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Diagnostic efficacy of conventional ultrasonography combined with contrast-enhanced ultrasound versus
artificial intelligence in differentiating benign and malignant breast nodules

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

[ Abstract | Objective To evaluate the diagnostic efficacy of conventional ultrasonography (US), contrast-
enhanced ultrasound (CEUS), their combination, and artificial intelligence (Al)-assisted diagnosis in differentiating benign
and malignant breast nodules, so as to provide a basis for clinical diagnostic strategies. Methods The imaging and clinical
data of 353 patients with pathologically confirmed breast nodules treated at Shanghai General Hospital, Shanghai Jiao Tong
University School of Medicine from Jan. 2024 to Mar. 2025 were retrospectively analyzed. All patients underwent US, CEUS,
and Al-assisted ultrasound diagnostic assessments. The diagnostic models were developed using binary logistic regression.
With pathology as the gold standard, receiver operating characteristic curves were generated, the sensitivity, specificity
and the area under curve (AUC) were used to evaluate the diagnostic efficacy. Results Among the 353 cases, 136 were
malignant (38.5%) and 217 were benign (61.5%). The AUC values of US, CEUS, their combination, Al, and Al+clinical
features for differentiating benign and malignant breast nodules were 0.764, 0.857, 0.893, 0.937, and 0.957, respectively.
The diagnostic efficacy of US+CEUS combination was superior to that of US or CEUS alone but inferior to that of Al (all
P<0.05). The AUC of Al was significantly higher than that of the other 3 methods (US, CEUS, US+CEUS combination),
but was significantly lower than that of the AI+clinical features (all P<<0.05). The sensitivity of CEUS was comparable to
that of AI (both 94.9%). Moreover, Al+clinical features achieved the highest specificity (93.1%), accuracy (93.8%), positive
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predictive value (89.6%), and negative predictive value (96.7%). Conclusion The Al-assisted ultrasound diagnostic system

can improve the differential diagnosis of benign and malignant breast nodules, and integrating clinical features into Al can

optimize the diagnostic efficacy of Al
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Tab 1 Baseline data and US characteristics of patients with pathologically diagnosed malignant and benign breast nodules

Feature Malignant nodule N=136 Benign nodule N=217 Statistic P value
Agelyear, x T 57.71+13.52 50.25+13.57 t=5.032 0.001
Family history, n (%) 27=9.711 0.002
Yes 22 (16.18) 13 (5.99)
No 114 (83.82) 204 (94.01)

Menopause, 7 (%) F=11811 0.001
Yes 90 (66.18) 103 (47.47)
No 46 (33.82) 114 (52.53)

Hypoechoic, 7 (%) 1 =3.236 0.072
Yes 133 (97.79) 200 (92.17)
No 3(2.21) 17 (7.83)

Indistinct margin, 7 (%) 2 =40.05 <0.001
Yes 106 (77.94) 94 (43.32)
No 30 (22.06) 123 (56.68)

Irregular shape, 1 (%) 7 =26.544 <0.001
Yes 125 (91.91) 147 (67.74)
No 11 (8.09) 70 (32.26)

Calcification, n (%) 7 =18.681 <0.001
Yes 52 (38.24) 38 (17.51)
No 84 (61.76) 179 (82.49)

Blood flow, 7 (%) 7 =21.361 <0.001
Yes 93 (68.38) 93 (42.86)
No 43 (31.62) 124 (57.14)

US: Conventional ultrasonography.
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B1 1661 5%MBEFIRTEMLT US. CEUS BIRE Al #EISWER (RIBIESSAREEZLIRE
Fig1 US and CEUS images and Al-assisted diagnosis results of a malignant breast nodule in a 61-year-old female
patient (invasive breast cancer confirmed by pathology)

A: US revealed a hypoechoic mass at the 10 o’clock position of the right breast, measuring 28 mm X 19 mm, with indistinct and
spiculated margin, irregular shape, posterior acoustic shadowing; B: CEUS demonstrated heterogeneous hyperenhancement, the lesion
size post-enhancement appeared larger compared to US, with indistinct margin after enhancement, the presence of nutrient vessels,
and peripheral radial enhancement, and was diagnosed as “suspicious for malignancy”; C, D: The breast nodule was identified and
assessed by Al software, which estimated a 93% probability of malignancy. US: Conventional ultrasonography; CEUS: Contrast-

enhanced ultrasound; Al: Artificial intelligence.

massl: 7804

2 16385 LMBEEIRRMLET US. CEUS BRE Al HBNi2 &R (RIBIESS AFERE)

