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ABSTRACT

Objective To investigate the diagnostic efficacy of MRI technology in distinguishing between HER-2 low-
expression and HER-2 positive subtypes among breast cancer patients. Methods This retrospective
clinical study included 78 breast cancer patients enrolled between January 1, 2014, and April 12, 2022.
All enrolled patients underwent comprehensive MRI and pathological examinations at the hospital.
Statistical analysis was performed on the basic clinical characteristics and lesion-related MRI features
between the HER-2 low-expression group and the HER-2 positive breast cancer group. Results The
two groups showed statistically significant differences (P<0.05) in the maximum diameter of the mass
(P=0.02), internal enhancement features (P=0.048), ADC values (P=0.001), and histological grading
(P=0.001). The remaining clinicopathological and magnetic resonance features, such as age,mass
distribution, mass morphology, mass margin and TIC curve type, were not statistically different (P>0.05).
Logistic regression analysis indicates: maximum mass diameter, ADC value and histological grade were
independent predictors to distinguish between the two types of breast cancer, and mass diameter (<2
cm) group (OR=0.306, P=0.027), lower ADC values (OR=331.254, P=0.001), and lower histological grade
(OR=5.001, P=0.001) were more likely to be the Low-expression subtype. Based on the ADC value, the
constructed ROC prediction model demonstrated superior performance in distinguishing between
the two subtypes, with a characteristic AUC of 0.691. Condlusion Among breast cancer patients, certain
differences exist in biological characteristics between the HER-2 low-expression and HER-2 positive
subtypes. A theoretical framework combining clinical-pathological features such as histological grade,
ADC value, and maximum tumor diameter with methods like logistic regression analysis and ROC
curves demonstrates efficacy in distinguishing between the two subtypes.

Keywords: HER-2; Magnetic Resonance Imaging; Breast Cancer

USBAREARELER, 2FS LFHES, NEBIME(11.7% vs 11.3%),
EHEEER, URASEDLEEMES—", HER2EHZ—XENNZHER, 5
FENEEERBYEL, SUBRENENMEREZS —, EMAMERIK(HER-2+++3
HER-2++/FISH+)4) 5 ZLBR AR 920%~25% ", 20214, CSCOX% T BIEMRILL A
BIrigi, HPBEHTHER-UERAT RS, PerezZ  RFiHR AT SHER-2BAMEL
BERE, MEAHER-2ERERSHLEE, SEHEANMHER- AT HREUR,
XKW AL AR TR NS, BEAT S REENEAREERANER,
BRRETEAHAFFHER2BMRAL, HEDmARE A UFEHER2ERH, &
WS, UEEEED, HER2ERKSHETAY A, LRI aEE—LiE
1, MEBNRERBENEICTREFERLERMY, XAWIRKREGFIOT N FHENEDE
R—ERENER, TiR—LaEEATIEESEEWHER2MAMA)NERSF .
e, FUBBEERFEE, NAERNEIIHER 1ERIESMHM TR FIGFRE L
BETURESFRS AT ARNSITELAEE, A, ENINTSSHBEIRR
GEABEEED, PRMBBHER 2B IRBHI ST, RTIE S REHT
IBEERET, HER-2ERBAMBIRIEIES, HESESMEARET, EEAL
IEEEE, TRRHLH. LRSS IRBEINKIE,

1 BR5HZ*

1.1 IRERBE KNARHANT2014FE1818F2022F48 128 2 BB PEHAFE—
M ERrIL iR R E 1380, HARIEREHITHER2DE, NEFIRHSTH, FAMA
514,

NI ()BEEHRZITE, REMRITEXETRER, Q)FTalER
KEZ10mm. HfRE: (D)MRIBBEMIZEHOTE. QATFTHREHZZMENE
B, REAHRSSHIFRTEERNIFEEE, RATERFTATHAPHN2FIEE, FHkE
TR HN26612E,

1.2 BESZE KERWMIYRAGE 3.0T MR GNHTEE, 018 B ZIFE

(B—1FE] BIFH, &, TREM, TEHRRSMH:
GEEE] 58, 5, EREMm, TEHRAE:

FLEEMRI, E-mail: 410241052@qqg.com
FLEEMRI, E-mail: 2783234713@gg.com

*+ 95



RECTRIMRIZRE 20254128 5£23% $ 1288 S 5519448

i, HIMEBNRENALTE, BAETHREBNETESBELE
F, FHIITFRR: (1)BEEDWIR®E; (2) & EIDEAL-IQR
%; (3) WEET1-FSE; (4) VIBRANTH &, B4 5emigsRiTHE,
HITABTEIE G, (1HAFIE+68A1G8), o fTiExaiE, B
T1HEM, EEEBCTENIERT (ELWESR), SRS, K
BARAT~8s, HitL915mL, EEHTHE, AENEEES
—RRIEfREY 960 s.

