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ABSTRACT

Objective To investigate and compare the predictive value of quantitative parameters deriving from
the mono-exponential, bi-exponential, and stretched-exponential for human epidermal growth
factor receptor 2 (HER2) positive status in breast cancer, based on intra-voxel incoherent motion
(IVIM). Methods The clinical and imaging data of 67 patients with invasive breast cancer were analyzed
retrospectively. On the apparent diffusion coefficient (ADC) image of the lesion, region of interest
(ROI) was delineated and subsequently adjusted reference to diffusion weighted imaging (DWI) image.
The apparent diffusion coefficient (ADC), fast diffusion coefficient (ADCrst), slow diffusion coefficient
(ADCqjow), fraction of fast diffusion coefficient (ADCtaction of fast), distributed diffusion coefficient (DDC),
and intravoxel diffusion heterogeneity index (a) were recorded. Patients were divided into two groups
based on immunohistochemistry results (HER2-positive vs.non-HER2-positive). Univariate analysis was
used to assess the differences among six quantitative parameters (ADC, ADCtast, ADCsiow, ADCraction of
fast, DDC, a) of three different exponential models between the HER2-positive and non-HER2-positive
groups. Statistically significant quantitative parameters were incorporated in binary Logistic regression,
and a combined predictive model was created. To evaluate diagnostic performance, the DeLong
test was applied to compare the area under the curve (ADC) of the receiver operating characteristic
(ROC) for all the individual quantitative parameters and combined model. Resufts The ADCeg; value in
the HER2-positive group was higher than that in the HER2-negative group (P<0.05), while the ADC,
ADCy0w and DDC values were lower than those in the HER2-positive group (all P<0.05). The AUCs of
the ADC, ADCtst, ADCyjow, DDC and the combined model (ADCsst-ADCsjow) Were 75.85%. 71.11%.
76.92%. 71.11%. 88.19%, respectively. The ADCss-ADCqow cOmbined model performed the highest
AUC, showing significantly better diagnostic performance than ADCst (P=0.009), which was similar
to ADC, ADCslow, and DDC (all P>0.05). The diagnostic performance of ADC, ADCt,st, ADCsjow, and
DDC showed no significant differences between in pairwise comparisons (all P>0.05). Conclusion
Quantitative parameters deriving from three different exponential models contribute to predicting the
HER2 positive status in breast cancer. The combined model of quantitative parameters deriving from
bi-exponential model showed the best predictive performance.

Keywords: Breast Cancer; Human Epidermal Growth Factor Receptor 2; Apparent Diffusion Coefficient;
Intravoxel Incoherent Motion; Stretched-exponential Model.
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JLER3T MRIKEMEE S B (BI-RADS 48 MU L), BIEEGEN
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MNTTHE: BWEZIVIM-DWIKE; TMRIREFIRIZESZTF

AR BUTTERTT, AEREANTE, RIEBIEXARAMILR
%8, HER2FRIXRE1ZUTERH. HfRNE: MRIFAEFEYIA2HE
BRERE;, RBALKF (immunochis to chemistry, IHC)#
MLERAHER2(++), BR#—FREAIZZ(in situ hybridization,
ISH)A; WAL 1.0cm), THEHLERLNS. &
£, 6THIBEWMNIAR,
1.2 BRFRE FFH3.0 T MRIHEN(GE Premien)iZE, 163&#E
IRERBIEEE, BEMEMI, BA#E, WMNLEBARET
TRIABRZENR, 3EFY: MATIWL EIT2WI HLIVIM-
DWI. Mg, HESHIT:

HM{ITIWI: TR=531.0ms, TE=6.9ms, BE=5.0mm, [alfE
=1.0mm, FOV=36.0cmX36.0cm, 5EfF=412X320, g
=1minl6s, NEX=1,

M{IT2WI: TR=4858.0ms, TE=88.3ms, &EE=5.0mm, g
f5=1.0mm, FOV=36.0cmX36.0cm, %E[%=352X%288, A
i8=2min26s, NEX=1,

MALIVIM-DWI: TR=4235.0ms, TE=63.5ms, BE
=5.0mm, [EE=1.0mm, FOV=36.0cmX25.2cm, %k
=130X 180, H#EEfE]I=15minl5s, b{&=1800, 1200, 800,
400, 200, 150, 100, 70, 0 s/mm?’, NEX=14, 10, 4, 2,
2,1,1,1, L,

