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Prediction of Ki-67 status in breast invasive ductal carcinoma using intratumoral and

peritumoral ultrasomics

SHI Lin, ZHONG Lichang, GU Liping
Department of Ultrasound Medicine, the Sixth People's Hospital Affiliated to Medical College of Shanghai Jiaotong University,
Shanghai 200233, China

Abstract: Objective To explore the application value of intratumoral and peritumoral ultrasomics in predicting the expression
level of Ki-67 in breast invasive ductal carcinoma. Methods A retrospective study was conducted on 300 patients who
underwent breast surgery and were pathologically confirmed to be breast invasive ductal carcinoma, including 169 cases in
low expression group (Ki-67<30%) and 131 cases in high expression group (Ki-67=30%). The largest cross-section of the
lesion on the two-dimensional ultrasound images was selected to delineate the region of interest which was automatically
expanded outward by 5 mm to obtain the peritumoral area, and the intratumoral and peritumoral ultrasomics features were
extracted. The patients were randomly divided into training group (#=210) and validation group (#=90) in a ratio of 7:3. All
features were screened through Z-score standardization, ¢ test, Pearson correlation coefficient and least absolute shrinkage
and selection operator algorithm to obtain the optimal feature combination. Random forest (RF) model was used to classify
the expression level of Ki-67 in breast invasive ductal carcinoma, and 3 models (intratumoral, peritumoral and combined
models) were established, whose diagnostic efficacies in predicting the expression level of Ki-67 in breast invasive ductal
carcinoma were evaluated using receiver operating characteristic curve. Results The RF model constructed based on the
combination of intratumoral and peritumoral ultrasomics features performed better in predicting the Ki-67 expression status
in breast cancer, with the AUC values of 0.899 (95%CI: 0.860-0.939) in training group and 0.832 (95%CI: 0.746-0.917) in

validation group, demonstrating its superior diagnostic efficacy over the intratumoral and peritumoral radiomics alone
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(P<0.05). Conclusion A RF model constructed based on intratumoral combined with peritumoral ultrasomics features which

has good diagnostic performance in predicting the expression level of Ki-67 in breast invasive ducts has the potential to serve

as a non-invasive tool, providing useful information for personalized treatment strategy of breast invasive ductal carcinoma.
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Figure 1 Delineating region of interest (a) and peritumoral 5 mm (b)

in ultrasound images of breast tumor, with intratumoral area in red

and peritumoral 5 mm in green

1.5 FBAFFERMRI FIEZEREE M E

I Pyradiomics 244 $2 B 2 ) 1) 52 1 A ROIT
DX 3l 1) R 7 S AR S R AL AL S R AR R AR SO R
fIE IR BERRAE NP IE S o Gl R BORE A AR A A
FRAE , IR HE4T Z-score brifEfb A 3, 4555 FILH ¢ K 55
Pearson AH 3¢ 1k 43 A1 R 55 /)N 8 % Wie 46 RN 3k 46 550 7
(LASSO) #EATRHIE I 1 , FFE5 45 10 7538 LI TEHEA T
S, e 2Rt A T TR PR AR A A 1 B AR
FEAEAEAY RE B A | 38 5o 452 52 5 $AF F7 1k (Receiver
Operating Characteristic, ROC ) i £& PF- 4t i 75 52 15 4
2ERIR RS W ALRE o
1.6 GEitFESH

FEAE 7 15 S il Ak 3R B R %114 (Version 3.6.0) i
FTGEt 53 MT . A8 SPSS(26.0 i, IBM, 3 [#) #1714
PG HT . BT IE A A T 25 55 R
TR AR AT A B0 AT PIRE AR ST £ 4G 5 5
WIRAFF A IES 5340, W H Mann-Whitney U £ 5
PR SRS . X T AR e Y LA SR X K
%o [FIIF, >R FH Delong #6: 46 (MedCale 1, 20.01 kit
A) AN [FIASEAL 22 ] 1) 22 5%, {1 FH SPSS 3R (4K PPk
i VeI RAE B FH] Python(3.10 i) 447 Pearson A
KRBT Z-score b AL AL FEAT LASSO [0] 5 7347
2 WAL ROC BHZR , LR B i ERf >R (R T
T (AUC) U8 etk REAf% F1{ESF . P<0.05
hESAGIFE L.

24 R

2.1 —fgIER

gl A 300 1 FLAR IR S8R AR, R AR
ARG IR SE AT Ki-67 R A 6 33t 169 4], Ki-67
e BT 131 61 VI 2k 4 B8 I 21 A Ife PR A
fE b 22 A geit2em X (P>0.05) (£ 1),
2.2 BGAFFMERNRIFEMZGIREGE

fif FH Pyradiomics 4GS G LAR Arbed e 7 L4

F1 ABRMBEFRKRES

Table 1 Clinical information of breast tumor patients
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Table 2 Optimal intratumoral radiomics features
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1 exponential_glszm_SmallAreaLowGrayLevelEmphasis
2 Ibp_3D ml_glszm SizeZoneNonUniformity

3 original firstorder Skewness
4 square_firstorder RobustMeanAbsoluteDeviation

5 square_glem_Imc2

6 wavelet HHH glszm LargeArealowGrayLevelEmphasi
. wavelet HLH gldm LargeDependenceHighGrayLevel

Emphasis

8 wavelet HLL glem Idmn

9 wavelet LHH_firstorder Mean

10 wavelet LHH glszm LowGrayLevelZoneEmphasis

11 wavelet LHH_glszm_SizeZoneNonUniformity

12 wavelet LHH glszm SmallAreaHighGrayLevelEmphasis
13 wavelet LLH glszm ZoneVariance

14 wavelet LLL firstorder RobustMeanAbsoluteDeviation
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Figure 2 Intratumoural radiomics feature screening and model construction
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Table 3 Diagnostic performance of the combined model
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Table 4 Optimal peritumoral radiomics features

FHIERE 5 JoA JA i AR UL~ AR 4

1 exponential_glem_Idmn,

2 exponential glem Idn

3 exponential_glszm_GrayLevelNonUniformity

4 exponential glszm SmallAreaEmphasis

5 Ibp 3D ml_glszm_ GrayLevelVariance
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9 square_firstorder InterquartileRange

10 wavelet LHH glem ClusterTendency

11 wavelet LHH_glrlm_ShortRunHighGrayLevelEmphasis
12 wavelet LHL glszm GrayLevelNonUniformity

13 wavelet LLL glem Idn

14 wavelet LLL glem_InverseVariance

15 wavelet LLL ngtdm Contrast
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Figure 3 Peritumoral radiomics feature screening and model construction
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Figure 4 Screening of intratumoral combined with peritumoral radomics features and model construction
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