1.3 ADCENEBSTICHERNER FriEEENMRIEGIIRHA
Functool - TEGBEEAE, ERMASRRYES. EEE
AWNEE, EEURERAERHITRENMEX (region of interest,
ROIAYIEEY, ROIMIEENN EZ FEBFIFE. BEREREA
AXig, TEA3~4AmMm, NEFLERAERLFBROCNE=
R, HMRERKWERT, ERINBUETIYE, HERFKEAE
ShAE R TICHZR,

1.4 BEIRBMES T BRBEEH(AEU LBXIGRAR)NE
WV EBFEENMI DT HIZRAAE E2ENMRIBGIFE, iCR4E
RNEZN, WBBEEEAREMZ+EU LHEXIGKRER)#
TH—F 0, ZAhEESEREALER,

1.5 fBANKSH RIEFAGHNDEIRKMEEZIEREILTT
$8/2021, HER 2RAIREENXIT:

FAMEFRAEN: (1)REBEHEAKERA (+++). QREBHKE
A(++)6, BMEAURZRNHITHE—FTHIN, SR (+)E,
M AHER-2PE M

BRAEN: ()RBAKERA (+). 2)RBHNKLERN
(++)8Y, EMEAURZMNHTH—THIN, ERA(-)H, N
HAHER-2{ERIX,

1.6 ZEHEDH EASPSS 25.0453 ST S TG R R IE R
RS E IR T HIR DM T EGERI KB T Pearsoni@io i
Yates HFE R A DM ITERRKXEA TR FEARIE, Wilcoxon
RFSHMRE —MAE, MABMNNZRRTNERSHTEAZ
532 logistic B39, HIEIYLIP<0.05AFABERERITE

248 R
2.1 MPEZE—BHE 1CORM RIS ERARR S
T2 B — S A, &BIEICCREM TR, BIMER
0.883(%1)s

&1 Aig—HE0E

HExXTE ICCREK
by ana ksl 0.905
S 0.926
Ul 0.901
TICRZ SR 0.946
BERXLREY 0.940
RERR LI 0.946
K& 0.972
ADC{&(X103s/mm?)  0.883

2.2 FRREBESHER EURMRYD, RIBANSHRT
#, RAHITMANTISHIRNEERNIRERE, HHHRE
ABRE, HPEREORED B NZEMIFFHIERE(T6/78,
97.4%), RIRMBIABITHRERE, —FIRENEFEEAD
WiE), —BIRIERELE(SERRE). HER-2MAMEIARETR1E
AOITFERM A RERITICHLL, AR REEIAN. ME
MARFNREBLU-K(75/82, 91.5%)RE, HHHAHII
B, HRAERMHRENARFNRHER2EREAN 1 — 11,
II—1III, HER-2FAMEAAN I —1II, 11 —III), FHATERREDES
KM gL AN, MEER ogistic EADMREF, i)
BRI PAR AN RIRABI AT REME AN DT

FHIE R&RE PR F/t P{E
i 51%10.65 50.51t11.42 0.191 0.849
PLDR 454 0.001
I 4% 7 0

4% 24 8

J11E2Y 23 20

by ana ki 1.135 0.606
Bt 41 18

%t 5 4

il 6 4

Kz 5.375 0.02
<2cm 24 5

>2cm 28 21

S 2.786 0.246
KRR 8 5

balan 32 19

AR 12 2

UL 1.118 0.644
b ) 8 5

RE 11 3

ER 33 18

BRLREK 626 0.561
NFEE 12 4

= 27 15

g 4 2

BE 9 5

AP 3.9 0.048
%45 0 0

945 36 12

T 16 14

TICHhZ 1.321 0.434
I8 1 1

Jig:d) 5 4

s 48 22

ADCfE(X103s/mm?) 0.767%0.144 0.862+0.150 2.714 0.008

2.3 IRFRRE SEILRIHEN HER-2ERIAA SHER-2FAM4A
NEJNNEST 2TERUSNERAEARRNR2, HER-2/AK
ABEAMBARFHR. ADCE. MRERRYEFRERAA
(P=0.001, P=0.008, P=0.02), HER-2PA144HNERRUAFIELIFA
SN E, SHER2ERAMELL, ZERBEHITFEX(P=0.048),
HRIGKRFIESHHEIRGE, WFER. BROSK. RIS,
TICHiZk. BEREFBUFERARLLIR, SRYERIUTFE
o ABITLERMES,