{828 : TR=4.1ms, TE=2.1ms, BE=3.2mm, 8
=0mm, FOV=32.0cmX32.0cm, %E[%=320X320, FH#EBTE
=5min01s, NEX=1,
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HIEDWIFFIFEMSES XEERNMEBX, iER=fstigils
e (1)PIERUREY: R BAR K (apparent diffusion coefficient,
ADC); (2)WIE¥UREL: fhy BiR % (fast diffusion coefficient,
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#(fraction of fast diffusion coefficient, ADCactionofast) ; (3)RI{EFEER
RE i BAR S (distributed diffusion coefficient, DDC). 8%
FFM{E(alpha, a)(WE1).
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ZIPAMEA; IHC()Z(+) B RMBMEA; IHC(++)EH—FITR AR
ZL32 3% (fluorescence in situ hybridization, FISH), HER2TY 1%
EDNRMAE, B 1EES %A,
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B tbIR K B Pearsonk AR, EERIERHRE., BAGAHE

FNESHMAZlogisticBl)An 1T, WEKSTUNERE,; @
@ Delongi B tE B AR E 2SN SR ANZ I E TIERHE
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55.451+11.35%(35-77%); BEHRATR: 1.70cm(1.90cm); 4
ZIRE: =21 2910(59.18%). T 2045(40.82%); MEBLEERBIRK
S 2 2110(42.86%). & 28%1(57.14%); HARFNK: Kk
331%1(63.27%). =4 31811(36.73%).

AiE b H, HER2PAMASHER2[AMAEER. MER
AR, BARS. HMBLEEB. AAYHRNARLKRTLTHEE
=R (9P>0.05)(%1)s HER2FHM4LAMADChEEZESTFHER2E
MEAA (BAMEZR vs.BRIEZR: 6.50X 10 °mm?/s vs.4.52X10°mm?/
s, P=0.004); THIBIHHER2PAMAMTHER2MBMAH, BIF:
ADC(PAM 4R vs.PRIEZE: 0.83X10°mm?/s vs.0.95X 10 °mm?/
s, P=0.005). ADCsiow(PATZE vs.BRMEZE: 0.61X 107 s/mm?’
vs.0.71X10°mm?/s, P=0.003). DDC(PAM4E vs.PAM A :
0.89X10°mm?/s vs.1.04 X 10°mm?/s, P=0.022); ADCrraction of
fast(P:O.l33)\ a(PZO432)23[9_]12553?5'5553%5(%2)0 ADCrast-
ADCslovﬁEgE: Y:l6.72+l.29XADCfast 23-23XADCSIOW(§3)O

ADC\ ADCfast\ ADCSIOW\ DDC\ ADCfast'ADCslowH%é*EggE"J
AUCH8I7975.85%. 71.11%. 76.92%. 71.11%. 88.19%;
DeLOﬂg*ﬁgﬁé:ut%E/—_l_T ADCfast'ADCslowH%é*Eggi?%ﬁg&ﬁgﬂai
=, BEMTFADCns(P=0.009), 5ADC. ADCsion. DDCHEIA(1Y
P>0.05); BAIEENIZRTRBEA B LLIRTR MRS (39P>0.05), WE2,

#®2 HER2FAM A S A S bEMUSE-DWIBS T L

HER2BA144A (18/1) HER2FR14 A (49451) P&
FR(%) 58.56+10.00 55.45+11.35 0.173
FE&E AR (cm) 2.10(1.50) 1.70(1.90) 0.566
HEIRE (/%) 0.276
2 13(72.22%) 29(59.18%)
S 5(27.78%) 20(40.82%)
BT (n/%) 0.176
2 12(66.67%) 21(42.86%)
S 6(33.33%) 28(57.14%)
HRF 3R (n/%) 0.585
RG]l 10(55.56%) 31(63.27%)
P 8(44.44%) 18(36.73%)

3 n=number=fl,
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HER2PA4ZE(18%1) HER2[BI44H(49%1) PE
ADC(X10°3mm?/s) 0.83(0.10) 0.95(0.29) 0.005%
ADCrast( X 10°mm?/s) 6.50£3.08 452+1.72 0.004*
ADCqiow( X 10*mm?/s) 0.61(0.14) 0.71(0.17) 0.003*
AD Crraction of fast(%) 30.00(11.20) 32.70(12.30) 0.133
DDC(X103mm?/s) 0.89(0.20) 1.04(0.43) 0.022*
a 0.79£0.07 0.81%0.09 0.432
% ANOVARREE; *: Kruskal-Wallis HI€L8,
&3 ERSH _wLogistic@FLR
El3R#bE WaldRcAE P& ORfA 95%Cl

