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[Abstract] Objective To observe the value of "* F-FDG PET imaging. intravoxel incoherent motion (IVIM) and diffusion
kurtosis imaging (DKI) for predicting lymphovascular invasion (LVI) status in invasive lung adenocarcinoma (IAC).
Methods Totally 64 TAC patients were retrospectively enrolled and divided into positive group (n=21) and negative group
(n=43) based on LLVI status shown by postoperative pathology. PET, IVIM and DKI parameters were compared between
groups. and the value of each parameter alone and their combination for predicting LLVI status of IAC was analyzed. Results
Significant differences of the maximum standard uptake value (SUV ), metabolic tumor volume (MTV), total lesion
glycolysis (TLG) , apparent diffusion coefficient (ADC), true diffusion coefficient (D), mean diffusion rate (MD) and
mean kurtosis (MK) were found between groups (all P<<0.05), the area under the curve (AUC) of the above indexes for
predicting IAC LVI status was 0.660, 0.751, 0.726, 0.718, 0.699, 0.660 and 0. 688, respectively. AUC of PET
parameters (SUV,,.x +MTV+TLG), IVIM parameters (ADC+ D pseudo diffusion coefficient+ perfusion fraction) , DKI
parameters (MD+ MK) and their combination was 0. 741, 0.766, 0.701 and 0. 906, respectively, the latter had the
highest AUC (all P<C0.05). Conclusion '*F-FDG PET imaging, IVIM and DKI were all helpful for predicting IAC LVI
status, and the combination of the three had the best efficacy.
[Keywords ] lung neoplasms; vascular invasion; positron-emission tomography and computed tomography; magnetic
resonance imaging

DOI:10. 13929/j. issn. 1003-3289. 2026. 03. 007

BF-FDG PET B& . E RN A TIEzh KR IEE
R A% Fon i 72 0 1 B B R Bk B 240

HF&E LA F L x /L EHSRLE WML RRRLLE LR oML, EERD
LB R R EE B /e K N R EBE /RGN RS B R 225 1% R R FBH 4500035 2. R A A R BE g /40 2
N R B /i g Kot N R BE BE B 2 AR R g AN 45000353, VIR BT BHBE B0 AT PR A B P s i 5 e . 1 201807

4. U B B BE S S RFSEBE . AL 100094 5. il g 45 B 24 e A By BE 22 WF 55 0, Wl B H0JH 450056)

[ E] HEY WEF-FDG PET B8 K ZE N AH T8 3h (IVIM) K3 Bl BF 4% (DK D 1570 132 18 24 il 8 98 (TAC) fik

[E—1EE] BT Q000—) L, b E B N AR+, WF5EJ7 . i 212 %% . E-mail: 2484479256@qq. com
CEEIEE] 0505 I A N REBE /N K2 N R B /I pE K 28 N REE B IR 24 52 A% B, 450003, E-mail: fufangf@126. com
(W #s B H#I] 2025-03-03 [f&[E BH#I] 2025-08-31



e 352 - o BE 2R R B R 2026 AR5 42 #5255 3 8] Chin ] Med Imaging Technol, 2026, Vol 42,No 3

FRILLVDIREMME. Fix  BUBHESHT 64 6] IAC B ARE AR SRR LVIRE SN EHLA (n=21D) 541
(n=43) ; LLE AL A PET.IVIM K& DKI &40, /3 H7 45 B — S5O A W LVIIRE WM E . SR 4L i bR ik S
H (SUV,) AR AR L (MTV) i kB EE 7 AR (TLG) VR ILIREL R L (ADO) \ B3R HLR £ (D) - H 3R R (MD) &
T (MK 22 5394 it 24 8 (P ¥1<C0. 05) , % S 8010 TAC LVI iy il £ F H AL (AUC) 4333l -y 0. 660,0. 751,
0.726.0.718.,0.699.0. 660 % 0. 688; 3T PET 28 (SUV,ee + MTV+TLG) . IVIM 2 % (ADC+ D+ 95 i 2 B0+ 3 1

