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Abstract

Objective: To evaluate the value and combined diagnostic efficacy of artificial intelligence (AI) deep
learning (DL) software in optimizing BI-RADS classification for breast ultrasound. Methods: Using
pathological results as the gold standard, we retrospectively analyzed 237 breast masses (153 be-
nign, 84 malignant). Junior physicians assessed mass features according to ACR BI-RADS. DL system
performance was compared, and discordant cases underwent adjusted grading for combined diag-
nosis. Results: The AUC for ultrasound physicians was 0.710, compared to 0.838 for the Al software.
Combined diagnosis of discordant cases significantly increased the AUC to 0.957. Physician-Al agree-
ment was high for morphological features (shape, orientation) and moderate for calcification as-
sessment, but poor for internal echogenicity, margins, and posterior acoustic features. Conclusion:
Compared to single-physician diagnosis, the Al DL system combined with physician assessment sig-
nificantly improves diagnostic accuracy for breast lesion malignancy. This combined approach en-
hances clinical decision-making, reduces unnecessary biopsies, mitigates subjective diagnostic lim-
itations, and introduces quantification and standardization, demonstrating significant clinical value
for broader adoption.
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1. 5|8

2022 FARBREIES R W, AU AR L R E AL, NSRBI T R LA 15%)
[1]. A (Ultrasound, US)LH 8, 70, Jodmid Mg (RARSEIL AL, B 2t LR R & i s
kA 7 [2]. AT, fEGREA A T, BTSSR B CRARRIET A, =% —. e
HIbRAE, BJE e TS R MR RE . 52 B U % 2 (American College of Radiology, ACR)ffill & [ 7 L.
MRFCAG AR & AR £ Fi(Breast ultrasound breast imaging reporting and data system, US BI-RADS) AL i A
Iz WrR SR T S — R . AR AR EAAE “FER SRR « “FmE” S, SEE AR
PEFE P AEAE— E R EMAER, Horh BI-RADS 3 285 4 287U IR BV FEEIR (3%~94% 4 BI-RADS 4 3
W), M2 FEURBAEZRRE R, B AR 2 202 B BT 7 B3 23] [4].

i R PR R 7 A D L ) 7 B 7 T VR A AR Rk XN 1) 8 52 380 B R R 24, O T SR —
PR, Ab St AN R el i B R BT (e A AR . B B FLIRA AR AR ABVS) A4 [E 1 5 AR R AL, HHES)
THEIABER BN A BRARE M 2 S ALBAR[S]. B8k, N T8¢ (Artificial intelligence, AI)TE
BRI FF BRI, AP T U AR 3] TORE RN, N L e 4 Bl A5 mT DA B 12 bR
MG A H S T B2 W 9], S0 A ) R AR e RS B AR R, AT RS T IRIZ &,
emsr e e, FRACEREE, RN SRR EIT R A — 2 S HE N E[6].

ASHIF 50K L5 75 B T A0 N T4 BE TR B %% > (Deep Learning, DL)EAU & BI-RADS 43254 [ T 1
WA, PRUTIRFE 2% SRR LI 12 W DLSOR a4l B 2R T2 R i2 WKk S, AT S35 Sy i
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) BI-RADS 73 %%, BRI Z,
2. BINEFE
2.1. — &R

BB N 2020 42 9 H & 2024 4 12 A T 2RI BR 2= 8 A IR 58 N R B Bt 42 52 7L It 75
& HAF ARG RIRE SR . BAYIN 230 B Lotk B L 237 AM45T). FRTEE 16~88 £ (31E
+ bRAEZE: 461+ 14.4 %), AR AH LRI A2 (R 153 6, %%k 84 ).

PINIRAE: © AT N BI-RADS 3 288 4 25(4a/db/dcyipikl; @ JE4A 87 EMG 58 5 H AR T il &
PRIRGE S AL 0BT T80 @ AT B (0 FF AR 5 2 v A 5 3 45

HeBrprite: © ALK RGTCE A B #ikl; @ IELEESZ BT BURT &5 ® Wikl KR
AL EGE:; @ EUR R RAPRECHE L SR ANE /RS .