2.4 AR HKlogisticElTN LT PRREAULRFE, i)
RBARF D% ADCE. HRERRURAIBREFELNEE
ANBADIRE R, SRET(ARS), REARFN%K. ADC
B, HRERFERNEFHER-2{FREHESHER-2FAMEHALRE
IR IR R

®3I EEENAREXIGFRFER
MRIESR 4T R AU E R logisticBlVA S 47
¥WAZX ORE B SE Wald x * 95%E{5X |8l P&
ARFH% 5.001 1.610 0.491 10.754 1.911~13.090 0.001
PR AR 0.306 1.185 0.535 4.905 0.107~0.873 0.027
ADC{E 331.254 5803 1.792 10.488 9.884~11101.323 0.001

2.5 ROCHZ o BITBERIBREFERRFNE—ESYE
TEADCEMNANROCHLEHTTHM. 4R~ ADCERAUCERS
0.691, BhZ FEFIAI5%CI(0.568,0.815)(P=0.006), %iEtnE
LW E, ADCHIREEMTE0.811, BN RBENG65.4%, &
ERT3.1%, LE1,



1 ADCAEAE A BGROC 1t % K 1 4 T AR

CHINESE JOURNAL OF CT AND MRI, Dec. 2025, Vol.23, No.12 Total No.194

) Lo

B2 24~ 2B —{uT4 2 LM AMRIE (&, BAHBR-2ERAMIAMIE. 24, B MRIFHTIVIAT2WI R, BFHCRBARRATIH ARES, ET24 A MEES; 262
DVIE R, THAHNERES; D RASEBREH AR, AT BFK. AETHINESAREAR L, 28: TICH &, (TICmax) KA F & A (NA).

GO

e

PH3 3A~3E: 62% L PEHER-2FE 1 JL AR B % (MRIIEMR) . 3A~ 3B: MRIFTIVIANTVI Btk , PSR BAR RAETIH ARES, ET2FARBERES; 30 RDWIEE, £
HA/ES; D HXMBAHER, ZAFFRBUREEHNRER, LETH, Thert. B, ARYHERIOREN; 3B TICH LK, (TICmax) 2 A (A .

33 i

SFHER-2BERALBENATTS, BRSNS BARNS
NB—ERENEXER, BX—ANUBRERE, BARE
Rt EMEER ERHER- 2GS AT ARARHE", REILIEHE
LA SE NIRRT AR, R A EEY
T-DXd R SYDI85EE i HH B4 HER- 21 25 1A L B B34 77 26 SR B9 37
MZEE, Modi% AMIbERIGRIRL R ERT-DXATAFHER-2
ERRALBE L EERENYE, T-DXAWFAFX—£RHI
SEEE, AR BABNENERE ORR)AILL/3, F
EMIFENERE10MEY, FRNGE AT HRUREYER
R Bk E PR A R X — T A IS H S H I A T A
81 (K E 2 5HER-2PA M LB B9 4 1) X IH Bk R A A7 5 2=
HIESEBEEXEE,

G AgrawalZ A "R #iEFTIEH, MEBA/NI FUUHER-2FH

METHRERSMS, HAFEENE. EXRFEFERD
B4, G AgrawalFE AWM LUERFENIRE® KBTI
mECongruZ AiE2006I B E MR YR, 1%, HER-2
PRI ZL AR EMIRWE R EBEATHER-2IAMAREH, REX
CongruFAMMAAREF, AREDENESKAAREMES,
BHREHRHER- 2B REFNERAAHITRIRITIC, B
WERNHHRESE T BOBMNEL, BELHARSD, FIIXS
B ANBIBMAMNSG Agrawal&kCongruEAEBFIER, &
MNHARBEENEEE T EANANTAR, MEREELIZENK
INEFR M RAAICCE /M ELERBETNM D BitRE, LUERNIG
REFRAT TR FEAARH, FNTAM, HER-2FAMAMELLTF
HER-2ERIABAEMBER(>2cm)FHLHIES, BIREKX
RREFWMENTMNER. RERRH, AJgESHABHER-2FRIE

