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The value of radiomics combined model based on contrast-enhanced ultrasound
in predicting benign and malignant thyroid nodules
LIU An-xin, CHEN Cheng-cai® ., LUO Ting-ting, LU Jiao, HUANG Xiu-lin, LIU Gui-ling
(Department of Ultrasound Medicine , the Affiliated Hospital of Youjiang Medical University for

Nationalities s Guangxi Zhuang Autonomous Region s Baise 533000, China)

[Abstract] Objective To establish a combined model based on ultrasound radiomics
combined with clinical parameters and conventional ultrasound features, and to verify its value in
predicting benign and malignant thyroid nodules. Methods A total of 209 patients with 237
thyroid nodules confirmed by pathology were retrospectively included and randomly divided into
training set (190 thyroid nodules) and validation set (47 thyroid nodules) according to an 8:2
ratio. Pyradiomics was used to extract radiomics features, least absolute shrinkage and selection

operator (LASSO) was used for feature screening, and k-Nearest Neighbor (KNN) machine
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learning algorithm was used to construct radiomics model. Univariate and multivariate Logistic
regression were used to screen clinical parameters and conventional ultrasound features. The risk
factors analyzed by multivariate Logistic regression were included in the k-nearest neighbor
machine learning algorithm to construct a clinical prediction model. A combined model was
constructed using the screened radiomics features and the risk factors analyzed by multivariate
Logistic regression. The diagnostic efficacy of each model was compared by receiver operating
characteristic (ROC) curve. Results Multivariate Logistic regression results showed that
microcalcification, vertical position and age were independent risk factors for differentiating
benign and malignant thyroid nodules (OR=16.082,13.761,0.938, all P<(0.001). The clinical
prediction model was constructed using the above risk factors, and the area under the curve
(AUC) of the training set and the validation set was 0. 881 and 0. 704, respectively. The
ultrasound radiomics model was established by using the six key radiomics features screened by
LASSO algorithm. The AUC of the training set and the test/validation set was 0.830 and 0.819,
respectively. The risk factors analyzed by multivariate Logistic regression and radiomics score
were used to construct a combined diagnostic model. The AUC of the training set and the
validation set was 0.939 and 0.854, respectively. The diagnostic efficiency was better than that of
a single clinical prediction model or ultrasound radiomics model. The decision curve showed that
the combined model had good clinical application value. The calibration curve showed good fit
between the combined model and the ideal model. Conclusion The combined model constructed
by radiomics based on contrast-enhanced ultrasound combined with clinical parameters and
ultrasound features can effectively identify benign and malignant thyroid nodules.
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Figure 1 Thyroid nodules and ROI delineation
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_— = 0.05), W38 1, WA, RO 4 AW O 2 AR I 52
- VB AL 5 T B 2R/ B 2 A S 3
2.1 —BER A UIgRAE D, RO AU 2 il HE X (P<<0.05), % 2,
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Tablel 1 Comparison of clinical parameters and ultrasound features of patients with thyroid nodules in training set
15 % PET CIEL 70 AR TT3 TT4 FT3 FT4
B ok (x £s5,%) (& £s,nmol/L) (& £s.nmol/L) (& £s,pmol/L) [M(QR),pmol/L]