Fig2 US and CEUS images and Al-assisted diagnosis results of a benign breast nodule in a 38-year-old female patient

(fibroadenoma confirmed by pathology)
A: US revealed a hypoechoic nodule at the 10 o’clock position of the right breast, measuring 16 mm X 11 mm, with indistinct margin,
a microlobulated shape, heterogencous internal echotexture, and punctate internal blood flow signals, with low-velocity and low-
resistance spectrum detected; B: CEUS demonstrated homogeneous hyperenhancement, the lesion size post-enhancement appeared
larger compared to US, with distinct margin after enhancement, the presence of nutrient vessels, and no peripheral radial enhancement,
and was diagnosed as “suspicious for malignancy”; C, D: The breast nodule was identified and assessed by AI software, which
estimated a 78% probability of benign tumor. US: Conventional ultrasonography; CEUS: Contrast-enhanced ultrasound; Al: Artificial

intelligence.

F2 REBICET AT R YIRS T BEM CEUS $HiE
Tab 2 CEUS characteristics of patients with pathologically diagnosed malignant and benign berast nodules

n (%)

Feature Malignant nodule N=136 Benign nodule N=217 i value P value
Hyperenhancement 118 (86.76) 159 (73.27) 25.045 <<0.001
Heterogeneous enhancement 100 (73.53) 98 (45.16) 27.317 <<0.001
Expanded enhancement range 85 (62.50) 60 (27.65) 41.952 <<0.001
Indistinct enhancement margin 80 (58.82) 93 (42.86) 8.528 0.003
Presence of nutrient vessels 132 (97.06) 125 (57.60) 65.732 <<0.001
Peripheral radial enhancement 22 (16.18) 3 (1.38) 25.603 <<0.001

CEUS: Contrast-enhanced ultrasound.
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Tab 3 Results of logistic regression analysis for differentiating benign and malignant breast nodules based on US

features, CEUS features, and AI+clinical features

Variable b SE Wald * value P value OR (95%CI)

UsS
Indistinct margin 1.150 0.281 16.721 <0.001 3.160 (1.820, 5.484)
Irregular shape 0.708 0.385 3.386 0.066 2.031(0.955, 4.318)
Calcification 0.913 0.279 10.713 0.001 2.492 (1.442,4.306)
Blood flow 1.039 0.252 17.044 <0.001 2.826 (1.726, 4.628)
Hypoechoic 0.568 0.652 0.758 0.384 1.764 (0.491, 6.331)
Constant —5.098 0.768 44.107 <0.001 0.006

CEUS
Heterogeneous enhancement 1.751 0.305 32.863 <<0.001 5.759 (3.165, 10.478)
Expanded enhancement range 1.336 0.307 18.924 <<0.001 3.803 (2.083, 6.941)
Presence of nutrient vessels 3.419 0.603 32.124 <<0.001 30.553 (9.365, 99.679)
Peripheral radial enhancement 2.252 0.687 10.760 0.001 9.507 (2.476, 36.513)
Hyperenhancement —0.464 0.434 1.148 0.284 0.628 (0.854, 2.697)
Indistinct enhancement margin 0.417 0.293 2.025 0.155 1.518 (0.269, 1.470)
Constant —11.759 1.662 50.052 <0.001 0.000

Al clinical features
Al 5.593 0.520 115.718 <0.001 268.578 (96.938, 744.124)
Age 0.097 0.033 8.532 0.003 1.101 (1.032, 1.175)
Menopause 1.473 0.825 3.187 0.074 4.363 (0.866, 21.990)
Family history —0.701 0.797 0.775 0.379 0.496 (0.104, 2.364)
Constant —9.422 3.266 8.324 0.004 0.000

US: Conventional ultrasonography; CEUS: Contrast-enhanced ultrasound; Al: Artificial intelligence; b: Regression coefficient;

SE: Standard error; OR: Odds ratio; 95%CI: 95% confidence interval.

