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[ Abstract ] Objective: To explore the clinical value of a nomogram model constructed based on radiomics scores (Rad-score) of
dual-modal ultrasound images (conventional gray-scale ultrasound and strain elastography) of the primary lesion of clinical lymph
node-negative (CNO) papillary thyroid carcinoma (PTC) combined with ultrasound features for preoperative prediction of central
lymph node metastasis (CLNM). Methods: Patients with CNO PTC who underwent thyroidectomy and prophylactic central lymph
node dissection (pCLND) at Binzhou Medical University Hospital from March 2022 to December 2023 were retrospectively
included and randomly divided into a training setand a test setat a ratio of 7:3. According to the postoperative pathological results,
patients were divided into a CLNM positive group and a negative group. Python was used for pre-processing of the dual-modal
ultrasound images, and the region of interest (ROI) of the lesion was manually delineated using 3D Slicer software. Radiomics
features were extracted based on Pyradiomics, and the optimal features were selected through the minimum redundancy maximum
relevance (mMRMR) algorithm and the least absolute shrinkage and selection operator (LASSO). Random forest algorithms were used
to construct radiomics models for conventional gray-scale ultrasound, strain elastography, and dual-modal ultrasound, and generate
Rad-score. Univariate and multivariate logistic regression analyses were conducted to screen independent risk factors for CLNM and
construct a clinical model. The receiver operating characteristic (ROC) curve was used to evaluate the predictive performance of
each model. The area under the curve (AUC) was used to select the optimal bimodal Rad-score combined with independent risk
factors to establish a combined model and draw a nomogram. Results: A total of 220 patients were included, comprising 80 in the
CLNM positive group and 140 in the CLNM negative group. The AUCs of the three radiomics models based on conventional gray-
scale ultrasound, strain elastography ultrasound, and dual-modal ultrasound in the training set were 0.697 (95% CI 0.620-0.773),
0.715 (95% CI 0.639-0.792), and 0.734 (95% CI 0.626-0.857), respectively, and in the test set were 0.703 (95% CI 0.585-0.823),
0.731 (95% CI 0.617-0.845), and 0.742 (95% CI 0.637-0.871), respectively. The clinical model constructed with the maximum
diameter of the nodule and whether the capsular invades as independent risk factors had AUCs of 0.674 (95% CI 0.599-0.748) in the
training set and 0.675 (95% CI 0.561-0.789) in the test set. The combined model constructed by dual-modal Rad-score and the
maximum diameter of the nodule and whether the capsular invades, and the nomogram were plotted, with AUCs of 0.776 (95% CI
0.701-0.851) in the training set and 0.754 (95% CI 0.659-0.810) in the test set. The AUC of the nomogram model was superior to
that of the three radiomics models and the clinical model (P<0.05). Conclusion: The nomogram model has good predictive
performance. As a visualization tool, it is of great value in preoperative prediction of central lymph node metastasis in clinical lymph
node negative papillary thyroid carcinoma and is expected to assist in the formulation of individualized treatment plans in clinical
practice.
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Fig.1 Dual-image display interface of conventional gray-scale ultrasound and elastography mode showing ultrasound images
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Fig.2 The processed elastography images and the schematic diagram of the delineation of the ROI using the 3D slicer software are

presented
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Fig.3 Research subject inclusion flowchart
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Tab.1 Univariate analysis of CLNM in CNO PTC patients in the training set and test set

n(%)
IR WA
v
o Ccosy sy wm e G TR ew e
AR 3.561 0.059 0.000 1.000
<55% 73 (76.8) 37 (62.7) 30 (66.7) 14 (66.7)
>55% 22 (23.2) 22 (37.3) 15 (33.3) 7 (33.3)
Ll 2.203 0.138 0.003 0.955
itk 76 (80.0) 41 (69.5) 34 (75.6) 16 (76.2)
B 19 (20.0) 18 (30.5) 11 (24.4) 5 (23.8)
ELR R TN 29.652 0.000 6.003 0.014
<10 mm 79 (83.2) 24 (40.7) 35 (77.8) 10 (47.6)
>10 mm 16 (16.8) 35 (59.3) 10 (22.2) 11 (52.4)
nF 0.852 0.356 0.725 0.394
T 22 (23.2) 10 (16.9) 13 (28.9) 4 (19.0)
AT M 73 (76.8) 49 (83.1) 32 (71.1) 17 (81.0)
B 0.011 0.915 1.386 0.239
FH 75 (78.9) 47 (79.7) 36 (80.0) 14 (66.7)
ASHRI 20 (21.1) 12 (20.3) 9 (20.0) 7 (33.3)
PRI 0.023 0.881 2452 0.117
<1 17 (17.9) 10 (16.9) 9 (20.0) 8 (38.1)
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sk 3.909 0.048 0.303 0.582
x 65 (68.4) 31 (52.5) 27 (60.0) 12 (57.1)
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MR 4.309 0.038 3.991 0.046
<2 38 (40.0) 14 (23.7) 20 (44.4) 4 (19.0)
>3 57 (60.0) 45 (76.3) 25 (55.6) 17 (81.0)
PR AL 27.338 0.000 13.855 0.000
7 80 (84.2) 26 (44.1) 39 (86.7) 9 (42.9)
= 15 (15.8) 33 (55.9) 6 (13.3) 12 (57.1)




(R 7885t % ) 20264F 53555 1)

53

%2 %EZlogistic BIF4HHM CNO PTC £ CLNM

Tab.2 Multivariate logistic regression analysis for predicting
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Fig.4 Nomogram for predicting the risk probability of CLNM in CNO PTC patients by the combined model

Rad-score: WLEFAARA AT .

A 10
0.8
i 0.6
B
= 04 -
AR (AUC=0.776)
HRUKF TR (AUC=0.697 )
0.2 4 AR BRI (AUC=0.715)
—— WA (AUC=0.734)
0.0 4 I REE (AUC=0.674)
0.0 0.2 0.4 0.6 0.8 1.0
155

B 1.0
0.8
il 0.6
&
K 04 -
RERUE (AUC=0.754)
FRURE O (AUC=0.703 )
0.2 e BRI E RSB (AUC=0.731)
— AABUY (AUC=0.742)
0.0 - —— IR (AUC=0.675)
0.0 0.2 0.4 0.6 0.8 1.0
155 i

5 S5FICLNMTTMERIZENIZRE (A) FIKE (B) FAIROC #iZk
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Tab.3 Comparison of diagnostic efficacy of five CLNM prediction models
TR 21 AUC (95% CI) TR AR LEdo 85
FRUIR bR 75 52 G A AR [ 0.697 (0.620~0.773) 0.636 0.621 0.661
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o 7 PR 7 B G 4 A AR PlEzRS 0.715 (0.639~0.792) 0.643 0.600 0.712
= S 0.731 (0.617~0.845) 0.697 0.756 0.571
WAL S AR L 2 A5 MIER S 0.734 (0.626~0.857) 0.662 0.676 0.763
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Fig.6 The decision curve (A) and calibration curve (B) of the CLNM prediction model
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