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B1-corrected T1 mapping for measuring lung cancer native
T1 value and correlations with apparent diffusion
coefficient and Ki-67 expression
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[Abstract] Objective To explore the reproducibility of Bl-corrected T1 mapping for measuring lung cancer native T1
value and the correlations with quantitative parameter of apparent diffusion coefficient (ADC) of diffusion weighted imaging
(DWD and Ki-67 expression. Methods Thirty-six patients with lung cancer confirmed by biopsy or surgical pathology
were collected, including 33 cases with single and 3 cases with multiple lesions, totally with 39 lesions. Chest Bl-corrected
T1 mapping and DWI were acquired, while immunohistochemistry of lesions were performed for Ki-67 expression level.
The native T1 value and ADC of lung cancer were measured independently by 2 radiologists (observer A and observer B) .,
respectively, the measured values were compared, the inter- and intra-observer consistency of native T1 value were
evaluated, and the correlations of lung cancer native T1 value, ADC and Ki-67 expression were analyzed. Results The
native T1 values of lung cancer measured twice by observer A were (1 436. 38+222. 26) ms and (1 449. 58 +229. 98) ms,
respectively, no significantly difference was found (t=—0. 960, P=0. 343). The native T1 value of lung cancer measured
by observer B was (1 461.30 4 236.44) ms, being not significantly different compared with that of observer A (1=
—1.532, P=0.134). Good intra- and interobserver consistency was found, with intra-class correlation coefficient of 0. 963
(95% CI [0.928, 0.980]) and 0. 948 (95% CI[0.901, 0.9731]), respectively. Lung cancer native T1 values and Ki-67
expression were positively (r= 0. 448, P=10.004) but negatively moderately correlated with ADC (r= —0.558, P<<
0.001), while ADC were highly negatively correlated with Ki-67 expression levels (¥=—0. 605, P<C0. 001). Conclusion
The reproducibility of native T1 value of lung cancer measured with Bl-corrected T1 mapping was good. The native T1
value of lung cancer was moderately correlated with ADC and Ki-67 expression.

[Keywords] lung neoplasms; diffusion magnetic resonance imaging; Ki-67 antigen; T1 mapping

DOI: 10. 13929/j. issn. 1003-3289. 2022. 11. 013

Bl 34 IE T1 mapping MEMEMB T ERNTEEERES
FWSRE Z 0 Ki-67 FRIiZRIHE LM
LEFLAZRL, A EN REIR iaeE AR AR RS

(1. EHIRTHE — NREGEFAGE 3 RER L VTR 2R3 22400052, J5 M0 K2 Mt 8 55 — £ B
RAGFRH HIN 215000)

(# ZE] BH WL Bl B IE MR b 34 e [ SR (T1 mapping) W 5 Al 90 46 T1 5 /9 7T 5 52 1M B 2L 5 3k 80 42

[E—1EH] MLHF (1990—) , 2o LRI B, EIREEIE . BF5E 07 1 MRS AR 222 Wi . E-mail: 1021809719@qq. com
DEEEE] B Sholh o — AR E R BFRL, 224000, E-mail: 503726736 @qq. com
[ BHI] 2022-05-17 [f&E HH#I] 2022-07-12



[ BE2A AR AR 2022 AR5 38 %5 11 8] Chin J Med Imaging Technol,2022, Vol 38,No 11 * 1653 -

