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ABSTRACT

Objective To explore the application value of DCE-MR radiomics prediction model in identifying
HER2 low expression and HER2 positive breast cancer. Methods 233 cases of invasive breast
cancer diagnosed in our hospital from January to December 2018, including 103 cases of HER2-
positive breast cancer and 130 cases of HER2 low expression breast cancer were retrospectively
analyzed who were randomly split into a training set (186 cases) and testing set (47cases)
according to 8:2. The radiomics features were extracted based on the enhanced images of the
second phase of MR. The data were normalized, dimensionally reduced, and features were
selected to establish a logistic regression (LR) machine learning prediction model, which was
evaluated on the test set. Resufts The AUC of the prediction model established by LR machine
learning method in the training group was 0.87, the accuracy rate was 0.80, the sensitivity was
0.89, and the specificity was 0.72. PPV0.72, NPV0.89, in testing set ,AUC value 0.77, accuracy
rate 0.77, sensitivity 0.76, specificity 0.77, PPV0.73, NPVO0.80, the prediction model based on
DCE-MR radiomics not only has good diagnostic efficiency, but also has good stability. Conclusion
The DCE-MR radiomics prediction model has good diagnostic efficiency in identifying HER2 low
expression and HER2 positive breast cancer, and which is expected to provide a reference basis
for making accurate and personalized treatment decisions.

Keywords: HER2 Low Expression; HER2 Positive Breast Cancer; Radiomics; Machine Learning.

Gz, AREZEHNRASIKEE LG EME, AR EMERTEE
i, ARREEKEFZE2(human epidermal growth factor receptor 2, HER2)E%
BENEEERE, thEHERSEMAATFWEEHSE, EHHEREAZY thE LSS5
FIREE BN EHER2PEM AR BN B AL (immunohistochemistry, IHC)3+, =&
IHC2+BR{uZ+3(in situ hybridization, ISH)IRIEERET EEE, XFEARHARE
15%-20%. $AT40%-50% %, 58 & AHERAR A", ENGeEAM1+35IHC2+HISH
RIBEREY 1, EIEFED, XEHAITHHER2PBM IR, BEMRPYERXER
AEESERAZYET PEERE, IEEFRLIDS-8201a. SYDI85 NARMIFH A (AR
HHER2ZAMIME SHRE™ ", HHERMER A GEEETE RIS FHBEAT Y
Ro XIGE T SYHER2BRIAZLIREMR R FH, WA EX S HER2PAMFLAREESHER2
EREIEE, BABBEATNER. A% IMIENESEGPEERIZINE
EMNTEFTEEMEAN. S, BE. 208)%, XEFTRMRENMNVENERE, B
BN XERHEREZIE. 200, REWE, o8 Kk NG EERE N MEREIR
B, Ak, AARIFEMREGAZTNEEEFIHER2ERASHER2FAMEZL AR =AY R A
NME, UAEHIRKRGIERTRE, SSHEME. Ba. MEaTRESE KB,

1 MR575E%
1.1 IGERFRERRDEL LI DA Eft201851 8 E12 BUCAHRTIIENS IS DI ALARER B E,
MANINE:. RBAUNFISHIOKERTE, AR{THEIRNSILETE(DCE-
MR), B&RELF. HRiRE: ReESOHER. RDWBAET; FEERRETRESA
WHER2ZEBAHORAEE . RIEBLERMIREFREL. HER273 4R HER2PAMA:
IHC 3+, THIHC 2+, FISHERY 1%, HER2ERALA: IHC 1+, TEIHC 2+, FISHIRLE
BERLY 18, REHN23306], EFRHER2PEMZLARRE103%1(44.2%), HER2EFRIEILAR
#£130%1(55.8%), AMHFEEL T AREFZCEZZRMHE, BENBERR,
1.2 MRIFFH 8% 3.0THHEIR(ES: GE Discovery 750), SiBEHARE FAAEIEMEL
B, AAER: BEMWEMI, WABREETEE, ABFIIRSEH: TWWIREEER]
JEFF5IFGRE: TR 640ms, TE7.6s. T.WIBSRAHNEIF5: TR 2587ms, TE 85ms. FOV
320mm X 320mm, %EpF512X512, BE4mm, BEImm, EBAEXBRIRKEG
E%l: TR3.9ms, TE1l.7ms, FOV360mmX360mm, BE4mm, BEImm, ki3
SH, ABEL2.5mL/sREESTELMERER0.2mL/kg, TialfRES RESHALREE,
SHIRERTE /535,
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1.3 WEROIAEREGAFIMERM MHE(region of
Interest, ROI)AE X AITK-SNAP version 3.6.05u, H—&EH
10FILRMRIZERE IMYT B 28AIE R E R X R A E, B RKIFE
X, §—ERECEFILBXIFINA GEHTHIZ0MRE
%, HE—EMRZI—2BEEFIUBEMRIZHELNENIRZR
BRI ETEMRE ZRROIAE, HiFERERAFIFIERIAIAR
NAE—HE. TESM,
ERFFRPython3.8.15F & PyradiomicsiBRIZEUHE, HEK
FERIA(IBSI, image biomarker standardization initiative)F .
R AE G S BT B AT R SRR T EF TR, R
REHR, MARBEGIMROIEL, RIEROCKIEN—MAITEF
fE. FOREHIE. SURFHIER EHAEEPE (gray level cooccurence
matrix, GLCM). #B4FREBEED EM (neighbouring grey
tone difference matrix, NGTDM). XREM 3% (grey level
dependence matrix, GLDM). XxEEITKEEF (grey level run
length matrix, GLRLM). TREA/NXIFIEF(grey level size zone
matrix, GLSZM)ZE4HIEARY, HIEEX1046MHIE
1.4 R4, MERAFEEBE SEURRS: 2MHIFSD
AR EE 186 B R MINEEATH], G ER FRALMIE. HEH