97



RECTRIMRIZRE 20259128 $23% F1281 BE 1944

EMERMEX, HER2FAMNALLE T ES MBE N & KR FHIH
=aY EaEsst— SRR NS ME L E, MK
BERMEKEE, GBS EEARER, (HAmrLE
TN T MRS AR

IR AR S S R 2 U B T T2 E IR T
z—, BEEMS, ABEREALANSANAENER, SAEEN
BEMRENRRENTMEHYEX, TongE AHREIM",
HER-2FAM I BB ARIA R E N RS FRIERAH, XaTsE)3R
FIBEAHER-2M AR AN ELERMENRI, 547
HAMGERE R B R ERE A B R, BEaamERE".
ERARYST, AAFHRERHDUABBEED, HER2MAKS
RFAAWTNEER, HER-2PAM ISR AR Y S RIKE
IR B9 EL B S FR RIA 4.

fEKawashimaZ A" B Y, HER-2+EILAREAEIE
TSR AE, 564.29%(9/14), Xth5LongZEA™
HAMRER— B, LonglE X HEEBB R Her- 203 EREE
SSBMESIMNEILAEAS, NALMAYSNEY, 8
B X — RNk BRI RSFEAX N L. EHUBERE
i, HER-2FBMESEE, BRTEFREDES, BESTHER2ER
KIER, Fib, HER-2EIRIKS PRI AT B SRR L ISR 2
SHRERETE, EARMARYT, BIAHER-2PAMEEES HMT
&Y, BSHERUERKAHFEES I ZEN, XAlsE5VGER
HERARSLESABNMBMEER, MHENMENES
AT D REE K RET RGNS, SHRMEERL S
e, MMEROBLEENHEE, SENRnRaERS, S
HERE O IRFE R AT 41k, MITITEREEEIR b I BB B TR S
BRILARR, 1B7E —TtlogisticElIERYSHEIRYH, HKI1LIMb
R ERBR AT H R BEB N S BIHER-2FABRYE SR ZA 4R 818
MNEE, REBERE, RIVEVTEES (1) NALERELEEX,
ARNALBEBRED, HER-2EZABMEL T LUERRIEA,
TR, FIEHER2RAMBHAES, SHER-2MAMA M
BIIRAERE/N, NTISREMFRRUOLFIREEREE
2, QERARNEROBNRL, BEZEANSHEE, HER2
WRASEERT A —H SR RMEE,

ADCEZHNTAF MR A ZIERENSHZ—, EXA
INSKDFHERESIZE S A%, HorvatE A RFiARIEE,
HER-2BIBAME R3X 51 S MIADCEZIMER, MCatalanoZ A
AREENTX— 5, RE FRARABES LIRESKRHRH
A—H, BEAMRERSEAKES, HABBREYF,
HER2MRABEES, HRMANBIEREMK, cAWRE
B£8R, HER-2PAMAFIL A IIMMIZE (ADC)EE S FRE X
48, ADCENSRIMEMNTNEE, AUCEH0.691, ADCHISHE
B BTE0.811, BRI, LEEBEMBANS L FSLER
5, MANZRILA, H5IS5, £KRE, i, MAERK
AFEARTEHERER, ENTFREANTS, ADCEKE,
TIHER-2 B9 PR R IA A6 041 BB AR A B T, (R EIg A,
WS IREHEAREKNEE, NTIBREADCE", A,
ADCIERINEIR 2 SR XI5 M7 20, MHER-2MER
AT LUE #VGEF M nsaphy i po g £ s atm®, Btk
ADCIE, SAEERE, LERAMRLERIZR, MERNILEN
M3t FADCEMERAEES, SHEA, L, SHHER2
BHMLAADCIEES FRE XA,

RIS MATE— BRI, Ek, RITERTEDR
BF/VEABMNERHNBAEERA, —ERMRSRESH—
EHRRSREREENEBATRAEN, RS, B, WX
ME A RE, MEHRELAYRE TIREDA SRR,
BIEENEE RS SR LRARBERERIMNAR, U
AR IR AR 7E 2 SR TR 2 A L B B 51 FP A9 32 B 41 8

98 -

44

BLEAE, —ElaRREREHRREFEEX DHER-2/R%F
ESMAEARE S PEFERIENNE, HEEALogistich)3
D 5ROCH LI IR RN HFFE BB —ERMEE.

EEFN T ARAER: 2FFEHEBRIH R,

RERBER. BFERE. MUERRARNAR, HiRHE
BiES; FRBEENRSHMF; BIEZRE. D HABEAH
ROHIE. 2R FEBREARRENENR, RENERRH
FRERERR, WRAHTEEBIENIRE.

SE

[1]1Sung H,Ferlay J,Siegel RL,et al.Global cancer statistics 2020: GLOBOCAN
estimates of incidence and mortality worldwide for 36 cancers in 185
countries[J].CA Cancer J Clin, 71 2021, 71(3):209-249.

