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[Abstract] Objective: The aim of this study was to investigate the correlation between the kinetic heterogeneity of dy-
namic contrast-enhanced magnetic resonance imaging ( DCE-MRI) and molecular subtypes in breast cancer, thereby assis-
ting in the clinical decision-making for treatment strategies.Methods: A retrospective analysis was conducted on data from
200 patients who underwent preoperative DCE-MRI between November 2018 and October 2019 at our institution, with sub-
sequent histopathological confirmation of breast cancer.An open-source Python platform (version 3.8.0) was used to obtain
DCE-MRI heterogeneity parameters of breast cancer lesions and their correlation with molecular subtypes were analyzed.
First, three-dimensional region-of-interest (ROI) segmentation of all lesions on DCE-MRI images were manually per-
formed.The ROI data were then imported into the analysis system,which automatically performed voxel-wise kinetic curve
modeling and aggregated the voxel-level data.Finally, six quantitative parameters were automatically generated, collectively
capturing the heterogeneity of intra-lesional enhancement across both spatial and temporal dimensions: peak enhancement
(Peak) ,enhancement voxel number (num),normalized enhancement voxel number (Nor.num), predominant enhancement
type (Predominant), most suspicious malignant enhancement type ( Worst Type),and intratumoral kinetic heterogeneity
(KH). The associations of these parameters with estrogen receptor (ER), progesterone receptor (PR), human epidermal
growth factor receptor 2 (HER2), Ki-67 expression status, and breast cancer molecular subtypes were evaluated. Group
comparisons were performed using independent samples z-test, Mann-Whitney U test,Chi-square test or Fisher’s exact test.
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Results: A total of 205 lesions were analyzed,including 49 Luminal A,102 Luminal B,21 HER2-positive,and 33 triple-nega-
tive breast cancers (TNBC).The num was significantly higher in ER-negative and PR-negative groups compared with their
positive counterparts (P<C0.001 and P =0.002,respectively),and higher in the Ki-67 high expression group than in the Ki-
67 low expression group (P =0.021).However,after volume correction, Nor.num showed no significant differences across
ER,PR,or Ki-67 groups (all P>>0.05).Regarding molecular subtypes,num was lower in Luminal A than in HER2-positive
(adjusted. P=0.002) and TNBC (adjusted. P<C0.001),and lower in Luminal B than in TNBC (adjusted. P =0.003).In
contrast,no significant differences in Nor.num were observed among molecular subtypes (all P>>0.05).The KH was higher
in the PR-negative group compared with the PR-positive group (P =0.034) and showed a negative correlation with PR ex-
pression (P =0.036).Ki-67 expression was positively correlated with KH (»=0.156,P =0.026) and negatively correlated
with Worst Type (»=—0.157,P =0.025).Conclusion: DCE-MRI kinetic heterogeneity parameters demonstrate correlations
with the molecular subtypes of breast cancer.This provides potential non-invasive imaging biomarkers for the non-invasive
preoperative prediction of molecular subtypes,which can aid clinical decision-making for breast cancer patients.The clinical
application value of these markers needs further verification through prospective studies.
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A, %M (ER MM, PR M, HER2 M4 ,Ki-67 /& & %) 75 F » & : Luminal
ARSI, REERZ ARG E R LR RN FHELG  FHEAR 9% F & A
1% ;2 B 0%. 32404k & & (num) : 19265 47 £ 3% 4L 4k & & (Nor.num) : 0.506 ; I /& 3%
B F B (KH) :0.047 53 £ 2 3% 4 £ A (Predominant) 2 % B, 3£ iR #1 3% 40 & & SU A 4
R R TR B HRAEA (Worst Type) 5 Eif, B ZXAFER,
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%3 Luminal # 53 Luminal AL BE 5H %5 % 7RSS 3 A7

¥ non-Luminal(n=54) Luminal(n=151) YA P 14

TR AL 3.70(2.82,5.39) 3.51(2.61,4.50) —0.981 0.327

B EE 11094.00(5015.50,26552.25) 6019.00(3120.00,12955.00) —3.174  0.002

AR E 0.948(0.836,0.983) 0.944(0.827,0.990) —0.100  0.920

ER R 0.85(0.62,0.97) 0.78(0.48,0.94) —1.416  0.157

k4 ARBITIASHBDAFRRESH LA

EXd Luminal A(n=49) Luminal B(n=102) HER2 fat& (n=21) Z M (n=33) H 1L P i
BB AL A 3.42(2.40,4.34) 3.59(2.78.4.67) 3.52(2.60,4.02) 4.05(2.79,6.62) 4.410 0.221
BALKREF 4380.00(1842.00.8869.50) 6528.00(3683.25,18915.50)2 10069.00(4205.00,15109.00)8 14591.00(7329.50,33562.50)ab 17,700 0.001
A EATRAILIK £ 0.919(0.760.0.987) 0.960(0.840,0.993)2 0.952(0.780,0.983)a 0.944(0.863,0.983)ab 2.784 0.426
H A F R 0.67(0.44.0.92) 0.82(0.54.0.96) 0.89(0.67.0.95) 0.83(0.56.0.98) 4,268 0.234

