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[ Abstract ] Objective To investigate the predictive ability of ultrasound radiomics features combined with peripheral blood
miRNA-34a expression levels for pathological complete response ( pCR ) in breast cancer patients receiving neoadjuvant chemotherapy
(NAC) . Methods A retrospective analysis was conducted on 93 breast cancer female patients diagnosed with breast cancer and
treated with NAC from January 2019 to December 2023. Among them, 53 patients were from the Sixth People’s Hospital of Shanghai,
and 40 patients were from Dongguan Binhaiwan Central Hospital. The expression level of miRNA-34a in peripheral blood was detected
using real-time fluorescence quantitative reverse transcription polymerase chain reaction ( qRT-PCR ) . 107 radiomics features were
extracted from preoperative ultrasound images using Pyradiomics software. After Spearman rank correlation test, Z-score normalization
and LASSO regression analysis, five key radiomics features were selected. Clinical models based on miRNA-34a, ultrasound radiomics

models based on radiomics features, and a combined model integrating both were constructed. The diagnostic performance was
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evaluated using the K-nearest neighbor ( KNN ) classifier. Results Univariate analysis showed that the expression levels of miRNA-
34a in the pCR group were higher than those in the Non-pCR group ( P < 0.001 ) . Multivariate Logistic analysis revealed that elevated
miRNA-34a expression was an independent risk factor for pCR in breast cancer patients receiving NAC ( P = 0.015 ) . The clinical
model showed an AUC of 0.787 ( 95%CI 0.547-1.000 ) in the training group and 0.764 ( 95%CI 0.640-0.888 ) in the validation group.
The ultrasound radiomics model showed an AUC of 0.806 ( 95%CI 0.605-1.000 ) in the training group and 0.806 ( 95%CI 0.711-
0.901 ) in the validation group. The combined model significantly improved the AUC to 0.875 ( 95%CI 0.712-1.000 ) in the training
group and 0.875 (95%CI 0.792-0.959 ) in the validation group. DeLong test results showed that the performance of the combined
model was superior to the clinical model ( P = 0.015 ) . Decision curve analysis further confirmed the clinical utility of the combined
model. Conclusions The combined model significantly improves the predictive ability for pCR after NAC in breast cancer patients
through integrating miRNA-34a expression levels and ultrasound radiomics features. The potential biological associations were observed
between ultrasound radiomics features and molecular markers, providing new tools and theoretical support for personalized treatment.
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A% A AR QM RTARAAY DA Ik
B B R AL F R A O A R . QB G
BRI S PEAL G h RIS RL 5l P AR 4 2
AR 2 ARRL ) 25 A R AR A A5

BRI 2 Wi PR BEE I AUC, R . FEFE.
WEWAEE . RS0 EE S F1 S48 PR 24T PEAs . DelLong
o T LRI A5 A0 55 B — RS 2 ] () 22
TR R AP AR R T I PR S e P A S I
1.3 Gtk

K 1 SPSS 26.0 Al Python 3.10 HEAT4E 12450
THETORILAY £ 530K, 24 WBCRH ek . THEksE
BHAn (%) SUEXTEEOR, 2 HILECSRALZ Kk .
K FH Python 3.10 #EAT I FRAZ 8 0 %€ . Spearman &
FHOCHR Y . Z-score I —LALFHAN LASSO [IH 7347 .
22 1] PN A Y 32 3 A AR AE (receiver operating
characteristic, ROC) Mk, FCEAIAIM) AUC, £
BRRE . FRSEE . MEBRRE . RSEAIE. F1{EHSE. LAXL

il P<0.05 hESFAEGHITFE XL,

2 # B

2.1 BEEARME

AW 5T L N 93 i) #5252 NAC B LR i &
#, i pCR 41 54 6, Non-pCR 4139 fil. & #
RIS (52+5) %o 2 KBEBERIIR B 2G5,
74 1 WWHIBENL I I ZRdL (n=75) FIEIE
H (n=18), 24IEAFH . MR R/, MR 2
HARAS (estrogen receptor, ER ). PR ZHCRE
( progesterone receptor, PR ). NEEREAERKKA T
ZAR 2 JkZ (human epidermal growth factor receptor
2, HER2), ILiff5= . FURZEMSE 580 R4
(' breast imaging-reporting and data system, BI-RADS)
IR SESA R LR 5 T 25 S DG R (3 P
>0.05), RWASTHARAFHME, WAk 1.