AR (DWD & ZER IR R B (ADC) & Ki-67 KIBMARE, FiE W 36 0 2 28 il i 46 5 T A BUER 12 1 fii 98
B ELIE 33 BBk e 3 Bl £ K Ak 39 AN RAENEE Bl 8T T1 mapping K DWI, L8 41 2Lk 2446 I 7 35 DA R
KA Ki-67 RikAKTF-. 2 2 GBHEITCREE A B 7 M &5 kE T 4 T1 AT ADC, PPl W848 35 P9 I W08 4 3 (]
i TR — B 25 W iR ts T1 . ADC M Ki-67 RIkMH ., SR WEE A Frilffismwts T1 {40
(1 436. 384222, 26)ms (1 449. 58+229. 98) ms, 2 7 KL # R L (1= —0. 960, P=0. 343) ; W& B r il il 4 90 43
TI{E R (1 461.30£236. 4 ms, FWEH A ZF LI E X (1= —1.532, P=0.134); WHHE N [H N HE X R
(ICC) =0. 963,95 % CI(0. 928,0. 980) 1 5 WL ][ ICC=0. 948,95 % CI(0. 901,0. 973) Jil &+ s 0 45 T1 {8 19— pE 2y
U, Wi EE T1 5 Ki67 ik 2 h B IEME (r=0.448, P=0.004) .5 ADC & 1 41 56 (r= —0. 558, P<<
0.001) s ADC 5 Ki-67 ik 2 BB A1 56 (r=—0. 605, P<<0.001), %if Bl %K IF T1 mapping I ilifE40 44 T1 {H Al
EE MU B RIER T1 {5 ADC.Ki-67 ik & M &,

(R MR s IRBORE IR 18 s Ki-67 $Tl; T1 mapping

[E4RS] R734.2; R445.2 [XHERIREB] A

il 958 2 e AR A= i A R M iR 2
CT 2 d5c i F T A s 09 7 125 (BAFE R 2 . MR 4L
[6] 5t B R 18] i A% (T1 mapping) 7] &2 i 2 2L 9N 1) 5l
TR ] CT1AED JF B e S g6 oA 76 B A7 R AIE . T3
A il Iy BB B S 3 il LR R AR, K67
P b6 8GR AR S L 5 IR AR 2R I KR US4 DT A
B ME S MR SR B B /% (diffusion weighted
imaging, DWD % & £ 2 5, % W 78 8 & 5L (apparent
diffusion coefficient, ADC) Y5 Ki-67 357 7E i #H %
KR, Bl MK IE T1 mapping AJ B Bl 37358 A9 A
ByogpE i T1 (8 25 58 5 e o, B 43 45 30 K i )
S, ARHFFRIEE Bl K IE T1 mapping I & fili 7
With T1AE R AT B R M 5 ADC.Ki-67 3K ik (1 4
SN B TE R R A AR TR T 4R AR
1 #REFRE
L1 —fg%Rk Wtk 2020 4F 6 H—2021 4F 3 A 36
161 AR 3R T 2 — N TR = B 48 9 L2 W 1) il e 8 5 S
21 B, 4 15 ARk 46~82 %, F 3 (64. 6 £7. D %
33 BIAFAE R (3 AT WL 22 okt R A 39 ANkt
e KAt 1. 3~8. 8 cm, F44 (4. 18+2. 04) cm; {3 T 47 fili
B O S 1 S0 L R S s S ol o sy [ R A R 7
SEOR50 161,123 Ko 7 A5 B A O i 16 4,
B9 11 A /NI At 8 12 A4, AR OM#E CT
Ao 0t A o L PR A2 L e KAR =1, 0 om, o A P I 0 6
BLA A S L B AR R <R kR AR B 12,
ZJa s M E MR K 4 s @ K A i R 552 pU a7
KR X REGRERAER A QO MR &R
WE, HAEC & 5¢ WM T1 mapping & DWI ¥ 2%
@OMREE AT 1A H N LA B k28 il 76 A L S U
BT o I TE 4G R e B AR 2 B e . HEBR BR oE . O &
BB 22, JOE I T E; @ K H2 52 e 4L 214k 27

[(XEHS]

