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[ Abstract] Background and purpose: Accurate preoperative prediction of lymph node metastasis (LNM) is very important
for the prognosis and recurrence of patients with colorectal cancer (CRC). The purpose of our study was to develop and validate a
clinical-radiomics nomogram for preoperative prediction of LNM for patients with CRC. Methods: We enrolled 767 patients treated
in Fudan University Shanghai Cancer Center (537 in the primary cohort and 230 in the validation cohort) with clinicopathologically
confirmed CRC. We included nine significant clinical risk factors [ age, gender, preoperative carcinoembryonic antigen (CEA)
level, preoperative carbohydrate antigen 19-9 (CA19-9) level, grade, histological type, tumor location, tumor size and M stage |
to build the clinical model. We used ANOVA, Relief and recursive feature elimination (RFE) for feature selection (including

clinical risk factors, imaging features of primary lesions and peripheral lymph nodes), established the classification models
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through logistic regression analysis and selected respective optimal models by one-standard-error rule. Then we combined the
clinical risk factors, the primary lesion radiomics features and the peripheral lymph node radiomics features of the optimal
models to establish combined prediction models. The performance of the model was assessed by area under curve (AUC) of
the receiver operating characteristic (ROC). Finally, decision curve analysis (DCA) and nomogram were applied to assess the
clinical usefulness. Results: The clinical-primary lesion radiomics-peripheral lymph node radiomics model with the highest AUC
(0.743 0) was identified as the best model. This optimal clinical-radiomics model also showed good discrimination and calibration in
both primary cohort and validation cohort. DCA demonstrated that the clinical-radiomics nomogram was useful for preoperative prediction in

clinical practice. Conclusion: The present study proposed a clinical-radiomics nomogram created by the radiomics signature and clinical risk

factors, which can be potentially applied in the individual preoperative prediction of LNM in patients with CRC.
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Tab.1 Comparison of clinical features in the training and testing cohorts

[n(%)]
Characteristic Training cohort Testing cohort P value
Agelyearx £ s 59.27 + 11.60 5823 +12.94 0.169 2
Tumor size D/mm X + s 4.70 + 1.948 434 +1.971 0.0150
Gender 0.1739
Male 315 (58.66) 122 (53.04)
Female 222 (41.34) 108 (46.96)
M stage 0.396 1
M, 460 (85.66) 203 (88.26)
M, 77 (14.34) 27 (11.74)
CA19-9 z,/(U-mL™) 0.162 8
0-27 418 (77.84) 190 (82.61)
=27 119 (22.16) 40 (17.39)
CEA py/(ng-mL") 0.728 0
0-5 338 (62.94) 141 (61.30)
=5 199 (37.06) 89 (38.70)
Location 0.993 3
Right 283 (52.70) 122 (51.26)
Left 254 (47.30) 116 (48.74)
Grade 0.2157
High 28 (5.21) 19 (8.26)
Middle 356 (66.29) 153 (66.52)
Low 153 (28.49) 58(25.22)
Histological type 0.679 2
Adenocarcinoma 444 (82.68) 196 (85.22)
Mucinous histology 83 (15.46) 30 (13.04)
Signet ring cell differentiation 10 (1.86) 4(1.74)

K2 R IEIES T, AL PR EEE
e HLIEIEAL . RATCA19-9/KF- . RETCEA
TR N AR Y rh 243 b 37 Fi i PR 5
2.2 $FETRIEFNIREYE S

MCT B 5 rb B B it kb S ] il ok 2 485
ROIM AR A 2= FRAE 40 5 1124 o AR IF
A 22 5 T FAE, B 58, HTANOVA |
ReliefMIRFESATHRRIEE B, 2 ZHi7 20 Rk
WA T R (E1) o WS EIE, &

2L e B 2 S I R R AR (4RI . Mar I

ARATCA19-97KF | AR CEA K Flp #2254
90) . 104 R MSEAR A 22 FRE (lesion_CT_
original glem cluster prominence, lesion CT
original ngtdm coarseness, lesion CT original
shape elongation, lesion CT original ngtdm
complexity ., lesion CT original glem cluster
shade. lesion CT original glcm_ contrast, lesion

