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Tab.1 Baseline characteristics of training and testing sets [n(%), M(Q,, 0,) ]

Clinical and radiographic features Training set (n=133) Testing set (n=57) P value
Age (years) 46. 00 (39.00, 52.00) 48.00 (42.00, 50.00) 0.705
Menstrual status 0.793
Postmenopausal 51 (38.35) 20 (35.09)
Premenopausal 82 (61.65) 37 (64.91)
Breast cancer history 0. 108
Yes 8(6.02) 0(0)
No 125 (93.98) 57 (100.00)
Lesion mobility 0. 423
Freely 74 (55.64) 36 (63.16)
Poor 59 (44.36) 21 (36.84)
Lesion quality 0.238
Soft 22 (16.54) 5(8.77)
Stiff 111 (83.46) 52 (91.23)
Ki67 (%) 1. 000
>20 94 (70. 68) 41 (71.93)
<20 39 (29.32) 16 (28.07)
Axillary lymph node metastasis 0.776
Positive 63 (47.37) 29 (50.88)
Negative 70 (52.63) 28 (49.12)
Glandular density 0. 545
aorb 28 (21.05) 15 (26.32)
cord 105 (78.95) 42 (73.68)
Lesion location 0.217
Left-sided 73 (54.89) 25 (43.86)
Right-side 60 (45.11) 32 (56.14)
No. of lesions 0.572
Single 98 (73.68) 39 (68.42)
Multiple 35 (26.32) 18 (31.58)
Lesion shape 1..000
Nodular or mass 105 (78.95) 45 (78.95)
Non-mass 28 (21.05) 12 (21.05)
Enhancement pattern 0. 890
Homogeneous 19 (14.29) 7 (12.28)
Heterogeneous 114 (85.71) 50 (87.72)
TIC type 0.737
I 4(3.01) 3(5.26)
Il 87 (65.41) 36 (63.16)
| 42 (31.58) 18 (31.58)
The T2 signal of the lesion 0. 764
Hypotintense 6 (4.51) 4(7.02)
Isoitense 40 (30.08) 16 (28.07)
Hyperintense 87 (65.41) 37 (64.91)
Lesion volume (mm®) 7 903.90 (3 460. 10, 18 117.80) 5 683.40 (3 055.33, 17 472.00) 0.225
ADC (X107, mm%s) 0.82 (0.73, 0.91) 0.86 (0.73, 0.91) 0.651

W ZH A EAR TR (P=0. 004) Z A G2 E X, 2.2 GRS GESEREMERGE SdaNx
AR ZER G TR, W2, L & Logistic [n] )7 07 2 H b B 5 b (P=0. 010)
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Tab.2 Comparison of clinical and multimodal MRI features in patients with HER-2 zero expression and

HER-2 low expression between training set and testing set [n(%), M(Q,,(Q,)]

