] 66(55~75) 68(53~73) 2.254 0.164
BMI(kg/m?,x + ) 22.92+3.14 23.51+2.28 1.329 0.186
JitEg R Az (%)
Ve S 33(57.89) 60(64.52)
PEE =217 24(42.11) 33(35.48) 0:638 0417
I KA (em % = 5) 4.38+1.49 4.311.52 0.276 0.783
CEA [pg/L,M(IQR)] 5.56(2.02~23.35) 4.01(2.12~15.98) 5.527 0.012
CA19-9 [U/mL,M(IQR)] 13.56(6.63~22.49) 10.26(5.34~21.25) 6.638 0.009
NLR [M(IQR)] 2.26(1.25~3.26) 1.89(1.08~3.07) 4.498 0.024
LMR [M(IQR)] 5.08(2.45~10.02) 4.92(2.18~7.79) 2.263 0.157
#*2 CRCLM¥MEZEMNESEARSH
Table 2 Multivariate analysis of factors for CRCLM
i R 2= B SE Wald P OR(95% CI)
CEA(pg/L) 0.280 0.113 6.140 0.021 1.323(1.079~1.567)
CA19-9(U/mL) 0.921 0.252 13.357 0.009 2.512(1.225~3.799)
NLR 0.632 0.198 10.188 0.011 1.881(1.354~2.409)
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0.0 | --%Té@z | size zone matrix, GLSZM) . JK & 22 43 %0 % (grey
%i%ﬁ:}ﬁoﬁ 0.8 1.0 level difference matrix, GLDM ) ZE&r 38, Xt
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ROC curves of CEA, CA19-9, NLR, and the
combined predictive model

Figure 3
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Figure 4 LASSO regression analysis A: Cross-validation curve for LASSO regression; B: Coefficient distribution map
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Table 3 Ten selected optimal radiomics features and corresponding weights

e-THRIVE+C_exponential glrlm_RunVariance -0.202
e-THRIVE+C_wavelet-HLL_glszm_GrayLevelNonUniformity -0.205
T2WI_exponential_gldm_LargeDependenceEmphasis -0.018
DWI_wavelet-HHL,_gldm_DependenceVariance -0.042
DWI wavelet—LLH_firstorder_Maximum -0.056
e-THRIVE+C_square_glrlm_RunVariance 0.305
T2WI_exponential_gldm_LargeDependenceLowGrayLevel Emphasis 0.058
DWI_wavelet—-HLL_glszm_LngereArealowGrayLeveLEmphasis 0.111
DWI_squareroot_firstorder_10Percentile 0.142
e-THRIVE+C_wavelet-LHL_firstorder_Minimum 0.051
2.3 HR|EIRBNEFREEITM AR HEAT ROC -2 70 Hr, 25 0 R 7E I 2R 4R Al

3T 1k Y B U A AE 4 ) SR LR, SVM B F 45 RF RS B AUC B ok, 4 81k 0.770 .
RF 4 ZE il CRCLM Y S22 4l 2 A X 4% 1% 4l 0.763, WOEBERAERFAA (K 5) (£4),

———LRAUC:0.742
——RF AUC:0.770
——SVM AUC:0.761
e

——— LR AUC:0.741
——RF AUC:0.763
——SVM AUC:0.727
e

5 LR. SVM. RF#ZEKROCHELE  A: JI%SE; B: Rirk
Figure 5 ROC curves of LR, SVM, and RF models A: Training set; B: Validation set
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Table 4 Diagnostic performance of LR, SVM, and RF models

LR
ylERS 0.724(0.653~0.831) 68.3 53.8 81.3
BiFAE 0.741(0.651~0.848) 73.7 68.3 83.3

SVM
I ZRaE 0.761(0.673~0.849) 71.1 55.6 84.9
BriELE 0.727(0.636~0.817) 68.5 54.2 81.5

RF
e S 0.770(0.683-0.856) 75.7 70.9 85.3
BHIF4E 0.763(0.677~0.848) 71.3 56.8 85.1

2.4 BAEEBEIMESIIE 90913, 0.947, HERGEE SR 0.858 . 0.939, Uk
0l PR T A % (CEA. CA19-9 J2 NLR) il BE 4y B 0909, 0938, 4 S 4> 51N 0.870,

O 10 NI R R AL AR IE LS A, B BRA 0786, B TIRK IS Wit R FIRAR 4608 (K6) .

BEAL, i RF @S R B . AR AR N = DCA 4k o, I6 A B 780 /6 I 25 4 Fn B E 45 vh 2L

BHHABR X =R AT ROC I Hr, 45 AREFEE (K1),

T 0 7R 7E I 25 4 R30I 4 P I G AL Y AUC 43 5

I ARIZIHEY AUC:0.793
—— R AF R AUC:0.763
—— KA AUC:0.947
it

I RIZ iR AUC:0.793
—— SRR AUC:0.770
—— KA AUC:0.913
RRRRE

BEl6 RF. [EAFMERMBKSEEHROCHEZE  A: V%% B: Wik

Figure 6 ROC curves of RF-based radiomics model, clinical model, and combined model A: Training set; B: Validation set

E7 BRERIMDCAMEZE A JI%%; B: Bikk

Figure 7 Decision curve analysis (DCA) of the combined model A: Training set; B: Validation set
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