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Artificial intelligence-assisted breast ultrasound for discriminating malignant and benign breast masses and
reducing unnecessary biopsies: a retrospective clinical study

XU Qian, DIAO Xuehong', DU Yu, YANG Xueting, LIU Yan, WU Tingting
Department of Ultrasound, Shanghai General Hospital, Shanghai Jiao Tong University School of Medicine, Shanghai 200080,
China

[ Abstract ]| Objective To evaluate the diagnostic value of an artificial intelligence (Al)-assisted breast ultrasound
system in the assessment of breast masses, with a focus on analyzing its role in optimizing Breast Imaging Reporting and Data
System (BI-RADS) classification and reducing unnecessary biopsies. Methods A total of 243 pathologically confirmed breast
masses from 222 patients were retrospectively included. Conventional ultrasonograpny (US) and BI-RADS classification
were performed by junior physicians, and an Al system was used to collect images and perform automatic classification
according to BI-RADS standards. BI-RADS 2-3 assessed by US and Al were regarded as benign, while BI-RADS 4-5 were
defined as malignant. Pathological results were used as the gold standard to compare the diagnostic efficacy of US and Al.
Results Pathological examination revealed 126 (51.85%) malignant and 117 (48.15%) benign lesions among the 243
breast masses. Receiver operating characteristic (ROC) curve analysis showed that the Al system achieved an area under
curve (AUC) of 0.874 for discriminating malignant and benign breast masses, significantly higher than the 0.839 of US (P<<
0.001). The specificity and positive predictive value of Al were 79.49% and 83.33%, respectively, which were better than the
70.94% and 78.21% of the US, whereas the sensitivity (95.24% vs 96.83%) and negative predictive value (93.94% vs 95.40%)

(YFmHHA] 2025-08-26 [(#EZHE] 2025-12-08

[(E£WHE] EEAREERES(82071931), [ FE miF & 41 ( 2022YFC3602400 ). Supported by National Natural Science Foundation of China
(82071931) and National Key Research and Development Program (2022YFC3602400).

[EERN] 5, 99300, B-mail: sycskxq@163.com

"5 1E# ( Corresponding author ). E-mail: xuehong d@126.com



WREEE RS2 2026451 A5 47 %

e 47 o

were slightly lower. In BI-RADS 4a masses, the diagnostic accuracy of Al (73.91%) was higher than that of US (57.50%). Al
downgraded 15 cases of BI-RADS 4a masses, of which 13 cases (86.67%) were benign, thus avoiding unnecessary biopsy;

yet there were 2 cases (13.33%) of false negatives. Conclusion This Al-assisted breast ultrasound system can improve the

diagnostic performance of junior physicians and enable accurate downgrading of BI-RADS 4a masses, thereby reducing

unnecessary biopsies. However, it still has limitations in identifying atypical or occult lesions and requires comprehensive

judgment based on clinical information.
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Tab 1 Comparison of baseline characteristics between benign and malignant breast mass groups
n (%)
Characteristic Benign mass N=117 Malignant mass N=126 i value P value
Patient age 6.662 0.010
<40 years 30 (25.64) 16 (12.70)
=40 years 87 (74.36) 110 (87.30)
Largest diameter 14.290 <<0.001
<2cm 91 (77.78) 69 (54.76)
=2cm 26 (22.22) 57 (45.24)
Location 1.555 0.212
Left 51 (43.59) 65 (51.59)
Right 66 (56.41) 61 (48.41)
Margin 58.747 <<0.001
Clear 77 (65.81) 22 (17.46)
Unclear 40 (34.19) 104 (82.54)
Shape 21.819 <<0.001
Regular 37 (31.62) 10 (7.94)
Irregular 80 (68.38) 116 (92.06)
Internal echogenicity 8.686 0.003
Homogeneous 82 (70.09) 65 (51.59)
Heterogeneous 35(29.91) 61 (48.41)
Blood flow 19.455 <0.001
Absence 83(70.94) 54 (42.86)
Presence 34 (29.06) 72 (57.14)
Calcification 19.013 <<0.001
Absence 97 (82.91) 72 (57.14)
Presence 20 (17.09) 54 (42.86)
Posterior echo 21.135 <<0.001
Absence 101 (86.32) 86 (68.25)
Shadowing 2 (1.71) 21 (16.67)
Enhancement 13 (11.11) 12 (9.52)
Mixed 1(0.85) 7 (5.56)
Aspect ratio 18.051 <0.001
<1 117 (100.00) 108 (85.71)
=1 0 18 (14.29)
Suspected axillary lymph node 22.889 <<0.001
Absence 116 (99.15) 101 (80.16)
Presence 1(0.85) 25(19.84)

