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(=] B8 %3 0% w4 3L 38 1% (magnetic resonance imaging, MRD) # £ § 85 0 AL 5 4% (diffusion-
weighted imaging, DWD) | 8l 2538 55 % 3L i (dynamic contrast enhanced magnetic resonance imaging, DCE-MRD) &
S E5 2R T W8 K M 2 52 1K (estrogen receptor, ER) . Z2 i % 5% {& (progesterone receptor, PR) , A &3
J2 4 K A F (human epidermal-growth-factor receptor 2, HER-2) \Ki-67 iAW KL R, Hix EBA IR E 116
. B A 3% 4 7 DWI.DCE-MRI & 28 , 0 #7 A R ZLIRE 20+ 8L LK ER\PRVHER-2,Ki-67 R E AR MY 1
Z % (apparent diffusion coefficient, ADC) {8 . %5 R % # # #{ (volumetric transfer constants, K"™) | J2 [i] 38 3 % 44
(reverse rate constants, Kep) 225, &8 IKKSW T ~VEIHEEH ADC H 7 (0.9240.23) X 10 ° mm? /s, I @K
F 1~ M (P<<0. 05, K™ K (1.47£0.22)min ', IR & T [ ~ [ W H# (P<<0.05, =FIARLEH ADC
B4 (0.8740.19) X 10* mm*/s, ] &It T Luminal A %, Luminal B %! Al Her-2 %! (P<C0.05); = FI &I K™
(1.9440.28) min ', B & & T Luminal A % Luminal B I Fl Her-2 % (P<C0. 05); =A% Kep H(1.76£0.21) min "',
P& T Luminal A £l Luminal B % (P<0. 05); ER B]#:R 5040 ADC {55 (0.96£0.21) X10™° mm® /s, B i
I8 F ER Bk R R HL1(P<<0. 05):Ki-67 @& AHL ADC {54 (0.9940.19) X 10° mm?* /s, W KT Ki-67 K%
TR L (P<0. 05) ; ER BT F A4 21 K Fl Kep 43 %] 4 (1.41+0.26) min ' f1(1.63+0.26) min ', B B & T ER
FHE R K21 2L (P<C0. 05) s PR B #ERIBLH 2L K™ F1 Kep 4354 (1.53£0.27) min™" A1 (1.684-0.25) min™" , ] 12 i
F PR AR BALL(P<C0. 05) ;Ki-67 B £ K414 K™ 5 (1.30£0.22) min ', 1 8 5 F Ki-67 £ x 4148 (P<
0.05) s A [A HER-2 RIEH 21 ADC {5 J DEC-MRI & & 28 W 2 5 g it % 8 L (P>0.05)., &t DWI K
DCE-MRI & & 240 5 3L M /> T WA ER PR K Ki-67 FRIL A AEAH G, 1 5 Her-2 235 J0 W1 I AH 4k , (B 15 3
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Relationship between DWI, DCE-MRI quantitative parameters of breast MRI
and molecular subtypes and Ki-67 expression in breast cancer
LIU Lei, XU Hui-hui, WANG Jia, LI Xiu-ping, HAO Yong-xin
(Department of Imaging » Hebei Petro China Central Hospital s Langfang 065000, China)

[ Abstract] Objective To explore the relationship of diffusion weighted imaging (DWI) and
dynamic contrast enhanced magnetic resonance imaging (DCE-MRI) quantitative parameters with
molecular subtypes of breast cancer, estrogen receptor (ER), progesterone receptor (PR),
human epidermal growth factor receptor 2 (HER-2), and Ki-67 expression. Methods In total,
116 patients with breast cancer were selected, and all patients received DWI DCE-MRI
examination. Different molecular subtypes of breast cancer were analyzed, and differences in ER,

PR, HER-2, Ki-67 expression tissue apparent diffusion coefficient (ADC) values, volumetric