1003-3289(2022)11-1652-05

Ki-67 fillof Ki-67 #ik<<1%.,

1.2 f¥#8 5 ¥ R H Siemens Magnetom Skyra
3.0T MR X} 18 B fA R L B AT AR 1. Vg i
S, Sk Sk | DUREHT 48 7 R, W HT O H 1] 458 1
WP WG, SR 4R S AR A 2 1 L it B I e P T B ] g
T2WI Fe i fii T2 {BLADE K% . 25 BN 4 B < 3
T1WI.DWI } T1 mapping., I LS8 T &
HHA M PERARAE T RE DWI, TR 7 600 ms, TE
67 ms, 4 FF 128 X160, FOV 360 mm X 310 mm, JZ J&
5 mm, )24 32,b {E43 54 0,300,800 s/mm?*, 3 ##i B}
6] 190 s347 T1 P/ B2 R B BE 81T 91 43 4
PIREIE BL 3. il 2 H 3 5 1 38 50 1, 49 4 B 1] 24
10 s, 2 JE B ACRA T UL 3D £ Bl 4% M I (variable
flip angle, VFA) K% T1 mapping. FA & 3°F1 15°,
TR 5.01 ms, TE 2.3 ms, % [ 135 X 224, FOV
380 mm X380 mm, Z & 4 mm, 2 64, 3 # B} [A]
20 s; AL I G B 3h 4% ADC B, DA Siemens Maplt
BAF A 848 T1 mapping th# E .

1.3 KBRS Hr B HIBE FEE SR HAG 20 4F O %R
H A, FAEED K 8 4F (WL #H B, IR E I MRI 2
Wr 2 50 1) S AR P B2 T T Siemens Syngo MMWP J5 4k
T AW, 2% TIWI & T2WI, 43 576 T1 mapping
thE E K ADC B 7R i bt f5 oK 2 18V H b % F 3h )
m ROTCE 1.2) 8 F HY i 3R 58 45 4k L K i 4% L 32 <
B AR KR B A s T & ADC, R E
Wi 3 WL HBOPME s Mg 1 AR WEHE A RH
AR 7 g R Ak T1(E.,

L4 JRH2ZERA DL10Y0 ok F B A, 48
HRUBK A S A A PRI A4 pm B EY) R DUBE
W P4 Y R E - E ALY S E 45 (streptavidin-
perosidase, SP)JEATHEEHLUL2E Ki-67 Kl , M4 5+



e 1654 - o E B 2R R B R 2022 AR5 38 #5248 11 8] Chin J Med Imaging Technol, 2022, Vol 38,No 11

2 000 ms

1 BEB.70 2 A0 B /Nl Bl AL B9 A7 T2 (BLADE B 7R A5 fifi b i 521 9 A
()5 B B ihii; ADC [ (2028 X8 95 4 ROD 7R Wik ADC g 807 X107 mm?/s; C. g & %h
£ T1 mapping D% & CR L XIS H ROD R A T1 N 1 974 ms; D. g 401k

Ki-674 0 (X 200) 78 Ki-67 £k KFH 90%

2 BEB.67 L AN R bk Al i AL BG4 T2 (BLADE KR A5 fili b 5 k-
(#i) 5 B. Jafpah i ADC & (L0485 X 3 % 4 ROD 7= Fikk ADC 25 1 312X 105 mm? /s; C. M #%h
£ T1 mapping th# Kl CGRLL X Ok ROD R AR IR T1 {E R 1 158 ms; D. R4l 814k 2%
Ki-67Z: 4, 8] ( X 200) 78 Ki-67 FikKF- R 18%

PEBU AR (1) G Yo €0 %% B 43 A s R F bR 0 46 U8R Ki-
67 FEIE AL BIAE 1 000 A4 i H BH P G o % 4 e 55

L5 G2 R SPSS 20.0 K& MedCalc
12. 3.0 GEiH20 Hr ek L T4 s /R4 1E B0 1 1
TR, AR AT ¢ K. L4l A ¢ & 2L Gintra-
class correlation coefficient, ICC)TEMILELH N .M ER
HE A T1 K ADC () —3tE , ICC>0. 75 Ry —FUHE 5

i, LL Pearson # 3¢ 2 BUK: 50 7T
i T1 {5 . ADC K& Ki-67 ik Z [a]
BIFHOENE . | r] =0. 8 At 5l AH &,
0.6<<| r| <C0.8 My &AM K,
0.4<<|r|<C0.6 K B H 3¢,
0.2<|rl < 0.4 N 5 M %,
|| <C0. 220 #% 55 4H OC 8] T8 AH ¢ .
P<<0.05 N 2 & B A 4t %
2 #R
Co2.1 BRSO OWMEE AL

