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ABSTRACT

Objective To discuss the value of establishing a histological model based on MR radiomics of breast
cancer to predict the expressing status of HER-2. Methods The clinical and imaging data of 151 patients
with invasive ductal carcinoma of the breast (non-special type) confirmed by pathology in the Affiliated
Hospital of Hebei University from 2018 to 2022 were retrospectively analyzed. The expression status
of HER-2 was determined by immunohistochemistry (IHC). Three radiomics models were established
using the DCE-T1WI sequence images, fat-suppressed T2W!I sequence, and the combination of the
two sequences to predict the expression status of HER-2. Indices such as the accuracy (ACC) were used
to evaluate the diagnostic efficacy of the above three models. Results When predicting the negative
and positive expression status of HER-2, the area under the curve (AUC) values (P<0.05) of the DCE-
T1WI sequence model, fat-suppressed T2WI sequence model, and the combined sequence model
in the validation set were 0.71, 0.77, and 0.92 respectively. In both the training set and the validation
set, the predictive efficacy of the third combined model was higher than that of the first two single
models. Conclusion The combined predictive model constructed in this study can accurately identify
the expression status of HER-2. It can not only prevent patients from undergoing unnecessary invasive
biopsies, reducing their physical burden and psychological stress, but also provide clinicians with a non-
invasive and efficient new diagnostic approach.
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20204, ttRD4HAREFBERRIE(IARC) R NSRBI AIBKIES
™, THIBEERABEREIME, RALREEIEE", B R HERIRSIT
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1.1 —f&E AHARIKET B20185F 128 F202245 7B HiE Fadt A F Mt 8 Ehx (425
KAL) 2Bt SER(AFFFRER) BENTEF AR (EIEDCE-TIWIF S FMASA NS
T2WIFES). IRRRBIEF (IHC)ER, KREBALRMITIRENIEMNSHIFTE, £
LERES™IEHEZ, RERIIAANILLIGFEEENEREIE,

WAFFE: (D)ETRABRZEOCESNI0KRA, SREZHBHRAAEENS
E;, QBRI HITHRIBTME, REWMZARIESERAFFHRER)NES; (3)
BEEFMR BUMERE, MNMAEEILEMED B TIREEMSHNRN. Hkk
o ()ELRZ BTSRRI FRER. TR, RUTFERT, HMSHEER
HESHTHME; (2) REZHATE, HER2RIXREERNN; ()M ERER
F, B=IRHNBEE—BOAE (I, GREESHHEFERT).

1.2 NBE A% AILAZENBERASGE 30TRSHAIRALREFYINT: &
FATEMTIWIFIPET2WIFRE, ABRHTTIWLEREEHE, SEBWOT: (1)T1wl,
TRA696 ms, [EIEAYIE)(echo time, TE)}6.98 ms, M (field of view, FOV)A
35cmX45cm, FEFEHN350X484, BERN3 mm; (2)iMBST2WI, TRA5236 ms, TEA
80.26 ms, EPEF350X460, EEAN3.0 mm, EEIEN0.3 mm; (3)Eh&SIE iR
BT —RERETIWIFEE, BLURERFFIEGRETEFTEEFGE20 sHIB(ESIXTILL
FIGHRETH, KEMEI60 s/H#A);, HES#: TRA3.91 ms, TENL.67 ms, FOVA
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36cmX46cm, FEPFER360X460, EEHN1LS mm.