Clinical and Training set Testing set
radiographicfeatures HER-2 zero(n=54) HER-2 low(n=79) P value HER-2 zero(n=28) HER-2 low(n=29) P value
Age(years) 46.00 (38.25, 50.00) 47.00(40. 00, 53.50) 0.149  48.00(45.00, 50.00)  47.00(40.00, 49.25) 0.493
Menstrual status 0. 467 0.708
Postmenopausal 19 (35.19) 34 (43.04) 10 (35.71) 8(27.59)
Premenopausal 35 (64.81) 45 (56.96) 18 (64.29) 21 (72.41)
Breast cancer history 0.395 0.237
Yes 3(5.56) 2(2.53) 0(0) 3(10.34)
No 51 (94.44) 77 (97.47) 28(100. 00) 26 (89.66)
Lesion mobility 0.539 0.925
Freely 27 (50.00) 45 (56.96) 18 (64.29) 20 (68.97)
Poor 27 (50.00) 34 (43.04) 10 (35.71) 9 (31.03)
Lesion quality 0.015 0.504
Soft 12(22.22) 5(6.33) 6 (21.43) 4(13.79)
Stiff 42 (77.78) 74 (93.67) 22 (78.57) 25 (86.21)
Ki67 (%) 0.332 0.234
>20 40 (74.07) 51 (64.56) 24 (85.71) 20 (68.97)
<20 14 (25.93) 28 (35.44) 4(14.29) 9 (31.03)
Axillary 'lymph node 0. 497 0. 506
metastasis
Positive 28 (51.85) 35 (44.30) 16 (57.14) 13 (44.83)
Negative 26 (48.15) 44 (55.70) 12 (42. 86) 16 (55.17)
Glandular density 0.356 0. 601
aorb 14 (25.93) 14 (17.72) 6 (21.43) 9 (31.03)
cord 40 (74.07) 65 (82.28) 22 (78.57) 20 (68.97)
Lesion location 0. 969 0. 349
Left-sided 27 (50.00) 41 (51.90) 17 (60.71) 13 (44.83)
Right-side 27 (50.00) 38 (48.10) 11(39.29) 16 (55.17)
No. of lesions 0. 085 0. 130
Single 35 (64.81) 63 (79.75) 16 (57.14) 23 (79.31)
Multiple 19 (35.19) 16 (20.25) 12 (42. 86) 6 (20.69)
Lesion shape 1. 000 0. 706
Nodular or mass 44 (81.48) 65 (82.28) 19 (67.86) 22 (75.86)
Non-mass 10 (18.52) 14 (17.72) 9(32.14) 7 (24.14)
Enhancement pattern 0. 147 1. 000
Homogeneous 4(7.41) 14 (17.72) 4(14.29) 4(13.79)
Heterogeneous 50 (92.59) 65 (82.28) 24 (85.71) 25 (86.21)
TIC type 0.014 0.674
I 5(9.26) 1(1.27) 1(3.57) 0 (0)
I 28 (51.85) 58 (73.42) 17 (60.71) 20 (68.97)
i} 21 (38.89) 20 (25.32) 10 (35.71) 9(31.03)
The T2 signal of the lesion 0. 365 0.386
Hypotintense 2 (3.70) 2(2.53) 4(14.29) 2 (6.90)
Isoitense 21 (38.89) 22 (27.85) 8 (28.57) 5(17.24)
Hyperintense 31(57.41) 55 (69.62) 16 (57.14) 22 (75.86)
Lesion volume 11408.70 (6 470. 47, 5045.60 (2532.65, <0.001 13745.10 (5 373.75, 4.840. 00 (2 792. 60, 0. 004
(mm?) 38 204. 85) 10 794. 20) 49792.75) 14 875.00)
ADC (X107, mm?s) 0. 81(0. 66, 0.92) 0.85(0.76, 0.91) 0.208 0.80(0. 70, 0.90) 0.86(0.77, 0.96) 0.318




FEEAKRFFIR Acta Universitatis Medicinalis Anhui - 2026 Apr;61(4) + 719 -
F AR (P<0. 001) 2 AN4EAE N i HER-2 638 5#/£0.607). WK 1.

ARZS A 7 00 R 2, 3T R RRAE A 2 I R 15
PR, WL 3.

2.3 BESHEEFER ET T2WI.DWIH
DCE FRAE S (1Y 52 8 A1 2 A R 7R I 25 4 T U HER-2
TR AUCTH 5301 0. 784 (R FLEE 0. 886, ¥
FE0.537) .0. 819 CRELE 0. 848, Kf 5 i 0. 704) Fl
0. 834( RHE 0. 899, K¢ 7 £ 0. 667) 5 7EM 4 43 %]
F0. 777 (CREEE0. 759, ¥ 7 F£ 0. 714) .0. 751 CR ]
£ 0. 966, £ 53 & 0. 607) F10. 794 (R HLE 0. 931, %F

R3 KRB EEFENET

2.4 ZHEEMRIFGAZFFIERNFERIE
2.4.1 HAEfREC R HEIRLEE RE B 1CC
H 80k 0. 898 (0. 855,0.925) , BLA i # 1 Al &
o A T2WI . DWI AT DCE EZ o 42 B 7 2 971
M AR W A FRAE , B P PR | Spearman AH A 434
PR B 1 A Lasso 815, EE“QQ7/\ ?:?IEWQW/\$21%
HZAAA AL HE DWIBLE 1 /NI T2WIBEZS 3
FHIE . DCE LS 34MFHIE, ﬁ%ﬁ?é&ﬁ F4,

2.4.2 SRAEMMBEMFHEL  BA T2WI.DWIFI

BN LI E Logistic @3 5347

Tab.3 Univariate and multivariate Logistic regression analysis of clinical and imaging characteristics