DR H 45172023 —06—09

[ 4700 E 8 57 T B¢ B AR B 98 5 % SR TR 300 H (2022013124)

D2 A I3 (1988 —) . o i dL B H A L 7 b v £ dth oo B2
Bt 34 B L B 2 A0 L M F AR S 2 S R 2 B A 5T



« 780 -

Wb R R R Has . BT

The ADC
value of patients with clinical stage Il — IV was (0.92+0.23) X 107° mm®/s, which was

transfer constants (K" ), and reverse rate constants (Kep) were analyzed. Results
significantly lower than that of patients with stage [ — [l breast cancer (P<C0.05), while K™
was (1.472£0.22) min ', which was significantly higher than that of patients with stage | — Il
breast cancer ( P<C0.05). The ADC value of patients with triple negative type was (0.87 &=
0.19) X107* mm?*/s, which was significantly lower than that of Luminal A type, Luminal B type
and Her-2 type (P<C0. 05). The K™ of the triple negative type was (1.94740.28) min ', which
was significantly higher than that of the Luminal A type, Luminal B type and Her-2 type (P <<
0.05). The Kep of triple negative type was (1.764+0.21) min ', which was significantly higher
than Luminal A type and Luminal B type (P<C0.05). The ADC value of ER negative expression
tissue was (0.96+0.21) X 10 * mm®/s, which was significantly lower than that of ER positive
expression tissue (P<C0.05). The ADC value of Ki-67 high expression tissue was (0.99
0.19) X 107* mm?®/s, which was significantly lower than that of Ki-67 low expression tissue
(P <C0.05). The K™ and Kep values of ER negative expression tissues were (1.4140.26) min™'
and (1.6340.26) min ', respectively, which were significantly higher than those of ER positive
expression tissues (P<C0. 05). The K™ and Kep values of PR negative expression tissues were

(1.53+0.27) min ' and (1.68+0.25) min '

those of PR positive expression tissues (P<C0. 05). The K™ of Ki-67 high expression tissue was

, respectively, which were significantly higher than

(1.304+0.22) min ', which was significantly higher than that of Ki-67 low expression tissue
(P<C0.05). There was no significant difference in ADC values and DEC-MRI quantitative
parameters among different HER-2 expression tissues (P>>0.05). Conclusion DWI and DCE-
MRI quantitative parameters are correlated with molecular subtypes, ER, PR and Ki-67
expression of breast cancer, but are not significantly correlated with Her-2 expression, which is

worthy of further study.
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factor receptor 2, HER-2) 32 ik 1 Ki-67 3 ik & 1%
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1.DWI.DCE-MRI Ji§{% . DWI R S0 & A i
7] % S 1 A 1% 7 %1, B & B[] (time of repeatation,
TR) 7 000 ms, [\ A} [E] (time of echo, TE) 70 ms,
JAJE 4.0 mm, [8] B 1.0 mm., #%F 34, #h K £ 6
Y,b HAHIEL 0.1 000 s/mm*, 58 H 2 W ¥k 5
Z ¥ (apparent diffusion coefficient, ADC) ,
DCE-MRI 3% H| Dixon-Vibe J¥ 31, 1 1  $i.
TR 5 ms,TE 2 ms,)2)8 1.2 mm, GIE FE3 3, 5 4
320X 320, M ffi (field of view,FOV) 340 mm X
340 mm, ¥ Jih K X (number of excitation, NEX)
0.7, S HS ESE AT 8 1, Bl A5 1y 5 S [A]
5 min 12 "o RESFIRAE DX 48R 34 1 g 22 45 ) 1 A2 4K
Z TAEFFE i Z8 (receiver operating characteristic,
ROC) . # A 53 AL Be 9 2 DX AR 2 ROT, X ff izt
ROI ) DCE-MRI & # S8 17315 O A =555
B (volumetric transfer constants, K™) ; X} 7
MALAE PR 4™ B3 I 4 Ah B B RE R © 3R R R
(reverse rate constants, Kep) : %F [t 51 M 40 21 [a] [
PR S BT (o] 38 0 PN ) R R O i A A )

B A FH L Cextracellular gap volume ratio, Ve) : IfilL &

S0 LA BB R AR R AR .