2, FUER b RIEER, 8N SIEHETRALYE
F— TR IBINE 2, HFAE I8 M PR 4 1R 432 5 & (B T ik 2%,
threshold>0, %2483 (logistic regression, LR)7#28:E
1R, BHI&E: class_weight(balanced): 2P #1583 F il 4
A, Penalty: ##ZLIENWAR, S8C=15, C: ENHE
EMEE, G/, MEARB=E/), REHRERHENET
B, ENNMA#EE, SREBMEEREERE), N7 E
BTG, NA SIHRXKIE. LFIROC, ITHEHIIGEM
WIEERAUCHE. EMME. 8RE. $RE, F1 Score. PFRMTLN
B, PBHENE U EREFRIT G EAFRELEFHER2E
FIRILARE SHER2PAME ZLAREE AV 12 MR AL

1.5 St ERZE AFFEHURL R R R 6 AR R R
TA-EESE. HREIBDMASPSS 26.08 4, ITHZERAM
BB (%)ER, REESDHNEER(x £s)ER, XE
— BN ARE MG/ F a0 B FrR BN RHE R AR
MR MR M REICCHIT RS DM, 1CC>0.75RT—HM R
AES . RAMann-Whitney ULbIREEHIENER, STE M
TE#RTEAKK, P<0.05RBAERERITEEN.
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2.1 MERRBRE SHAN233FFAH, FHERNR
49.92+10.68, RAUESFEBHSERMES2(1(22.3%), =i
MRE217060(73.0%), HEFEE11F(4.7%)(RFENHESE), A
LR 1 +1147109f1(46.8%), 1ILR56%1(24.0%), FH17265)
(30.9%), EEI4ZHA1346(57.5%), 4299(1(42.5%). Fib. A
SRE. ARFDRNHER2AMILERE. HER2BFEILIRERE
INAERMAERARERITEEX(P>0.05, &R1)o

R1IFES WK EH ERRERE LR

I RIS JI455£186(79.8%) MIiXEE47(20.2%) #HitE P
iR 49,521+10.48 51.52+11.39 -1.104 0.270
BERSE

P 110(59.1%) 24(51.1%) 1.001 0.317
HEF 76(40.9%) 23(48.9%)

HRF DR

[+11 93(66.9%) 17(63.%) 0.157 0.692
11 46(33.1%) 10(37.0%)

HER2BHMZLARE  82(44.1%) 21(44.7%) 0.005 0.942
HER2EFRXZLARE  104(55.9%) 26(55.3%)




2.2 BRAFKIRNN—BERAIESEYE F—E/MHRIRER
ERAFHIERICCEL0.902(95%Cl: 0.797, 0.954), REIE/H
i8]1CC/0.825, (95%CI: 0.548-0.927), —HMKMEEMIT, £
SRR 4 K T SRS E SRR E HE B JU 0BV W T original_
firstorder_Skewness,log-sigma-4-0-mm-3D_firstorder_
Maximum,wavelet-LLL_firstorder_Skewness,wavelet-HHL_
glecm_Correlation,wavelet-LHL_firstorder_Skewness,wavelet-
HHL_firstorder_Mean,log-sigma-3-0-mm-3D_firstorder_
Maximum,log-sigma-4-0-mm-3D_firstorder_Skewness,log-
sigma-2-0-mm-3D_firstorder_Skewness,wavelet-HHH_
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firstorder_Median, EAEHrhEHETERE G PASHIR4D,
INETREGIFES T, —BMHEL N,

23 BAMBRAMNUMEE KLRVSBZIHZBRINE
BEINGEERAUCHO.87(95%CI, 0.82, 0.92), HEHER
0.80, ®UR1*0.89 (0.80,0.94), 5% 140.72 (0.63,0.80),
PPV0.72(0.62,0.79), NPV0.89 (0.81,0.94), F1 Score0.79,
45 15%00.46, MIXEPAUCEN0.77(0.63,0.91), HEHE
0.77, 8XFE0.76 (0.55,0.89), 4% 10.77(0.58,0.89),
PPV0.73(0.52,0.87), NPV0.80 (0.61,0.91), F1 Score0.77, £
BE315480.48, £ERUMEZRE,