S 0 5 0 i 9 0 b T1 {E 53 0 N
(1 436.38 £ 222.26) ms M
(1 449. 58+229. 98)ms. 2% 7 L4
2B X (t= —0.960, P =
0.343) s WML Z 3 B W 1 fili 982 #) 45
T1 {8 A (1 461. 30 + 236. 44) ms,
HWEHE A ZR LG E X
(t=—1.532,P=0.134), WEH
A B2 W 5% 5 T] ) s i 9 ) 4R T1
(B — BOPE B 8 4F, ICC 43 51
0.963[95% CI (0.928, 0.980) ],
0. 948[95% CI(0. 901,0. 973) ],

WAL H ALB I =AY Al
" ADC 43I (1 137. 70£242. 75) X
107 mm?/s M (1 122.37 &+
- 237.7TD)X 10" mm® /s, 22 % L4
LR X (1=1. 217, P=0. 231);
T AR — B R
- [ICC= 0.972, 95% CI (0. 947,
*0.985)7,
2.2 AMHXMESHT M T1E
5 Ki-67 FRik/K V2 EEIEAE G
[r = 0.448, 95% CI (0. 154,
0.669), P=0.004], 5 ADC &
HOEE UM & [ r = — 0.558,
95 % CI(—0.743, —0.295), P<<0.001)]; ADC 5
Ki-67 % 5 5 & B A & [r= — 0.605, 95% CI
(—0.773,—0.358),P<<0.001)], WK 3,
3 iFig
T1 mapping A MR E ®#REGEHERZ —. Bl K

1E VFA-T1 mapping B 157 B0 B SR AT 58 A
N 2485 R ST Sy 9 L T DR R A A % i g A DG



[ BE2A AR AR 2022 AR5 38 %5 11 8] Chin J Med Imaging Technol,2022, Vol 38,No 11 e 1655 -

120 ) 1201 22007
100 ; 100} 2000
= " - = —
S 80F. £ so0f Z 1800F
# 60 ® 60 £ 1600}
s 5 =)
= 40t L 40 % 14007
20 20 1200
U\ Q Q\ @ @ @h @ (JQ @ Q‘:\ @ Q @ @ lﬂf}()‘9 § : \‘5 Q\ @ S
&S N e &8 S - P S & & . N
S WP \’)\ \b \"a ,_‘/k " b L+ % ) \"/ \')\ \b B ) L) \Q ¥ \3\ \b
AT I (SA] ADC(<10° mm?/s) (3B] ADC(x10 mm?¥s) (3C)

B 3 i Ki-67 Rk Wl T1 1H K ADC (948 5 M 19 s K

7T, A5 R VFA 2% % T1 mapping. £ i
BNAT T1 PR /0N 1 B UK A6 BE T3 e 910 434 AR GE B1
Yy 25 5% R W58 9 KO %% 35 1] DUt Jili 968 90 4R T1
{H 1) — BOME A B b S on o R R R AT,

ABFFE LS F oK il ADC 5 Ki-67 ik 5 &
FARDE , 5 REAEAF 5207 45 BEAR A A, B i Ki-67 %
TR KT v o 9 0 G A R PR, ok e 4 R 2 2
it S ) B BT S 9 /)N o 7K 3 BRI B T L, 5 B0 A
ADC B 5 [F) B, Ji I8 20 B AT 22 53 5 4 It 400 b A2 3
20 5 1 B 1 — 2B BRI K 4 F Tk S Bh i R AR
ADC, #TF i ADC B9 0l 3 & P A 7800 45 50 52
ADC JZFae  n] 85 M 10 5 98 A, o] 1 O S i il
I T TE TR BE M AR AR W)

