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[ Abstract] Objective To explore the value of intravoxel incoherent motion diffusion-weighted imaging (IVIM-DWI) quantitative
parameters in the clinical diagnosis of elderly breast cancer and their relationship with tumor malignancy. Methods A total of 102
elderly patients with breast cancer admitted to four hospitals of Hebei Province from April 2015 to February 2020 were recruited and
assigned into the breast cancer group, and another 95 patients with benign breast lesions during the same period served as the control
group. The diagnostic efficiency of IVIM-DWI quantitative parameters and their correlation with tumor malignancy were analyzed. SPSS
statistics 21. 0 was used for data analysis. Measurement data was tested by student’s ¢ test. Pearson correlation analysis was adopted to
analyze the correlation of IVIM-DWI quantitative parameters with the expression of proliferation genes ( Noitchl, CXCL1), invasion
genes (FOXF1, NUAK1) and autophagy genes (ATGAD, ATG2B) in the breast cancer tissues. Results The apparent diffusion
coefficient (ADC) value, diffusion coefficient (D) value, perfusion related diffusion coefficient (D™ ) value and expression levels of
ATGAD and ATG2B were significantly lower, while perfusion fraction (f) value and expression levels of Notchl, CXCL1, FOXF1 and
NUAK1 were obviously higher in the breast cancer group than the control group ( P<0.05). Pearson correlation analysis showed that
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ADC value, D value, D value, f value were positively correlated with the expression levels of Notchl, CXCL1, FOXF1 and NUAK1
and negatively with those of ATG4D and ATG2B in the tissue specimens of the elderly breast cancer patients (P<0.05). The D value

under the receiver operating characteristic (ROC) curve had the largest AUC of 0. 952, a sensitivity of 96. 05% , and a specificity of

85.38%. The D value was significantly lower in the breast cancer patients with invasive ductal carcinoma, histological grade G,, clinical

stage -1V, and lymph node metastasis than those with other types of pathology, histological grade G,,,, clinical stage I-II, and no

lymph node metastasis (P<0.05 ). Conclusion The IVIM-DWI quantitative parameters in the elderly patients with breast cancer differ

from those with benign breast lesions, and their changes are directly associated with tumor malignancy. So, these parameters can be

used for early clinical screening and evaluation of malignancy.

[ Key words)

aged; breast cancer; benign breast lesions; IVIM-DWI quantitative parameters; proliferation genes; invasion genes

This work was supported by the Medical Science Research Project of Hebei Province (20191301).

Corresponding author. ZHAO Jing, E-mail. 1460389653@ ¢q. com

Bl ARG | 2 A o PERLAAR B 5 45 4% 10T A B
Uiaezr iR, FLARJE (breast cancer, BC) 1Y & i
HERTHRRFETEEE S B HER (magnetic
resonance imaging, MRI) 7E & 5112 W i A A =X
WICR 279 J 228085 SRS P e 55
DRI Z 0 T e B I ST RO . 3
PRI AL 1A% ( diffusion-weighted imaging, DWI)
FH TR ZEPE NI 85 i) 52 I Eea s i s ) | &
FERIY R %L (apparent diffusion coefficient, ADC)
IEARBEAR ff b 2 K 4 FaB s il 1 5 T i
Z W AH T2 5l (intravoxel incoherent motion , IVIM )
TR 3 5O AL B 1% (intravoxel incoherent motion
diffusion-weighted imaging, IVIM-DWI) 7] 4 X} ADC
T IS M T A8 5 R B, [X 53 T, ELRE A% %t
Jifr9ed 20 21 A SR P 1 5 L LN K o -8 IS Bl
DUHEATHERRPEAL ) . EAT IVIM-DWI 5 it S 87E 3L
Ji g R T AT S 22 AR B A R R e 1 4 51 I
ARG IS LN e W P AR B ) I . T
I, AHFGEFE 53 BT IVIM-DWI 52 1 2 506 2 47 FL I
B Im K2 W o (8 i il b i — 2B R H 5 3
g e SR PR AR S AR OGP BRARIE AT

1 X&5FHE

1.1 MR

PRI LU rh s = g R L rn BROE B R 24 B R
I AR ERBE AALET 0B BE 2015 4F 4 F % 2020
42 HUiARY 102 Bl FLIRE B R4, [R)
1195 BIFLAR RAMRAS XTI, IARRIE. (D) 55
FUIREY FUR R A2 WA (2) 17 F AR
VIBR B2 Wi 12, B R kL (3) 4Rl = 65 %/
(4) iR fE R, i 52 SRR ; (5) BB & 5
BCFLAR MRI K AT 5 (6) i /B 4T MRI K A ) 8] 1
ST HABAL TG YT 5 (7) Mg Sk g e /D AR >
5mm; (8) BH LK BRI N B A | 25 F
W, HEBRBRE . (1) X1 52 0] o A8l P 1% ok 1
AE; (2) B LI RERE RS (3) A W IUE L