22. BHBERE

P S P A AT FURR U BRIk 2B A IR T 28 N IREEBE B PR 2R, H A (3 i 5 s
SUMSUMG. ACUSON Sequoia Silver. i Resona R9s 25, #5:3L/# FI4iZE A 5~14 MHz () 56 SR FE4R 3k

KA RE: S UM EM, 7875 5 5 XU 7L I A 53 X 38 el 107 B LI IR R P 2 BRI BRI (5 4
DA IO TERFIRER S R AE AL, RAZ TSP REE 7, ShABEmL, WEIdR MR
NG TEAS . WERIEIFE L J Il JUGREIE S J5 7 IR REIE SO B LA 16 005, A R i2 M 45 R A —
B, A RITEAT RN UE, FFLL DICOM M AFBU DS PR B BERE . IR e e 7 1 il 35742 B 22 L
AR TR RS EOR A GRS R 55 6 KL AR P VR I B 5 A2 Wb

2.3. FLAREBA Al LB RS

BT BRI W BT AR AT S 4 Bhis W R GU(RAS Bk« it 7 8 R 75 S I Al B A
MARSG, LA IKE SRR A F)EATR, BA0 2 /b B 5K 1 v DURAS AL s Ei2
PERE . AL IRSS 28 BB BAT A FLIR BT RAAZ 1T 5L HDMI £211, AT RSG5 LL 64 Wi/ FD1R35 5 SN Hb 2 )
AT EESR AE(ILIE] 1), IR EE(DL) 24, SRIGER 75 12 W7 22 0 PR IR JC i U3 () R SR VE R R A, 45 B IR S
% >J(DL)7r#TF1 ACR BI-RADS #Em/ 4@ H 3o dr, R Atk US BI-RADS g5 &, WA
RN TR AL, 1%, WEIEE . JEU7 AR, EERa R 1.

Figure 1. Al-based automatic identification and outlining of benign and malignant breast nodules

B 1. Al BEDRA AEFLRREMHETHER

2.4. M Al REZE S RHEEFRE
ST ELEEITS W 45 SN AT IR 22 2] R 2 Wgs R, BRI 2 I — 801 BI-RADS 702845 5,
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W 4A R FIREIEER], 3 BRIy R HEITAIZE N 4A, AL AW 3 K8, % 4A
B 3 28, KRS RS EINS RAR AN, SATBEASG AN, FoRl5EIMEM AT 4
W RGOS R AT L
3. HEHE

P HHE N Excel R, 70 RE FHIUAS R TR AT, Sit o {EH 1 SPSS 27.0 it
AT EAE 73t o TR BERERA 715 Fon, THEBORER FHIREU A L (%) R, ALIAT ELA 2 R
IR PR AR NS b, WU AS ROV T 02K, THEM M A2 W EE: R BIUE (sensitivity,
Sen). 4557 & (specificity, Spe). 1B FHE# (false positive rate, FPR). {i EH £ 2 (false negativerate, FNR). FHE
ISR Eb (positive likelihood ratio, LR*) AP LLSR H(negative likelihood ratio, LR™). Z MR EE R, 24
15 2 # LA/EHRFHE (receiver operating characteristic, ROC)#H 2%, F£5F #H 28 N i #(Area under the curve,
AUC)BEAT . ANFEHZWTITTIEAR) ROC HIZ: AR B ECR T Z ke 5. ANFEIZ W7 Ui Kappa 8% A —
GEEE R B, WK K E, K EMEEEEDA-1~1, —& K {H > 0.75 B, K EfE
0.4~0.75 Ah, SE—, KMH <04 N—FMEE. S Z 5% ZAHN K P EH T A% Kappa R2E(K 1H)
gt B g, BLP<0.05 INNZERE SR L.

A TR A = GBS BRI/ AL/ 7 1565 ) 75 ke 25 5 1A T 195 R 93 451 /2478 75 2 1 8
TBIEL x 100%

4. 58
4.1. RIGRIBLER

BT ARBCZERERS RETTH 237 > PrA AR R R E R AL 1, AR R A
PR o I 22 1) 2 LR AT 4 R (75/153, 49.02%),  FU RS E 5 B SR T B 22 1) A2 R i 1 i (65/84,
77.38%).

Table 1. Distribution of pathological types of 237 cases of breast lesions
= 1. 237 HIFLBR R LRI R B 53

RS L 2R A BIEA B4 E/% G 97 A E A I 4y H/%
FLIR LT i 75 49.02% B 65 77.38%
FLIR A 59 38.56% SRR 7 8.33%
FLIR R AR A P 8 5.22% 2 TV 4 it e e 2 2.38%
73 TR fi e 4 2.61% RN 2 2.38%
A L LR A 2 1.31% e 2 2.38%
PR 2 itk ¢ 2 1.31% TR AR 1 1.19%
WL IR 1 0.6% FE WAL 3 3.57%
(=RINiEE 2 1.31% R A e 2 2.38%
Mit 153 100% Mt 84 100%

4.2. EIMES Al LAH)ISHIHAEE

HLUHRFL A NI ECII “Etrie” , BEIMES AT 45075 B 2 Wk he s B gh B OLE 2). Al
I BAPEALLAR L (LR = 3.347) /2 E (LR = 1.755)/) 1.9 £%, Sk 1 AL A2 ook S0 2 fiRg ) Tl
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FHE. Al FIBHPERUA EE(LR ™ = 0.050) T B B HE AR EL(LR™ = 0.054), FBH T AT HEBR FL AR L
HIfE S s U .