T1 Y1 il g F (i) AT 2 W 41 20 0% N 7R R AE .
s AR b T1 {H 2 AR T B IR 25 4% M A2, v] B
5 R AR A R A T 2K A RN L AR &
LRI LR T1ES Ki-67 2635 K7 5 B IE A1,
AT BE R FE i Ki-67 1 2 18 £ bl 5 22 3R B8, )
5 A ROT B DL 2 B, i ) b T1 (4 e . BRAE
WFZE 1 A B, /0N A0 B g 0 A T (B 2 3 e T EE /D
20 i 98, Ki-67 2 3kt T R s B o AR g A G B
FEIY e U g R T R LA b B T (H.
AW AR L T1 mapping AT PPAR il DA 7R H
R TSR NS MR R R . ASHE S il R
KR TS Ki67 REAMXABARTHY
ADC . {H Ay fii Ji W A B 2 2k B 4E 17 3 ) JEL i

B RPN R T1{H S ADC 2 o B 7
5%, HREAE I — B, 7T RE /N 40 M g K AR Ak
it 9 2 P R v L P R 22 G I L BRI B R A i A S
Jit L O ADC BRI T1 (e,

M. Bl M IE T1 mapping Il & Wi T1 (489
A E R R, BTN T1 (5 H ADC K Ki-67 %

A.Ki-67 £ik15 T11H; B. Ki-67 £ik5 ADC; C. T1 {5 ADC

R EER G BL AE T1 mapping A %y Ik
PREEBEITAN i Ki-67 RIBHYAR 758 T B, A5
() EZ R BRI OB 05T A /N, BAIER T fi
RAR<T1. 0 om Jf b B2 J% B 38 24519 45 L 45 8 T REAT A T
fay s @ F 80 77 3k T I fie K= 1120 ) ROT, X DL B 1%
2 A T BB 0] R AT RBLAE B ShiRU K 07 oy
Prif AWLEE .

[ 5% k]

[1] SIEGEL R L, MILLER K D, FUCHS H E, et al. Cancer
statistics, 2021[J]. CA Cancer J Clin, 2021,71(1):7-33.

[2] ALAMIDI D F, MORGAN A R, HUBBARD CRISTINACCE P
L, et al. COPD patients have short lung magnetic resonance T1
relaxation time[J]. COPD, 2016,13(2):153-159.

[3] NEEMUCHWALA F, GHADIMI MAGABU M, PANG Y, et
al. Lung T1 mapping magnetic resonance imaging in the
assessment of pulmonary disease in children with cystic fibrosis:
A pilot study[J]. Pediatr Radiol, 2020,50(7):923-934.

[4] YANG S, SHANF, YAN Q, et al. A pilot study of native T1-
mapping for focal pulmonary lesions in 3. 0 T magnetic resonance
imaging: Size estimation and differential diagnosis[]J]. J Thorac
Dis, 2020,12(5):2517-2528.

[5] WEI D M, CHEN W J, MENG R M, et al. Augmented
expression of Ki-67 is correlated with clinicopathological
characteristics and prognosis for lung cancer patients: An up-
dated systematic review and meta-analysis with 108 studies and
14,732 patients[J]. Respir Res, 2018,19(1):150.

[6] SUROV A, MEYER H J, WIENKE A. Associations between
apparent diffusion coefficient ( ADC) and KI 67 in different
tumors: A meta-analysis. Part 1: ADCupen [J]. Oncotarget,
2017,8(43):75434-75444.

(7] BW 5 SR, B, 55 AR i 2028 BY i w3k i e At 1
HAESHE FUY BRES Ki-67 MM a0 (1], h AR % g
#,2019,99(21) :1645-1650.

