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Application of MRI radiomics predicting radiotherapy resistance of patients with triple-negative breast cancer
ZHANG Xiaoyu, PANG Mengchun,ZHOU Qiang
(Department of Radiology ,Jianyang Municipal People’s Hospital ,Sichuan Jianyang 641400 ,China)

[ Abstract ]| Objective To explore value of magnetic resonance imaging ( MRI) radiomics for predicting radiation therapy
(radiotherapy) resistance in triple-negative breast cancer (‘TNBC) ,develop and verify prediction model of radiotherapy resistance,
so as to provide a basis for basic and clinical application researches on radiotherapy resistance in breast cancer patients. Methods 396
patients who underwent surgery for TNBC at Jianyang Municipal People’s Hospital in Sichuan province from August 2021 to
October 2022 were selected as study subjects. The patients were randomly divided into training set (277 cases) and validation set
(119 cases). According to response to radiotherapy, they were categorized into radiotherapy-resistant group and radiotherapy-
sensitive group.logistic regression analysis was used to identify factors affecting radiotherapy resistance.The intra-class correlation
coefficient (ICC) and linear correlation tests were employed to determine stability of characteristic variables and linear relationships
among them.LLASSO regression model was established.combined with K-fold cross-validation.optimal feature subset was identified
out.Support vector machine (SVM) algorithm technique was utilized to construct radiomic labels,and Wilcoxon test was applied to
find out differences among them. Further, Logistic regression was used to create a visual column chart (nomogram) model,
Bootstrap self-sampling was used to validate the model, receiver operating characteristic (ROC) curve was used to evaluate

distinguishing efficiency of the model.calibration curve was used to assess accuracy of the model,and decision curve was used to
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evaluate clinical benefit of the model. Results Logistic regression analysis shown that androgen receptor (AR) [odds ratio (OR) =
1.364], tumor protein 53 (p53) (OR =2.587) ,cytokeratin 5/6 (CK5/6) (OR =3.054), proliferation cell nuclear antigen (Ki-67)
(OR =1.486) , platelet-to-lymphocyte ratio (PLR) (OR =2.187),and neutrophil-to-lymphocyte ratio (NLR) (OR =3.520) were
independent risk factors for radiation resistance in TNBC (all P <C0,05). Conversely, carcinoembryonic antigen (CEA) (OR =
0.795) and cancer antigen 15-3 (CA15-3) (OR=0.256) were protective factors against radiotherapy in TNBC (both P <C 0. 05).
Totally, 10 radiomic features were screened out, there were significant differences between the radiation-resistant group and the
radiation-sensitive group (all P <(0.05).The sensitivity of the nomogram model in the training set was 70.09% (AUC:0.797,
95%CI:0.712-0.859) ,and the specificity was 70.52% ,and the overall accuracy was 71.03%.The model demonstrated a significant
fitting effect, and its net benefit was considerably higher than that of the imaging model or the clinical feature model alone.
Conclusion After MRI scan, 10 optimal features are extracted. The nomogram model constructed by dynamic contrast-enhanced
magnetic resonance imaging (DCE-MRI) combined with clinical data has good clinical feasibility and practicality,and high guiding
value for clinical decision.

[Key words | magnetic resonance imaging radiomics; triple-negative breast cancer; radiotherapy resistance; nomogram model;
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Table 2 Multiple and univariate Logistic regression analyses of clinical factors affecting radiotherapy resistance of TNBC
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ARCEHE) 2.158 1.231~3.267 0.031 1.364 1.212~3.649 0.015
p53C(FHE) 2.047 1.548~2.852 0.004 2.587 1.668~2.963 0.002
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Fig.1 Radiomic features screened by LASSO regression algorithm
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Table 3 Inter group consistency test of optimal features in DCE-MRI radiomics
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log.sigma.5.0.mm.3D_GLSZM_gray level non uniformity normalized
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original GLSZM_small area high gray level emphasis _
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Table 4 Discriminative abilities of three models in the training set and the validation set
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AR L A R 0.804(0.728~0.852) 71.59 70.92 71.84
1) £ 5] A5 7 0.818(0.733~0.891) 73.45 73.86 73.06
1.0 = 1.0 z
0.8 0.8
0.6 0.6
gt o e v
m 7 IS 7
041 0.4
e — IR AL L — IR AR Y
— MR ,/ — R AR
02k — FI R ozl — I E AR
: - BEL ’ -—-BHE
0‘0 1 1 1 1 0.0 1 1 1 1
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
1—FERE - RE
VE% R4
5 ZMERAEINGEFBITE R ROC HE

ROC curves of three models in the training set and validation set
TNBC Hey7 85T 1 o A T 8 — R AT L J 43t T
B R E R AL, X — 51 & AR R AR Il R e SR T B
BRI E L WL 7.