E:* A5 Luminal A #,P<C0.05;" 45 Luminal B # b, P<C0.05,

Ki-67 FiRARZ Ko F W R B AH Gt . B 92 4 B 4
B2 B (KH) 5 PR BIPE 35 (Ki-67 & KI5 IE
IS (P<C0.05) , % B PR FAPER IR H Ki-67 & &k H
LM A e e PN S 2 7 A B R ) S L B 2R
¥R, %) R PR S I 9 B 7 2 A ) 4 B L AN — L X
55 T 96 S SO R B g S S A L R B Kl A R B AN
B 0 B A R DL R AR AF . BRI Y R B B ) 2
S B PE (KHD 5 &8 43 % 9% b5 28 90 A0 OC B R 72 73 1
RIZ DS S 0 2 22 5 X A i SRR R AL AR
¥Rt S 8o a7 U o6, BEAE R R,
Yao 5T MATLAB 5 SPM 4 3E4L T 147 14l
B #H DCE-MRI 3l J) 2% 5 Bk 5 2L AR R STk s 28 11 ¢
25T R B M 2 BT T A Ak v L IR 2 I I Ry
SME(P<C0.0D) ; Kim %V P T 3 F CAD WA &
S vk LR AR AT FLBR MRI 3438 o) J7 22 4% AFE 5
i Kb 2 A A B (distant metastasis-free survival,
DMFS) 2 [a] 4 [l J55 1 BF 7 . BF 52 % B0 0 8 14 8 ) 2% 7
FiPE 5 #2219 DMFES # 26 (P <C0.001), K bsh 1%
ST A s ) LR RO 5 IR ) T L
AHAE SRR G R LT e 2R B AE 2 W
DRI TFA T FE T X 4

BT B 02 IR W 98 v A T BT P 5 AR 2 A
(Worst Type) 5 Ki-67 ik EHAAH X (r=—0.157,
P=0.025), PAEBFFEIA g vk i 2 il £ 5 0 v 0 o
JEEAH RS BIF 5 B R AE R B B T 0 bR e i
LR AT R TE N ZE L | 9] 5T He 7 4 R . 5 SO LRI
PR LY, SR N 5 R B A 2k, Jn
WHWFFEREZR B Luminal B 8 /5 H& (49.8%0) . %4 T
VT A A LT 2 A SO O BRI AR R il
Az BB T AR E — 2D I 55 B Y PR R R B L I
PR AP G, AN IR N % JEF] Worst Type
SR T B N IR AE i B S R A A i B
T 43 1) 38 5 2h ) 2 R AT G 0 1 B 9 M R 0 B
BRIV 3 AT Jh 8 117 228 W 9 kT 8 A RR A s HOR B VE A
] ) ROT H fge 7] BE X 37 78 AR B 8] -1 5 5 32 it 2k

i AT RE AR LB K 2], Ik, Worst Type fF Jy #—
3 S8 b T S i 3 4 ek R 1 1L 4 T B )y T RT BB AE AR
JRy BIR o A L 25 4 1l 28 TE 25 1) 3% 2 3 A 5 AIF 18 45 ] S
JoT P HEAT 255 TEAR

AL 45258 B 5 AR R B (num) 7 ER/PR ]
PE N Ki-67 1o 3k 21 v i 25 31 75 (P <<0.05) , HAE AN [A]
Gy WA R 22 R B it o B X U HJE HER2 FH
5 = R R & 0 num . SR, 24K
FURIEJ () Nor.num £ £ 41 [ ¥ 6 &8 % 2 5% (P >
0.05) , #&7~8 num 3% Wt JifJgg £ g o i A b Sz F e
KNI ECE 8 7R W AE AR ) 2= FE R B9 2 8. Nor.num
R TAF 3+ WA AR ER/PRHER2/Ki-67 R
1) LR T o 6 B iR R B P R A s A 1Y L) R R
A AR S5 2290 DR A 5 A b )k — 4k R B TR BE
A R 43 LR g 2 0 2 R ) B AR A . X — R
T 7 I S AR R I DGR A ) 2 s 3 B 2 2012 1 i g
IR TR 22 300 .

ARG IRAETE — 22 1Y Jm B - 1 5 L 25 B 3 b e
5 A i e g A 8 Ak 1 A B 2R R R AT AR 22 5 A 40K
AN g b B 76 2L B e o %o T IR b e L B e T B —
WFGE s FLUR A5 A [l Ji | B0 v B 5 3080 W] g A7
TE— 52 B 1 » B R 75 JF e 22 v R M AF 5 0k 47
— Ik,

2 TR, 5T DCE-MRI 3l Jj 2% 5 Ji v 5 3L
I8 S RE ALk e 43 F 43 R 52 S R i B T 43 43 7
PEAL T W AE B AR 2= bR B W L LG IR 0 8 A FF i B 1
W i — L RIE .
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