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Abstract

Objective: To investigate the diagnostic value of a CT-based radiomics model in differentiating benign
from malignant thyroid nodules. Methods: A retrospective analysis was conducted on 279 patients with
thyroid nodules confirmed by surgical pathology, including 133 cases of malignant thyroid nodules and
146 cases of benign nodules. The patients were randomly divided into a training set (223 cases) and a
test set (56 cases) in an 8:2 ratio. Using United Imaging’s URP radiomics software, radiomic features
were extracted from preoperative non-contrast, arterial phase, and venous phase CT images. After fea-
ture selection, a radiomics score (Radscore) was obtained, and three models—random forest, logistic
regression, and support vector machine—were established based on radiomic features. The diagnostic
performance of the three models was evaluated using the area under the receiver operating character-
istic curve (AUC). The predictive performance and clinical application value of the three models were
assessed through calibration curves and decision curve analysis (DCA). Results: The random forest
model achieved area under the curve (AUC) values of 0.849 [95% confidence interval (CI): 0.798~0.900]
and 0.788 (95% CI: 0.665~0.911) for the training and test sets, respectively. Its sensitivity, specificity,
and accuracy were 85.8%, 75.9%, and 79.6% for the training set, and 70.4%, 73.9%, and 73.2% for the
test set, respectively. The logistic regression model achieved AUC values of 0.817 (95% CI: 0.762~0.872)
and 0.803 (95% CI: 0.683~0.923) for the training and test sets, respectively. Its sensitivity, specificity,
and accuracy were 77.8%, 72.2%, and 75.0% for the training set, and 74.5%, 72.2%, and 73.3% for the
test set, respectively. The support vector machine model achieved AUC values of 0.817 (95% CI:
0.760~0.873) and 0.808 (95% CI: 0.700~0.920) for the training and test sets, respectively. Its sensitiv-
ity, specificity, and accuracy were 82.1%, 73.9%, and 77.8% for the training set, and 77.8%, 69.5%, and
71.4% for the test set, respectively. Delong's test results for pairwise comparisons of the AUCs among
the logistic regression, random forest, and support vector machine models were 0.593 (random forest
vs. support vector machine), 0.751 (random forest vs. logistic regression), and 0.831 (support vector
machine vs. logistic regression), indicating similar diagnostic performance among the three models.
Calibration curve analysis revealed Brier scores 0f 0.162, 0.173, and 0.172 for the training set (random
forest, logistic regression, and support vector machine, respectively), and 0.186, 0.183, and 0.179 for
the test set (random forest, logistic regression, and support vector machine, respectively), suggesting
good predictive performance for all three models. Decision curve analysis indicated favorable clinical
net benefits for all three models. Conclusion: CT radiomics demonstrates high diagnostic efficacy and
good predictive performance in differentiating benign and malignant thyroid nodules, and the radi-
omics models in this study exhibit excellent stability.
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1. 518
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[P AR 2023 4F 9 H~2025 4F 6 H ARHIAT HURER CT P43 g sinte & HARIR G 1 8, iy
BRI T AR EAESE . IAFRE: (1) RATESZHVRAR CT 43 + Hasfadr; (2) HURIRE W EHARY
>5mm; (3) BEARATARLEZLBALIT LR AR FRAABAC TR RofbtE, Frf B 8E m i F R
A5, VR R R A T

22. UE{E7HZ

FH Siemens SOMATOM Definition Flash #2ig CT Hlxt 279 6l #& W4T HUIR RT3 + 58 CT 93
. BEANEML, FRVEEOWEE RS R4, S 120 kv, 165~200 mAs, Z)E 1 mm. fiiH
Ak &8 P e 7R (Y 2B, 300 mgl/ml, Bayer A7),

2.3. HBREFERENEE

H 2 4 54A 6 UL EHURIR CT 2 W& 50 U R £ ¥R B IT R B URP 42323 MH1E CT KB Eoy
BZETFsh/aE ROI (K 1. & 2), #R)E Heh#EHGAZ A 225 4E, 1@t 40 8 4 5¢ R $h (intraclass correlation
coefficient, ICC)fu e fr B 1CC > 0.75 [HFIE, MK UGHEI i K AH K 5 /)N TU 2% (max-relevance and min-redun-
dancy, mMRMR) & 5 /)4 54 i 45 55 1% 4% 521+ (least absolute shrinkage and selection operator, LASSO) i fifi ik
AR AR AT LASSO [HVA 43 Hri, it 10 9758 IS IESHTRHE R 4E, HRRMESHAE, 2B
12414 (Radscore) . e T-BENLARMR . BT, R SN BG4 2R A