Fig.5

2.6 o A% B By e PR R 5K £k 5 AT
FHAE T A A0 35 I PR 45 iE 1) A5 2D, A1 52 15 4
SRR YRR R B T O R B R . T2 A I R
FRAELS 52 18 41 2 R AR B0 21) 2 181 T 00 A Y, A 3 Al

100 y 0.15
s — AR
80 F 7/ — B R
_ P 7 0.10 — F R B T AR A
> 27 VNN e R =
% 6ol )y i - REEEY
ﬁ 7 ig 0.05
/£
& i
& 40
£ —— B 2 [ T A
7 — — M I —— = ———— ===
w0 7 k
/ .
1 1 1 1 ) -0.05 1 1 1 1 )
0 20 40 60 80 100 0 0.2 0.4 0.6 0.8 1.0
A TR T 00 A ) LR
B 6 5l 2k BRI A0 A 2k B 7 J&LEHEERN DCA #ek

Fig.6 Calibration curve of the nomogram model Fig.7 DCA curve of the nomogram model

100



55 36 #4561 T a4 4 R AR Vol. 36 No. 6
202546 H Chinese Journal of Woman and Child Health Research Jun. 2025
3 i1t [EAR 22 W R AR B . A BF 5% BE L AR

3.1 TNBC MR 887 i

TNBC LA il S8 o £ . 2 @ H 8= 09,
PR A R MR 2 2R . W SRR E RS 2R
TR, HizK B E W R K 2. HAET, X TNBC &
H TSN PR Z K H ER 32 4K B 47 9 4> W3R
J7 S HER2 BHPE A ] 36 97« i R b = B 7 L 98
BT R,

TS IR T AE VR IT AL FL R AR 9 LR R T
T ELAT SRR Y 25 AL BE 15 A R0 % i 9 4G KT B
R B R I KU A ke, (ELAS DG T Y 2
A TT A B BE M &R 0 (E A R AR XA —
FE R AT RE 23 0 A0 0 S xS 98 A0 AR A 7 PR AL
INE o A T 5 50006 200 L STV T 28 B o %o 6 S A T 2 M 2
s BEIE R, TNBC & =5 & AUy ik 5
ToI B AR RN R AR A A 3 22 U X R RS
WEVEAS WO SURAE XF TNBC 8 #1877 v s L 75 45
L EE,

3.2 MRI & AZFM TNBC i fr# i

1 T MRT R Y SO AR E S S AT TG 6 150 0 il
JYHCPT PRt T Rl B . AEAR TR S T, M 396 44
TNBC H & 1 DCE-MRI 45 H 2 U T 5215 4 27 45
fiE I3 e i T 10 D CEERRAE . X BEERAE A
St BG5S AR 2 A bR 2 AR SO B E T PR AG T
(P BE L T ELRE R T AR AR A AR AR R A X A
JRI B A SR 2 0 R SRR T B S IR AR T
R T4 LASSO T ik ik 5 B9 a0 AR TIE £
TR G 0 0k 5 SCERRAE S e T BEROK BE L g
PG kb 00 20 SRR AR Lee U SIE 52, AR TR
S 2 L0 B 8 P A3 BT 9 A% e LR OPE AL T B AR
4 2= H R R 6% Sk b 42 A O ) AR A 1
B R B G A S R I B A HERE S . Ak AR
WFFE T & I AE T 49 &% DCE-MRI 3 4F F 1l B B 28
S 2 ALY AR I PR 1 6T 41 2 K 5 0T
TR R DG A A DL L MR 1 B R AT AT S 2 A
R IR R R A 25 L, 5 R 25 & 2 2 BHERIE ) G i
G 0 BT R A OTT BT KU . Wang %7 FIRF
T 22 AR 4 IE S B S AN BRSO S R A Ol
W 1) 235 KT T 20 i A1 Ik T Y 45 4 5 T Rg L 24 5
T W IR FIR 2847 O S8 %8 AH G, R S A= 24 15 S

101

p53.CK5/6.Ki-67 .NLR,PLR.CEA ,CA153 fE }#
RN S8, R AR BV A O SO B AL T — A
SORE HE I A B - BE . 2 B0 IE B A X B A
U MER PR B FTAE S E B I R 5 A Uil TNBC
BB R AT BT RV 1 Pk T

3.3 AMAREIRME

ARG AEAE —E W R IR . B SE. RS
Sy LB HLA A B AR A B Ok 3B — ol ROV B
ASBAE RT3 — AL B, Of 3E 47 B B 43 40 F0
Bootstrap F il # . {H 5 BT £ 45 7] B8 A7 76 T 0
B, BN T BE B D A 1 KU, 5 LU AR B 5 D xR
[i] DCE-MRI ## ik 8835 B S 70 M. Rk b 7 24
RBEA B AT 22 0 (9 117 S PR BIF 5, in 5 A2 78 b o
P IR TNBC #5007 850 BE U5 B A 77 A
b — BT AR 27 R AR AT TNBC 08 58 L 807 K
Pi 22 18] f v A LA L 45 THAIF I 45 SR A TR B A T

LR R T LA 24 20 AR TR B 2 S Y &
R AT STAR BT 10 4b B AL HRE . AR, p53.
CK5/6.Ki-67 .NLR,PLR,CEA,CA153 J& i J7 #K 41
S M B R AR AE P L DCE-MRT B4 Iifs BR B 728 42 4
HEA 51 28 [ A5 0 fd TNBC 58 2% & A 07 530 19 X
W LI B A T R L AR T A I R PR R

(&% 3k |

[1]Sung H,Ferlay J,Siegel R L,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.