R2 MNREEF S RHER2FAME AL IR R HER2ERA 7L IR RV 1 RE

AUCE b:37ES BRI e PPV NPV F1Score youden
Jllgr&E  0.87(0.82,0.92) 0.80 0.89 (0.80,0.94) 0.72 (0.63,0.80) 0.72(0.62,0.79) 0.89(0.81,0.94) 0.79 0.46
MitE  0.77(0.63,0.91) 0.77 0.76 (0.55,0.89) 0.77(0.58,0.89) 0.73(0.52,0.87) 0.80(0.61,0.91) 0.77 0.48

E AUCH: REEBIEREHLTER, PPV: FAMTUNE, NPV FBEFINE, Youden: HFEHEH,
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HER2V2A BN REER, thERHEREAHYIATH
RRNE R, HZHBENFNHER2BYNIRKNEEENE
THER2FAMARERENRARERMEFE, BARESRTH
ERRW, o, MERHER2ERMAYHNTUTIHREL, MK
BEGYHEHERVERALBER S, IGRITRELHTH
T, MIEAT 2RIEERTHOEIE, MAHE “SBAR. &
B, 8@AF MNABRENRKATNEHNEXRER,
FIAE &, ERQNMTEILBRENHER2ZEZE A FRENERY 1§
REZXEE, wHAF " EISBRENEGISE, RETE
SHNETRSEFNFEENTNEFEGE, SHUARELIR
AWARZBNER, RELRNDFRESEEGTHAETZE
R, KERMEARRE FUNMEN D FRIEEE5HER

T, FENDR. RUTERITE. ERMLATSAE
REES, NREI"YER—IRINER EEFNERTT B
PR RS, FIAHEITMREAZAZ NS LTI HER2
RRAI B SHER2BAM AL IB N BN E, S RIGHKAT
HER2EAFRRRANAGBEEERABNEAEY, HIES
EAR., BEATRUESZKIE,
ARRRBALDEI AE - HROISEGERM FERT =4
ROIs, 3D ROISIREE T FEBHIFF A4, FIEILER HZE3DY
BASE, 79 REMFBEMZEEMNDERE, mgrs"
H 422 DAN3D R A S A M AR % SR B R AE TN M B, 45
LA F20ER, DEGASTHNERFNELERET, 24
IDEMGESIHE A A5 BENTSHEE, BIUEIDEGASIHE
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MANEGAYHRT, Z—THRVHER, BN F2DEEA
FHIE, IDBARATHEE REFMICCs, EF=4RGNAY
ERE G EMNRENTRN S A9 T - 4 B&, mAmS
S AIHER2PAM ZLARE SHERE A 2L AR BEAN EAE £ 19 10 NS
ER R4 MFE R 3DEHE HIKEN,

AMRR T ER RS RIZEUHESS, R EGTE#T
BT R BT E F TR SR T R, TR
— RSB IO, B AR E GRS, RS
2, BLE. EMORSIESN, XEENSIEE RGN,
Hﬁﬁ ?.LHﬁ(laplauan of gaussion, LoG)""23E& =M ==iE S5
U2, BFREEGTEETCRENRY, fLdH
ﬁmf$mMﬁﬁ, E6% B A= R S B E R,

MEBEIRLRERES A S GEEHBERLNSME
SRMSERXNTESE, NS ERZHANTN™, m
ER BN RS S E A LU S R I E MR TN SR,
logisticEIIREE A IFR B % AEVH 85 ST H3%, 1BIERE,
BT - SATROBLNE, > HNRREAS, £AE—4
HKEBWISHKTNEE B, LREMEER T EMAN RSP SIE %,

A, ATRSWNREAMEEE, BOREIIZRE, #%%
BITING, IREBENTKAES, LRESEPRAT LI EN (A

LASSO[E3), BAMEE RBAIHTRENETITURME 5%
BREER, EHTAXFENTNZREN0. MMERFZEEARE
ENEREMEE, SE " 2EEFIRDXBUENIRER
TEFUNER, KEFRAUCH0.910, AEWHZKR0.815, SR
0.769, ¥5F10.857, PPV0.833, NPV0.800, Mid&E+HAUCH
0.750, XEHAZR0.714, §UX10.400, $5R140.600, PPV0.667,
NPV0.750, RIFRFLZLRBFEI S ERUFUREE)IZ%E
ZJAUCH0.87(95%Cl, 0.82, 0.92), HHaZ0.80, &=E40.89
(0.80,0.94), ¥¥&®1%0.72 (0.63,0.80), PPV0.72(0.62,0.79),
NPV0.89 (0.81,0.94), F1 Score0.79, 9% 15%10.46, M
HEFAUCEN0.77(0.63,0.91), HEMZ0.77, BRE0.76
(0.55,0.89), %=1%0.77(0.58,0.89), PPV0.73(0.52,0.87),
NPV0.80 (0.61,0.91), F1 Score0.77, EFLRHLFF IHFNE
ARMXERRFNIZETIEE, MERRRFMNREL.
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