(4) B MIEINBREAR L 5 (5) gk A FLIR R . FLIRER A
A1 66 ~ 76 (70.49+3.16) 4 ; Xt FRALAE I 65 ~ 77
(70.33+3.05) %, 2 4L BEAFRY KPR 550 —
TR AL, 25 7 TR Ge 2 3 L (P>0.05) , B AW
et .

1.2 A&

1.2.1 IVIM-DWI ¥ #& K H Siemens Magnetom
Skyra 3. OT fifi MR 4714 A 55 L XU L 57 /\ 36 3
IR, B E AR RN T XL AR T 3
TL BN, St A7 AL IR G S R A B
7 T,WI F 4, = 5. & & i} [A] (revetition time,
TR) 4 060 ms, [7] J B} [4] ( echo time, TE) 70 ms,
JZIE 3.0 mm, [ B& 1.5 mm, 5 FF 358 x 448, 1L Bf
(field view ,FOV) 34 cmx34 em, I KECH 3, JZ5L
24, FHRAT IVIM #3948 . b {H2E+F 0.50,100,150
200,400,800 1000 s/mm*, TR 5700 ms, TE 66 ms,
JZJE 3.0 mm, B B 1.5 mm, 4 196 x 320, FOV
34 emx34 em, BRI 3 W JZECK 24, BJEAT
SRR e AT U, Y S 4R S AU S
(liver acceleration with volume acquisition, LAVA) ji,
%396 205 o FHAE [ Medtron 5 JE 73 5 4% 18 B 2L Wi R
1 i ( gadolinium-diethylenetriamine pentaacetic acid,
Gd-DTPA) XF LG, 424 15 ml, JiHRH 2.5 ml/s,
SEHE I IE N 15 ml AR BEER K DL R] 588 G i A
[ AT TG 8] 8 2l 25 14 5 49 4, B il 2 40 TR
5.64ms,TE 2. 46 ms, JZ)% 3.0 mm, [0 & O mm, 4 (4
320%320,FOV 34 cmx34 cm, BN ECH 1, 250N
150, FELEFIH 5 W i E) 294 3 min,

1.2.2 EUgSr T SRATH HLERSE 4 DWI BIAYN &
ADC i, RS IVIM BRI 24> b (H 4 T AR
Functiontool A {3 % 3% J7E 5 ) 48 1 ( microsoft data
access components, MADC) S {41547 5 I A0 38 | 1 22
ST B T80 /2) B4R X (region of interest, ROI) ,
k4 A EH IVIM &S 5UH [ oy B R 5
(D) P BERE(D ™) JEEEL() ], IF A AR AL
ALK ke D D” f D, 2 78 BB I
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( EIREEIT, TAERHA] =5 45 ) XHEUGEA TSl
1.2.3  JraEdl  FLER 4. 78 IVIM-DWI(b =
1000 s/mm?) FEME IR U kb S2 Ve 4y, 15 5 4
A $415) kb F-3) ) 1 ROI( ROI=20 mm?) , 3 FF 31 FE
X BEAF X kb JE PR IE B 4140, XF AR 4 . 7E LR
Joa kb i K2 A i ROT, 2 418835 ROT #4752
R 3 BULSEEME
1.3 EREFRERN

AR B U kL SR A 2% AR B A S Rk T
FEAIN , B 2 B - 70°C VKA BRAEREI s BOARAE AR A 2
212 INA 5 B E & M IR, 5E 28,
HRFE SR, 4°C A FRE 1 h IRIR (4C) B0
30min( 12000 r/min) , R4 LR A BEH, 4H
VK FEED IR WA BT, BARFEH T 4C IR
W, EIRIFE 0 2 h, 2 A B H KSR AR S B
POCR S8 U8, t i R 48 B sh & R A a5 N
( polymerase chain reaction, PCR) ] & 32 Bt H A5 & K]
[ 345 3 X ( Notchl , CXCL1) {722 5 K ( FOXF1 .
NUAK1) . AWESLH (ATGAD ATG2B) | Fikt .
1.4 ZitFaE

