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[#EE] Br 1k T1 Mapping BEP HOMAUS A% ( diffusion-weighted imaging, DWI) ZEFLR LR [V S 5] ih 12 67
Wr(E, IS Ki-67 EiRMAEM, Bk BB A 96 MIZRHEHES FLIRME R, B T1E, TIHE. AT1%,
T2 {H S MR L Z2 54 apparent diffusion coefficient, ADC A5, KA Logistic [T HEB S AR H- 31 32 3 E BRAVEARAE( receiver
operating characteristic, ROC) HHZR45HT, [FIFFIEAL MRI 2505 Ki-67 () Spearman A5CH:, ¢5R  WbERbE T1(H, T1+EX
AT1%3) 36 T R, ADC BT R () P<0.05). ZRET R ATI%S ADC S i E -+, BEAHEAIY
M T (area under the curve, AUC) 24 0.941, HET2HI0 MRIEH IR, Ki-67 BRIB4LATI%I . ADC FER (35 P
<0.05), HATI%'S Ki-67 2IEAX (r=0.462), ADC 5 Ki-67 ZHHHE (r=-0.518 ), %5 T1 Mapping B:4 DWI A B3
PR FLIR IR RO S BIREE . AT1% S ADC HA T ZAZWE, 0] S i B 5 1 1

(<8218 ] T1 Mapping; 3 BUIMAUSE; FUB AR FRWTRHEREG Ki-67
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Application of a multimodal predictive model based on T1 Mapping combined
with diffusion-weighted imaging for differentiating benign and malignant breast
masses

WU Xiaomin, LAI Yanqin, LIAO Xueyan, LUO Shan, LIN Dandan
(Department of Radiology, The First Hospital of Longyan City, Longyan 364000, Fujian, China)

[ Abstract] Objective To evaluate the diagnostic value of T1 Mapping combined with diffusion-weighted imaging (DWI) in
differentiating benign and malignant breast masses, and to analyze its correlation with Ki-67 expression. Methods A total of 96
patients with pathologically confirmed breast masses were retrospectively enrolled. The differences in T1 value, post-contrast T1 (T1+)
value, percentage change of T1 (ATI1%), T2 value and apparent diffusion coefficient (ADC) were compared between benign and
malignant masses. Logistic regression analysis was used to construct a combined diagnostic model, followed by receiver operating
characteristic (ROC) curve analysis. Meanwhile, the Spearman correlation between MRI quantitative parameters and Ki-67 expression
was evaluated. Results The T1 value, T1+ value and AT1% of malignant masses were significantly higher than those of benign
masses, while the ADC was significantly lower (all P<<0.05). Multivariate analysis showed that AT1% and ADC were independent
predictors for malignant breast masses. The area under the curve (AUC) of the combined model was 0.941, which was superior to all
individual MRI quantitative parameters. In the high Ki-67 expression group, AT1% was increased and ADC was decreased (both P<<
0.05). Moreover, AT1% was positively correlated with Ki-67 (»=0.462), and ADC was negatively correlated with Ki-67 (»=-0.518).
Conclusion T1 Mapping combined with DWI can significantly improve the diagnostic efficiency in differentiating benign and
malignant breast masses. AT1% and ADC have important diagnostic value and can reflect the proliferative activity of breast tumors.
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ZHRIREE S, OIS FLR IR R TR
IR, AT HE T RGOS AR RSE (breast
imaging reporting and data system, BI-RADS ) (514
FRATIARMSE = LRI, TEAS 2 5 S HE SR R AR A
Gy ROBYER AL R A E TS . P HUN AR R
( diffusion—weighted imaging, DWI ) K HZRMHRHEL HR

B ( apparent diffusion coefficient, ADC ) ATERALF R
B SUK 53T B AT S o Rk g i v
YN AHES SO R ADC FEARAYRRIE , (HARRIBFSE
H ADC BI{EA—2, Bt SR shil i,
B — S0 L S IR 1 2 IR