DIAR GRS o S brife, 23 US. CEUS.
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I ROC Mk (&3) , £ 712 Wizl ae 6 br il
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JE K BH A 0000 (A, 55 1 P A S g L RLATAIR
T AL

Sensitivity

—US
0.2 — CEUS
— US+CEUS
--------- Al
------- Alclinical features
0 . . . . ,
0.2 0.4 0.6 0.8 1.0

1 —specificity

US. CEUS. US+CEUS. Al. AI-+If&R4F4E
ER1SHELIR R B MELE TR ROC %k
Fig3 ROC curves for differential diagnosis of benign
and malignant breast nodules using US, CEUS, US+CEUS,
Al and AI+clinical features
US: Conventional ultrasonography; CEUS: Contrast-enhanced

3

ultrasound; Al: Artificial intelligence; ROC: Receiver operating

characteristic.
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Tab 4 Comparison of diagnostic efficacy among different diagnostic methods
Method AUC Sensitivity/% Specificity/% Accuracy/% Positive predictive ~ Negative predictive

(n/N) (n/N) (n/N) value/% (n/N) value/% (n/N)
Us 0.764  65.4 (89/136) 80.2 (174/217)  74.5 (263/353) 67.4(89/132) 78.7 (174/221)
CEUS 0.857  94.9 (129/136) 63.1 (137/217) 75.4 (266/353) 61.7 (129/209) 95.1 (137/144)
US+CEUS 0.893  80.9 (110/136) 83.9 (182/217) 82.7 (292/353) 75.9 (110/145) 87.5 (182/208)
Al 0.937  94.9(129/136)  92.6 (201/217) 93.5(330/353) 89.0 (129/145) 96.6 (201/208)
Al+clinical features 0.957  94.9 (129/136)  93.1(202/217) 93.8 (331/353) 89.6 (129/144) 96.7 (202/209)

US: Conventional ultrasonography; CEUS: Contrast-enhanced ultrasound; Al: Artificial intelligence; AUC: Area under curve.

3 3t it

FLHRG 12 ook 2L 8 R IR T T SR 1 I
E R PRk EECER" . AR T US,
CEUS. US+CEUS, AI K A+l REFEZEFLIR B
HELS I IZ W EE . A5 BOR, AL HIGIR
FRERZ Wi RE il (AUC 4 0.957) , & Tl
N AT (AUC 4 0.937 ) Je HiAth 3 Fh 7 ik; USH+
CEUS HiZ e (AUC 9 0.893 ) B4 T8 —45
Tk, (HAMET AL; CEUS St FH 32 B fig
IMETF US, EiRgh RN, A0 RS IR o] i —
T AL WIERG R, Al ISR 545 & 1F
FLRES T SW P R R KT

US 1E R FLUIREE T A& 0 R vk, 1AM
HF2 W R BE A XA FR (AUC M 0.764, RAELE N
65.4%, FFSEEN 80.2% ) o HoJmy BRI 35 B T xF
BEE R IR, 2 B . RE
[ TSR 27 2545 5 iR BI-RADS %45 15 #5647 T brifEfk
Sr2EB R US FROR RIS B RS (R AT
AR 22 T, MELLSEPURS v S 51, X sem 1
US 2 Wi —2ehE 5 Erf .

CEUS RS} 80245 7 o kb S i e v e 155 O
AT H AUC 4 0.857, R AFUE ik 94.9%, i
A AR U B 25 Ty T A . R HIE T
MRS Z B W HA R B LA A,
CEUS AJ ¥ Wi . 78 ROT () IfiL 3L 43 73, M @ T
XESEAESE T BRI BE Y SR, R R
63.1%, ULHIAA TR o B LS 1 iR o Gk, X
T RE 5 ROBMESS T CBUS BHEEEE S A X, |
il 7R S B A — T . AR SR TR AT 87 i
CEUS 1212955 4], Hirbr 80 1] KL 1 45 5 Bl 15 1 Ay 3
P, SRR AR FLIR R . SN FLRRIE . L4k
Jigen KA R o 2R T REA G . RAE T EL

BRI F 5, W o ENFL L
PRIRE 5 R A5 N AL Y CEUS RBUAIML; #5453
22 Fi e A A s T SR AN Sy g . 1Y
BT 10 SRR S B O L B 7
MRS TR R, 2 A SRR A o
B, HR P AR S kR NEOR AR 14 A L
TEPEIC 20 MR A A ., 258 ARG 5RRE
HAULFLE RSB, XS ) i AR B2 A A
T2k 2 Je Ki-67 FRak FIMEsiab TR, $2m
OB AR I A S 2 G SR TR RIS, IS 45
U AT, IAE CEUS 2830 H 2510l B 1 Frg 44
SRAERAEY

