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Construction of An Explainable Predictive Model for Axillary Lymph Node Metastasis in Breast
Cancer Using DCE-MRI Combined with Peritumoral Radiomics
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[ Abstract] Purpose To identify the optimal peritumoral region for predicting axillary lymph node metastasis (ALNM) in breast cancer
and to develop an interpretable prediction model using dynamic contrast-enhanced MRI-based peritumoral radiomics. Materials and
Methods This retrospective study included 170 patients who underwent breast MRI at the First Affiliated Hospital of Xinjiang Medical
University (August 2021 to August 2024). Patients were randomly divided into training (n=119) and validation (n=51) sets at a 7:3 ratio.
Radiomic features were extracted from different peritumoral regions, with feature selection performed using least absolute shrinkage and
selection operator to construct models. Clinicopathological predictors were identified using univariate and multivariate Logistic regression
analysis, which were then combined with radiomic features to develop an integrated model. Model performance was evaluated using area
under the curve (AUC), sensitivity, and specificity. The Shapley additive explanation method was used to quantify the contribution of each
radiomic feature. Results The model combining intratumoral with 3 mm peritumoral features demonstrated optimal performance,
achieving an AUC of 0.717 (95% CI 0.574-0.860), sensitivity of 81.8%, and specificity of 58.6% in the validation set. The integrated
model incorporating lymphovascular invasion (OR=6.129, P<0.001) showed numerically improved performance, with a validation set
AUC 0f 0.733 (95% CI 0.595-0.871), sensitivity of 90.9%, and specificity of 51.7%. Shapley Additive Explanation analysis revealed that
the minimum value of first-order statistical features and sphericity features in the peritumoral region made significant contributions to
ALNM prediction. Conclusion Peritumoral radiomic features within a 3 mm margin demonstrate predictive value for ALNM. The
integrated clinical-radiomic model shows good predictive performance, providing an interpretable tool for preoperative assessment of
ALNM.
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RN I8 N B 58 JH 3 mm

e 0.744 (0.653~0.836) 66.0 75.8 s 0.752 (0.661~0.843) 71.7 74.2

Al S 0.712 (0.567~0.857) 81.8 62.1 Lalisees 0.717 €0.574~0.860) 81.8 58.6
JEI JE3 mm (7S

YIhsE 0.725 (0.631~0.819) 69.8 71.2 I ZhEE 0.705 (0.623~0.788) 62.3 78.8

IGUEEE 0.719 (0.579~0.860) 68.2 69.0 IUEEE 0.618 (0.492~0.745) 40.9 82.8
Jé 4 mm G IREL A 1R

YIZrsE 0.743 (0.651~0.834) 58.5 83.3 s 0.823 (0.749~0.898) 73.6 78.8

Al S 0.676 (0.523~0.828) 72.7 69.0 Lalisees 0.733 (0.595~0.871) 90.9 51.7
JB 5 mm

YIhsE 0.735 (0.641~0.829) 64.2 78.8

ISR 0.632 (0.470~0.793) 63.6 75.9

H: ALNMAIRE RSG5, AUCHIIZE T A
B3 BRI SRR R . ARNRERMEMZ: B4 518 2R 1F 0 B 7 4t B2 W (1 SHAPHS 22 . SHAP A

B I ZREE R4 h 2% Shapley if P g B¢

B

E5 HTSHAPHIZLIEALNMIRIAFE STk 4T B D (0.46) Jgfdss, F kK REETTiE, G5 JonIEm T,
BOFIoRfamm. Ak, 67%, =FMAIYE, ALNMEAYE. SHAPHE N0.30 (KT3(E) , BUAALNMEAY:. B.4&, 288, =
WAL, ALNMPHTE. SHAPME N0.70 (RrT3{E) . TRNIDNALNMEBEYE. ALNMONIRE L5552, SHAP AShapley i iRk

30 RS AT R RS, B3 mmb 5P A AR X RO IF 405 T 2

RIRAFRAUCI K, BN ST UM IERRIC, AEBRNR MRS, o 2 A1)

R, $E7 mmiRA KR BUNALNMATE 4., Ui P JR07) 5 K9V 5 ALNM 35 BT R R
399



(R 2L e

YEE e . RIS, 3 mmi Bl o] s Nod 2 1E 7L
ML, WO THRAT 5 T, AR S T 8 1)
Y SHRAE o TR JE 4 mmAT S mmPE g9 N B B i 2R 2H 41,
BB Z B AR NN, SRR R MR, 1Y
i 108 H 2~3 R S BRAFE o R 3 mm A SN AE IR 75
SUHEFE (1A « TEBEFAE (34N - —BRRE (14
5OEYERE AT, BEE AR T Hb S WL B MOA B
ALNMISEER; T8 84 mmAlS mmEF R a3E &
FRAERI— M SAE, SEUE BT, it
SEME IR N 25 A 98 T 3 mm AR R R I SR AR NI IE 4R HL
# X 7 ALNMBIRE 7, 3 — P IR E 13 mmyEd Ji X 3811
AHME,