UTAEA, DWI 5 T2 Mapping %5 b7 i} 1) 1
ARBWNH T 2 RGP . IR EE R ZHEL
P JEYE, ATELR UK S AT S R0R
AR, NSRRI LR A 1R T
PETHAE Y AT 2 B, Hob Ki-67 fENPEAL
A NG S RE ) R B ARG, 5B TR Moo
RUEDIMG . BRI R Ki-67 mdik il fkpE
ADC Mk, fHI5 TI/T2 Mapping HIXER BT RS
A

AT R G507 T1 Mapping G DWIEFUAR
P REMEZM P IAGREE . KRR ZSHIDEI R
REFETT MRI BOZULE SR, JfiE— B3l MRI
SE ST Ki-67 RYAHICHE, A i ) FL IR AR AT
ST RSPIETE IR RS , A B LR IR 5
B MR IR | ATk S AT B B A
1 #FEREREE
L1 FRIMER

AWFFER TSR, LR A 2023 4F
3 A& 2024 47 3 A Tl iisi—BR B2 7Lk MRI
e HLAR 5 /28 i J5 3p A B it i 335 5 1 2L e e
BF I 2R Y58 T1 Mapping 55 DWT ¥ 411
PRE AR, ARBTG5 A BEOR . AHE
FECARAF B BEAC 3 ZS 51 23 W At

WAFRE: OEFRFRATRIURMSE, H
T o R BT A B AL s QAR RIHT 58 i 5e
HEPFLIRE MRI KA (7 T1 Mapping 5 DWI); O
JEdh FUEM . R H TE R T @MRI 5
R BLECH B E] (eI B <14 d,  HIIRIR B2 A T4 T o

HeBrbRiE: OB P IAEN] s sh O 2 i as
FrBXANSERE , O T IR SR X (region of interest,
ROI) M7 ; @MRI K 5T AR/ 28 ) o 1 a] 42
ST AT BORERIRITE  OBEA TR T AR
FUBRAL AT S AR H 3 @Rkt Az /)y
(<5 mm), JCIEMERZ)E ROL ¥, SURELTRA
AR B AR Ki-67 Rl R .

1.2 FARFIREARSH
(1) WHEFARFES. OBEL T1 IS
( T1-weighted imaging, TIWI ): TR 6 ms, TE 2.46 ms,
JZJE 1.6 mm, [B]FE 0.32 mm, FHFEAE( field of view,
FOV ) 360 mmX 360 mm, i 448 X448, QR
A FFH] T2 A% (fat suppression T2-weighted
imaging, FS-T2WI ): TR 4000 ms, TE 54 ms, Z/&E
4 mm, [A]fF 0.8 mm, FOV 340 mm X340 mm, JH[%
384 X384,
(2) DWI: SR HIEURHRN 5 IR ip - 1 1] 3p Bl
1% (Spin echo—echo planar imaging, SE-EPI) J&%1,
b {HEA 0 F1 800 s/mm? . TR 7400 ms, TE 42 ms,
JZJE 5 mm, [A]#5 0.1 mm, FOV 380 mm X306 mm,
FEFE 192 X192, 248 A BIEM ADC F, TRk
Oy T HZBRAG AL, LR BSR4 A
e SR fHELILAERE, FH 0.2 mlkg, P25
ml/s TE5F, JEHEAIER KRR A ShASXT HaER
s R 12 ( dynamic contrast—enhanced magnetic
resonance imaging , DCE-MRI VFEH 258 TR 3.89 ms,
TE 2.46 ms, 25 3 mm, [A]HF 0.6 mm, FOV 400 mm
X325 mm, JilF 256 X256, B 800 , BT
[A]24) 5 min,
(3) T1 Mapping: ZrlI7ERGsR AT 5385 5 41
fh Rt B TR 4.95 ms, TE 1.75 ms, J2J5 2 mm,
] 0.4 mm, FOV 300 mm X 244 mm , %[ 256 X 256,
BiFeff 20, HIEATE]ZY 2 min 18 s,
(4 )T2 Mapping: K HZ [F1J%)741], TR 1890 ms,
TE 4359 105, 21, 31.5, 42, 52.5. 63 ms; 25
4 mm, [AJfE 0.8 mm, FOV 280 mm X280 mm, Z%H[%
256256, IR 6, SAAHMISEZY 5 min 32 s,
1.3 ROI 2)iE 3R Skt E L
O#A& ROT (Mg 21, tumor ), WIRESNE L
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JEFBN A ARG, KBkt Sk R vmmd) =404
KIRFE, s X, T RELr R HAA Rk
SV QERJET ROL (ki MR, max ),
FEJR I B K2 T U BB A R MR L 8% B SO S
RRIA, RS ER 27 A ROL; b 3
X3, ROT( JRfsiAkIX, local ), % DCE B3 751,
VeRE AR A B W A X3, F T1/T2 Mapping M
ADC FEFHR A B A /NRSF ROT (0.5~2.5 em? ),