[8] YOON J H, LEEJ M, KIME, et al. Quantitative liver function

analysis: Volumetric T1 mapping with fast multisection Bl



+ 1656 -

o E B 2R R B R 2022 AR5 38 #5248 11 8] Chin J Med Imaging Technol, 2022, Vol 38,No 11

inhomogeneity correction in hepatocyte-specific contrast-enhanced [12] LI G, HUANG R, ZHU M, et al. Native Tl-mapping and
liver MR imaging[J]. Radiology, 2017,282(2) :408-417. diffusion-weighted imaging (DWI) can be used to identify lung
[9] KIMJ E, KIM H O, BAE K, et al. Tl mapping for liver cancer pathological types and their correlation with Ki-67
function evaluation in gadoxetic acid-enhanced MR imaging: expression[J]. J Thorac Dis, 2022,14(2):443-454.
Comparison of look-locker inversion recovery and Bl [13] WANG S, L1 J, ZHU D, et al. Contrast-enhanced magnetic
inhomogeneity-corrected variable flip angle method [J]. Eur resonance ( MR ) T1 mapping with low-dose gadolinium-
Radiol, 2019,29(7):3584-3594. diethylenetriamine pentaacetic acid (Gd-DTPA) is promising in
[10]  VLE T, 885005 A&, 56 IR 7R 28 N AN A 128 3 2 BB I 4 1Y identifying clear cell renal cell carcinoma histopathological grade
SRR I M ()] P E EE AR R, 2018, 34(4) - and differentiating fat-poor angiomyolipoma[J]. Quant Imaging
543-547. Med Surg, 2020,10(5):988-998.
[11] JIANG J, CUI L, XIAO Y, et al. Bi-corrected T1 mapping in [14] PENG Z, JIANG M, CAI H, et al. Gd-EOB-DTPA-enhanced

lung cancer: Repeatability, reproducibility, and identification of

magnetic resonance imaging combined with T1 mapping predicts

the degree of differentiation in hepatocellular carcinoma [J].

BMC Cancer, 2016,16:625.

histological types [J]. ] Magn Reson Imaging, 2021, 54 (5):
1529-1540.

BN R N N e N e e e e e e L e e U R U S U S U S U S U W R W U W U W i W i N R U W U W R W N R N R S R W R N R R W R W R N N R S R W R R R N R R R W

(PIEBREEB AR BOR) A is 2023 4RAELT R 4%

(P EBESZSREAR)ZET 1985 4FE00 1), 2 i EA b
B E R E B = B B E R E AR T 3 g it R 2
ARy H e, 715 ISSN 1003-3289,CN 11-1881/R., K H ff
HEZS 2 AR ) (20112012 4F) A RS SRR 1) L CAT-CD #
YA b E R RO T B R | SO RO I T LR
SCRZC A T EE RN ) W SR B T far 22 B 2 SR ) i s TR P
WHOCH KPP X S 2% R 51 ) (WPRIMD KI5 F) (0 AR 25
ARAR LML b [ SCER O 22 ) (JST China) sk T :

ChE B AR AR R R IR 2R R SR TR -
ISR AR LS & R G YRR, RIS S X R 22 A AR
IT ARHEAR 2 | PR W B TR 5 5 T 19 3R 52 R I PR i 36 BT
FEM IR AL . LARE SR O L TR 1 8 A L & R0 o L -
R RE R EEMRERNEARLRO RIS .

(P E B2 AR AR ) H L 160 BT, K 16 JF R @ETRI, S
26 JG, A EM 312 JC. 11 AT BE T [a) > ML HE Ry 1T B R kAR 82-
509 ; 71 AT ) 2 48 3 BT I L SR R AT 2 CBRAT ST SR R I AT B
SIE T BT R 2 R A O

FAS4NASEES

o E MR R AP A

% it www. ¢jmit. com

GREEERHb UL b VE X AL USRI 21 5, RGeS A BT ORI 502 = B4 100190
B & A fhEIW BEZHEIE 010-82547903 f£E 010-82547903
RITHMP A E B AREOR ) P A BR A A

F R 1T RIS E R R AT
T 2 110907929010201

FTHRHEKS cjmit@mail. ioa. ac. en(K ' 7 BT 2D



