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Application value of conventional ultrasound combined with shear wave elastography versus artificial
intelligence in differentiating benign and malignant breast nodules

LIU Yan, DU Yu, DIAO Xuehong*, YANG Xueting, XU Qian, WU Tingting, KUANG Yi
Department of Ultrasound, The First People’s Hospital Affiliated to Shanghai Jiao Tong University School of Medicine, Shanghai
200080, China

[ Abstract ] Objective To explore the diagnostic value of conventional ultrasound, shear wave elastography
(SWE), and artificial intelligence (Al) for differentiating benign and malignant breast nodules and to compare their diagnostic
performance. Methods A total of 306 patients with breast nodules (comprising 306 lesions) treated at our hospital from
Jun. to Dec. 2023 were retrospectively enrolled. All were females, aged 28-86 years, with a mean age of (54+14) years.
All patients underwent conventional ultrasound, SWE, and Al-assisted ultrasound diagnosis. The conventional ultrasound
features and maximum elasticity value (Emax) were recorded for each nodule. With pathological results as the gold standard,
binary logistic regression was performed to construct diagnostic models. Receiver operating characteristic curves were plotted
for each diagnostic method, and the area under curve (AUC) values were compared to evaluate differences in diagnostic
performance. Results For SWE, the AUC of Emax for differentiating benign and malignant nodules was 0.71, with an
optimal cut-off value of 53.08 kPa. The AUC values for the conventional ultrasound, the Al-assisted ultrasound diagnostic
system, and the combination of conventional ultrasound and SWE (Emax) were 0.79, 0.82, and 0.81, respectively. The AUC
of the Al-assisted ultrasound diagnostic system was higher than that of the SWE (Emax) alone (£<<0.05), and was comparable
to that of the combined model of conventional ultrasound and SWE (Emax). Conclusion The Al-assisted ultrasound
diagnostic system enables automated assessment of benign and malignant nodules and demonstrates high diagnostic accuracy
in differentiating breast nodules. Its diagnostic performance is comparable to that of a combined model of conventional
ultrasound and SWE (Emax), indicating promising prospects for intelligent diagnostic applications.
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Tab 1 Comparison of imaging characteristics of
conventional ultrasound and SWE (Emax) between

malignant and benign breast tumors

Malignant Benign
Index N:gl 59 N= 1%17
Boundary (indistinct), 7 (%) 121 (76.1) 84 (57.1)
Morphology (irregular), n (%) 148 (93.1) 46 (31.3)
Blood flow, n (%) 109 (68.6) 51 (34.7)
Calcification, n (%) 56 (35.2) 122 (83.0)°
2D-minimum diameter/mm, x+s  11.7+8.6 74442
2D-maximum diameter/mm, x£s 20.0%=18.0 13.2+£7.5
SWE (Emax)/kPa, xts 70.0+32.9  46.0+28.2°

"P<<0.05 vs malignant tumor. SWE: Shear wave elastography;

Emax: Maximum elasticity value.
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Fig1 Al-assisted ultrasound diagnosis and shear wave elastography analyses of invasive breast cancer with

micropapillary carcinoma

A 65-year-old female patient was pathologically diagnosed with invasive breast cancer complicated with micropapillary carcinoma.

A: Conventional ultrasound revealed a solid nodule at the 9 o’clock position of the left breast, presenting with a clear boundary, irregular

morphology, and punctate internal hyperechoes; B: Shear wave elastography of the breast nodule showed a maximum elasticity value

of 62.3 kPa; C: Al-assisted ultrasound diagnosis system identified the breast nodule, with a 96% malignant probability; D: Al-assisted

ultrasound diagnosis system identified the breast nodule and performed nodule filling. Al: Artificial intelligence.
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Fig 2 Al-assisted ultrasound diagnosis and shear wave elastography analyses of invasive breast cancer

A 61-year-old female patient was pathologically confirmed with invasive breast cancer. A: Conventional ultrasound demonstrated a solid nodule

at the 2 o’clock position of the left breast, with a clear boundary and an irregular shape; B: Shear wave elastography of the breast nodule showed

a maximum elasticity value of 74.6 kPa; C: Ultrasound Al-assisted diagnosis system identified the breast nodule, with an 86% probability of

malignancy; D: Al-assisted ultrasound diagnosis system identified the breast nodule and performed nodule filling. Al: Artificial intelligence.
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Fig3 ROC curves of 4 methods for differentiating
benign and malignant breast nodules
ROC: Receiver operating characteristic; AUC: Area under
curve; SWE: Shear wave elastography; Emax: Maximum

elasticity value; Al: Artificial intelligence.
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Tab 2 Comparative analysis of 4 diagnostic methods and pathological diagnosis for differentiating benign and

malignant breast nodules

n

Pathology Conventional ultrasound SWE (Emax) Conventional ultrasound+SWE (Emax) Al diagnosis
Malignant Benign Malignant Benign Malignant Benign Malignant Benign
Malignant N=159 115 44 107 52 116 43 132 27
Benign N=147 35 112 47 100 37 110 27 120

SWE: Shear wave elastography; Emax: Maximum elasticity value; Al: Artificial intelligence.

&3 [ BI-RADS SR FLAREE T &S M 7 iR HIIS Wi R e

Tab 3 Diagnostic performance of each diagnostic method for breast nodules with different BI-RADS categories

BI-RADS category Al diagnosis Conventional ultrasound+SWE (Emax)
AUC Sensitivity/% (n/N) Specificity/% (n/N) ~ AUC  Sensitivity/% (n/N) Specificity/% (n/N)
4a 0.81 80.2 (69/86) 83.3 (100/120) 0.71 60.5 (52/86) 80.8 (97/120)
4b 0.77 82.1 (46/56) 72.0 (18/25) 0.66 87.5 (49/56) 44.0 (11/25)
4c 1.00 100.0 (10/10) 100.0 (2/2) 1.00 100.0 (10/10) 100.0 (2/2)

BI-RADS: Breast Imaging Reporting and Data System; AUC: Area under curve; SWE: Shear wave elastography; Emax:

Maximum elasticity value; Al: Artificial intelligence.
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