US 5 CEUS B4 b F 9 AUC i5 51 0.893, %
PR B S A B, HRR R . MERREE . FH
PEFOME IR B B4 . US RRERAEZS T 107 1
KN, BB E B, 1 CEUS #7813 i 7
TR, P46 SC8l T 45015 B S 65 B
b, ARERAN TR iR R R, TR T T
LML . ABEITES 5 A0 -2 Rl — 3%,
H— L IE T US 5 CEUS BEE2 Wiy i R i
RGN, ZBCA JTE N AUC KT AL $7R
TEYE SN2 W 7 A A ST 2s [|) . DRs el oy
Brivss, #5r BB CANPESAE RO % ) R
FAUEMERARFRE, BT (SEN
i) MIPRMARUN i A i 280 RMHRRE, X T
WSR2 R IMAN LRI RAR, (57545 6 2 fliE ke
LLBHBRIZ T

AVFEAMGE rh 3R B0 R 2 sl e, AUC
ik 0.937, RAEEE N 94.9%, FrFIEH 92.6%, HE
FER 93.5%. ASBFSEd S ALK B2 K R 58
RERS I . MSHEBUE LIRSS 1, A SRBOUES .
S L AN Ve A 1T R =S VU 5 s I
AR T IR A 2 . HNE



WREEE RS2 2026451 A5 47 %

e 50 o

LS E L 0.5 E IR, 4 Bh T SRS 6
B G5 RHE, NI HETH2 W — Bk 5 T FEds
ABFFEH AL AUC (0.937 ) #5055 1 ml GBI P42 4%
PIFJLA 5 e, AL TR A 4
KB Z s 880, Bas BRIz AL 5L
S, RBESREE B ZREE S, VI R
Z b R A BOR RIS B4, AN AR R AR
B SRR ARG 5=, TERME I FERY
BERF AR T B i A S O A, HERR g
AT B e ] - R R R I EUR, O
ANEHE T 50U, PR R A AL FibsiE - =
R - R AT =R EPLE, | ALSE )
ARG ARTE, Lol PR S DA T A AT 0% 1 D o A%
J5, BAHIAR G RABHIN, TR
B EAR B AE, AR 25 5 IE 4 i T T
ESLA

TEARWTIE ALIRIE Y 23 WL IR 455 v, 16 1)
RAPEZE TR B, B R R A 1 R R
SR, HB5r RS Cnds (bR ) #E
P MG R IR E R RRE, DS R AERR X A
BRI BRI R 538 7 BLEEZS g AR
R, TRE SR/ N R LR R S RS T A
WA, RIS Xiao 4" MBI 4516 —%. 4
X RIS G B, SO RS B b R BT e
X AL/ (] CEUS A DL EMERRAE B 2575,
AT 3~6 AN H A I S BE DT i T AT
PR R EA U S5 LS M fa N R R,
IO % R Y T ST AR AE, LA TR 12 KU
ALTEFLAR OB 251 5 5] rp R B B2 TR RE,
AR —F AR AT W F B, X US
K CEUS XL B A 45T, AL T HEE &0
HEWRI S A, A B T I R 1 2 6 4G,
IR R R T S A T R

AT R BR, 56 1 RFHE R AL RS
W3k BE f f, AUC 3k 0.957, RELE K 94.9%, HF
SEREH 93.1%, WERARE R 93.8%, 54l T
PRI AL B2 WitH e, HO2 Wit iR Bk
R BERRTE, (HX — MR THE I RS e p A7 2o &
B, A BT 8 B S A i T A s B
PSR IRIZ A . ZE5 R AIE T Il R AE 2%
AL W RGN TR, oA 2 2 R (s B
B IFLIRES 1 IZ W AL T S A

ARFFAFAE—E SRR, 155, BBt &
B REART] BEAEFE R BRI AR, FEARAT IR, Aok
RIS ZHZ =W ERE, 99A 1000 52055 T
JEFTIETERISE, P REEA IS 5 A REZ e, 503
A ALRHBI2 W R G M. HOR, a7 ALBL
BT RS EG ST, LTI 4 CEUS gt
THE T P VB, T 55T B 25 RRAE I AL B R,
ISR TEXT i NN B k- U RE o ARG
it FH A P MR 4ok B B — i B S RS, HLl
200 M R ITSR AR, BRI A 1 A% BUR R
PR N RIS AR Rk, e G
Zhhfi . 2O EUREE, BRI R EHE 5
WAGE R, FRR AT SHH . MRIAFH AR %
BARBEA B2 W B, DA 4w . KR
FLIREE TR R .

i LT iR, M AL Bhi2 W R 48 5 CEUS
PR S I FLIR S RS A SO, USERG
CEUS Al E#E b, B — L2 Wi e 0 &
AL 2 BIREL T US B CEUS, 7RIk /D A%
25 RFEUR T —2cbE . S A shAk i | sk
W A RN AT, BA IR R
FEER) SRR A2 WAL RE A it &2
YA BORAN R — AR W R BRI, 2D

(& % x #f]

(1] B8k, EEEM, A2, 4. 2022 48 2k Ko 6 7L
T AT IR SRR AR 2 A [T W 42458 K244,
2025,46(4):497-503. DOI: 10.16781/j.CN31-2187/
R.20240649.