ADCrst  1.29 6.66 0.01 3.64 1.365~9.707
ADCyow  -23.23 4.22 0.04 <0.001  0.001~0.347
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B2 = AMEAF B S HER2[H M4 & & FMROCH 4&; ROCHI %4 B 7: ADC.
ADCrrein ADC,ie DDC. ADCp,, —ADC,,, B &4 A B AUCH 2 475, 85%. 71. 11%.
76.92%. 71.11%. 88.19%; Delongt b % K 8 7R: ADCru—ADC10 Bk A AL 5 T
A E, BFEHRFADCh, (P=0.009), 5ADC. ADC,... DDCAH{HF (34P>0.05);
ADC. ADCroiiv ADC.ion DDCHy BT 3% i 41 6] th B0 BUAE 177 (4P > 0. 05) ,
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AFFRIRITH LR T = Fis S8 2 8 S 8T HER2PAM =
KM E, LEEERHER2PAMAMAD Crsfis FHER2PEMA,
ADC. ADCsiows DDCEMEFPAMA, ADCraste ADCoiow 2 FHIZLER
EEHER2PAM FIAHIRIFUNEE, ADCrs-ADCoonBE BB R
MBI FE—E BB,

BIEHERFESHADCRM T ARMIKERES, ®zH
FI RS, AMZP, HER2PAMAADCHEETFHER2MEM
4, 58UFE"HR—HK, B5Horvat. Park™ HREEES
2, ERERFRNEETEEMEAREERRENEMm",
HER2 VB 9L RSB 40 A 4 € Ko bR I &5 4 B, HER2PAM4 B4R

(0. 350) . DDC (0. 902 x 10107 mm*/s) . o (0. 786) 4%
x100), #2HER2FH M (BhJE 40

AMBICE IS INAGADCE EF, MIRENE MM AR
ADCfE, X—FENXSHADCEAEERAMRRIEERERE
HILE3E,

WIEHEHBAFXYARNEBARSHERELS, HEE=
PEBBH: ADCrsaRMUEFEE. ADCoonRIME T 815
B ADCfraction of fast i BT 388, AR, LBEHER2PAM
BADCrsBE FHER2PEMA, SXEH HRER—K, KE
HEAHER2BAM RAEHMBENERATEKY, ARRFEND
Bi%, MEFETEM, LABHER2MAMEAAD ConnEETF
HER2FAMAE, S2ERHRER—, HIELRM AHER2BAMY
FORMPEARETIER, KD FI 8ZRIRHER2F AR
By HOBR R, ANAFZE, ADCraction of fast?E HER2PRIE A FIHER2
PRARAREEER, BE, Hande” F5&E, HER2FAMA
AD Crraction o ast /i FHER2PBAELE , BB FFREbERE, 2<H
RAEARADE=1800s/mm’, BbE<200 s/mm’£H54,
fiHandeFf R A EA R AbE=1000s/mm’, BbE<200 s/mm’
#B13INMY, BbEIBENTE, RMALSANBINETIEE
E

RIS SE R HBennett 2 H, RIGHRERT HAKRE
S9%, BERNEESH: a. DDC, a(BEH0-1)RMIAER
KOF#MERYE, aBf0RTHRET HEREMS; DDC
REMEER T 8E, BHRKEDDCASADCEBRSHEX
P, RRIE SR I B EHER2 PR R AR B a1
AFFZRF, HER2FAMELEDDCEEFHER2BEMELA, AIAEE At (H
IEHIER E BT R BAA R RS FH 8B R, HER2BAMRIA
FEABATIRE, KDFYHSR, RIAEEMNDDCE, 74
A, affEHER2FAMASHERAMARREHEESR, ThE
REAHERFAM BB EMEBAUTEMKEER, HH,
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HER2BAM LA B IRIB I SR S AR AR S 9 I HER2BA M (R
ZRBE M) FIHER2FAM (R =AM LR, MM EZ A
MRASMSIFEMSE, BNARZE"", FARIES
RRIBRS HHER2PAM LA BB AR AA D FI BB RMER
B. FE, MBHIRERKHEZENREBRSBKD T 8E
B,

AEFHEANLEERTHERNHER, AHRERAL
T RIS E . WIEHER, HMIEREENRREES K
STHER2FAME R A TN {E. ADC. ADCraste ADCsiows DDCRZ
ADCrast-ADCsion Bt A TE BV B F FUNHER2PA M RIA RS,
IR A R RN B E TS IR,

ARAREE—ERMRM. &k, #E2R), HUNFEL
Rkl AR A8 ; HR, Hki#—$ROHER2MIEAS
TRAS5EKREA, BEEEHRTHE—FADHERZRERS H
4 B=, FRITCUBBEMS FTE, BEBLEARTMA
118,

44
SGLEFR, BI=ZMEHREGINEESHADC,
ADCrasts ADCsmw\ DDCXFUMHER2FAME RAB ZURMNE; WiE
HIRAEESHADCos-ADCaan R AR B NN N ER FE—F
o WTHER2MAMERE, JURERZGFRERFER AT
HEBENE.
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