®2 BEREBFEBMHAESITILIRMR R B MRS HR8E
Tab 2 Diagnostic performance of various ultrasonographic malignant characteristics in discriminating benign and

malignant breast masses

% (n/N)
Malignant characteristic Sensitivity Specificity Positive predictive value Negative predictive value
Unclear margin 82.54 (104/126) 65.81 (77/117) 72.22 (104/144) 77.78 (77/99)

Irregular shape 92.06 (116/126) 31.62 (37/117) 59.18 (116/196) 78.72 (37/47)
Heterogeneous 48.41 (61/126) 70.09 (82/117) 63.54 (61/96) 55.78 (82/147)
With blood flow 57.14 (72//126) 70.94 (83/117) 67.92 (72/106) 60.58 (83/137)
With calcification 42.86 (54/126) 82.91 (97/117) 72.97 (54/74) 57.40 (97/169)
Aspect ratio=1 14.29 (18/126) 100.00 (117/117) 100.00 (18/18) 52.00 (117/225)
Suspected axillary lymph node 19.84 (25/126) 99.15 (116/117) 96.15 (25/26) 53.46 (116/217)
Posterior echo

Shadowing 16.67 (21/126) 98.21 (115/117) 91.30 (21/23) 52.27 (215/220)

Enhancement 9.52 (12/126) 11.11 (13/117) 48.00 (12/25) 47.71 (104/218)

Mixed 5.56 (7/126) 99.15 (116/117) 87.50 (7/8) 49.36 (116/235)
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Tab 3 Diagnostic performance of US versus Al in discriminating benign and malignant breast masses
Method  Sensitivity/% (n/N)  Specificity/% (n/N) PPV/% (n/N) NPV/% (n/N) PLR NLR  Accuracy/% (n/N)
Us 96.83 (122/126) 70.94 (83/117) 78.21 (122/156)  95.40 (83/87) 3.33 0.04 84.36 (205/243)
Al 95.24 (120/126) 79.49 (93/117) 83.33 (120/144)  93.94(93/99)  4.64 0.06 87.65 (213/243)

US: Conventional ultrasonography; Al: Artificial intelligence; PPV: Positive predictive value; NPV: Negative predictive value;
PLR: Positive likelihood ratio; NLR: Negative likelihood ratio.

&£ 4 US 5 Al #R[E BI-RADS 4 2 ZLBR AR A912 B 506E
Tab 4 Diagnostic performance of US and Al for breast masses of different BI-RADS categories

% (n/N)
. BI-RADS category
Method Pathologic result > 3 i b e 5
Us Benign 100.00 (2/2) 95.29 (81/85)  42.50 (17/40)  29.63 (16/54) 3.57 (1/28) 0 (0/34)
Malignant 0(0/2) 4.71 (4/85) 57.50 (23/40)  70.37 (38/54)  96.43 (27/28) 100.00 (34/34)
Al Benign 92.86 (13/14) 94.12 (80/85)  26.09 (24/92) 0 (0/24) 0 (0/23) 0 (0/5)
Malignant 7.14 (1/14) 5.88 (5/85) 73.91 (68/92) 100.00 (24/24) 100.00 (23/23) 100.00 (5/5)

US: Conventional ultrasonography; Al: Artificial intelligence; BI-RADS: Breast Imaging Reporting and Data System.

#& 5 AL US BI-RADS 5> K FLARBRREY B 5> KT 45
Tab 5 Reclassification of breast mass US BI-RADS categories by Al

Al downgraded Al unchanged Al upgraded
BI-RADS category  US result Benign® Malignant" Benign" Malignant Benign® Malignant”
2 2 0 0 2 0 0 0
3 85 4 0 69 1 8 3
4a 40 13 2 4 17 0 4
4b 54 16 25 0 7 0 6
4c 28 1 21 0 5 0 1
5 34 0 32 0 2 0 0

*: Pathologic result. AI: Artificial intelligence; US: Conventional ultrasonography; BI-RADS: Breast Imaging Reporting and

Data System.

Bl 1 USBI-RADS 3% Al B%_&ﬂzﬁ_&ﬁ’l;w%ﬂrhﬂ&ﬁ’*”ﬁ%l
Fig1 Typical sonographic images of US BI-RADS categories downgraded or upgraded by Al in breast masses
A, B: A case of US BI-RADS 4a mass that was downgraded to BI-RADS 3 by Al with a pathological result of fibroadenoma
(A: Long-axis view of the breast mass; B: Short-axis view of the breast mass); C, D: A case of US BI-RADS 3 mass that was
upgraded to BI-RADS 4a by Al, with a pathological diagnosis of invasive ductal carcinoma (C: Long-axis view of the breast mass;
D: Short-axis view of the breast mass). US: Conventional ultrasonography; BI-RADS: Breast Imaging Reporting and Data System;
Al Artificial intelligence.
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