R 93 13(13.98)  80(86.02)  50.46+10.45 1.4740.43 112.37+19.38  5.07+0.76 11.47¢3.19)
PR 97 16(16.49)  81(83.51)  42.20+10.71 1.54+0.56 107.08+30.90 5.2241.39 11.87(4.96)
X2/t/Z Al 0.232 5.381 1.004 1.418 0.909 1.733
P{H 0.779 <0.001 0.316 0.162 0.365 0.088
.- o LN TS HEE RN TSH Anti-TPO TG2 S (BB, %)
[M(QR),kU/L] [M(QR).mU/L] [M(QR),kU/L] [M(QR) s pg/L] ¥ H
KPR 93 1.43(19.00) 1.59(1.92) 16.60(12.35) 25.40(94.17) 51(54.84)  42(45.16)
kA 97 15.00(63.49) 1.92(1.43) 16.30(18.21) 10.90(33.73) 12(12.37)  85(87.63)
X2/e/Z Al 1.206 1.233 0.389 3.922 38.635
P A 0.228 0.218 0.697 <<0.001 <0.001
515 % (& ACE -SR] AR 817 (5, %60 NG AE Yo
¥ f ¥ ¥l b 1 AN 0] SRR IR AR SRR
R 93 89(95.70) 4(4.30) 93(100.00) 0(0.00) 75(80.65) 18(19.35)
WA 97 61(62.89) 36(37.11) 91(93.81) 6(6.19) 31(31.96) 66(68.04)
X2/t/7Z 14 30.756 4.090 45.629
P <0.001 0.043 <0.001
a1 o BN VACHE 2D B R BIE (B Y 2575 KN CBIEL, Y0 2571 o0 B (BB, %0
<1 >1 bW A <10 mm >10 mm (54 |3
R 93 90(96.77) 3(3.23) 88(94.62) 5(5.38) 25(26.88)  68(73.12) 53(56.99)  40(43.01)
Ry il 97 52(53.61)  45(46.39) 97(100.00)  0€0.00) 52(53.61)  45(46.39) 67(69.07)  30(30.93)
X2/t/Z 18 46.856 3.463 14.071 2.979
P {H <<0.001 0.063 <<0.001 0.115
F2 NMNRERRBEETEREEGREASEMBEHLELR
Tablel 2 Comparison of clinical parameters and ultrasound features of patients with thyroid nodules in test set
15 % PEI (B R, 20 i TT3 TT4 FT3 FT4
Bk Pk (x£s5,%) (& £s,nmol/L) (¥ £s5,nmol/L) (¥ £s,pmol/L) [M(QR),pmol/L]
=R il 23 3(13.04) 20(86.96)  56.13+12.82 1.4040.37 107.734£21.90  5.0740.69 10.42(4.51)
PR 24 6(25.00) 18(75.00) 44.4249.18 1.38+0.28 106.27+23.06 5.0640.93 11.09(3.84)
X2/e/Z A8 0.450 3.614 0.146 0.222 0.013 0.936
P {H 0.502 <20.001 0.885 0.825 0.990 0.349
15 o EL RN 32 S 4R E/IR S TSH Anti-TPO TG2 SE B, V)
[M(QR).kU/L] [M(QR).mU/L] [M(QR).kU/L] [M(QR).pg/L] & H
R4 23 16.00(20.20) 1.54(1.1D) 16.90(56.45) 19.32(37.53) 12(52.17)  11(47.83)
Ry ik 24 14.00(199.20) 1.78(1.70) 17.20(49.78) 20.93(8.19) 1(4.17) 23(95.83)
X/t/Z 18 0.796 0.553 0.800 0.384 13.528
P4 0.426 0.580 0.424 0.701 <0.001
15 % TS Ak (1%, %) R AR 817 (158, 2600 NS BIEL Y
& H T A e NN R AR N N E
R 23 23(100.00) 0(0.00) 22(95.65) 1(4.35) 16(69.57) 7(30.43)
PR 24 18(75.00) 6(25.00) 21(87.50) 3(12.50) 5(20.83) 19(79.17)
X2/t/Z 4,538 0.229 11.284
P{H 0.033 0.632 0.002
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*x2 (%)
a1 o ENCEACHE 2D =R R (B %) 2575 KN CBIEL Y0 251 5 B CBIEL, %)
A <1 >1 X H <10 mm =10 mm S |33
R 23 23(100.00)  0(0.00) 22(95.65) 1(4.35) 4(17.39)  19(82.61) 11(47.83)  12(52.17)
A 24 18(75.00) 6(25.00) 24(100.00) 0€0.00) 14(58.33) 10(41.67) 16(66.67) 8(33.33)
X2/t/Z K 4.538 <0.001 8.331 1.705
P 0.033 0.983 0.010 0.312
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it Pyradiomics M A Y8 P 36 52 8145 b 42 3 4
fESZARH 2R AR 107 A, Hoh A 45 — B R AE 18 A4~
JEARFFAE 14 A O B2 St A 0 B R AE 24 A LK BE AR 6
FERERFAE 14 A K BE AR 6 B AR AR 16 > LR BE X Ji
RNFERFARFAE 16 A~ &R 5K Ji 22 43 40 BE AR AE 5 4>,
2 LASSO 53k F 2 B 106 45 AiE » fie 2 6 T o 1B 15
X AR ER R R SR IR 6 S5 HUR IR 451 BB B 3%
FHOC AR 2 2 R AIE | 3R OC S8 5 AR 21 2% FRIE BLIK
N : original firstorder Kurtosis, original glem
Imcl, original _ gldm _ GraylLevelNonUniformity,
original _glszm SizeZoneNonUniformity, original _
ngtdm_ Strength, original _shape Surface Volume
Ratio, WK 2, MRS EAINE RBLHUT &
KoH B B A B HE AR Y %IT 4. Radscore =
0.510 5485232067509-0. 039829 (original _ firstorder _
Kurtosis) —0.040847 (original_glem_Imcl) —0. 055
966 (original _gldm_Gray Level Non Uniformity) —
0.046964 ( original _ glszm _ Size Zone Non
Uniformity) + 0.049596 (original _ngtdm_ Strength) +
0.001145(original_shape_SurfaceVolumeRatio) .