CT original glcm_difference variance, lesion CT



(F @& %2 &) 2020453045 LY 53
maximum ) FI PSR A = RHE (lymph_
CT original gldm_gray level non uniformity ) /£4
R EE AL ST fE R R R

original gldm_small dependence high gray level
emphasis, lesion CT_ diagnostics image.original

minimum, lesion CT diagnostics image.original

0.68

s 0.60- ——
0.704 0,58 / 0.66
0.68 0.56 / 0.64 4 <X
0.6 - 0.54+ s al
@] @] _ O 0.60
D 0.64- D 0% 2 sad
< 66 < 0.0 < O
i 0.48 0567
0.60- 1
) 0.46- ) 054 )
0.58 ~ Train Train 0.52 - Train
) =¥ CV validation 0.44+ = CV validation 4= CV validation
T T T T T T T T T T T T T T T T T T T T T T T T T T 17T 050—T T T T T T T T T T T T T T T T T T
1 2 3 4 S, 6 7 8 9 1234567 891011121314151617181920 1234567 891011121314151617181920
Feature number Feature number Feature number
Clinical feature Primary lesion Lymph node

B 1 RIAUREERE
Fig. 1 Feature selection

Selection of the tuning feature number in LR model via 5-fold cross validation based on minimum criteria. The y-axis indicates AUC. The x-axis
indicates the feature number. The vertical yellow lines indicate the highest AUC minus the variance generated by 1 000 bootstraps among all the

feature numbers. The black dots define the optimal feature number, where the model provides its best fit to the data
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Tab.2 Model comparison of training cohort
Training cohort AUC 95% CI Sensitivity Specificity Accuracy PPV NPV
Clinical features 0.7013  0.659 1-0.744 4 0.449 6 0.856 2 0.682 6 0.713 3 0.661 5
Lesion-radiomics 0.566 6  0.518 0-0.612 2 0.458 0 0.665 6 0.573 6 0.5215 0.606 7
Lymph-radiomics 0.6397  0.589 7-0.687 9 0.491 6 0.732 4 0.6257 0.5939 0.644 1
Clinical+lymph-radiomics 0.7248  0.683 8-0.766 6 0.487 4 0.856 2 0.692 7 0.729 6 0.677 2
Clinical+lesion-radiomics 0.7269  0.684 1-0.768 3 0.659 7 0.709 0 0.687 2 0.643 4 0.723 5
Clinicaltlymph-+lesion-radiomics 0.7464  0.7454-0.748 7 0.605 0 0.779 3 0.702 0 0.6857 0.712'5

PPV: Positive predictive value; NPV: Negative predictive value
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Tab.3 Model comparison of testing cohort
Testing cohort AUC 95% CI Sensitivity Specificity Accuracy PPV NPV
Clinical features 0.697 0 0.627 3-0.767 6 0.588 2 0.757 8 0.676 9 0.659 3 0.697 8
Lesion-radiomics 0.574 3 0.500 4-0.649 2 0.549 0 0.6172 0.5870 0.5333 0.6320
Lymph-radiomics 0.636 6 0.558 1-0.711 4 0.676 5 0.562 5 0.6130 0.5520 0.6857
Clinical+lymph-radiomics 0.730 5 0.658 6-0.794 8 0.745 1 0.664 1 0.700 0 0.638 7 0.765 8
Clinical+lesion-radiomics 0.695 2 0.622 6-0.762 8 0.549 0 0.796 9 0.687 0 0.682 9 0.689 2
Clinical+lymph-+lesion-radiomics 0.743 0 0.740 6-0.748 3 0.558 8 0.843 8 0.717 4 0.740 3 0.7059
£+ ROC curve o 651 Decision curve
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Fig. 4 The clinical-primary lesion radiomics-peripheral lymph node radiomics nomogram
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Feature weight distribution

Lesion NGTDM complexity P
Lesion GLCM contrast P
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Lesion image maximum P
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AgeN

Grade P

CA19-9P
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M stage P

Feature weight
B 5 HRILREMHHIE R EINE
Fig.5 Weight of feature coefficients of the optimal model

Feature weights generated by the coefficients of Logistic regression
model. The “P” after the feature name indicates the positive correlation,
and the “N” indicates the negative correlation. Lesion GLCM DV:
lesion_CT_original_glem_difference variance; Lesion GLCM CS:
Lesion_CT original glem_cluster shade; Lesion GLCM CP: Lesion
CT original_glem_cluster prominence; Lesion GLDM SDHGLE:
Lesion CT original gldm_small dependence high gray level emphasis;
Lymph GLDM GLNU: Lymph_CT_original_gldm_gray level non
uniformity
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