K HI SPSS 21. 0 Gt A 854 o3, 15
FERI A B R UE 22 (w2s) Fon , 4 IB) FUBER o K
%o R N AH 2 R 2L (intraclass correlation coeffi-
cient, ICC) #5562 {37 BEITIN & ADC D D™ f {HZ5 %
—2t:, N AZIE TAERRE (receiver operating

characteristic, ROC) f1£& 4347 VIM-DWI 5 i 25012
Wr 7L i e B R RE . R H Pearson AH 3¢ 43 T IVIM-
DWIE & 28 (ADC, D, D" [ ) 54 LA f
Notchl .CXCL1 . FOXF1 NUAK1 ATGAD ATG2B %A
IR, P<0.05 MZESA G FE L,

2 £ R

2.1 REBER

102 1) 2L g v, =2 0 = A e 67 i, oAt
35 10 B E A2 <3 em & 54 B, =3 em & 48 1l
HAEY G, F 52 B, G, Gr 50 115 116 IR 43301 .
[~ 355 61, I~ VI 47 ] 2 A KT 455675
HikELEH R 46 6], T E L5 56 61, 95 Bl R
P AR 2 4ERIRE 69 1], FLA 26 il
2.2 X IVIM-DWI S#lE 4 R — L&

RN, 2 (P EIFE ADC D D" f{HI4
SRS by, TSR X ADC D H i — B0k
(R,
2.3 24 IVIM-DWI EES H/K T LLi

FLIRIELAL ADC D D™ {EFAH0 RRLA IS, £ (B4
M R, 2R A GIFE L (P<0.05; % 2) ,
2.4 IVIM-DWI E =212 i ZL IR E HI %L B

R WoR D HIZWr FLIR I A e e i, th 2T
X (area under the curve , AUC) 2~ 0. 952, REE K
96. 05% , 557 85.38% (%= 3) ,

£1 24ZEIFX IVIM-DWI 2#iNE 4 R —B LR

Table 1  Comparison of consistency of IVIM-DWI parameter measurement results between two doctors (n=197, x%s)
IVIM-DWI parameter Doctor A Doctor B 13 P value ICC (95%CI)
ADC(x 1073 mmz/s) 0.94+0.25 0.93+0.22 0. 421 0.674 0.943(0.907-0.982)
D (x107 mm*/s) 0.87+0. 17 0.85+0. 18 1.134 0.258 0.961(0.929-0.989)
D*(XIO_3 mmz/s) 11.23+£7.51 11.16+7. 49 0. 093 0.926 0.805(0.736-0.914)
f 0.32+0. 10 0.31+0.09 1.043 0.297 0.863(0.790-0.941)

IVIM-DWI; intravoxel incoherent motion diffusion-weighted imaging; ADC apparent diffusion coefficient; ICC; intraclass correlation coefficient.

#£2 24 IVIM-DWI EESHKTLILE

Table 2 Comparison of IVIM-DWI quantitative parameters level between two groups (xts)
Group n ADC(x107 mm*/s) D(x107° mm*/s) D (x107* mm®/s) f
Breast cancer 102 0.90=+0. 18 0.77+0. 15 9.98+3.02 0.61+0.17
Control 95 1.79+0. 21 1.40+0. 29 12.99+3. 08 0.28+0. 08
t 32.004 19. 340 6.919 17. 624
P value <0.001 <0.001 <0.001 <0.05

IVIM-DWTI; intravoxel incoherent motion diffusion-weighted imaging; ADC: apparent diffusion coefficient.

%3 IVIM-DWI EESE2 W LRI EE

Table 3  Efficacy of IVIM-DWI quantitative parameters in diagnosis of breast cancer

(n=102)

IVIV-DWI parameter AUC 95%CI P value Cut-off Sensitivity (%) Specificity (%)
ADC 0.901 0. 835-0.957 <0. 001 1.13%107° 81.55 86.49
D 0.952 0.910-0.991 <0. 001 1.20x107° 96. 05 85.38
D 0.792 0.730-0. 846 <0. 001 11.03x107° 67.65 80.39
f 0.729 0. 662-0. 789 <0. 001 0.30 66. 67 67. 65

IVIM-DWI; intravoxel incoherent motion diffusion-weighted imaging.