1.3 AL g6 REBFINIEAL R A,
AT R Bk A iE A DR AR R BN,
Ki-67 .ER.PR ¥J LA =10% K B, <<10% R B HE.
HER-2 DL+ — MM, + -+ + B F &
Z ] /) i — 2 Fish £ 5. DLW B HER-2 )
e

1.4 St dvk il SPSS 22.0 i3t #4440 #r
s . THRGOR HRCR F WA ST AR AR ¢ S G A
EHZEHM A SNK-q K560, P<<0.05 HERH L
ES-9'8

2 & S

2.1 IR PR 6 B4R F 5 3% ADC i J2 DEC-MRI
ERSHILE AR R ek R R E
ADC {8 }¢ DEC-MRI & & Z${ lL K 22 5 L4 i+
B (P=>0.05) ;i R4 B~ IV #1 f&% ADC {5 B
BT I ~THEHF. KHE&ET 1~ 148
FLERAGITHE X (P<<0.05), WE1,

F1 FEAIKKFEKFIELRE ADC 5K DEC-MRI EESH L&
Table 1 Comparison of ADC values and DEC-MRI quantitative parameters in patients with

different clinical and pathological characteristics

(x=£s)
I A S5 B A T Bi%  ADCAE(X107% mm?/s) Ktrans (min 1) Kep(min~—1) Ve
AE 1
<45 % 54 1.0540.23 1.1740.22 1.3640.29 0.840.19
=45 % 62 1.0740.20 1.2340.20 1.4340.26 0.824£0.17
(1 0.501 1.538 1.371 0.598
P 0.617 0.127 0.173 0.551
Ji S AR
= S 72 1.0440.25 1.22+0.21 1.38+£0.27 0.85+0.20
A /N S 44 1.094+0.22 1.1740.19 1.43+0.22 0.80+0.19
t 8 1.093 1.289 1.036 1.331
P {H 0.277 0.200 0.303 0.186
5k A%
<2 cm 63 1.0440.23 1.2140.20 1.4140.27 0.82+0.18
=2 cm 53 1.0840.24 1.1940.22 1.3940.25 0.840.17
¢ i 0.915 0.513 0.411 0.611
P4 0.362 0.609 0.682 0.542
I IR 43 19
I~1 82 1.1240.22 1.0940.19 1.3840.25 0.820.19
I~ 34 0.9240.23 1.47£0.22 1.4540.27 0.85+0.22
(Al 4.398 9.355 1.341 0.739
P <0.001 <20.001 0.183 0.462

22 AFESFIAEE ADC M DEC-MRI & &#
SR =R B E ADC E 8 25T Luminal

K™ 1 Kep B & & F Luminal A %!, Luminal B
1, Luminal B A K" B i = F Luminal A A, 2%

A A1 Luminal B B Fl Her-2 A1, K™ B & & T
Luminal A & . Luminal B &Y 1 Her-2 #,Kep B &
& T Luminal A #IF1 Luminal B %, Her-2 %I & &

SAESIFE N (P<0.05), WLE 2, 48R HEE
BIWE 1.2,
2.3 A ER.PR,.HER-2.Ki-67 ik 4 ADC H
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& DEC-MRI & # Z 8 th 3  ER Bl FRiEH A T K67 IMERAL, ZERAGIT%E L (P<
ADC fH# AL T ER B AL 4L, K™l Kep # 0. o5)-$ﬁ] HER-2 #3541 41 ADC {fi . DEC-MRI
Wi T ER FHPERIAA S PR IR A H 4 K ZHRIBER LRI E L (P>0.05, I
Ml Kep B8 & T PR FHE R IEL121; Ki-67 & K ik %%30
A4 ADC {H W] BAK T Ki-67 R A H 41, K 1] i