[2]Bruele ABVD,Ferraro E,Sevilimedu V,et al.Does preoperative MRI
accurately stratify early-stage HER2+ breast cancer patients to
upfront surgery vs neoadjuvant chemotherapy? [J].Breast Cancer Res
Treat, 2021, 189 (2): 307-315.

[3]Perez EA,Hurvitz SA,Amler LC,et al.Relationship between HER2 expression
and efficacy with first-line trastuzumab emtansine compared with
trastuzumab plus docetaxel in TDM4450g:a randomized phase Il study of
patients with previously untreated HER2-positive metastatic breast
cancer [J]. Breast Cancer Res, 2014 ,16(3):R50.

[4]Loibl S,Gianni L.HER2-positive breast cancer[J].Lanc
et,2017,389(10087): 2415-2429.

[5]Modi S,Park H,Murthy RK ,et al.Antitumor activity and safety of
trastuzumab deruxtecan in patients with HER2-low-expressing
advanced breast cancer:results from a phase Ib study[J].J Clin
Oncol, 2020, 38 (17): 1887-1896.

[6]Agrawal G,Chen JH,Baek HM,et al.MRI features of breast
cancer:a correlation study with HER-2 receptor[J]. Ann
Oncol,2007,18(11):1903-1904.

[7]Yuan C,Jin F,Guo XL,et al.Correlation analysis of breast cancer DWI
combined with DCE-MRI imaging features with molecular subtypes and
prognostic factors [J].J Med Syst,2019,43(4): 83.

[8]Lee EYP,Yu X,Chu MMY,et al.Perfusion and diffusion characteristics of
cervical cancer based on intraxovel incoherent motion MR imaging-a
pilot study[J].Eur Radiol, 2014,24(7):1506-1513.

[9]Meng N, Wang XJ,Sun J,et al.A comparative study of the value of
amide proton transfer-weighted imaging and diffusion kurtosis
imaging in the diagnosis and evaluation of breast cancer[J].Eur
Radiol, 2021, 31 (3): 1707-1717.

[10]Tong ZI,Shi NY,Zhang ZJ,et al.Expression and prognostic value of HER-
2/neu in primary breast cancer with sentinel lymph node metastasis[J].
Biosci Rep, 2017, 37 (4): BSR20170121.

[11]Jackisch C,Lammers P,Jacobs I,et al.Evolving landscape of human
epidermal growth factor receptor 2-positive breast cancer treatment and
the future of biosimilars[J].Breast, 2017, 32: 199-216.

[12]Kawashima H, Inokuchi M,Furukawa H,et al.Magnetic resonance imaging
features of breast cancer according to intrinsic subtypes:correlations
with neoadjuvant chemotherapy effects[J].Springerplus, 2014, 3: 240.

[13]Long N,Ran C,Sun J,et al.Correlation study between the magnetic
resonance imaging features of breast cancer and expression of immune
molecular subtypes[J].Eur Rev Med Pharmacol Sci,2020,24(22):11518-
11527.

[14]Makkat S,Luypaert R,Stadnik T,et al.Deconvolution-based dynamic
contrast—enhanced MR imaging of breast tumors:correlation of
tumor blood flow with human epidermal growth factor receptor 2
status and clinicopathologic findings—-preliminary results[J].
Radiology, 2008, 249 (2): 471-482.

[15]Horvat JV,Iyer A,Morris EA,et al.Histogram analysis and visual
heterogeneity of diffusion-weighted imaging with apparent diffusion
coefficient mapping in the prediction of molecular subtypes of invasive
breast cancers[J].Contrast Media Mol Imaging, 2019,2019:2972189.

[16]Catalano OA,Horn GL,Signore A,et al.PET/MR in invasive ductal
breast cancer:correlation between imaging markers and histological
phenotype[J].Br J Cancer, 2017,116(7): 893-902.

[17]1Yuan C,Jin F,Guo X,et al.Correlation Analysis of Breast Cancer DWI
Combined with DCE-MRI Imaging Features with Molecular Subtypes and
Prognostic Factors[J].J Med Syst,2019,43(4):83.

[18]Uslu H,Onal T,Tosun M,et al.Intravoxel incoherent motion magnetic
resonance imaging for breast cancer:a comparison with molecular
subtypes and histological grades[J].Magn Reson Imaging, 2021, 78: 35-41.

(s B HA: 2024-02-23) (RS4mAE: SHED)