Wang S5O 898 P 45 450981 JE] 3 mmBk A I PRAREAE
TRIMALNMEA B 7, 5 AR 708 3 mmoAy st
X 3 HLEC A I RRFAE ST AL R 145 18— 3%, {H 5 Ding
SR RAFAEZE R, Ja#F IR 4~6 mmBE &S T
TIFTIEARE IR, PAEIZERTERR N O R4
BRI, AWFFCNALNM, R 9ETE e aoREs
QG L BUAE], AW FiH:TDCE-MRI, Hi# H
WRIMRUT 5, ASF 510008 S 5 e s 0 i 2=
R, SEUREEREIEEAH.

32 AR HEE SALNM S & AWF s R E
BN i 5 ALNMAH DG, 31X A i R H: B4 e e
R N i R C N N A IR = e ST A L
TR 2 A 2RI 3R 52 AR SRR A R V) 422 5 i g 38
VAR YE, AEAHET S5 ALNMIF S BERTE B KT
BEAE: 22 B00F 7N 9 g KNI R4 P 5 ALNMAH
Ky AHAFARMERNZKE, HENFEFEAEASE S
WG RBEZIR, J94b T —F BRI . AT AR ik
Bl SRR B A A, JIZEAUCH
0.823. KIFAEAUCHO0.733, NKEREKIMASE $ET+
T RE RIS . A ARPAMME LR B E
[ESEE GG e ey, TTIE SR AR Ffaba it .
QUL T AR AT AUC H0.894, AHIT 78 Bk &
BAUCHR T IR BERY, 72 30T i S FEARFFER A5 S
AR, HERERREENRDEES, R SEMN
Jo B IR PR TR B

3.3 WARFFHEM PRI S A OREE AW
L SHAP M TR T S R FHRHIE 5 ALNMIP R &R, K
LR A — M G v R A e/ IME . BRE B 2 OGS T 45
o AR JE B/ IME R I EEASAS 5 0 B /IMEL, PT R

400

HhE AR 2026 45 55 34 % 5B 4

SR K ARSR ORI DXAE Sk, S51RZBME 2
KA BRIE L S WM Rg K6 Ji TLArT I 1, BRI FE
AR, FRo IR TR R . A= Ul [ 2L R e
5, 5 ALNMXURE 52 IEAHRR) . BEAHI 78 SCRpx —
451k, HiPesapane 5O L R MR A B /ME . BIEE
W0 45 s PR KA 1 5 7 4l B A 7 0 BE 5 4 % il 114 o
MAERE, REIMKA SAR, (HE5 MR RZEE ]
FHRs DaveySPTHIE SEERII 55 2L g I R 1905 S 3%
M. A ESIRR], I8 AL S W I8 25 W) AL
A5 B, BB TN E . BLAh, SHAPFVERRHIE T
MR T, 7B TR L& o “ R B8, 4R
TSR AT f R o
3.4 WIFRRYERARRTTIE OADFL N L E
JVERIE ST, AEAEA IR H ok Z AMRIAIE, 7T e/ ML
REZLREST: @R DCR N T2 H, fA4E EW R
72, WEEMAL: OMPNMREHER, InKFHE
AN, AR E IV S TR 2 IR . RACKETT
Ji& 2 PO ATIETERT 7EIF 5L NAMBERAE, 456 Bt
FHRTHWT AU E G, PIANE 2 IR SRR
BRI RE, B PRE S, GERERAEP. &
FZ 2P, IR R AR ) 7 L, SRR
ARG, HESIRE R R L AL

B2 8 3 mm AR AR ALNMAE A T 4
18, I PREC A BB B A B I TN R RE, iR
PHEALNMEZ AL 7 Al ket T A
s ph R BT A& P AR R ad b R

S 3R

Sung H, Ferlay J, Siegel RL, et al. Global cancer statistics
2020: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries[J]. CA Cancer J
Clin, 2021, 71(3): 209-249. DOI: 10.3322/caac.21660.
Reimer T, Stachs A, Veselinovic K, et al. Axillary surgery in
breast cancer: primary results of the INSEMA trial[J]. N Engl J
Med, 2025, 392(11): 1051-1064. DOI: 10.1056/nejmoa2412063.
Mattar A, Antonini M, Cavalcante FP, et al. CADONOT:
comparing axillary dissection or not in breast cancer
surgery[J]. Breast, 2025, 81: 104453. DOI: 10.1016/j.breast.
2025.104453.
[4] Tinterri C, Canavese G, Gatzemeier W, et al. Sentinel lymph
node biopsy versus axillary lymph node dissection in breast

cancer patients undergoing mastectomy with one to two



AR E

(6]