A¥0 DKI S (MD+MK) & = B4 AUC 4351k 0. 741.0. 766.,0. 701 & 0. 906, J5 % AUC & & (P #<C0.05), 4
£ "F-FDG PET 1% .1VIM K& DKI ¥ B FH IAC LVIARTES ; = F B A B s me e .
(XA WM WRERIL; EmF L2 BRI EVRZ AR wILR A%

[FHESHES] R734.2; R445 [XEERIREG] A
it 9 2 4 B e B UL R BB 8 0 e 04 S M iR
2022 AT AW 1 2 248 TT BE TR B1E 180 75 iR
AR R IR, R R E (RJF 5 R kE
20%) H 5 Bk 4% 12 JE (lymphovascular invasion,
LVD A XPY, HHi“F-FDG PET BA% . 1K E N A
+i2 3l (intravoxel incoherent motion, IVIM) K ¥R &l
W B i 1% (diffusion kurtosis imaging. DKD & F F¥F
fli ZF i LVI® . A5 W4 F-FDG PET R4% .
IVIM } DKI i il 12 i ¥ Bl B % Cinvasive lung
adenocarcinoma, IAC) LVIIRZSRME .,
1 BEBEFHE
L1 R B #2020 4F 7 A 2024 4F 3
i NREBE 64 i IAC 3%, 5 27 ] % 37
B AR 33~76 & P (58.3£9. 1) % s iR A JF
LT LVERE R H o i YR (n=2D 5 PP 4
(n=43) AAAPRME: O T AR 10 XA 32 PET/MR
T S HL ATl A 3 32 bR AH DGR 9T s Ol R K B
TR e s OARJFIWEZ I TAC. H LVUIRZ M
HEBR AR HE . O BAR Bi AEEE EHROAR 58 5 Q45 v i R
BANT 1 em, ABFFEIREE BE AR B2 B 23tk [ (2020)
fEBEERE (116) 5 ], 40 B 8 B s Rl &
L2 &5 AMmEEESET R 6 h&H

[XEHES] 1003-3289(2026)03-0351-05

H2 g ML F 7.0 mmol/L, FHEH"F-FDG(GE
FracerLab FX-FDG 4 7=, i 4 fb 2= 4 £ > 95%)
4.07 MBq/kg #& Jii £ 40 ~ 60 min J5 K H B 5%
uPMR790 —f#&1k 3. 0T PET/MR 1% . il # 12 3 i A
s R AR 2 B AT M 58 A R PET/MR 54 36 Rl i
I e AR o A LR s W 0 I 1 5 43 5 4T PET %
MR i J5 AL 6 R SR A A7 TIWTL T2WL 5K BN AL
1% (diffusion weighted imaging, DWI) X #8 % []
(ultrashort echo time, UTE) KM%, DL M % B4 5 9%
s UTE B 591 52 61 K2 %47 TVIM M1 DK, W%
1, KM Dixon =4 T1W # & [8] 3% J¥ 51 17 v B4
WAL IE . LA P 58 B K ) B2 (B % (ordered subsets
expectation maximization, OSME) B # F 14 ,

1.3 KEMERAEE | 2 2 RFIE R E G RN R R E
Ui FHCEE uWS-MR:R005 TAE 347 ER J5 4b 2, +
PET/MR Ffilt & & 4 h T 3l ) i\ i 9 2k % R 1
(volume of interest, VO, H 23k U kb 5 KA %
BU{E (maximum standard uptake value, SUV,.) . ff
88 LA T (metabolic tumor volume, MTV) 45 4t
W BE fi S A (total lesion glycolysis, TLG) ;% JH N &
YREC M AR AR B TVIM K DKI 8, 454 T2WI J
UTE &4, 8T 1 IR FE 2 728 K 85 4 X8 7 4% J2 T