&1 IZRAMIIEHZFLIRE NAC BEMIGKRFHE

Table 1 Training and validation group clinical characteristics of breast cancer NAC patients

Il R4 1E WM (n=75) IE (n=18) ekl P
miRNA-34a 0.64 +0.20 0.63 +0.24 0.755 0.452
WS 1 % 52.29 +4.35 49.56 +7.33 1.520 0.145
88 B AT /mm 16.75 + 8.49 16.83 +7.87 0.010 0.989
ER/n (%) 0.640 0.425
iR 38 (50.67) 11 (61.11)
FHPE 37 (49.33) 7 (38.89)

PR/n (%) 1.450 0.229
B 41 (54.67) 7 (38.89)
FH 4 34 (45.33) 11 (61.11)

HER2/n (%) 0.010 0.931
B4 30 (40.00) 7 (38.89)
FH 4 45 (60.00) 11 (61.11)

54K n (%) 0.320 0.571
Jo 55 (73.33) 12 (66.67)
H 20 (26.67) 6 (33.33)

T2 R RAR /n (%) 0.100 0.752
o 47 (62.67) 12 (66.67)
el 28 (37.33) 6 (33.33)

BI-RADS/n (%) 0.120 0.724
4ab &P 69 (92.00) 17 (94.44)
4a 6 (8.00) 1 (5.56)

2.2 miRNA-34a FiKKE5Hr

PO Z M7 iR, pCR 41 miRNA-34a 235 7K
- & F Non-pCR 4l (P < 0.001), % [H % Logistic
SPFT R, miRNA-34a Fk/KF-THE 2 FLIE NAC

B pCR WA fab Nz (P =0.015), WLk 2.
2.3 IR 2 Wi R

R ZREMZRZESH ¥ 8", miRNA-34a
FLIRE NAC B35 pCR A7 B . Ik, i
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PRAERIL A miRNA-34a KK AR T A7+,
K KNN 72 gn AT, 25 R s, e
Y % 41+ 1) AUC 4 0.787 (95%CI 0.547~1.000 ),
REE 0.600, FrFPE 0.875, HEWE 0.722, A5

£ 0.857, F11H 0.706; 7EXiEdl, AUC 4 0.764
(95%C1 0.640~0.888 ), % #f & 0.886, %F 5 &
0.710, #ERFE 0.813, KEHfE 0.812, F1{H 0.848,
L3k 3.

*®2 ISREMIIEAFLARE NAC BE pCR K IE pCR B RFFIELLE
Table 2 Comparison of clinical characteristics between pCR and non-pCR breast cancer NAC patients in the training and
validation groups

p Pl IR
I ARAFAE Non-pCR (n=31) pCR (n=44) Non-pCR (n=8) pCR (n=10) Panxsn P onxsy
miRNA-34a 0.44 +0.10 0.77 +0.13 0.43+0.17 0.80+0.15 0.001 0.015
A 53.16 + 5.85 51.68 +2.77 49.00 + 10.88 50.00+2.98  0.170
Jib R fe KA /mm 17.84+7.10 15.98 +9.34 22.35+4.52 12.41+7.22 0357
ER/n (%) 0.613
B4 12 (38.71) 28 (63.64) 3(3/8) 6 (6/10)
FH 4 19 (61.29) 16 (36.36) 5(5/8) 4 (4/10)
PR/n (%) 0.019  0.719
934 19 (61.29) 17 (38.64) 6 (6/8) 6 (6/10)
FHPE 12 (38.71) 27 (61.36) 2(2/8) 4 (4/10)
HER2/n (%) 0.080
B4 14 (45.16) 15 (34.09) 4 (4/8) 4 (4/10)
FH 4 17 (54.84) 29 (65.91) 4 (4/8) 6 (6/10)
5546 /n (% ) 0.080
oG 14 (45.16) 15 (34.09) 4 (4/8) 4 (4/10)
e 17 (54.84) 29 (65.91) 4 (4/8) 6 (6/10)
T TR /n (% ) 0.014  0.741
0 19 (61.29) 16 (36.36) 4 (4/8) 7 (7/10)
1 12 (38.71) 28 (63.64) 4 (4/8) 3 (3/10)
BI-RADS/n (% ) 0.280
4a 1(3.23) 5(11.36) 1(1/8) 0
4b KV b 30 (96.77) 39 (88.64) 7 (7/8) 10 (10/10)
. BHEREMEZIHE Logistic 70Hr 5 TIIZR4H .
Fx3 TEEERISEHRIT
Table 3 Diagnostic performance of different models
A5 BRI 44 FR AUC (95%CI) R TSR HEA i F1 {4
YIGREH I PR 7 0.787 (0.547~1.000) 0.600 0.875 0.722 0.857 0.706
R RAGY2AHN 0.806 (0.605~1.000 ) 0.300 1.000 0.611 1.000 0.462
B 1R 0.875 (0.712~1.000) 0.600 1.000 0.778 1.000 0.750
URUEAE I PR A 0.764 (0.640~0.888 ) 0.886 0.710 0.813 0.812 0.848
AR 0.806 (0.711~0.901) 0.727 0.677 0.707 0.762 0.744
I A 1R 0.875 (0.792~0.959) 0.864 0.774 0.827 0.844 0.854

24 EFERGEEERIME KOS R

x H Pyradiomics B N B 1 R S %
LREL 107 D FAR A =R, 46 K BE X RO
P R BEMCHS AR B . IR SR AR S R . K B Ui AR A
R QBB BE 22 . — B B RIRHE SO S RFE
%, Zeat Spearman BRAHCHT IS . Z-score IH—{L AL