AL KM B ERRAtBTAchieval 5TH IR R4 F 50
T BETMET2WIMEMTIWIEAE, AB#HTTIWIERE
#H, PBWT: (1)TIWI, TRA456.54 ms, TEA10 ms, FOV
H34cmX44cm, FEFERN340X469; (2)HMAST2WI, TRA3572
ms, TEJ980 ms, %E[E}340%X469, BEE 3.0 mm. REEE
792.0 mm; (3)shSIERPAERIETRERTIWIERE, F1kX
1Y BMG REE TSI LFE30 sHBCESXILLFEHX
£THA, REREIT4 s/HA); HESE: TRAT.42 ms, TEN3.67
ms, FOVA34cmX44cm, FEFEA340X470, BELS5 mm,
1.3 E4EE&SE 54, HERIVEULIZHZKRALTHETA
BREERIZHNEN A FRBEGIE TIE, B3t FIE%E 2 4
(£990s)89 DCE-TIWI B SRERFINEIT2WIEI %, T ANITK-SNAP
B14(4.0.0h4ds, EMwww.itksnap.org). EJfi A 7£ DCE-T1WI
BL, $EREENES—BHE, AERLUSHTFEEN
BE, FEREMBXIH(RO), BRLOSEMTE, WERNF
M AE, BEEROILERMES, MMREUBBXAF(VOI),
WS, S8R DCE-TIWI BGHNAEIE R, LERNSXERESID
# T2wWI B EZEAEFEME, EFEFEIVOlL, TlE, BHER
BERENEIMBYY ROI #HITHEZRN, EROENEESRE,
EEENENERENAZHAE, EROIGER, FBEEUTHE

BE1 F|F ITK-snap#k {4 4 B & 4 4 X3

1.5 fBANERN RIBEREALUERINER, TTBES N
LUTFRZE(BEDRIERMNE2FR): (1)HER-2 FAlE: O%BAH
AUZ(HOKNERE TN 0; QRBARUFHRNERETR
HER-2 IHC 73 1+; Q@RZBALUFHRMNLERER HER-2 IHC A
2+, BRAIZZR(ISH)KNLERABEM, (2)HER-2 FAM: ORE
AR ZRMER TR HER-2 IHC 5 3+; @QBBARKZEWR
Z£RER HER-2 IHC 9 2+, BIRMIZAZ(ISH) ML R A RN,

B2 REE R FEYAAEHR EE: Mk, AE: A.

1.6 ZKitF A% TARRD, FENSKITDTIIEER) SPSS
22.0 BT WFIHBAK(MBEER), RB “9E + 47
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AR, SEAZRS. SEFEMEERB. HILBIUK
BEEMERESRS, MG (n)ERER, BT x RB#TREA
BRI LESh, FEXTEL ISR ER W ER AR, [
RBERA XL, YP<0.058, IAAIZEREEHITFEEN,
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® HER-2 [A1£&%& 101 65, HER-2 FEMEEZE 50 flo
REBKAZHMONERET(FRRKR]L), BlGE5KIESE
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(X 35 £ A PR FE 310 78 25 B2 BB 4B 45 ([R] B P A% ek S 38 R R B 4E R
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(4)BIENSATEERNERTHESE, WAFENEHXHE
REFIE,

1.4 AFIMERREN. MERAFRERBY =55, £ “.dem
BANEEXHS *.nii X ROl AEXHF AN pyradiomics
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NE, BRI ITHRELIR,
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ERERIIX=MER, DARERNSFLEES,

TEREMENE, SEHEFITIANZREEN(SVM)D
KEZE, NERBRIATEFIAREHER- 2P AN RIERSH
LASSO-SVMFMAERL, HSTANISLIGIEE, &7 : 3RILLEIRENK!
D REREE (1066)) SIIELR (4561). WIZETEHR, KA
IDENRAEHTRENGMRNL; FRIBAT, FFSAMTREIXE
IEA R M REHTITM, MRERNATEMSZHEETT,

zia, BEMNER(P=0.571). WIBER(P=0.539). HELHE
%155 (P=0.086). PPy H&SE(P=0.983). ALK& (P=0.605)
UKRHER-2FREER(P=0.733)FHENERHERITFENX
(P>0.05)0

1 LRSI E AR PR FEL 3

TE ZREE (n=106) HEEE (n=45) P&
FRRIELIEE, %) 49.65112.08 47.98+13.77 0.571*
AL 0.539%
=) 101 41
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platetaged 0.086"
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BERS 0.605*
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2.3 SVMERETNRA FRASMFIIHELNZGAFIHIE,