Univariate analysis

Multivariate analysis

Clinical and radiographic features

OR (95%CI) P value OR (95%CI) P value
Age 1. 028 (0.992-1.067) 0.133 - -
Menstrual status 0.718 (0. 348-1. 460) 0.364 - -
Breast cancer history 2.265 (0.363-17. 640) 0. 380 - -
Lesion mobility 0.756 (0.376-1.514) 0.429 - -
Lesion quality 4.229 (1.461-14.050) 0.011 4.560 (1.462-16.080) 0.010
Ki67 1.569 (0.739-3.432) 0.248 - -
Axillary lymph node metastasis 1.354 (0. 677-2.723) 0.392 - -
Glandular density 1. 625 (0. 699-3. 788) 0.257 - -
Lesion location 0.927 (0. 463-1. 855) 0. 830 - -
No. of lesions 0. 468 (0.212-1.021) 0. 057 - -
Lesion shape 1. 625 (0. 389-2.379) 0.257 - -
Enhancement pattern 0.371 (0. 101-1. 109) 0.097 - -
TIC type 0.822 (0. 426-1. 575) 0. 554 - -
The T2 signal of the lesion 1.564 (0. 831-2.982) 0. 167 - -
Lesion volume (mm?) 0.945 (0.914-0.973) <0. 001 0.944 (0.911-0.972) <0. 001
ADC (%107, mm?s) 1. 692 (0. 906-8. 225) 0.372 - -
A B
1.00 1.00f
075 0.75F
2 2
2 =
= 050 Fg 0.50F
EIE o mmscomemaommosen YT mnaucsomosarossaom
= DCE AUC=0.834 95%CI (0.763-0.906) = DCE AUC = 0.794 95%C1 (0.675-0.914)
of- , , , . U . . . .

0 0.25 0.50 0.75 1.00
1-Specificity

1 EFT2WI.DWI K DCE-MRI B 857

0 0.25 0.50 0.75 1.00
1-Specificity

SRR AR 5 (A)FiK & (B) HER-2 (B4 ZLARE T 2 A9 ROC H £ B

Fig.1 ROC curve of T2WI, DWI, and DCE-MRI based unimodal radiomics models for the identification of

Training set (A) and Testing set (B) of HER-2 negative breast cancer subtypes
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Tab.4 Multimodal MRI radiomics feature extraction

Coefficient

-0. 340 991 877

Modality Feature

Exponential _firstorder_Kurtosis
0.617 847 415
-0. 364 995 936

DCE Exponential _firstorder_Minimum
Gradient_firstorder_Variance

Log-sigma-3-0-mm-3D_glszm_
DWI -0. 164 593 498

SmallAreaEmphasis

Wavelet-LHH_glszm_
0.390 840 424
HighGrayLevelZoneEmphasis

Wavelet-LHL_glrlm_
T2W1 -0.397 490 758
RunLengthNonUniformityNormalized

Wavelet-LLH_glrlm_
0.347 476 841
ShortRunHighGrayLevelEmphasis

DCE J7 51 (1) Z2 525 MRI 5248 21 24 A5 R A 1| 25 45
AR B9 AUCAE S35 0. 914 (R B 0. 924, 757
JZ0.815) #10. 836 ( R 0. 759, F# 5+ & 0. 821) ,
WAL R T RS AR A (36 5) . 3 3 07 2k 114 Fe A
SR R S 2 BT radscore, HER-2 0 235 4H

A
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2 -

1 -
o | ||||||||||II||||||‘||‘||‘
E ‘I‘Il‘mI‘||‘||\||III|||||"-""
21t

2F

3
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Number of patients
C 61
41
2k

L
S ol
o
e

2l

4L

-6L

HER-2 zero HER-2 low
(n=54) (n=79)

HI HER-2 Ik 32 35 41 19 radscore 75 Y| 25 5 43 51 S~
-0. 910 F10. 970, 7EM 12X £E 43731 >4 —0. 980 1 0. 790,
/NEEEE] R HER-2 IR 18 41 19 radscore 55 HER-2
0 F IR, 7E VI 2R 4E (P<0. 000 1) FI L 4 (P<
0.0 EFHAGIFE L., WE 2,
2.5 EREG-HGAFBAEARESRNE
I 4 radscore AR KEAARFR | i B o st #4) 22 11 TR 52
15 SR L e A AR TR I 22 5 5 1R, AUC (EAE VI
ZrAErR 0. 930( R BUE 0. 911, 47 0. 852) , 767
AR 0. 865 (R HLEL 0. 966, FFFE 0. 697) , B T
I A5 A5 B AL (Il 2 B2 19 AUC 4 0. 758, R E Ky
0. 633, K¢ 5 R 0. 833; M4 () AUC M 0. 722, R
HUE M 0. 966, 55 M 0. 464) Al 24575 MRI #5574
(FR5FE 3) . Delong #5754 € i i) HER-2
FRR A B BLARE L T I REL L (P=0. 015) , HIL 5
NG A F A 2 0] 22 5 TG 1243 L (P=
0.294) . FEHEMZ 7R, 3 /MR AT HER-2 2635 1
TN 1) A 0 32 5 S B I 0 A S 1 — B . DCA Bk