[ 2]Pusztai L,FoldiJ,Dhawan A.et al.Changing frameworks
in treatment sequencing of triple-negative and HER2-
positive, early-stage breast cancers [ J ]. Lancet Oncol,
2019,20(7) :¢390-¢396.

[3]Yin L,Duan J J,Bian X W,et al.Triple-negative breast
cancer molecular subtyping and treatment progress[J].
Breast Cancer Res,2020,22(1):1-13.

[ 4 ]Pesapane F,Rotili A, Agazzi G M,et al.Recent radiomics
advancements in breast cancer: Lessons and pitfalls for
the next future[J].Curr Oncol,2021,28(4):2351-2372.

(5] Tk, kA il ML . 55 3 T DCE-MRI 818 41 % Al
B MR HRAE 1 31 £& P 700000 L Ao bk 228 100 B9 (R0 [ ] il
MR R 224 ,2022,52(11) . 882-888.



TEZE A M ik hetp: //mchchina. xjtu. edu. cn

[6]Liu W, Zheng M. Zhang R, et al. RNF126-Mediated

MREI11 ubiquitination activates the DNA damage
response and confers resistance of triple-negative breast
cancer to radiotherapy[J].Adv Sci (Weinh), 2023, 10
(5):€2203884.

[7]Bai X.NilJ.,Beretov J.et al.Triple-negative breast cancer
therapeutic resistance: Where is the Achilles’ heel? [J].
Cancer Lett,2021,28(497):100-111.

[8IBRHIZS Ki67 7E = B FL AR 9 v 19 2% 35 B H 5 1 K Tl fm
A B 43 Hr LI 0. v [ 99 4 42 B AT 5%, 2020, 31 (10)
1415-1418.

[9 ]Montero A,Ciérvide R,Garcia-Aranda M., et al.Postmas-
tectomy radiation therapy in early breast cancer: Utility
or futility? [J].Crit Rev Oncol Hematol, 2020, 147
102887.

[10]Kierans S J, Taylor C T.Regulation of glycolysis by the
hypoxia-inducible factor (HIF):implications for cellu-
lar physiology[J].J Physiol,2021,599(1):23-37.

[11]Manjunath M. Choudhary B. Triple-negative breast
cancer :a run-through of features,classification and cur-
rent therapies[J].Oncol Lett,2021,22(1):512.

[12]Conti A, Duggento A. Indovina I, et al. Radiomics in
breast cancer classification and prediction [J]. Semin
Cancer Biol,2021,72.:238-250.

[13]Ngai V,TaiJ CJ,Taj S,et al.Non-invasive predictors of
axillary lymph node burden in breast cancer:a single-
institution retrospective analysis[ J].Breast Cancer Res
Treat,2022,195(2) :161-169.

[14]Xiong J.Zuo W.Wu Y .et al.Ultrasonography and clini-

copathological features of breast cancer in predicting

102

axillary lymph node metastases[J].BMC Cancer, 2022,
22(1):1155.

[15]Thompson J L, Wright G P.The role of breast MRI in
newly diagnosed breast cancer: An evidence-based re-
view[J].Am J Surg,2021.221(3):525-528.

[16]Szep M, Pintican R,Boca B.et al.Multiparametric MRI
features of breast cancer molecular subtypes[J ].Medici-
na (Kaunas),2022,58(12):1716.

(171 AR B sl 22 8, 46 LT MIRI 5218 20 % 51 2k [ 73
U0 22 s O ok 2 5 e R [0 ] g L U 4% . 2022, 13 (1)
118-122.

[18]Surov A,Kim J Y,Aicllo M, et al.Associations between
dynamic contrast enhanced magnetic resonance imaging
and clinically relevant histopathological features in
breast cancer:a multicenter analysis[J].In Vivo.2022,
36(1):398-408.

[19]Lee J,Kim S H,Kang B J.Prognostic factors of disease
recurrence in breast cancer using quantitative and quali-
tative magnetic resonance imaging (MRI) parameters.
[J].Sci Rep,2020,10(1):7598.

[20]Wang Q.Li B,Liu Z,et al.Prediction model of axillary
lymph node status using automated breast ultrasound
(ABUS) and ki-67 status in early-stage breast cancer
[J].BMC Cancer,2022,22(1) :929.

(21 1M, A% £ RS 25 AR R (MRD K 7
TR AL WX L BT B Ak T I I L 5 T R PR AG
S0 A E CT Al MRI 4435 ,2022,20(3) :67-70.

(LM Tt .o %]
[ 3 i 2« 58 2 A 5 9 SC i < A A