#1 MRHMBH
S8 TIWI T2WI DWI IVIM DKI
TR(ms) 4. 24 3 315.00 1 620. 00 1 620. 00 1 210.00
TE(ms) 1.13 87. 80 69. 80 69. 80 86. 00
FOV(cm) 35X 50 35X 50 35X 50 35X 50 35X 50
B 303X 456 264X 480 202X 256 202X 256 202X 256
W5 9% (Hz/pixeD 260 260 2 370 2 370 1630
JZ & (mm) 5 5 5 5 5
A #E (mm) 1 1 1 1 1
NEX 2.0 2.0 1.8 1.0,1.0,2.0,2.0,4.0,4.0,6.0,6.0,8.0,10.0  1.0,4.0,8.0,8.0
b {8 (s/mm?) — — 0,800 0,25,50,100,150,200,400,600,800,1 000 0,500,1 000,2 000
I il A I 2 2 2 2
HEE A () 14 146 178 218 391




] BE2F AR AR 2026 FE58 42 %5 3 ] Chin ] Med Imaging Technol,2026, Vol 42,No 3 e 353 -

% )2 7) i ROL. G0 5% H 3% W9k I & 2L Capparent
ADC). H ¥ #l & % (true
diffusion coefficient, D), th 5% # & %" ( pseudo
D" ). # 1E 4 % ( perfusion
fraction, D) 3 FRECR (mean diffusivity, MD) X F
0% B (mean kurtosis, MEKOY , ULE 1,

1.4 JE¥EM4E T PET/MR H#i)5 10 RNTT
ARIOST AT g B2 AG A L 10 S R s BE2E Y LVIIR
SR R

L5 it hr R MedCale 22.0.R 4.2.1
SPSS 29. 0 4t it 43 #r # 4. LA Kolmogorov-Smirnov
Ko B0 T o BB A5 Al E & 40 A0 s A7 A IR A A A6 A DA
T sSEORATMALFEA K I AT LG AR A L

diffusion coefficient,

diffusion coefficient,

1 BES .8 XA Lt IAC B KAE 2.7 em AL JJIEW M T2WI; B. SUV.w 5 UTE BlA 5 C. ADC
th#E; D.DthERE; E.D* thEE; F.IAEE; G MK th#E s H. MD th#ZE; L RFEE (HE, X100) (iR

WA B CE TR DY 4 B0 7R L 4T Mann-Whitney U £
5. RH o K56 B THBOR B, DL N A OC R AL
(intra-class correlation coefficient, 1CC) Tk Wi 2% &
] —# Pk, £ T PET.IVIM & DKI &% L) logistic
Wl 2 50 a7 Bk A RS R, 2 ) A2k F TR R AE
(receiver operating characteristic, ROC) [ £ 43 #7 £
— B R BAATI IAC LVI B %EE, I LA DeLong £
I F Al 26 N 1A FH Carea under the curve, AUC),
P<<0. 05 W ZE S A G4 L.
2 H#R
2.1 —MEBORL  ZH IR CE AR R o AR M B R
RESWA G2 L (P ¥<<0.05), L% 2.,
2.2 PET/MR 2%t W% B & SUV,...MTV,
TLG.ADC.D.D" .1,
MD & MK {8 45 3 fy
ICC 43 3 2 0. 993,
0.989. 1. 000, 0. 796,
0.813. 0. 846, 0. 861,
0.912 K 0.885, 4
il SUV,w. MTV,
TLG,.ADC.D,MD K
MK {H 2 5 46 4e it
RN (P <
0.05), .3 3,
2.3 ROC i &5 #r
: SUVues MTV,
TLG. ADC, D, MD
S % MK B IAC
LVI i AUC 43 51 K
0.660.0. 751.0. 726 .
0. 718, 0. 699, 0. 660
K 0.688; PET &%k
(SUV, + MTV +
TLG). IVIM £ ¥
(ADC+ D+ D" +
) \DKI Z % (MD+

iy a®) . \
MK) K = & B A 1
2 LVIFIHES BIHE TAC 5 21 B K 3% b L 4 AUC I3 512 0. 741,
‘ LR W12 0.766, 0.701 I
4151 PRTPIN P 1) () Jiggg o3 AR BE (45 _ i 968 e R AR o ‘
7 ES fik il a (mm) 0. 906, LA = FH KA1
FHMEAL (n=21) 54.2+10.4 9 12 13 6 2 33.33+12.98 = o ;
B 4 (n=143) 60.3+7.9 18 25 11 26 6 22.56+9.13 AUC fi i (P 1 <
0 —2.063 0. 006 8.056 3. 846 0.05), M 2 &
P {4 0.012 0.575 0.018 <<0. 001 %4,




e 354 - o BE 2R R B R 2026 AR5 42 #5255 3 8] Chin ] Med Imaging Technol, 2026, Vol 42,No 3
£ 3 W& LVI M SAYE IAC 19 PET/MR %1
21 51 SUV max MTV(cm?®) TLG(g) ADC(X 103 mm?/s) D(X 1073 mm?/s)