K2 ARAHFLEHEE ADC EF DEC-MRI EESH L&

Table 2 Comparison of ADC values and DEC-MRI quantitative parameters among patients with different molecular subtypes

(x=£s)
4151 BIEC ADCAECX10— % mm?/s) KUs (min 1) Kep(min~1) Ve
Luminal A % 35 1.1340.22 0.76+0.14 1.1240.16 0.8240.14
Luminal B % 31 1.1140.20 0.9140.2" 1.2040.14 0.840.15
Her-2 #1 28 1.07+0.21 1.4940.33* # 1.6940.22" # 0.85+0.16
= 22 0.87+0.19* =4 1.9440.28*#4 1.764+0.21" # 0.81+0.15
F1i 8.144 135.031 92.946 0.396
P {H 0.001 <<0.001 <0.001 0.756

* P {<C0.05 55 Luminal A #I1t#%  # P {§<C0.05 55 Luminal BB I# AP {6<C0.05 5 Her-2 % L4 (SNK-¢ K56

1 Her-2 B ZLBR%E MRI B & 2 ZHABZBREEREE MRIE®

A. DWI E7R 9k 5 5 15 5 R 3 B. ADC EURW AL 2R A.DWI Bl 7Rkt 52 & 5 5 R B B.ADC B 7R 9 A R AR E Y

Bz BB ; C.TIWI BU7R 5 A 2 AN B (S 5 2 B D.FS- AUZ IR R B C.TIWI 7R i Ak 2 AR S 5 R B D.FS

T2WT E 7R kE 2R FUUR 24 = 15 5 £ T2WTI & 7 95 kb 22 R B0 00 45 3 1% 5 R R

Figure 1 MRI image of Her-2 breast cancer Figure 2 MRI image of a patient with triple negative breast
cancer

%3 A HE ER,PR,HER-2,Ki-67 RiLAL ADC {ELL %
Table 3 Comparison of ADC values in tissues of patients with different ER,PR,HER-2,Ki-67 expressions

(x=£s)
HF 3Rk 151 %% ADC fH (X103 mm?/s) Kuens (min 1) Kep(min~ 1) Ve
ER #ik
[Yikis 56 0.96+0.21 1.41+0.26 1.63+0.26 0.82+0.18
FH P 60 1.1540.22 1.0040.24 1.1940.29 0.840.19
¢ i 4.751 8.832 8.582 0.581

P 1A <£0.001 <£0.001 <£0.001 0.562
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3 (&)

PR #ik
[P 51 1.03+0.22 1.53+0.27 1.68+0.25 0.85+0.16
FH 65 1.084+0.24 0.9440.21 1.1440.23 0.81£0.18
(14 1.155 13.242 12.079 1.247
P 0.251 <<0.001 <0.001 0.215

Her-2 ik
ks 78 1.0740.25 1.194+0.25 1.4240.24 0.84+0.15
FH P 38 1.0440.23 1.2240.26 1.3640.23 0.81+0.19
t i 0.622 0.599 1.281 0.924
P i 0.535 0.551 0.203 0.357

Ki-67 ik
k&b 31 1.2440.21 0.92+0.23 1.3840.27 0.84+0.17
Ik 85 0.99+0.19 1.3040.22 1.4140.28 0.83+0.16
I 6.096 8.133 0.515 0.293
P4 <<0.001 <0.001 0.607 0.770

s it @ 0.05), Ki-67 & [ 5 4 g 3% 58 % U)AH 5C , 3 5 1% i

LR IR I 20 U 18 L A 0 TR L e A
FiL, Bl BEE IR B B A, 8 W A R Dy i i 1 T
JEC TR L g X o A R O T R AR
R LA K s B 8 T M T Y B A A
PRI 7L s 2 R0 I PN B 00 i PR o B9 BR 3
WJe DWI #1 DCE-MRI AT LIS ) 7L g J 1) g B~
BRI AR A A Ty AT RxE g
MRS AT . FURI AR F A KRB AR
MEY L ER 2 MEM R Z 1K PR WA MR Z K. KA
A MR I E LR S R AR,
I HK P R 68 48 5 2L BRI R T

