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Combined models based on preoperative ultrasound, inflammatory
indicators and ultrasound radiomics for predicting axillary lymph
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Abstract . Objective To investigate the value of models based on preoperative ultrasound characteristics, inflammatory
indicators and ultrasound radiomics features in predicting axillary lymph node ( ALN) metastasis of breast cancer.
Methods The breast ultrasound images and clinical data of 175 breast cancer patients were retrospectively analyzed.
The 3D Slicer software was used to outline the region of interest and extract the radiomics features. The interclass corre-
lation coefficient, Pearson correlation coefficients and recursive feature elimination were used to select the features. After
the radiomics score ( Radscore) was calculated, the radiomics model was constructed. The clinical model was construc-
ted by screening clinical risk factors through univariate and multivariate Logistic regression, and then the Radscore was

added to construct a combined prediction model. The predictive efficacy and clinical value of the models were assessed
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with the receiver operating characteristic (ROC) curve, calibration curve, and decision curve. Results

Eighteen ra-

diomics features were included in the radiomics model, and tumor size, ultrasound ALN status and platelet to lympho-

cyte ratio (PLR) were included in the clinical model. The tumor size, ultrasound ALN status, PLR and Radscore were

included in the combined prediction model. The combined prediction model had the highest prediction efficacy. In the

training and validation sets, the area under the curve (AUC) of the combined prediction model were 0.935 and 0.858,

respectively. Conclusion The combined prediction model based on tumor size, ultrasound ALN status, inflammatory

indicator PLR and ultrasound radiomics is effective in predicting ALN metastasis in breast cancer patients.
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FORFAIE , X, DRI XH I Y AR, SR T A Il H 50k
SRR AR IFHEAT 5 Y S SRR, RLIEA 5
TR

Schematic diagram of ROI outlining

A: Original ultrasound image; B: The ROI along the lesion boundaries was outlined.
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Table 1 Comparison of ultrasound characteristics and inflammatory indicators of breast cancer patients

AR b It (n=122) AUESE (n=53) x'/Z P
A/ %0 53.97+10.88 55.32+10.18 -0.791 0.431
ALN 585|500 37(30.33) 16(30.19) <0.001 0.985
Jifrsg K1/ em® 0.329 0.566

<2 47(38.52) 18(33.96)

=2 75(61.48) 35(66.04)
iR o7 1.579 0.664

N4 17(13.93) 4(7.55)

R 21(17.21) 11(20.75)

N %R 30(24.59) 13(24.53)

Sh R IR 54(44.26) 25(47.17)
YABELL® 0.681 0.409

>1 17(13.93) 5(9.43)

<1 105(86.07) 48(90.57)
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EHl 16(13.11) 3(5.66) 2.121 0.145
s 10(8.20) 6(11.32) — 0.571
A ALN RS 0.797 0.372
Bk 93(76.23) 37(69.81)
FHM: 29(23.77) 16(30.19)
NLR® 1.66(1.25, 2.06) 1.79(1.31,2.25) -1.325 0.186
PLR® 119.01(97.26, 139.00) 121.62(89.07,157.25) -0.425 0.672
LMR® 6.23(5.26, 7.81) 6.36(5.12,8.09) -0.682 0.496
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Figure 2 Radiomic features diagram
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Table 2 Univariate Logistic regression analysis

A ALN B (n=85) ALN [ (n=37) Y’/ Z P
AW 0 54.32+£10.23 53.16+12.38 0.499 0.620
fibggE /N em® 8.745 0.003
<2 40(47.06) 7(18.92)
=2 45(52.94) 30(81.08)
e o7 & 0.453 0.929
N TZBR 11(12.94) 6(16.22)
R 15(17.65) 6(16.22)
N EZRR 22(25.88) 8(21.62)
A L5 BR 37(43.53) 17(45.95)
RS 0.008 0.929
>1 12(14.12) 5(13.51)
<1 73(85.88) 32(86.49)
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Sk ALN Fi£(n=85) ALN P (n=37) %4 P
EVik 10(11.76) 6(16.22) — 0.563
A 6(7.06) 4(10.81) — 0.489
S ALN RS 31.889 <0.001

34k 77(90.59) 16(43.24)

FHAE 8(9.41) 21(56.76)
NLR® 1.57(1.19,1.99) 1.74(1.42,2.06) -1.409 0.160
PLR® 113.50(94.57,136.59) 126.32(110.86,152.26) -2.375 0.018
LMR® 6.35(5.43,8.09) 5.87(5.09,7.09) -1.791 0.074
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Table 3 Multi-factor Logistic regression analysis
LNy OR 95%CI P
g /N 4.49 1.56~15.0 0.008
A ALN IR 2 12.10 4.41~37.3 <0.001
PLR 1.02 1.00~1.03 0.032
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Figure 3 Nomogram of the combined prediction model
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Table 4 Comparison of predictive efficacy of different models
A AUC(95%CI) e RIPE RS
PIERS
AR AR 0.854(0.780~0.928) 0.828 0.703 0.882
Il ALY 0.837(0.758~0.917) 0.828 0.703 0.882
A T AR 7 0.935(0.889~0.981) 0.893 0.892 0.894
LN
SR AR 0.758(0.599~0.918) 0.755 0.750 0.757
Il AL 0.777(0.645~0.909) 0.774 0.625 0.838
I T AR 75 0.858(0.757~0.959) 0.755 0.875 0.703
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Figure 4 ROC curve, calibration curve, and DCA of the models
A: ROC curve of the models in the training set; B: ROC curve of the models in the validation set; C. Calibration curve
of the combined prediction model in the training set; D . Calibration curve of the combined prediction model in the valida-

tion set; E: DCA of the models in the training set; F: DCA of the models in the validation set.
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