BHPELH (n=21)
B2 (n=43)

5.61(0.48,13.81)
3.91(0.40,13.77)

14.74(2.12,75. 89)
5.27(0.62,21.19)

46.53(0. 69,259.57)
9. 86(0. 68,33. 84)

0.83(0.25,1.40)
1. 31(0. 25,4. 80)

0.67¢0.01,1.28)
1.03(0.06,3.67)

Z {4 2.066 3.239 2.917 —2.810 —2.567
P4 0.039 0.001 0. 004 0. 005 0.010
215 D* (X107% mm?/s) fCY%) MD( X103 mm?/s) MK (X 1073 mm?/s)
BHPELH (n=21) 67.57(3.66,166.05) 41.23(13.63,66. 68) 2.23(1.13,4.77) 0.84(0.49.1.16)
AL (n=143) 66.47(11. 84,148. 00) 140. 85(10. 45,73. 38) 2.66(1.18,4.58) 0.69(0.29,1.05)
Z {4 0.021 0.279 —2.066 2. 424
P {# 0.983 0.780 0.039 0.015
1.0 1.0 NODA U 47 1 2,32 R
SUV,... FM TAC LVI k25 9 5
08 0.8 PR s A 5T 45 2R SUV i
W E N 4. 83, 1] 58 5 WF 5% %
%W‘ %%0-6' SO AFREAR R A K. L1 &
IEd _ iEd N
=3 RS = il SUV, S MTV 5 k)
L ~ LG ' - G0 LV R % IAH O, /.
L] -D i —IVIM MTV B S RE DL T SUV
02 M 02 e N
— MK — O PETHIVIMEDKI | AR ML SUV,.. .MTV K&
L . L L L L L L TLG Y B ES Ve, F—4
0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 10 G qﬁ%m‘?ﬁﬂﬁﬁ =2
1 S (2A] 1 i D UE T A IAC LVIR A

2 PET/MR ¥ IAC LVIIRAER ROC #iZk A &5 —F%0; BB W

% 4 PET/MR i TAC LVIIRA IR RE

B H AUC 430 511k 0. 660,
0.751.0.726, B0 MTV &5 ¢
BEE T SUV,. . 5 EiRfF 5T 45 1

ar 0/ WURE  RRE
S8 AUC95%CD Wi % % piEpa
SUV ax 0. 660(0. 509.,0. 811) 4. 83 76.74  57. 14 IVIM &3 FHH N KT
MTV(ecm®) 0.751€0.629,0. 873) 4.01 62.79 80. 75 ?ﬁﬁﬂ@fﬁjlﬁ@ MR Eif%itﬂ(,ﬁﬁu
TLG(g) 0.726(0.584,0.868)  12.36  67.44  71.42 .

ADC(X 1073 mm? /) 0. 718(0. 590, 0. 845) 0.81 79.07  69.91 24> b IR R AR K 3 3k O
D(X10% mm?/s) 0.699(0. 563.0.834)  0.79 67.44  66.67  HOEEEAE BV S ADC
MD(X 103 mm?/s) 0. 660(0. 514,0. 806) 1.87 8139 5238 ) My E[ T K 4% T 3K B2 R AR

MK (X103 mm?/s) 0. 688(0. 547,0. 828) 0. 85 79.07  52.38
PET Z8(SUV,ux + MTV+TLG) 0. 741(0. 603,0. 879) 0.25 67. 44 76. 19 BB e SR i BT 45 R
IVIM 25 (ADC+D-+D* -+ 0.766(0. 642,0.890) 0. 45 88.37  61.91 UL LV B g & D8 4 B 2%
DKI %3 (MD+MK) 0. 701(0. 556,0. 846) 0. 38 76.74  66.67  EE A I R K B0 2 PR T 35 K