PEAN LASSO I3 # 5, Gk th 5 A B 524
AR A RAR LAY (Score= 0.580 645
161 290 322 5 + 0.025 709 * original_glem_Correlation
—0.044 043 * original _glrlm_ShortRunEmphasis +0.065
530 * original_glszm_GrayLevelNonUniformity—0.033
418 * original_ngtdm_Contrast +0.189 714 * original _
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shape_Elongation ), R AR D 2 4H TP ) AUC R
0.806 (95%CI 0.605~1.000), X £ & 0.300, 4§+
£ 1.000, #ERASE 0.611, KB 1.000, F11{H 0.462;
TERAEZH T, AUC S~ 0.806 (95%CI 0.711~0.901 ),
REE 0727, FrHEE 0.677, HEREE 0.707, K
BE 0.762, F11{H 0.744, W3 3,
25 EREHEAEIZHIRI

¥ miRNA-34a 5 iR & H 1Y 5 A AR
ZH 2 RRAE TR A KNN 2028 8%, Mt i BE &
BEAY, I it ROC i 2 X H b1 - . 4551 8
N, BRA BRI R R BREL T i AUC 43518
0.875 (95%C1 0.712~1.000 ) F1 0.875 ( 95%CI 0.792~
0.959), WAL T E— Y PRABEAY FIRE P 5 AR 4 2
AL, WA 1A, B. DeLong KrBa 25 Bon, 7EK
R, BRA AL REL T PR — IR R AL (P =
0.015), i FlEF QAR (H2ER I8
B (P =0.057), JoRMhZemtrit—13R0, B
A BURLLE TN L AR R B NAC I pCR 7 TR B
e R RI M, WK 1C, D, K 2,
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H: AL CHUIZRA, B, D NEUEL.

B 1 IRAKER, BRRRAFERE,

2.6 AEYIFRBRGIA T

M Contrast = X _{i, jHi—jl* - P (i, j) Hp
(i, j) FHE—ALJF WK EEILAFEFE ( gray-level co-
occurrence matrix, GLCM ) JGZ, 115 GLCM XfLb
. i id Pearson FHICHE M Z IR, A G U
FRAE A “GLCM X FL ™ 5 miRNA-34a 323K K
FRIEHE (r=038, P<0.01), HREGS M
Al RES R B 2 RPN AR &R . BESE
W], miRNA-34a ] fEiH 1 41K B ik L 40 R -2
( B-cell lymphoma, Bcl-2) Aeh TR R A R,
RS LR A0S 245 M i AR

3 #
BT i B A PR R SRR S A1 A il

miRNA-34a FRiEKF-, #4 8 —A T F il 20 i g
NAC J& pCR BYBCARERL, 25 5 /R BE A R E |
YR AR ) AUC Y08 T 3 — B I AR 76
R A AR, X — 25 R, S5 5 IRF

Model AUC
1.0 WY FTTE —
[ . et
“‘ /”
o e
0.8 : <
206
>
=
7}
5
A 04
e [ FBIAUC: 0764 ( 95%C10.640-0.888 )
» BRAIFHEIYAUC: 0806 (95%C10.711-0.901)
/ IABIRIAUC: 0.875 (95%C10.792-0.959 )
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0.7 L]
AL
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Figure 1 Diagnostic performance of the clinical model, ultrasound radiomics model and joint model
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e A NAC ATFLARE AL, B NAC 3 AW ZL vkl B4, 55 %, NAC B kLR /N2 23.1 mm x 19.8
mm x 19.9 mm, BREHARITMES] pCR B3N 0.857, FEHESZ NAC 3 DI, Fikk A/ 4.8 mm x 2.8 mm, k%] pCR.
2 —BIBEEETNZLIFE NAC 235 pCR

Figure 2 Joint model for predicting pathological complete response in one case of breast cancer patient after neoadjuvant

chemotherapy

503 F A W2 A S RE T 4 1] M S i i RE i) A 2
e, DT % NAC T R i T s

7 S AR 2 2 3 o B I RRAE, B
% T B M S R e PR 118 S Pk RN A 2 A TR s
AT FE O ) 5 A SR AR AR AE (40 GLCM X
LU ) AEHUI NAC T7 8% = 30 45 e 1 12 W Ak
fit (4] AUC=0.806), X5 Wan 55" (AUC=
0.92). e FF &2 (AUC=0.844 ), 38 &>
(AUC=0.828 ) MR LEREEA S (EHBTFEEMN
J&, GLCM X LB S e S5 Btk DIAR G, Xt Lt
JE T RSN I N TR 45 R A% . RIS R, AT
SRR, ZHHE S miRNA-34a FIXEZIFME (P <
0.01), #F—2HFETAQR TS 5T IR
FEAE SRR BB ™0 BRI, 53T MRI 14
H2AWFFTAIEL S, M RAR UL A PR R
PR 1T BB 5 O OR B RRIE R B e e il i, (R
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