FE SO S E RS KPS =R ROI, 43
JIAE T1 Mapping . T2 Mapping & ADC & & %) hj
ERESE, 1. OT1 E (HEEET): kR
D\ 1w b B I], S B i gRE A0 i 25 4 5 1] S AR A
QT+ (S5 5 min ): 819252 W L3R oA S 40
SUEFNN; OATI%= (TI+E-T1 {H) /T1 {EX
100%, FHTIEAEsRaT e LB B M2, Fig
B g o (A 55 A A MR BRI AR Ak, DT2 S B
KLU K RS AR, SR R
SRR S R ; ®ADC: 1 b {E~ 0 F1 800 s/mm?
() DWIL 78] H SRS, i R BOKaF I i
ZBRENL . B ROI B 3 ¥k, BOFEME AR
LAEEH DIg DBy g R R 2%
14 ALAFREFE Ki-67 1

F A 2R LR A2 i TR S st A
ERIE LRI A HBRAS , AR5 AN R
LW AP, Ki-67 FEikK P APEAL EER
W5 S R AR X, PR i AR N i R
B 500 AR, T Ki-67 BHMEAI A 43 k. AR
WFFELL 209%4EH Ki-67 Rk milG A, FF Ki-67
<20%5E AR, Ki—67=20%E UNE L, P
PEEARFR G L5 R R — B S T R
1.5 Sit¥EH*E

AHIFFE T A BRI R SPSS 23.0 K R A FEA T
BIRGIT0r . LA B JC4 Shapiro-Wilk #6556
I A Y, IE 2550 A0 R DA S8 B & A v 2

(xts) Fon, HEIHERAMIAEA 6K; 1k

IESSARTER AR EL (PUsrpifaliE ) R, SR
Mann-Whitney U f:555% Kruskal-Wallis K301 743
Bro 278 B DUTECRT 20 EAaR , SR x 2 Kok
HESERAE x 2 Kig e TAL Rl A . MBI MRT &

T SHERL RIS RO S S MR, e T
PR E Logistic [FIHAMT, Tk i HA G2 L
o, PRI E AL AR Logistic [HIIHFEHY,
T HAE HC odds ratio, OR ) S 95% & {5 X [)( 95%
confidence interval, 95%CI), FREEEAISHELRY,
FELARNA R B FEnl 2 S 2R 1, S 45 R Ay
AL o R B 32 W K RE A i 52 1 4R A R AR