Table 2. Diagnostic performance comparison of two methods for selected breast lesions

= 2. MMARENSWI 5 A N IEFLBRA AL A0S MR REXT EL

Sen Spe FPR FNR LR* LR™
[ ITiZ W 0.976 0.444 0.556 0.024 1.755 0.054
Al Z 0.964 0.712 0.288 0.036 3.347 0.050

4.3. BEEIMMILSESR. Al MISHER, REKSISEERUKER ROC HiZk

ARG 4A J UL 548 58 Ve R FRAE o 8 75 BRI S S 167 BI(EIER 70.46%, 167/237);
AT M2 WREE 125 BIQE IR 52.74%, 125/237); BEE 2 W4 R 1% 119 BIGH IR 50.21%, 119/237).
LR AT IR PE 22 SV IS, B 12 I (R 2 S5 7 28 T B 0012 T (R A 22 P AIK(70.46% 3] 50.21%) . =i
2. AL 2K AUC 23515 0.710 (95% CI: 0.646~0.774). 0.838 (95% CI: 0.787~0.890). ROC Hi£k 1[4
2, ROC HIZE4r HTiESE AT 78 4E KR = U (>0.96) [ [FI B 27+ AUC 1H(0.892 vs. 0.811). HIFELA AL 12T
ft1 AUC 4 0.840 (95% CI: 0.787~0.892).

ROC B &
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Figure 2. ROC Curves for radiologist versus Al breast cancer diagnosis using BI-RADS categories

E 2. EIf. Al URAEHAE - SLISEILIRER ROC HZk

4.4. EIRF AL SETX LA HE S 4T

KH ACRBI-RADS FrifEif 47 BI-RADS 4338, XA HAFAE AT, WK 3, Gt /aiah
BRIMAN AT IZWIE AR TT T K fE25 0.621, TEJ7 MIRHEH K {H 9 0.446, B#FIILE 0.4~0.75 Z[8], A,
B, RS ERE(P<0.05), BEITAT ALZWIEN RIS 507 8 R A2 H R R 2k — 3t
£, G EERE (P > 0.05); XTSI B AR 2%, {H2& Kappa fH{ N 0.393.
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Table 3. Radiologist and Al analysis of lesion radiomics features

= 3. EITA AL XHm kLA FAFAE S

RHE = T/ AL/ K1 Z1E PH
TEAR 0.621 10.127 0.000
[/ I T 91 131
AHLITE 146 106
Ji1A] 0.446 7.048 0.000
AT 212 200
AT 25 37
SRkt [l 7 0.393 6.072 0.000
T 180 189
A1 56 47
P [l 0.111 2.307 0.021
I 7 230 205
JEAR 7 32
Ja 77 0.134 2.822 0.005
T 210 142
B 26 94
UL 3 0.149 3.949 0.000
DS 119 214
A 116 21
5. g

H AT SR 2 T Bl s . AR X RGP R LR BUE(MRDSE, Hrh LR X 4
TR (CFHAR) X A5 A0 45 15 1 LI S er I OR A, R RRSE [ 5K i 2 20 25 07 5, (H AR U B LR 2P i
REPFE. KB, RUCAE T IRAESCE N Lotk 7]; B3R SR AR B A R R R LR 1) 7y %
RE), HEERIEE S, MG, WHEAERYIRK EE. M2, BAEIERE. MRk, TeISE
H, CHOVHRITRERELE, 2R T 2R B AR