[11]

2026 F 345 4

metastatic sentinel lymph nodes:
SINODAR-ONE multicentre randomized clinical trial and
reopening of enrolment[J]. Br J Surg, 2023, 110(9): 1143-
1152. DOI: 10.1093/bjs/znad215.

sub-analysis of the

Tagliafico AS, Piana M, Schenone D, et al. Overview of
radiomics in breast cancer diagnosis and prognostication[J].
Breast, 2020, 49: 74-80. DOI: 10.1016/j.breast.2019.10.018.
YuY, Tan Y, Xie C, et al. Development and validation of a
preoperative magnetic resonance imaging radiomics-based
signature to predict axillary lymph node metastasis and
disease-free survival in patients with early-stage breast
cancer[J]. JAMA Netw Open, 2020, 3(12): €2028086. DOI:
10.1001/jamanetworkopen.2020.28086.

Liu M, Mao N, Ma H, et al. Pharmacokinetic parameters and
radiomics model based on dynamic contrast enhanced MRI
for the preoperative prediction of sentinel lymph node
metastasis in breast cancer[J]. Cancer Imaging, 2020, 20(1):
65. DOI: 10.1186/s40644-020-00342-x.

Pan D, Zhang C, Wang Y, et al. Machine learning-based
integration of DCE-MRI radiomics for STAT3 expression
prediction and survival stratification in breast cancer[J].
Front Immunol, 2025, 16: 1619186. DOI: 10.3389/fimmu.
2025.1619186.

Wang X, Xie T, Luo J, et al. Radiomics predicts the prognosis
of patients with locally advanced breast cancer by reflecting
the heterogeneity of tumor cells and the tumor
microenvironment[J]. Breast Cancer Res, 2022, 24(1): 20.
DOI: 10.1186/s13058-022-01516-0.

Wang Y, Shang Y, Guo Y, et al. Clinical study on the
prediction of ALN metastasis based on intratumoral and
peritumoral DCE-MRI radiomics and clinico-radiological
characteristics in breast cancer[J]. Front Oncol, 2024, 14:
1357145. DOI: 10.3389/fonc.2024.1357145.
Rodriguez-Pérez R, Bajorath J. Interpretation of compound
activity predictions from complex machine learning models
using local approximations and shapley values[J]. ] Med Chem,
2020, 63(16): 8761-8777. DOI: 10.1021/acs.jmedchem.
9b01101.

Chen Y, Chen S, Tang W, et al. Multiparametric MRI
radiomics with machine learning for differentiating HER2-

zero, -low, and-positive breast cancer: model development,

testing, and interpretability analysis[J]. Am J Roentgenol,

401

[17]

[19]

[20]

[21]

[22]

2025, 224(1): €2431717. DOIL: 10.2214/AJR.24.31717.

Hu B, Xu Y, Gong H, et al. Radiomics analysis of
intratumoral and various peritumoral regions from automated
breast volume scanning for accurate ki-67 prediction in
breast cancer using machine learning[J]. Acad Radiol, 2025,
32(2): 651-663. DOI: 10.1016/j.acra.2024.08.040.

o [ i Vo> PR Bk R 4y, hAREE S  R A o)
SRR A, AR P EUE S AR LR
B 5 #2024 4F fR)[I]. A B AE 4% A&, 2023, 33(12):
1092-1186. DOI: 10.19401/j.cnki.1007-3639.2023.12.004.
Franchi M, Masola V, Onisto M, et al. Ultrastructural
changes of the peri-tumoral collagen fibers and fibrils array
in different stages of mammary cancer progression[J]. Cells,
2025, 14(13): 1037. DOI: 10.3390/cells14131037.

Jiang W, Meng R, Cheng Y, et al. Intra- and peritumoral
based radiomics for assessment of lymphovascular invasion
in invasive breast cancer[J]. J Magn Reson Imaging, 2024,
59(2): 613-625. DOI: 10.1002/jmri.28776.

Kayadibi Y, Kargin OA, Aladag Kurt S, et al. Pilot study to
evaluate the association between superb microvascular
imaging (SMI) and histologic markers of angiogenesis in
patients with invasive ductal carcinomalJ]. J Ultrasound
Med, 2025, 44(7): 1201-1211. DOI: 10.1002/jum.16674.
Luo H, Chen Z, Xu H, et al. Peritumoral edema enhances
MRI-based deep learning radiomic model for axillary lymph
node metastasis burden prediction in breast cancer[J]. Sci
Rep, 2024, 14(1): 18900. DOIL: 10.1038/s41598-024-69725-5.
Ding J, Chen S, Serrano Sosa M, et al. Optimizing the
peritumoral region size in radiomics analysis for sentinel
lymph node status prediction in breast cancer[J]. Acad
Radiol, 2022, 29(Suppl 1): S223-S228. DOI: 10.1016/j.acra.
2020.10.015.