MR ZARLZONEPRZGE 20246 H 28 H 4521 % %56 4 Chin ] Mult Organ Dis Elderly, Vol.21, No.6, June 28, 2022 - 431 -

2.5 IVIM-DWI EES¥ 5 REERERENXR

2.5.1 IVIM-DWI & i 250 5 41 8UhR A B4 |
R7E HWREHNRIEHXR ARWAHAL 5
A Notchl .CXCL1 . FOXF1 NUAK1 £ix&E T
XTHRZH ;ATGAD ATG2B ik Ik TX a4, 22 5%
WHESIT%E X (P<0.05;% 4), Pearson %
ST R EAEFLE B E ADC D DT fH 54
HERARF Notchl ,CXCL1 . FOXF1 NUAK1 3[R &
A B E A G ., =0.329.0. 774 ,0. 328 .,0. 239,
P<0.05; 7y, =0.413,0. 698 0. 305 0. 266, P<0. 05;
Froxey =0. 371.,0. 658 0. 318 0. 275, P<0. 05; ryu a1 =
0.330.0. 593.0.296 .0. 251, P<0.05) ; 540 8 hrA

H1 ATG4D (ATG2B ik it 22 51 AH 5C (7 460 = —0. 340,
-0.654,-0.3119 ,-0.3007, P<0. 05; r sy = —0. 357,
-0.613 .-0. 316 ,-3.487,P<0.05) .

2.5.2  AS[AVIG PRAFAE () FL R 988 F8 3 IVIM-DWI &
WS RNFEME B ADC.D.D” f AL
B, EZERBHEGEIFEXL(P>0.05), RiEESE
B LU Gy IR ~ VI3 A bk 4
R FL IR B D (W AR T SR A S 7Y 20 20
SR G, R T ~ T3 JOI B 2555 RS 11 51
H ERAGIT¥E X (P<0.05) ;1 ADC {H.D"
B fE A, 2R G4 L (P>0.05;3%5) .

x4 2HAARKPIEE EERABERREEILER

Table 4 Comparison of expression levels of proliferation, invasion and autophagy genes in tissue specimens between two groups (x+s)

Group n Notchl CXCL1 FOXF1 NUAK1 ATG4D ATG2B
Breast cancer 102 141.62+17.35 162.74+19. 05 130.29+14.72 129.37+14.59 63.42+7.38 81.49+9.51
Control 95 98.84+10.78 99.26+10. 47 101. 68+11. 37 100. 63+9. 54 102.38+12.61 100. 46+10. 83
t 21.152 29.493 15.535 16. 651 26.931 13.293
P value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

£S5 TRIGERFENIIREEE IVIM-DWI EESHILE

Table 5 Comparison of IVIM-DWI quantitative parameters among breast cancer patients with different clinical characteristics

(xxs)

Clinical features n ADC( %107 mm*/s) D(x107% mm*/s) D* (%107 mm?/s) f
Tumor diameter( cm)

<3 54 0.93+0. 18 0.78+0. 17 12.81+3.07 0.30+0. 08

=3 48 0.87+0. 15 0.77+0. 16 11.81+3.05 0.31+0. 10

t 1.816 0.305 1.647 0. 560

P value 0.072 0. 761 0.103 0.576
Pathological tissue type

Invasive ductal carcinoma 67 0.81+0. 12 0.57+0. 11 9.57+2.77 0.10+0. 03

Other 35 0.77+0. 11 0.64+0. 16 8.99+2.74 0.09+0. 02

3 1. 644 2.316 1. 008 1.775

P value 0.103 0.023 0.316 0.079
Histological grade

Gy, level 52 0.92+0. 21 0.81+0. 18 12.07+3.00 0.29+0. 09

G5 level 50 0.91+0. 19 0.71+0.22 11.94+2.99 0.31+0. 09

t 0.252 2.517 0.219 1.122

P value 0. 802 0.013 0. 827 0.265
TNM staging

-1 55 0.97+£0.25 0.80+0. 19 12.04+3.01 0.26+0. 06

m-v 47 0.94+0. 23 0.71+0.20 11.97+3.00 0.28+0.07

t 0. 627 2.327 0.117 1.554

P value 0.532 0.022 0.907 0.123
Lymph node metastasis

No 56 0.98+0. 26 0.82+0.27 12.11+3.03 0.29+0.05

Yes 46 0.96+0. 28 0.71+0.23 11.99+3.01 0.31+0.07

t 0.373 2.187 0.200 1. 680

P value 0.710 0.031 0. 842 0. 096

IVIM-DWI; intravoxel incoherent motion diffusion-weighted imaging; ADC: apparent diffusion coefficient; TNM: tumor-node-metastasis.
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2.6 ELEEBERAIREXT LEFIRI AL

TETE S LW e Xk LU ) 1 h ) SR LA A
AL E AR T EAE, HAL 8 s 2R ) 2
U > O > LA > AL PAY , I 25 F i) ) S 25 21 21
AR AL ik AR, 2 TR S X LESRS 5 10 R E
PEL S AT B, T B AE UL PR AL 5 R B R