B e SYFI1IE LASSO-SVM AL, HE ISR T A i
1 log-sigma-5-mm-3D_firstorder_Kurtosis Bty ALKRBT 5 R RIERT7 %o
2 wavelet-HLH_firstorder_RootMeanSquared ERER=MERROCHLELE R, RIER=LASSO-SVM
3 wavelet-HHL _firstorder_10Percentile NSRS
4 wavelet-HHH_firstorder_Median
5 wavelet-HHH_firstorder_RootMeanSquared
6 wavelet-HHH_firstorder_Skewness
T2WI
1 original_firstorder_RobustMeanAbsoluteDeviation
2 original_gldm_DependenceVariance 3 Part | LASSO-SVMIERIEy 43 23Rk
3 original_ngtdm_Contrast PAY
4 wavelet-LLH_glcm_MaximumProbability ik AUCH ACC SEN SPE FLFS)
5 wavelet-LHL _firstorder_Kurtosis T2wWI & 0.74 0.71 0.62 0.93 0.64
Laatetd WiFE  0.71 0.65 0.59 0.88 0.62
1 log-sigma-3-mm-3D_gldm_DependenceVariance e : : : : :
2 log-sigma-5-mm-3D_glszm_SizeZoneNonUniformityNormalized DCE-TIWI & 0.83 0.81 0.68 0.98 0.74
3 wavelet-LHL_firstorder_Kurtosis s
4 wavelet-LHH_glcm_ClusterProminence Witk 0.77 0.72 0.60 0.92 0.71
5 wavelet-HHH_firstorder_Skewness ~ , BaFy I%GE 095 093 100 088 0.93
6 wavelet-HHH_glszm_SizeZoneNonUniformityNormalized
7 wavelet-LLL_glcm_ClusterTendency W&k 092 0.88  1.00 0.83 0.85
©

B3 A RIS WROCH % (A Z4: DCB-TIWIHEA . TOWIEA . Bemga) .,

3N i

KHALIR, HER-2 9 F i MiT(E—E 0 AR SRS
%o BAMES, BRBALKT(HC)IEDAET 3+, HE IHC T
SR 2+ BEMZZ(ISHRNERERT IER, HHENX
%9 HER-2 PR ; 03 IHC 395 0. 1+, 3 IHCEHH 2+ 18
ISH 1M B RERF YT BT, EXH HER-2 B, EEF
BENE, IEBRNLHS AT RIRNETE, NBERNTENT
SEIERY, AEENSFHEEIE Luminal A E. Luminal B
Bl HER-2 TFREE LR =AM (TN) B, He, {&iE HER-2 1
FRIXIRE, Luminal B X Al —F WA n AmmFHLE, ZLERER
HER-2 RAERNW G ITEEEMIIMIESEN, RIEATAHE
MR ERIEESENTOUER"", ANt -EREYA
T7 3% R X ISR

SEER, BEMENEEIHY HER2 RARB S EAS
ZEMEBBA T — RN, A, SRFMANEIRZEE
HHEE, BEBENETFEGESEISERRENTRL,

KRR EERRASHHIE T2WI 5. T L8R R iR
A& (DCE-TIW)FERBIESIFE, UR-EFAFFIEE, 7]
MELAE HER-2 RIARS HAEMNE, HARET RN LERFET
BIAFAHE, 1R LASSO-SVM 188!, REM, HF MR B4
ERMX=NFHIEE, AIATFLEREE HER2 RARSH
i, ERT2WIFES], DCE-TIWIEGI, BARFFIMAUCHE
(P<0.05)93%1490.74, 0.83, 0.95, wir&EAAUCIE(P<0.05)% 5!
$}0.71, 0.77, 0.92, HABABAGWEESS,

R EIRR & (MR RSP EBNFETZ—, sAX
b 1 R BE IR AR % (DCE-MRI) B IS R 58, © RN BENEEHI 2
IR TEF S S ERONSE, TRAE(EENR 15 TR B ILBRE Y M7
BEER, NRRIEXMERENENES, HEXEEEE