=R AR 0. 906 (0. 830,0. 982) 0.15 74.42 95. 24

ADC & D [¥A& . A8F5E BH M4

3 itig
ARETHI TAC W5 A B T 116 PR 6l 2 A~ 1k Ak G 97
HE, ZHFEEIGESE, IAC LVI M SR AR
BEMK, APFFRME PET B4%2 . IVIM & DKI i il
IAC LVIRER A .

MBI F-FDG 584 WA & VA G, g
B g R e, OOV U T A OB A s TR -1 BEIRE ,
S T 2 W LR 0 0k Sy b e A i A RS R A R
ot R, BEEMF RN R WL SUV,,, & B IAC LVI
AR WA A W2 b i W AR L S A (i 6 T i

ADC 1 D ¥ 1 K T B4 . 5 BE A iF 5% 45 S — 3.
LI % BB 3T ADC.D K f fig 43 #5400 B LVI
AR, B £ Hh ST W0 s SR A S 4L E] DRI f
JC W 25 5. T BE 5 I ER OR WL AR L JE AR b fE (<
200 s/mm®) &K D 1 f n] R M 2EH L,

DRI 25 T 7K 4 FF & 00 o0 A 5 10z 8 19 iR
AR LS H MD R BK 5 F 16 1 80 37 805z B %
AT LMK S 2 oK 43 87 #0230 25 e 7 4
A B RE BED) T 88 5 YL SN 4 R R S R A R
PEAE DS ARBFZE B PEZH MD iR T i MK & T B 1



Hr ] BE2E AR R 2026 AR5 42 %5 3 ] Chin ] Med Imaging Technol,2026, Vol 42,No 3 e 355

Y1, ATRES LV FH-PE b Je 200 it 445 A4 188 A% B 1L 3w
0 M b s ) b R BOK Sy T B0z B BE 3 A G
BFE-FDG PET.IVIM X DKI 2 ¥t 4 4 B T 1 )
IAC LVIRAS JC L = F B A1 AUC i, Mg LVI
KM RS R SO S N 2 R R A G B — S Y
A8 S I JEL A3 A 171 22 228500645 AT B8 4 18 b S5z B e g
PR S ) S B o A SUV e I D B3 AR BR HL 48
AR DXL T 5 MK K SUV,.., AT RE AR 36 45 1 52 2% (1 3R
BEIX B 5 21 4k 40 2107 Bk Ah . A AN AT MR 8 F-
FDG PET/CT #i 4 , A #F 58 % 19 — 14 4k PET/MRI
ANASURT 4 S RS R 45 I 0], L B R IG5 31 570

ZE FRT R .U F-FDG PET B4 .1VIM K DKI ¥
A BT HM TAC LVIIRAS , = & BeA 1000 &% g B e .
AHEFE Y B R R O S Bty CANREAS | AT B 43
BT s @ FE T 191 T S5k 4 19 DK A5 B L A2 8] 3
B2 R RHERR e KA <1 em 45717, AT BE 2
T D R

H B R AAREHEFRARA AR,

M TTak: R T B & 1k BB R LF 44
FHFBR R A FE A F5 T 3 BA AR E R Lk
MREH; ZAAFRERFREFRAT > ZH B
B2 =15 TF.

[ 5% 3Tk ]

[1] BRAY F, LAVERSANNE M, SUNG H, et al. Global cancer
statistics 2022: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries[J]. CA Cancer J Clin,
2024,74(3):229-263.

[2] POTTER A L, COSTANTINO C L, SULIMAN R A, et al.
Recurrence after complete resection for non-small cell lung cancer
in the national lung screening trial[J]. Ann Thorac Surg, 2023,
116(4):684-692.

[3] SATO T, SHIMADA Y, MIMAE T, et al. The impact of
pathological lymph node metastasis with lymphatic invasion on the
survival of patients with clinically node-negative non-small cell lung
cancer: A multicenter study[J]. Lung Cancer, 2021,158:9-14.