[2]  GUO R, LU G, QIN B, et al. Ultrasound imaging
technologies for breast cancer detection and
management: a review[J]. Ultrasound Med Biol, 2018,
44(1): 37-70. DOI: 10.1016/j.ultrasmedbio.2017.09.012.

[3] D’ORSIC J, MORRIS E A, D’ORSI C, et al. ACR BI-
RADS atlas: Breast Imaging Reporting and Data System[ M ].
5™ ed. Reston, Virginia: American College of Radiology,
2013.

(4] FRaE, REL 0%, % 85 N LR RERH B2 M R G AE
B K42 <2 cm Y BI-RADS 4 JFLIREE YT 12 W 1Y
BLHAHE (V] 4250 R oA 41, 2024,45( 5 )2 592-
598. DOI: 10.16781/j.CN31-2187/R.20230009.

(5] REL BER, PRE . AN TR GE B 30k & 585 Bl
P2 WL RS T Al R T [T ] . R 5F R 2 4l
(BE20),2022,43(4):509-514. DOI: 10.12289/



e 60

WELEER AR 20264 1 H 5547 3%

(6]

(7]

(8]

(9]

[10]

[11]

j-1ssn.1008-0392.22165.
AT, XA A, S5 N TR BRI
RS RS W HOR AR R GBS (1] R
AR A&, 2023,31(.3):226-230. DOIL: 10.3969/
j.issn.1005-5185.2023.03.007.

HE P, CUI L G, CHEN W, et al. Subcategorization of
ultrasonographic BI-RADS category 4: assessment of
diagnostic accuracy in diagnosing breast lesions and
influence of clinical factors on positive predictive value[J].
Ultrasound Med Biol, 2019, 45(5): 1253-1258. DOI:
10.1016/j.ultrasmedbio.2018.12.008.

J R R A T Rl A R A TE L
JR&EE T RABRVESZ Wb R RLRE [T] . BE 2 i1R
2 ik,2025,35(6):169-171,175. DOIL: 10.20258/
j.cnki.1006-9011.2025.06.037.

BE LM, E R, A N TR RER G BT
P FE UG T LR EE T R0 4 50112 I s R BF
FELT] BB E 56 ,2024,42(5):429-435.
DOI: 10.7517/issn.1674-0475.2024.05.04.
IV, SRR MG , AR, A5 B PR I S PR 5 2
SHE LW BI-RADS 4 2547 ROBAE Y Xt LB
FELI] IR P BE 22 22,2025, 27( 6 ): 471-477.
DOI: 10.16245/j.cnki.issn1008-6978.2025.06.001.

i F ST RS B o 2 SR ol 22 5 o v ML
958 015 5 4 R T T R v R L L B O A e

[12]

[13]

[14]

[15]

[16]

(2022 4ERR ) [J] . v EIRFSE AL B B, 2022, 9( 2 ): 6-13.
DOI: 10.19450/j.cnki.jerh.2022.02.003.
AR AN A, RN, AR 3 R L e R e 1
I TIF RPN B R 5307 [T] . s B2 2 S 27
#4i,2025,48( 4 ):397-402. DOI: 10.19300/j.2025.
1L.22088.
R RO REL . I A S A
AN [ B I T8 7 Ot PR P9 4 531042 W e ) R AR
B [T]. b [ P B2 2 22,2024, 40( 6 ): 656-660.
DOI: 10.3969/j.issn.1002-0101.2024.06.016.
KT MR IR B S TIC & 245 L
HER-2 Ki-67 RRREW KR [T]. T2 W 567
Z4i,2025,17( 6 ):1058-1061. DOIL: 10.19930/j.cnki.
jmdt.2025.06.022.
RV, FEFM 2, 4 R G AR
R AR GRS LB G A P P 28 B2 W A 1 L
BT (V] . P BE oA 4, 2025, 22( 5): 72-77. DOL:
10.3969/j.issn.1672-8270.2025.05.015.
XIAO M, ZHAO C, ZHU Q, et al. An investigation
of the classification accuracy of a deep learning
framework-based computer-aided diagnosis system
in different pathological types of breast lesions[J].
J Thorac Dis, 2019, 11(12): 5023-5031. DOI: 10.21037/
jtd.2019.12.10.

[Ax#miE] ) &