( receiver operating characteristic, ROC ) fHZEiE471F
A, HEZL T (area under the curve, AUC ).
BRI | e AR AR, IR DeLong K56 1L
BORRIREARLZ 6] AUC #9225 . R Bootstrap HEAHIFE
PR RIUEAT N BRAE, A H AR s IR
Hosmer—Lemeshow A5 56 A HE ML P EA LA 5 —
et , TRl A) PSR i 28 4387 ( decision curve analysis,
DCA ) PEARBLAL @l PR AN . e oh, SR H]
Spearman FRAHIC /TR R MRI & S 2405 Ki-67 £
IRIKAP-Z IR ARG, LA Vi HC i) fieh g 1 5 0
LAy IR 1o ARSI e TR 1Y
K FSUIRG S, P<0.05 K2R BAGHH#E X,
2 R
2.0 ELER

PR . IRBTEFEE (body mass index,

BMI ), HZURA (4t R4nss ) SFERTORI AR, 22
SIS (3 P>0.05), AR 1),

R 2ABEELABILE (6], x+s5 )

RPEZH Pl

Hit (n=d2)  (n=ss) T
g (%) 46.12+8.25 47.834+9.14 0.958 0.341
BMI ( kg/m? ) 23424211 23.96+2.38 1.096 0.276
AR (p2ik Y2 ) 11/31 1836 0.266 0.606
ksl (ZerA) 20/22 27127 0.043  0.836
FLAR#ERE (A-B/C-D#) 18/24 20/34  0.633 0.426

BI-RADS (3/4/52%) 10/26/6 3/31/20  4.637 0.099

kIR R (em) 1.9240.63  2.05£0.71 0.948 0.346
Ki-67 @3k (=20%) — 38 (704%) — —

TE: BMICHBRFEEG BI-RADS NELIB RS B =45 Ki-67

(U TR, TR LA H.

2.2 MRI EESHEREBMRILENES
QHBHERTIE, TIHAE. AT1%M ADC b4

ZRBHEAGIE L (¥ P<0.05); B4 T2

EHERMEHBRET AR, HESTSIHE X

(P>0.05) (%2, K1)
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F2 REMIIRMR MRIEESHILER ( x+5 )

215 T1 (ms) Ti+ (ms) AT1% (%) T2 (ms) ADC (X107 mm? /s )
R (n=42) 1028.36+122.14 812.57+95.14 20.454+6.12 72.144+9.63 1.4240.18
T (n=54) 1186.42+135.83 923.64+110.52 29.38+7.85 68.02410.41 1.05+0.15

t 5.429 5.035 6.136 1.891 11.236
P <0.001 <0.001 <0.001 0.061 <0.001

e ROLMEGHRIX s ADC MEENREIR R 7ERAJZH RO S b B35 Xk ROI R, 5@ EIEArp 2 2% 5%k RO AR —3, Ttk
S ADC 7EARTR] ROT FHIRBLHBAE IS IAE ST, 11 A T1%7E SR A X SRk 1X 4332 foe R B A8, SR ST 52 e ey i, (bR 25 S [ R A8 Ak ELA o v

1 AREGIRGE
TE: [ 1 A-D AZ SRR EF U KRB A5, o A SBEsi TIWL I, By T1LSWERE, C o T2 BRI, D o T1 I3RS . %
SRS AR . [ | E—F A ZSH SR USRI h g, Horh B S35 TIWL L, F o TLSWERE, G T2 3hE &, H 4 T1
HERRIIR A, LR W AR FRR AR T U

2.3 MRI EEESHH Logistic [E]YA5
HARIZR Logistic M4 Wos, TIE . T1+
fH. AT1%5 ADC 345 ZLRR M i 0 XURS: i 240
X (¥ P<0.05), Hrir ADC Rfala SRR, i
T2 (-5 FUBR AR 8 3G RS TG (. 35 A DG PEC P>0.05 )
(£3),

*3 MRIEESHAHAREZE Logistic BIIRASHTER (n=96)

Ak OR 95%CI P
T1 (ms) 1.008 1.004~1.013 0.001
Tl+ (ms) 1.01 1.005~1.016 <0.001
AT1% (%) 1212 1.130~1.301 <0.001
T2 (ms) 0.974 0.945~1.004 0.087
ADC ( X10°° mm?/s) 0.012 0.002~0.063 <0.001

H: OR MHEH; 95%CIN 95%EAFIX[a]; ADC hZRMHKHAL R 5L

ZHE Logistic [MIIH g5 R BR, AT1%MK
ADC Y& 2L I WA i 2k 57 750 R F- ( P<<0.05 ).