= Coefficients
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FFAER R
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T : Kurtosis, W B, & B8 ROT WP (B 43 A 19 “ W B 1) & 5
Surface Volume Ratio, 3 i BLAA L EL s Tmel , A7 56 1 15 8 B
& (IMC)1;Gray Level Non Uniformity, J&K & JF 2547 ¥, I
R b K OB SR BE {H 9 AH Bl P Size Zone Non
Uniformity, R DX AR 295 i 4 18145 b /s X 4 TR
R AE M (B AR 2 7R R/ K IR B34 5 5 Strength , 58 B

Figure 2 Weight map of ultrasound radiomics label features
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B m L aE RN A LI E Logistic 11194
Bro& B EME LR 3, 2 K50 8BRSk,
e B AFE IS LSS AR VT 430 0 HEORR B Rk 4
WA fE R R, IR 4, 2 HFE Logistic [l
VA0 B R A 0 A 20k 57 G B PR R (RS 4k L 3 407 L 4F
WO AN K I ABHIL A 27 20 N7 R 1000 AR R 11 R 15
A A I 2R 42 AUC & 0.881(95% CI:0.835~
0.925) , IEWAR N 0,758, UK N 0.536, K¢ 55 & H
0.989; M iX £ AUC A 0.704 (95% CI : 0. 553 ~
0.854) , IEHf2R > 0.551, BB 0.208, ¢ 5
0.826, WL.3% 5, LASSO 5L RAF i 1 50 B2 12 41 24 4F
fIEJG 48 A kT SR AL a5 27 > S5 Al S (R A 2 A A
HAN4E AUC H 0.830(95%CI:0.776~0.883) , iF
B2R N 0.695 , BUBEE N 0.412, K5 5 B 0.989 ; Pk
£ AUC 7 0.819(95%CI:0.701~0.934) , IEFf & Ky
0.681, fHUEKE N 0.458 K 55 K 0.913, L3 5,
% 3 Logistic B A4 # ik B {E

Table 3 Logistic regression analysis assignments
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Table 4 Multivariate Logistic regression analysis of screening independent risk factors for predicting benign

and malignant thyroid nodules

As it EPEE i o 1 Wald %2 {f P 1A OR f& 95%CI

S 0.474 0.547 0.752 0.386 1.606 0.550~4.691
(&4 1.805 0.726 6.177 0.013 6.082 1.465~25.256
h%k 0.993 0.530 3.513 0.061 2.700 0.956~7.626
BNk A 2.622 0.758 11.951 0.001 13.761 3.112~60.844
RPN 0.480 0.576 0.696 0.404 1.617 0.523~4.999
TG2 0.000 0.002 0.016 0.900 1.000 0.996~1.004
AR —0.064 0.022 8.291 0.004 0.938 0.898~0.980
AR T 51 5.917 1.372 18.610 <0.001 371.473 25.253~5 464.367

RO ZHBENERENSHERESH

Table 5 Diagnostic performance parameters of three prediction models

LAY AUC e UK B SR FRAETE B (A 95%CI
I AR 7R 1| 25 4 0.881 0.758 0.536 0.989 0.981 0.672 0.835~0.925
T PR A 75 0] 3 4 0.704 0.511 0.208 0.826 0.556 0.500 0.553~0.854
AR 2 B R AR 0.830 0.695 0.412 0.989 0.976 0.617 0.776~0.883
AR A 2E R R R 0.819 0.681 0.458 0.913 0.846 0.618 0.701~0.934
1A B RIS 4R 0.939 0.858 0.773 0.937 0.937 0.800 0.908~0.970
16 A A1 0 0 i 2 0.854 0.809 0.833 0.783 0.800 0.818 0.743~0.964

AT Z N F Logistic [81J3 734 v 22 5 47
%erﬁx%%‘aﬁ-1%%%@5&@&%5%1%23
SV ARG HE AT SR — e R B A BB i R R 3
R SRE 28 AUC 2 0.939(95%
CI:0.908~0.970), IF # % 0. 858, & & K
0.773, R 5B 0.937; ML 4 AUC 2y 0.854(95%
CI:0.743~0.964), IF # % N 0. 809, & & K
0.833. 4R 0.783, WK 4, [FAF. N T B A A
(T AAL  ASBIF ST S T AR LI 3,
= AR T I S A R A 2 AR B A
Bl 4 5 &5, el g Bk 48 b, Bk A 12 W
RS AUC ¥y T 50 i i PR 19T 0 A5 2 5 52 1R 40 2
BEAY AR A 2 B L A 1 I PR T90 D ASS 78 e 5 il 2k
Pl 38 7 o 7 =R T A5 75 e I 5 S R o A R 1 )

YO PR A L B — I R 0 00 A6 8 2 2 A 4 2 B R
BB ) T FROPR AR 45 R L ik S WY I G R R L
AT B W PR L A B, DL BT 6, e il 2 I s R

AR Y 25 4 5 I3 AR v 5 ARUASE Y 110 0L 4R
oK 7,
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Figure 3 Nomogram of combined model for differentiating

benign and malignant thyroid nodules
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Figure 4 The ROC curves of the training sets of the three
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Figure 5 The ROC curves of the test sets of the three

prediction models
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Figure 6

The decision curve of three models for predicting

benign and malignant thyroid nodules
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Figure 7 The calibration curves of three models for predicting

benign and malignant thyroid nodules
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