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Ultrasonic artificial intelligence system in diagnosis of BI-RADS class 4 breast nodules with maximum diameter <2 cm
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[ Abstract ] Objective To evaluate the diagnostic value of ultrasonic artificial intelligence (AI) system in breast
imaging-reporting and data system (BI-RADS) class 4 breast nodules with maximum diameter <2 cm. Methods A total of
210 breast nodules were analyzed in 204 patients with pathological results obtained by surgery at Shuguang Hospital Affiliated
to Shanghai University of Traditional Chinese Medicine. The maximum diameter of the breast nodules was <2 cm. With the
pathological results as the gold standard, all nodules were examined by routine ultrasound (US) and Al aided diagnosis system.
The values of routine US by a senior physocian, Al (threshold value 0.65) and Al (threshold value 0.70) in diagnosing benign
and malignant in BI-RADS class 4 breast nodules with maximum diameter <2 c¢m were evaluated. Results The pathological
results showed that 210 breast nodules included 94 benign nodules and 116 malignant nodules. The sensitivity, specificity and

accuracy of routine US in diagnosing benign and malignant breast nodules were 92.24%, 75.53% and 84.76%, respectively;
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the sensitivity, specificity and accuracy of Al (threshold value 0.65) were 92.24%, 71.28% and 82.86%, respectively; and
those of Al (threshold value 0.70) were 90.52%, 79.79% and 85.71%, respectively. The accuracy of diagnosing BI-RADS 4a
nodules of Al (threshold value 0.70) was higher than those of routine US and AI (threshold value 0.65) (79.41% vs 77.94%,
75.00%). The senior physician had the highest diagnostic accuracy of 86.36% for nodules with maximum diameter <1 cm
using routine US. The accuracies of the Al system with threshold value 0.65 and 0.70 were 81.82% and 84.09%, respectively.
Conclusion Ultrasonic Al diagnosis system can assist to improve the diagnostic efficiency of BI-RADS class 4 breast nodules
with maximum diameter <2 cm.

[ Key words | ultrasonography; artificial intelligence; computer aided diagnosis system; breast neoplasms; breast
imaging-reporting and data system
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Fig1 An Al-assisted diagnostic system for breast ultrasound automatically identifying breast nodules and indicating

the risk of malignancy

A: The Al assisted diagnostic system did not found nodules; B: The Al assisted diagnostic system diagnosed that the nodule may

be benign with a risk probability value of 0.13 (indicated by the green box); C: The Al system diagnosed that the nodule may be

malignant with a risk probability value of 0.74 (indicated by the red box). Al: Artificial intelligence.
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Tab 1 Diagnosis efficacy of benign and malignant BI-RADS class 4 breast nodules with maximum diameter < 2 cm

by different ultrasound diagnostic methods

Diagnostic method Benign, n Malignant, n Sensitivity/% Specificity/% Accuracy/%
Physician routine ultrasound 92.24 75.53 84.76
Partial benign 71 9
Partial malignant 23 107
Al (threshold value 0.65) 92.24 71.28 82.86
Partial benign 67 9
Partial malignant 27 107
Al (threshold value 0.70) 90.52 79.79 85.71
Partial benign 75 11
Suspected malignant 19 105

BI-RADS: Breast imaging-reporting and data system; Al: Artificial intelligence.
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Tab 2 Diagnostic accuracy of different ultrasound diagnostic methods for BI-RADS class 4a, 4b, and 4¢ nodules with

maximum diameter <2 cm in the breast

BI-RADS class 4a N=136 BI-RADS class 4b N=57 BI-RADS class 4c N=17
Diagnostic method Benign, Malignant, Accuracy, Benign, Malignant, Accuracy, Benign, Malignant, Accuracy,
n n n (%) n n n (%) n n n (%)
Physician routine ultrasound 106 (77.94) 55 (96.49) 17 (100.00)
Partial benign 71 7 0 2 0 0
Partial malignant 23 35 0 55 0 17
Al (threshold value 0.65) 102 (75.00) 55(96.49) 17 (100.00)
Partial benign 67 7 0 2 0 0
Partial malignant 27 35 0 55 0 17
Al (threshold value 0.70) 108 (79.41) 55(96.49) 17 (100.00)
Partial benign 75 9 0 2 0 0
Suspected malignant 19 33 0 55 0 17

BI-RADS: Breast imaging-reporting and data system; Al: Artificial intelligence.
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Tab 3 Diagnostic accuracy of different ultrasound diagnostic methods for BI-RADS class 4 breast nodules with a

maximum diameter <2 cm of different pathological types

n (%)
Benign Malignant
Diagnotic method Adenosis  Fibroadenoma 1DP Others IDC DCIS Others
N=36 N=31 N=11 N=16 N=98 N=11 N=7
Physician routine ultrasound
Benign 28 (77.8) 22 (71.0) 10 (90.9) 11 (68.8) 5(5.1) 4(36.4) 0
Malignant 8(22.2) 9(29.0) 1(9.1) 5(31.2) 93(949) 7(63.6) 7 (100.0)
Al (threshold value 0.65)
Benign 27 (75.0) 23 (74.2) 9(81.8) 8 (50.0) 33.1) 5(45.5) 1(14.3)
Malignant 9(25.0) 8(25.8) 2(18.2) 8 (50.0) 95(96.9) 6(54.5) 6(85.7)
Al (threshold value 0.70)
Benign 28 (77.8) 26 (83.9) 10(90.9) 11 (68.8) 44.1)  5(455) 2 (28.6)
Malignant 8(22.2) 5(16.1) 1(9.1) 5(31.2) 94 (95.9) 6(54.5) 5(71.4)

BI-RADS: Breast imaging-reporting and data system; Al: Artificial intelligence; IDP: Intraductal papilloma; IDC: Invasive

ductal carcinoma; DCIS: Ductal carcinoma in situ.
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Tab 4 Diagnostic accuracy of different ultrasound diagnostic methods for BI-RADS class 4 nodules of

different sizes in the breast

<lcm N=44 >1-1.5 cm N=66 >1.5-2 cm N=100
Diagnotic method Benign, Malignant, Accuracy, Benign, Malignant, Accuracy, Benign, Malignant, Accuracy,
n n n (%) n n n (%) n n n (%)
Physician routine ultrasound 38 (86.36) 55(83.33) 85 (85.00)
Benign 27 2 22 3 22 4
Malignant 4 11 8 33 11 63
Al (threshold value 0.65) 36 (81.82) 55(83.33) 83 (83.00)
Benign 25 2 23 4 19 3
Malignant 6 11 7 32 14 64
Al (threshold value 0.70) 37 (84.09) 56 (84.85) 87 (87.00)
Benign 27 3 24 4 24 4
Malignant 4 10 6 32 9 63

BI-RADS: Breast imaging-reporting and data system; Al: Artificial intelligence.
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