FIRBFEEEEEET Y ", BOMRNEREBRIER
EEWATEL, EFHREGFTIZMMEHE, RAEHELE
HEAIW, MEEENATERAIER, XEETAEBRARE
SEMAMMMENF £ 25, RN tHARET SIS RRERTE
Fl, ERML, HETET T2WI BHFFIMENESR, EFms
TELHEER TIWI(DCE-TIWI) IR IIAFUNER, Hihsg FEid
(AUC)EREES,

S5AMREANFIERER, DEE"LMEF DCE-MRI
XA —FHASIHE, NUBBHDFHEETIN, HE5
(% T E R (AUC)fE39/1VF0.60, Jiang" MR T LLARDCE-
MREIGSIENHTIELR] HER-2 FAMRIBARES A EHIR BN E,
SERIRETIFAEN(SVM) 9 HRIAUCERN0.865 o RN
WHAUC BEFARRNER, FaFEU T8 E—, &%
ENHARMNANT 73 HIBE, HABENR/), XAESHIE
B E MRS A NSIR; 2, FEHIERESE, ZMRN
WHENBEN—KIE BGRBTF2DKE)#ITHH, SEMRM
P IRHTREAT IDKE) WA RFE—EEE, BULE
RERFREMETISE; H=, NSTEOMNAERE, ZPEN
EFT DCE-MRI Fil@MSIRIHE, FEE LR DCE-MRI
TEBHRAND TS,

SR, AMRERKE, BRTFE—FF, BAaFEHEE
BELEMISIEFRILABOENE S, RILEENIMAMRE
HEAESHEMZES,

EAP DR R ER B B2, AMREA LASSO
ZHEFBESIMESHAETE, RRTAXERSHGAES
B, X—HRERSZE ANNRAREEENZL, —&Y
BT T2WI 1 DCE-TIWI NGBS BRI B R A A4S E
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HEHEETRAERTNKERKNEL. AT, AAREZE
BHANNHARUETER. BTFE=BENHRNRLRERD,
ZHEAWRAT BSEERITNSE. B2 T, SHRMEASE
FARE, HREFUFALRE N, XA HARGET K
A EEEE D RIGKS SABAN=MHIER, STEENTU
=AML (TNBC)RARGHMBE LB R, ZENHRLE
RRE, BAFBSERERHNYRETFR—EE, X—8it5
AR A BRI B R H SRR, EH " HNERE
ERTARRREANZHEEN(SYM)HER, SVM 2—HEHE
Bz hae M aem = ™) AR T ADC BR
DCE-MRI I E&GMER, #F7IB&7T HER-2 dFRALAMIE HER-
2 SRKAEZ BTEE XU SERENEHE, BEBEEIIGE
FIIEE et FEAR(AUC) 2310 0.79 71 0.81, ERHEBE
HIS IR — B, SUM PRI R/ MEETIR. BIEER
SINATZE, MR EINE B ¥R E A SR TII4 %
i, BHMIEATEANSSHERZMEES. b, EEEII%
SiEs, AMRERT RFRXBIEE, EEARESEER
HIBRB—EMNR D RETFE, —BOBRERIIGERTFI
HHRE, B—BOBIEBERNRIIERTF LIS ETHER,
BUTE 53 KSR MM BEtaiT. PR A4 B R R E N
RIS,

SFMBEESERRAY, F2YETEHRMERSETIN
FIY, A% EMERENAS, FOIT B8R + BE” W
REER, BARREEH—FT AT HEETE, XML HBH
REXNBARIEE T ESHENEED, G2EETHE
REBFIEELMET, 3 HER-2 IHC 2 + BOTLISE 1T 7 HET &
RESE, HEENAFIHEEEERMATHRE, RAERR
TSRS IS BT EYFER, B, BXRRE
WIREE, MRl EGATEHTFISHEHME RS AN EERS
HE R EBRE,