3 i i
A 45 R W, FUBREE 4L ADC . D f5.D”
(EIIET X BB f {3 T4 R4 (P<0.05) , #E7R

SR R R AR AR B, LA B4 PR 41 A PR HE 51 B
AT SSRGS , 7K 5315 2 52 FR AT A
=L ADC (HTE/IN, 5350, 3RAT1 & B T ZLIR R %
PEPEE, ADC EAEA KT D, UE SE U005 PR 7 X
ADC (HIE B T 520 {8 ADC {E3% 5 . Bokacheva &5!°
WA A3 L ADC A e 755 %) T PR 2 I 38 S0 28 kA
BREAS R R) 22 S W2 4N A AL AR B AR AU 5 FL
I (A T RLAR R A Ul B LRI I A5 5% B
MFEEE R, HIEMET R AN, Ei2 W
FLIREE L RE | IVIM-DWI & &S 50h D ([Hi2
RORF U, H AUC 2 0.952, RUE N 96.05% , 45
SR 85.38% , HEANAERLRE T SHU0E P HE R 9 5 M)
T, D {ETEL W ZL IR AL RE L AAREE T B R AL,

AR LR BN FUREA AL HRA T Notehl |
CXCL1 \FOXF1 NUAK1 FikH 5 T X4 ATGAD |
ATG2B Fik AR T X FAZH | $2 7R LR 8 14 20k 16 4
L HAG SEIR (2R BEIR | Wi B DR 3R 3k O A AH O, X
AR SR I A ARG I R 7 R 2 Bl e 78 200 ) 184 7 B AR
ZE0E M, TA) 2 S me 2L MR R MR B S R U
%[S]ﬁ%%?ﬁ%*ﬁ(o ik — 25 Pearson #H AT
K, BAEFL R B IVIM-DWI € B S H0K TS
HLRA R Notchl ,CXCL1 [ FOXF1  NUAK1 ik
BIEME, 5 ATGAD ATG2B ik 2 A&, M
SRR LU D EH S FLIE A LR A Notchl |
CXCL1 FOXF1 NUAK1 ATGAD ATG2B 33k ¥4 5o
FHOE, R RERE f T LA R R A g, egeg 5 s 3R
I BEARFINGE K 552 BRAR B LA, P 158
T T bR DK AR G s S LA AR R, 3 55
D {E T+, i ADC{H D" {8 f {5 iR & A
FIREFGHC, JEF AT RS (1) ADC {H D" A f {H
Z MR R K B s R E A R Y (2) R

[F] (%) b (B AT BE S XETE S 4 R A — e R 5
ma s (3) BivRE PN TR A A R A 22 S, AR
SERGE KB, R (LR S0 Gy R
SR I~ VI A bk 4557 78 i FLA R S8 & DA
B S AL, B LR AR s 40 SOBR 57, 43 TR 5, 3L
JRAREAZ 0 S AR A R A 2 | el 9o 0 2 e
e, KT BROBE B O 2, AT 30 D (BB
K, SRR = H AT ST 45 AR — 80 oAb, AT
g% 1 41 L W R A5 % ( gadolinium-diethylenetriamine
pentaacetic acid, Gd-DTPA) XJ Lt 1h J5 &30 E ME5
IR AR 10 K, Gd-DTPA 76 B JIE & A7 52
TPENT WA ILA N B L 7 B4 % X 3R EL
SR LU VR 10 XU, T 1l AR O FH 5L 2R %)
FE SRR BN 7R MRT 3G 5 94 5 FLAE X L)
BRI BB REAFHE N R EY, (E
ﬁ%—%%%, AW 5T 38 13 Pearson #H &1 437 3IF 32
T CT HETEZH0RE % WL s e 3 45 LR 8 3 175 R 1IE
N RS Wi S Bt S B R 5, R IE EIRATFE4S
R AT IVIM-DWI ZE ft 2 500 PFAN 2 4 7L I
FER T RFIESRBE T — BB T5 1]

i LR, IVIM-DWI € i 2% (ADC {H.D fH,
D (B f ) 22 A AE 7L M e 2H 2R AR FLE AR A2 21
ZUP AR 35 22 5, HHOK P28 46 5 2L R 4 i 1)
BagH AR ZE T L A WIS TEAR DG, TR B AR R R
R e R LB 0 A SRR B PR A AT B, H
AAFFEATAEA L P TAEA BN, X TVIM-DWI
(4 b E LI = 58— bR e, i H S — DR R
Afer g b A RN B oA AT G BRI
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