B

- HER-2 zero

4+ M HER-2 low

2k
2
nnlﬂllll““
2ot |II|IIII“II“I___..-mlllllll““l“

21

B T — '
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Number of patients

D jor

radscore
S
T

St

HER-2 low
(n=29)

HER-2 zero
(n=28)

2 MBRAFHHRX S HER-2 AR ARETER
Fig.2 Radscore differentiated HER-2-negative breast cancer subtypes

A: Training set waterfall plot; B: Testing set waterfall plot; C: Training set violin plot; D: Testing set violin plot; “P<0.01, “""P<0.000 1 vs

HER-2 zero group.
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®5 BEBEYIGEMNXE FHN HER-2 [ 2L ARE R IZIR 08

Tab.5 The performance of each model in predicting the expression status of HER-2 negative breast cancer in the training set and testing set

Training set

Testing set

Model
AUC (95%CI) Sensitivity Specificity AUC (95%CI) Sensitivity Specificity
Clinical-radiological model 0.758 (0. 674-0. 842) 0. 633 0. 833 0.722 (0. 580-0. 855) 0. 966 0. 464
T2WI 0. 784 (0. 708-0. 861) 0. 886 0.537 0.777 (0. 654-0. 900) 0.759 0.714
DWI 0. 819 (0. 747-0. 890) 0. 848 0. 704 0.751 (0. 615-0. 888) 0. 966 0. 607
DCE 0.763 (0.763-0.906) 0. 899 0. 667 0.794 (0. 875-0.914) 0.931 0. 607
Multimodal radiomics model 0.914 (0. 860-0. 968) 0.924 0. 815 0. 836 (0. 735-0. 938) 0.759 0. 821
Combined model 0. 930 (0. 880-0. 981) 0.911 0. 852 0. 865 (0. 769-0. 960) 0. 966 0. 697
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Fig.3 Nomogram (A), training set (B) and testing set (C) ROC curve, calibration curve (D) and decision curve (E)

for different models to distinguish HER-2 negative breast cancer subtypes
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Nomogram based on multimodal MRI radiomics for discriminating

molecular subtypes of HER-2-negative breast cancer
Wang Qun', Pan Hongli', Li Xiaohu', Yu Yongqiang', Yan Yunwen®, Hou Weishu'
('Dept of Medical Imaging ,”Dept of Breast Surgery , The First Affiliated Hospital of
Anhui Medical University , Hefei 230022)

Abstract Objective To explore the value of a multimodal MRI-based radiomics nomogram for differentiating hu-
man epidermal growth factor receptor-2 (HER-2) negative breast cancer molecular subtypes. Methods A retro-
spective analysis was conducted on 190 patients with HER-2 negative breast cancer who underwent multimodal
MRI examination, and the patients were divided into two molecular subtype groups: a HER-2 low expression group
(n=108) and a HER-2 zero expression group (n=82). The cases were randomly stratified and sampled at a ratio of
7:3 and divided into a training set of 133 cases and a testing set of 57 cases. The clinical and radiological features
of the patients were collected, the radiomics features based on T2-weighted imaging (T2WI) , diffusion-weighted
imaging (DWI), and dynamic contrast-enhanced (DCE)-MRI were extracted, and the clinical-radiological model,
unimodal radiomics model, multimodal radiomics model, and combined model were constructed respectively.
Then the nomogram combined multimodal radiomics signature (radsocre) with clinical-radiological features was
used to construct a visualized predictive model, and the area under the curve (AUC) was used to compare the effec-
tiveness of different models in distinguishing HER-2 low expression and zero expression subtypes. Results A sig-
nificant difference in radscore was demonstrated between the HER-2 low and HER-2 zero expression groups in both
the training (P<0. 000 1) and testing sets (P<0.01). The AUC of the multimodal radiomics model in the training
set and the testing set were 0. 914 and 0. 836, respectively, which was superior to any unimodal radiomics model.
The nomogram demonstrated great diagnostic efficacy (AUC=0. 930 in training set; AUC=0. 865 in testing set).
Conclusion A multimodal MRI-based nomogram incorporating radsocre and clinical-radiological features can ac-
curately distinguish the subtypes of HER-2 negative breast cancer.

Key words multimodal MRI; radiomics; breast cancer; human epidermal growth factor receptor- 2; nomogram
Fund programs National Natural Science Foundation of China (No. 82371928) ; Scientific Research Project of
Anhui Medical University (No. 2021xkj134); Research Project of Anhui Provincial Institute of Translational Medi-
cine (No. 2023zhyx-C37)

Corresponding author Hou Weishu, E-mail: biyuntian33@163. com