MBI AERE, AARASHASENN S, E—, &
NI HER-2 RIAREAE, AATFENSIE T RIS
T2WI B3 5 ahaS 3 b 1828 B SR AL % (DCE-T1WI) IR 5245
TENE, TARENE, S tnET —ENBEaFHIEE,
BB L. $EEmEIR HER-2 RIXRSHEXEEE,

HZ, BTEKRERE, AMRNIEERE2EAES
M, JEREAFRNRERK, DEEMT Achieval 5T Bitt
IR GE 3.0T BSMEIRXMMARIEE. ATFEENER,
HAMSHBRARER, X288, S5HNKIERESR,
MAMES T RRBIEN LY, GBETEREEEHEN
SHNMIBERE, GEAARNIBRIELEEFTATRENAR
FNE, e RSSIRIGRIZETIER, NEENHR
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REAHRNET—ERE, BNEERBRM, Hk, (£
—INEIFEHR, SUREIGE R AIaE BT AERRE, M
TMEMARERNEMENZ RN, Er, BARRIERET
B RR M MEEISE, AU THIENSEYE, BRSZHN0
BIRE S 1S USSR, MM RE RN 2 E A
M, AREEAREAREENSHOIBRIEHRE, LH—F
TS AR LS ERRhNIERNEN S sNTEE S, 1t
gh, BIEIHRASENER, T—ERE YIS THRSIHS
B, I aEENEEEMRNEESME,

BHTE, EFIBMRIT2WIFIDCE-MRIFFIMEZE A
BESIER, 730N HER-2 RIERB A ERRE K F2—ERNN
B, ZARAIGEEES. ERMITEHER 2RARSERMBT 25
MBEBSEE, BHTFRREMESEMEIENMEKLTHE,
STELE R R RIS T 55A T B ERIRIIESE Y,

SE W
[1]1SUNG 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.

84 -

[2] CURIGLIANO G, CRISCITIELLO C,ANDRE F,et al.Highlights from the 13th St
Gallen International Breast Cancer Conference 2013.Access to innovation
for patients with breast cancer:how to speed it up?[J].Ecancermedicalscie—
nce, 2013, 7: 299.

U3V A F, 25 2, 49 5. 2019 h A 12 5L s HER 200 11 48 7 7237 A3k (7). o Ao 32 2 4
&,2019, (3): 182-185.

[4]LAMBIN P,RIOS-VELAZQUEZ E,LEIJENAAR R,et al.Radiomics:extracting more
information from medical images using advanced feature analysis[J].
Buropean Journal of Cancer, 2012, 48 (4): 441-446.

[SIPAREKH V S, JACOBS M A.Integrated radiomic framework for breast cancer
and tumor biology using advanced machine learning and multiparametric
MRI[J].Npj Breast Cancer, 2017, 3: 43.

[6]WANG Q L,MAO N,LIU M J,et al.Radiomic analysis on magnetic resonance
diffusion weighted image in distinguishing triple-negative
breast cancer from other subtypes:a feasibility study[J].Clinical
Imaging, 2021, 72: 136-141.

[7IMAO N,DAI Y,LIN F,et al.Radiomics nomogram of DCE-MRI for the prediction
of axillary lymph node metastasis in breast cancer[J].Frontiers in
Oncology, 2020, 10: 541849.

[8] ZHUANG X S,CHEN C,LIU Z Y,et al.Multiparametric MRI-based radiomics
analysis for the prediction of breast tumor regression patterns after
neoadjuvant chemotherapy[J]. Translational Oncology, 2020,13(11):100831.

[91CABALLO M, SANDERINK W B G,HAN L Y,et al.Four—-dimensional machine
learning radiomics for the pretreatment assessment of breast
cancer pathologic complete response to neoadjuvant chemotherapy
in dynamic contrast-enhanced MRI[J].Journal of Magnetic Resonance
Imaging, 2023, 57 (1): 97-110.

(101 7D IE b, TL7F 6. 20220 P B s R BB S 2 ILIRE DT R My BT AR U], + E
BJE SN2 R, 2022, 14 (3): 212-218.