Shioya A, Takata M, Kumagai M, et al. Periarterial or
perivenous invasion is an independent indicator of lymph
node metastasis in invasive breast carcinoma of no special
type[J]. Pathol Res Pract, 2024, 260: 155407. DOI: 10.1016/
j.prp.2024.155407.

IRAEPRE, XUk, ZMd, S A FIRE BRI AL
PRIBE R LA R R I T[], B2 R R R,
2024, 32(2): 150-156, 161. DOI: 10.3969/].issn.1005-5185.
2024.02.008.

LiN, Li J, Qian Y, et al. Axillary lymph node metastasis in



AR B St

(23]

[24]

[26]

pure mucinous carcinoma of breast: clinicopathologic and
ultrasonographic features[J]. BMC Med Imaging, 2024,
24(1): 108. DOI: 10.1186/s12880-024-01290-9.

Qu M, Feng W, Liu X, et al. Investigation of synthetic MRI
with quantitative parameters for discriminating axillary
lymph nodes status in invasive breast cancer[J]. Eur J Radiol,
2024, 175: 111452. DOIL: 10.1016/j.ejrad.2024.111452.
Borke, BRI, e, 55 BT MR E K MRRIE X
TR L B P A L 5 e A% A7 s R U AL D). T 2
g2k, 2025, 33(1): 55-62. DOI: 10.3969/j.issn.1005-
5185.2025.01.010.

Foltyn-Dumitru M, Mahmutoglu MA, Brugnara G, et al.
Shape matters: unsupervised exploration of IDH-wild type
glioma imaging survival predictors[J]. Eur Radiol, 2025,
35(3): 1351-1360. DOI: 10.1007/s00330-024-11042-6.
Pesapane F, Rotili A, Scalco E, et al. Predictive value of
tumoral and peritumoral radiomic features in neoadjuvant
chemotherapy response for breast cancer: a retrospective
study[J]. Radiol Med, 2025, 130(5): 598-612. DOI: 10.1007/
s11547-025-01969-1.

(PEEZVRERE) NFEHFRER

S R N Y BT P (R GE U S A AR SR . GEvt S AR B AR AR (sl s vt BRI e e . P
TR BT BORK T 22 0055 MG B RARME (U0 t=3.45) , IFga i BARE) PIE: ¥ kS, £
R EVEAR IR A R FN, F4H 95% IS XA XTIk M aS 70 A i s R, RCRAT M (Qr) 3Rk,
AR xts ik T EERAUEEVORE,  RARYEHTR A M 8H . BORIT R A& 10 2 AR RIA 4T H 11,
WHEERMG A InE, ANEHE tiak. BRERTZESE C k. % B LR TR i
A 2RI R TR, ASE AR OG0 B Ui B P RO I A 2 T W) S REFE R A A P AR R ot 3B
AEDNT 205 ZEBXN A SRS Fr . G ARSI GB 3358—1982 (Git A4 KAF5) M3 RME
5, —HHRARHEE .

402

(27]

(28]

(30]

T E BRI

2026 F 345 FH4M

Davey A, van Herk M, Faivre-Finn C, et al. Is tumour
sphericity an important prognostic factor in patients with
lung cancer?[J]. Radiother Oncol, 2020, 143: 73-80. DOI:
10.1016/j.radonc.2019.08.003.
Abas Mohamed Y, Ee Khoo B, Shahrimie Mohd Asaari M,
et al. Decoding the black box: explainable Al (XAI) for
cancer diagnosis, prognosis, and treatment planning-a state-
of-the art systematic review[J]. Int ] Med Inform, 2025, 193:
105689. DOI: 10.1016/j.ijmedinf.2024.105689.
Xu Q, Chen H, Wang G, et al. Multi-omics profiling reveals
cholic acid-mediated immunosuppression driven by peritumoral
ductular reactions in hepatocellular carcinoma[J]. Cancer Lett,
2026, 646: 218393. DOI: 10.1016/j.canlet.2026.218393.
Migliozzi S, Oh YT, Hasanain M, et al. Integrative multi-
omics networks identify PKCS and DNA-PK as master
kinases of glioblastoma subtypes and guide targeted cancer
therapy[J]. Nat Cancer, 2023, 4(2): 181-202. DOI: 10.1038/
s43018-022-00510-x.

(WA BT 2025-07-10  [f&EIE#I] 2025-10-31

ORIt 555D

(hEBEZERR A RE) i