24. GtFESH

KH SPSS 26.0 AT Hi it 73 M. tHE TR X 5 5 M (Q1, Q3)3FE 7R, ZHIF LR A t 5t Mann-Whitney
U I B R ) B BCR FH DU 25 2 K06, DL P<0.05 AZEFA S5 L. KHBSE URP 4578
PEA BCBEHLAR AR« B4 F VA . SCRE ) R LR AR A A AR (1 A2 3K 45 E 4 AIF i 28 (receiver operator
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characteristic curve, ROC). % i 28 14k 5 43 #7 1#h1 £& (decision curve analysis, DCA) . i i1k IR (Area
under the curve, AUC) WAL & AR AL 12 W 2k e, 3 PP AY [A] i) AUC ELECK H Delong farde . i idh s i ith £
FHA Brier 3 BTG S4B K TN 5 RE s 8 R 5K il 22 (DCA) VA% &5 8 1Y I R R FH £
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L 4E 279 B HRIREE T B 2, Foh HUIRAR RE45TT 146 ], 53 21 9, 2 125 M, SEEE 14~77 ¥
(50.66 + 12.27); HME4ET 133 6, 5 29 ], 4 104 B, 4E#L 13~82 (41.84 + 12.87). &4y ZFEHLMEE S
MJm, e 223 6], 5 40 6], 4 183§, S 13~76 %5 (47.04+12.53), HMk 117 . R 106 ;)
AL 56 i, 15~82 % (44.16 + 15.43), Y 12 i, 44 ], &b 27 Bl R 29 . PR EBEPERI(A =
0.360, P =0.549), #F#%(t=1.480,P =0.140). RN EI(2=0.008, P =0.927) % R LR 115 Lo
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the curve, AUC) %> 5l iy 0.849 [95% A 15 [X [A](Cl): 0.798~0.900] 411 0.788 (95% Cl: 0.665~0.911), RBUE.
FEE. WERIE 5N 85.8%. 75.9%. 79.6%F1 70.4%. 73.9%. 73.2%. 2% [A] AL I A AR HE 1
AUC 7344 0.817 (95% CI: 0.762~0.872) 1 0.803 (95% Cl: 0.683~0.923), RIEKSF. K. WEHIR DN
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Table 1. Diagnostic performance of three radiomic models
= 1. 3 MG A FER IS EINEE

- I MR
AUC (95% ClI) UK RRRIE MERE AUC (95% CI) Uk KR kR
BEALARK 0.849 0.788
M (95% Cl: 0.798~0.900) 858%  75.9% 79.6% (95% CI: 0.665~0.911) 704%  733%  73.2%
AR 0.817 0.803
M (95% Cl: 0.762~0.872) 178%  72.2% 150% (95% CI: 0.683~0.923) 145%  722%  13.3%
X R 0.817 0.808
HUBE  (95% CI: 0.760~0.873) o21%  73.9% T7.8% (950, 01 0.700~0.920) (78%  09-5%  714%
Table 2. Results of Delong and McNemar tests (P-values) for the three radiomic models
5% 2. 3 MhEL %A HEBYAY Delong F1 McNemar #3845 R (P 1)
PR LA AUC UK e
BEALARR - STHRe 2= AL 0.593 0.688 0.250
BEALARR - R [ET 0.751 0.727 1.000
XRFMENL - B RIA 0.831 1.000 0.500
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Figure 1. CT imaging of a 54-year-old male patient with thyroid
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Figure 2. CT imaging of a 63-year-old male patient with thyroid follicular epithelial hyperplastic lesion
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Figure 3. Feature selection procedure Using the least absolute shrinkage and selection operator (LASSO) algorithm
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Figure 4. ROC curves, calibration curves, and decision curve analysis (DCA) curves for the three models: random forest,
logistic regression, and support vector machine
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