[11]ROSS J S,FLETCHER J A,LINETTE G P,et al.The HER-2/neu gene and
protein in breast cancer 2003:biomarker and target of therapyl[J].
Oncologist, 2003, 8 (4): 307-323.

[12]1CHOONG G M, CULLEN G D, 0’ SULLIVAN C C.Evolving standards of care and new
challenges in the management of HER2-positive breast cancer[J].Ca-a
Cancer Journal for Clinicians, 2020, 70(5): 355-374.

[13]SWAIN S M, BASELGA J,KIM S B,et al.Pertuzumab, trastuzumab, and docetaxel
in her2-positive metastatic breast cancer[J].New England Journal of
Medicine, 2015, 372 (8): 724-734.

[14]WOLFF A C,HAMMOND M E H, ALLISON K H,et al.Human epidermal growth factor
receptor 2 testing in breast cancer: American Society of Clinical
Oncology/College of American Pathologists Clinical Practice Guideline
Focused Update[J]. Journal of Clinical Oncology, 2018, 36 (20):2105-2122.

[15]CAMP R L,DOLLED-FILHART M,KING B L,et al.Quantitative analysis of
breast cancer tissue microarrays shows that both high and normal
levels of HER2 expression are associated with poor outcome[J].Cancer
Research, 2003, 63 (7): 1445-1448.

[16]GILCREASE M Z, WOODWARD W A,NICOLAS M M,et al.Even low-level HER2
expression may be associated with worse outcome in node—positive breast
cancer [J]. American Journal of Surgical Pathology, 2009, 33(5): 759-767.

[17]1JTIANG Y L,EDWARDS A V,NEWSTEAD G M.Artificial intelligence applied to
breast mri for improved diagnosis[J].Radiology, 2021, 298 (1): 38-46.

(18] Zge T 25T L BRDCE-MRT &9 S 4% 41 % AL BN AL Ao 2 T 2 A 89 W B 9 5 (D). o
E EH A%, 2019.

[19]JTANG Z J,SONG L R,LU H C,et al.The potential Use of DCE-MRI texture
analysis to predict HER2 2+ status[J].Frontiers in Oncology, 2019, 9: 242.

(20128, F¥F, M F %, . MRUPRL A TN IR 2T 2B AN E U], 6K
A 4R, 2021, 40(9): 1709-1714.

RUZEA, KR, 245, . A TWRIPGA ¥ = AR RILARE BB EZLX 0T
A Ay s R LR A (0], o EICTARMRI 44 35, 2023, 21 (3): 103-106.

[22) 86 97, 2 3k, FIRME, F. £ S HMRTH AR 41 F 45 4E JA 5] HER-2 3¢ 5k 5 A JL AR (7).
TR 2R, 2020, 35 (2): 186-189.

[23] ANAISST A, GOYAL M, CATCHPOOLE D R,et al.Ensemble feature learning of
genomic data using support vector machine[J].Plos One, 2016,11(6):e0157330.

[24]1GEISSER S.The predictive sample reuse method with applications[J].
Journal of the American Statistical Association, 1975, 70(350): 320-328.

[25]LT C L,SONG L R,YIN J D.Intratumoral and peritumoral radiomics based
on functional parametric maps from breast DCE-MRI for prediction
of HER-2 and Ki-67 status[J].Journal of Magnetic Resonance
Imaging, 2021, 54 (3): 703-714.

[26] BRAMAN N, PRASANNA P, WHITNEY J,et al.Association of peritumoral
radiomics with tumor biology and pathologic response to preoperative
targeted therapy for HER2 (ERBB2)-positive breast cancer[J]. Jama
Network Open, 2019, 2 (4):e192561.

Q7] B, vh 5 2, AL MR R A ¥ E T MR AR AERE RE LS DT
B (7], 5 E CTAIMRIZ &5, 2022, 20 (7): 88-91.

(eFEBER: 2024-04-10)
(RIT4REE : EHEK)