TR, N LR AEEFRE R (B2 T AT-US BI-RADS FrE) (9973 S ASE 0 A0 A A7 T £ A J 38
FHICSCHR A 2020 41 12 RS 22 2021 4E (1) 546 j o« H 5B 9T 2 K H AL G145 % 2] (Machine Learning,
ML)FLF SR AL SVM) A T 2R X kK572 2. 3 2015 4F/5, DL (JuljE CNN)BCA ERER,
BT R AR T L e e D R A A T PR AE B VE 1) VR AR [8] . ARG I N LR BE 75 S T 32 I A X
B(ROC) . SRTMT, T 32K 73 3 L M ey FRASomtl 55 R 3R 5, T3l 70 BB A R, L& RAUR IR T
B a3, AELABEAT AN BI-RADS 733K, M HAAEU R RRIE. sAh, BA N EEIREA S
ZERAEE AR BEMERZE UL AR B TERE R . (R AT TR AN LR R R HE TR
J5 2 SIHEBRFN S 3k (R A A AR B S B, REAS AR B/ 2 mm (R . JE R MR AR B o S R AT 1Y
W OGIR, %, WESIRIE. JEI7RIAESE), I EEET B2 B shintte, I A SAH R BI-
RADS 734%, X772 BB GG 75 GO HR R . BEOIRAS TS B AR, T4 THAS B AR
HEAL AT B A A
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AW TR AT 47 J2 HBCH SRR BRI 5 A S R T2 I, I % OAE T AL BRG R ITRE 5 61iE
H—@ N E, AFRERER, ALZBIRT0.712)8 % & T EIf(0.444), Z455 5 Wei Q (9]l
RS PO R RS A B8, IESE T AT ZEFLARSE T RO B T B A . AR
2, AT B P 1 2 (0.288)HH LR A5 12 Wi R Ji(0.556) BERAR,  $im HomT DARRAIC R M7 KL IR i %, 3 B
PR . eAh, AL FIFHMEEASR EL(LR Y = 3.347) B & /& TR K ~F-(1.755), $E7 AT BHAE 25 B 0 A8
AT R e B o, IX— A FEFLAR BI-RADS 4 Z80 ki S b U N B, X5 Lu X 25[10) NI FE 45 1 —
o AWHIH, BA 2 WIS R SRR T RS W s A Z IR (A 70.46% N &R 50.21%), X5 Browne
JLZE[ 115 T LA« S =) BI-RADS 4 i (KRG ” 4518 —5. Shen [ 12) NE: T K= MR
TMIESE, 75N T Be R4 Bh N BB PE 2R BRI 37.3%, Gk 5> 27.8%, IR CRFFFEIGEH RBUE . BEE
ZWi AUC 7 0.840 (95% CI: 0.787~0.892), REWSFE 1 FLARTE AZ R JI T 1R e S P AR 2, 1X 5 Lyu
E[3 A H I FEE BI-RADS4 2845735 (103 BEVE AT R — 3. DL B3t T BR G2 ik th s —
fRR 75 12 W Bl AT 2 W UR S 4T

BeAh, AR IR AT S LR AL T St R IO 3), TEAZERFEGEAR . 77101 Kappa {8
5 15(0.621/0.446), H P<0.001, VLB AT X AR OTHF R T AS AU = B VR 2 s 6 TS Ak R Iy AR 2 3
{H /2 Kappa {E1A 0.393, $EIRIZIRBE S ST AR RAE A i Al 8. AE RIS L )5 J7 [l A R 20
—EUMERRZE, AT B 1 e DR T e P [ A A AR T R AR R A EERT LG, (R
FUIRA R S Bl AR 22 (INBUE FLIR), S8BT AL BRH 507 B 52 P8 (S 4 J5 77
5) S K SO, (A B i I 5 ) S s e, AL HME DAIX 3 SO B U 505 s i G R E T =
g G L 2 VI Zhas A, Mt e i AL RSEOCHEAT 7 HRmiEg, @k 7 =480 4Ys5 8, W
ARG AL AR L5 B S5HE B E, X5 B 140 78 R —2.

PRI AL FTE RSB, 1| GBI RSB Al RG0K— Pl KEZN 2.8 cm IR
IR HZ W R AR, TR RS W B . A AT SR DR AT B A R U R B e BOR €A T B
M MLRAE 5, I T WO ORI, R A i BB kAT, DRI 5 R i e s 17 AL RGR BERE & T
MRAES, I E ) R, 5T 7 RSS2, Bl R AL &40 H 57 v S sefE v —Fhdl
BhEEITE Wi Jris, $RTHAB A B IM A2 Wi (s O RN uERa I, A FLAR P B2 T

AR : (1) BEARRIR: AR ARPOIR, BNBREAEMN AR, Rk LT
KEEAR, HATZHORTIEENT . (2) RIEATZHERE: AP FAGHAT TR —SHAE, KRitdE
HAb SR (X AR . MRDES TR 5 . (3) AAEifififa: AT FER A EIETERESE R AL . B
Uk, ANEHE BI-RADS 2 KA. (4) AT HAREMMEEREINT S ZLE, LUkl —5
T

g5 L TIR, IX R P S A Bh 2R G R 05 3 I 4 B 125 T B 4 b AR v X FLARIE 2 WK, BRARTE A R,
A BB A B2 7L e RO, B —E A

BA
ZIRIRIE TR A AT R = .
=

0 6 R R R 2= R T K1) (2023byzd251) -
SE 3k
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