T1 H5 TIHEEZ HNERR PTG R L (¥
P>0.05 ). i Z A B A2 Wi AL AT1% & ADC
LR, HEERMT : Logit(P)=-7.842 +
2.901x (AT1%) —3.492x (ADC) ($4),

*4 MRIEESHALEZE Logistic BIIRSHTER (#=96)

AR OR 95%CI P
AT1% (%) 1.148 1.068~1.234 <0.001
ADC (X10°* mm?/s) 0.031 0.005~0.182 <0.001
TI (ms) 1.003 0.998~1.008 0.188
T1+ (ms) 1.004 0.998~1.009 0.142

H: OR MHEH; 95%CIN 95%EAFIX[a]; ADC A ZRWHKHAL R 5L

2.4 MRI BEREKERER ROC 2 HiREELLER
¥ ADC 5ATI%EA )G, i@k &AM ny

AUC 5 0941, BELTHAH— MRI €24 &

DeLong K5 /R, BEAIZIMEAIAY AUC 355 T
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LN YA

A ADC ( P=0.034) K& AT1% ( P=0.015)( 5 ),

x5 & MRISHEBEEEN ROC SEMEELLE (n=96)

HEE fRRE R

- ; -
Ei2in AUC 95%CT (%) (%) B
Tl (ms) 0.726 0.627~0.812 685 667 1120
T1+ (ms) 0.743  0.645~0.826 704 643 880
AT1% (%) 0.851 0.771~0916 796 762 255
T2 (ms) 0.601 0.493~0.705 55.6  57.1 69
ADC ( X10°* mm?/s) 0.892 0.819~0.944 833 833 118
T B 0.941 0.885~0.976 87 88.1 WEE
( AT1%+ADC) A5

H: MRICHREIIRAE; ROC A ZIREEAERAE; AUC g T il
95%CI 3 95% R X [a]; ADC A FIIRHEL R %L

2.5 MRIEEESH5 Ki-67 Rik/KFEHHEEL M

RIE Ki-67 20%lh FHEKEEHER L0 Ki-67
m L R E, AL MRI EmSEURIL,
AT1%5 ADC 7Ef . RERINHNIN2E F N B .
T1 {H5 TIHELEMLLR BAFAEG T F22 FA X A
B, T T2 AEAE PR LE ] () 25 R TEae T 0 3L b —

35| F2A
30

25

20

AT1%

10

10 20 30 20 30 60 70
Ki=67 (%)

A Spearman MR ER, AT1%5 Ki-67 FikK
PR EHZ, ADC 5 Ki-67 £ik/KF-2HER
G, HARZHE Ki-67 Rk AR5 (£
6, %7, E2)

£6 FREKi-67 RIAAIPETEERI MRIEZEES LB =54, x+5 )
Ki-67<20% (n Ki-67=>20%

s —16) (n=38) ! P
T1 (ms) 1125.44+120.8 1198.3+133.6 -2.103 0.041
Tl+ (ms) 887.61+95.3 932.4+110.5 -2.019 0.049
AT1% (%) 23.14+6.25 31.82+7.34 -4.590 <0.001
T2 (ms) 69.84+10.12 66.25+10.52 1.260 0.216
ADC ( X 10 *mm?/s) 1.184+0.13 0.98+0.14 4.795 <<0.001

E: MRIREIHRAIE ; ADC AR UMIRHBR L.

#£7 MRIEES#HS5 Ki-67 RiLEKFH Spearman BLAHX S n=54)

B4 r P
TI (ms) 0.241 0.032
Tl+ (ms) 0.226 0.041
AT1% (%) 0.462 <0.001
T2 (ms) -0.114 0.326
ADC ( X 10" °mm?/s ) -0.518 <0.001

1E: MRIREIHRAE; ADC AR MIRHBR L.