[4] GUGLIELMETTI L. C, SCHNEITER D, HILLINGER S, et al.
Lymphovascular invasion is an independent prognostic factor for
survival in pathologically proven N2 non-small cell lung cancer [J].
Swiss Med Wkly, 2021,151:w20382.

[5] LIJ, YANLL, ZHANG H K, et al. Application of intravoxel
incoherent motion diffusion-weighted imaging for preoperative

invasion in gastric cancer: a
prospective study[J]. Abdom Radiol, 2023,48(7):2207-2218.

[6] GRANATA V, FUSCO R, SANSONE M, et al.

knowledge of lymphovascular

Magnetic

resonance imaging in the assessment of pancreatic cancer with

[7]

(8]

(9]

(10]

(11]

(12]

(13]

[14]

[15]

(16]

[17]

quantitative parameter extraction by means of dynamic contrast-
enhanced magnetic resonance imaging, diffusion kurtosis imaging
and intravoxel incoherent motion diffusion-weighted imaging[J].
Therap Adv Gastroenterol, 2020,13:1756284819885052.
JENSEN J] H, HELPERN ] A, RAMANI A, et al. Diffusional
kurtosis imaging: The quantification of non-gaussian water
diffusion by means of magnetic resonance imaging [J]. Magn
Reson Med, 2005,53(6):1432-1440.

OKIROR L, HARLING L, TOUFEKTZIAN L, et al.
Prognostic factors including lymphovascular invasion on survival
for resected non-small cell lung cancer[J]. ] Thorac Cardiovasc
Surg, 2018,156(2):785-793.

WANG C, WU Y, SHAO ], et al. Clinicopathological variables
influencing overall survival, recurrence and post-recurrence
survival in resected stage I non-small-cell lung cancer[J]. BMC
Cancer, 2020,20(1):150.

NIE P, YANG G, WANG N, et al. Additional value of
metabolic parameters to PET/CT-based radiomics nomogram in
lung
adenocarcinomalJ]. Eur J Nucl Med Mol Imaging, 2021,48(1):
217-230.

NODA Y, GOSHIMA S, KANEMATSU M, et al. F-18 FDG

predicting lymphovascular invasion and outcome in

uptake on positron emission tomography as a predictor for
lymphovascular invasion in patients with lung adenocarcinoma [J].
Ann Nucl Med, 2016,30(1):11-17.

LIC, TIANY, SHEN Y, et al. Utility of volumetric metabolic
parameters on preoperative FDG PET/CT for predicting tumor
lymphovascular invasion in non-small cell lung cancer[]J]. AJR
Am ] Roentgenol, 2021,217(6):1433-1443.

MENG N, FU F, SUN J, et al. Sensitivity and specificity of
amide proton transfer-weighted imaging for assessing
programmed death-ligand 1 status in non-small cell lung cancer:
A comparative study with intravoxel incoherent motion and '8 F-
FDG PET [J]. 2022, 12 (9):
4474-4487.

XU C, YUY, LIX, etal. Value of integrated PET-IVIM MRI

Quant Imaging Med Surg,

in predicting lymphovascular space invasion in cervical cancer
without lymphatic metastasis[J]. Eur J Nucl Med Mol Imaging,
2021,48(9):2990-3000.

PALUMBO P, MARTINESE A, ANTENUCCI M R, et al.
Diffusion kurtosis imaging and standard diffusion imaging in the
magnetic resonance imaging assessment of prostate cancer[]].
Gland Surg, 2023,12(12):1806-1822.

YUE W, MENG N, WANG J, et al. Comparative analysis of
the value of diffusion kurtosis imaging and diffusion-weighted
imaging in evaluating the histological features of endometrial
cancer[J]. Cancer Imaging, 2019,19(1):9.

MALAGI AV, KANDASAMY D, PUSHPAM D, et al. IVIM-
DKI with parametric reconstruction method for lymph node
evaluation and characterization in lymphoma: A preliminary
study comparison with FDG-PET/CT[J]. Results Eng, 2023,
17:100928.