WSS B, A 6] A 18 kAR i BE2E
B 8% 2 1), ADC i 2 DEC-MRI & & 40 2% 5
TG it g SO, B 2 i R 3 18 19 J8 % ADC {5
AR K my L 22 A GE it 22 8 L, DWIJ& — i
i PR 23 A B A6 A g AR AT DA% Ml s W33 7 i e
FLR 96 20 i S RE Y 2 Ak 6 B S BOIEAT PRAY
U T AT R 4 03] R S e K I R e A% o]
DA B it 0 4 L M 8 A 1L A8 1 A2 Ak s ADC SRR R WL
PR B R I B U R Sk LI 7K 43 1 A B
iz 3y, FOR/INS 40 5% B8 52 TR AR G, T 00 B S ek o
AL 2 . ADC $8 B80S . 7E 7L IR I oy, AR )
SO T SR R AR M A R H )
IR 445 ey 149 FIR ) R0 K 531 0 S5 A . 1 %k K 23 8 i
R s ADC BB ST B/ o i O AT UL, K 375 57 e 7%
R, X K Ay R W B R, ADC L 23
N D I S TN N 5 [ N o
ADC f5 bW AR . =8 #H ADC EHU] R AL T
Luminal A # .Luminal B 1 Her-2 %I, K B &}
BT Luminal A & Luminal B B il Her-2 B (P <<

T LR A P 98 £H 2 R 40 i 4 R R v . ADC {E BRI
AW HE H Ki-67 193 3K 78 DU Fh 24 70 1) 2L 1 g X 53
HOEA B LW, R RE 2 — 2. Ki-67
IR 41 ADC {H W] WA T Ki-67 R4 4L,
[ s = B LA 43 i oA 3, oAt = 288 250 fob Bl = B2 2
AFLIUTE R . P gga s 2 54 S R 0] 2 A 9 40 A
W4 22 B A I TG R L 5 1R TR A0 i R AR K
W% = A4 48k, Luminal A &, Luminal B & Hi
Her-2 % 41 i A £ 55 R 36 BR, B ADC (B B &2
T =B,

AW 5T 45 B o, ER B M 2 35 41 81 K il
Kep Bl & F ER FHHEFR B4 21(P<<0.05) ;PR H
PEFRIKH L K™ Hl Kep W] 5 T PR fPER B H
ZL(P<C0.05); Ki-67 fm Kk L K W] B & T
Ki-67fik 354141 (P<C0. 05), #&/~ PR #l ER ik
FF 4 20 20 1% 0l 45 4 0 e ) B A 8 22 3R 0 L B A I A
BN RK . AP R ER A DLV A L
PR 1 2 490 L 1 e 22 2, AT 3 380 400 7] i
B H B, Ik, ERVPR B M B3 9 1037 3
728 B B PR T L K R A £ R R, X R
W 1L 3 3h 71 2 BB R T ER VPR BA P (1 i 983 40
IfL B I L 2 9% T AR WIS A R R L Ki-67
FOREE R K Kep (H W EH 5. 0T
Ki-67 5 ADC HI KR K I . —H A — & 1 Pk
IR, Ki-67 L5 20 i 348 5 2% Y1 AH 56, g o
FLAR A, fa B MR R, K Fl Kep fH 8K,
LA 30 375 1 v s P B 0 A PR R R 2 O R AR R
s FLIR R Ki-67 FRIKTKF B o b PR B
AR TR % N

2 b TR, 3L % DWI, DCE-MRI & H# 2
(K™= Kep) 54 ¥ 2% Wi )5 N F (ER.PR,HER-2,
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