L3 2B

14

ADC (x 10”° mm’/s)
S &

—
—_

0.9

10 20 30 20 50 60 70
Ki-67 (%)

2 MRIEESH5 Ki-67 RiEMHEX M8 S E
. ADC HFEMIRELRE B 2A NAT1%5 Ki-67 Fb K- MAHHERUS B, B 2B 24 ADC 5 Ki-67 Fb /KRS AL

3 Wig

T1 Mapping REAFHAIC R IEHLTEAR PR T
HOE NI L) DT B ) == a1 AN 1
ot Hei sh 124 A8 A ELAT 1o B U™ s T DWIT 5
it ADC JRBUK 73 F4 Bz RS, AR 4 2%
JERE R L R SE 8 ZE AL A R e B E K
NIF] MRI 8 AR RH, w] A [FI4E R 5 M
SEAF R, DA 48 T LR b B R S0 e 6 531 1 2 A of:

bk

AR R, TUHE. TIHE, AT1%. ADC
S5 B SRR R I e [ S B AR 1% e 2
5, HAT1%5 ADC 72 R A HA M2
Wi, BESHIEIR AUC N 0.941, BEMTAE—
H— MRIERSH. WA, AT1%5 ADC 5 Ki-67
FARKFIGAEAE P EEASENE, R IX PRI MR 5 5
SRS AE — R 1 S WAL 08 A P e 1 A4 i 34
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FETEME . FER . B E SR E SRR
NS T1(H . TIHER ATI%Y BE ST R
i, 1 ADC A WK T R . ZLBRE M kL
Pl B AR % B R L R RS A AL AL A
M, FHOK T 82 IR RS W38 58, Rl ADC
ARG [RIAEPE R AL M SR, X EE A
AYATPREE HL Y2, (R T Sth PR A [ AR {44
K, XWHERET AT1%EARSE  EA B2 WL
REMIIRIA . T2 (EAEAIT ST o 5 LA e R 5]
TG0, nTRES R . B e b R [R] 5 B
Sy T2 HEERESA X, WSBATH T2 [EHeE
FLIRAP IS W B A FRAYEE e —EL, L R
BIpHreR, AT1%5 ADC sr R &, Wik
BRI Logistic BIRIARIG i 2 Wiaiae, AUC
h0.941, FTERUSE 540 50 LIRS P, SR
— SR, AR R A T DWI B2 41
O 8532 FRARF 5 T1 Mapping JH4E Bkt 5 50
J12E Ak, RBUE S HE B 5 URe s S e
N R = S A s T R G N e S
— AR T 2250 MRI LA E, S I4TrR
FLARE B MR A —E", AT1%5 ADC ¥
5 Ki-67 FihKF-BEME, #2RE 7 MRI A[7E—
FERRRE [ I W LR Ao i A LA 5 7K - - Ki-67
MR EBE NG 50 F R8s, AR A
T1%Pii Ki-67 FRikAKFEF-E 2 LTS, i ADC Fifi
Ki-67 RiLbK VIR R TREEE, ZAEEY
ML 55 55 e A e L TR) S i o B MR i b ek
AR YIRE

28 LR, ABFSTUESE T1 Mapping B4 DWI
FEZLER I B ROBAE A b B RS IR R IZ W (8L,
Hir AT1%5 ADC 2 i Hilg 1@ &AW n &y,
PRA B IZ W BB L T 5 — MRI E 24 &
T H A2 f: MRI 2505 Ki-67 Rk HAA ik
P, SRR AR LB I A T B S T TS R S
AEEEAT A T B RAF IR N AT . BE
MRI $# AR50 kR L, 2580 MRI A S4EFL
Wi MAAAE UEIZYT rh A E I R (E

% 30k
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