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Abstract

Rectal cancer (RC) is one of the most common malignant tumors of the digestive system, with a con-
tinuously increasing incidence rate and a tendency toward younger onset. Lymphovascular inva-
sion (LVI) serves as a crucial adverse prognostic factor for rectal cancer and is closely correlated
with tumor metastasis and recurrence. Preoperative accurate evaluation of LVI is of great signifi-
cance for clinical diagnosis and treatment. At present, the diagnosis of LVI relies on postoperative
pathological examination, which is limited by invasiveness and hysteresis. Magnetic resonance im-
aging (MRI) and radiomics have provided a novel direction for non-invasive preoperative predic-
tion of LVI. Conventional MRI can assist in the evaluation of LVI through tumor morphological fea-
tures, and radiomics models based on T:-weighted imaging (T:WI) have demonstrated favorable
predictive efficacy. Diffusion-weighted imaging (DWI) and intravoxel incoherent motion (IVIM) im-
aging can reflect tumor heterogeneity at the molecular level and are significantly correlated with
LVI status. Quantitative parameters and time-signal intensity curves derived from dynamic con-
trast-enhanced MRI (DCE-MRI) can quantify tumor blood supply and vascular permeability, facili-
tating the evaluation of LVI. The emerging mDixon-Quant technique can reflect tumor metabolism
and lipid changes via quantitative parameters, showing potential predictive value for LVI. Radi-
omics enables high-throughput extraction of quantitative features from multiparametric MRI im-
ages and constructs predictive models combined with machine learning algorithms, which can ef-
fectively quantify tumor heterogeneity and improve the accuracy of non-invasive preoperative pre-
diction of rectal cancer LVI. Single-modal and multimodal radiomics models based on T:WI, DWI,
IVIM, DCE-MRI and other sequences possess satisfactory diagnostic performance. Such models are
expected to realize non-invasive and accurate prediction of LVI in rectal cancer, providing an im-
portant reference for preoperative staging, therapeutic regimen formulation and prognostic evalu-
ation. Future multicenter studies with enlarged sample sizes are required to further improve the
generalization ability and clinical application value of the models.
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S5 EL e T WAL RGUBVEIE, (R AR R RS AL, AT R R A, Hrp
B =z 1] Ak, FEANAARFET WS, A s, & E e S
R 22 IF FOZW iRt faE A E R AERR(2]. T R HPERA LAY, 1R 2 B3 i Ak T e 9,
WG AT, R HE 2 A Bl 20 E S . R B R A MERaIT FB, BFAR UL
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IR o IR ER I IR (Lymphovascular Invasion, LVI&7RE MR ICHKE RSt BEWRERIER LS
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R ENJUHER, e W m TR R SeE . B IR S (Magnetic Resonance Imaging,
MRI) A H A R AR A 2R 0 Hr 2 S5 i, 2 B 0 AR B 753, AEIRYT KIS VAL o g o BB
MIERI[5]. b E Al MRI /] DO TR A 500 Bl 2R A7 VP4, D Re T MRI o] 385 e & 250 40 1K
X E AT VPl . SR AT MRI BUG bl S S U R R AT € &40 A, 1T B AR
SR, X IR AR AT VP4, MRI 2GR R g, BARIGFHETR[6].
2. HBENERBEEBHEPHRIEEN

W I E ¥R 1E(Lymphovascular Invasion, LVI)J2 i 83 48 ffL ik Nk 48 B S5 IKE RB i, &
FE IR I AN LR, AT X BE N I IR I (Intramural Vascular Invasion, IMVI)FUEE S I 5
(Extramural Vascular Invasion, EMVI) [7], 7EME4HIEY B m b 2% B M X ok R g h il B /EH &
BT Z AR Z A RS R &, Flndl . BRAERRER]. BEr F 2 URHiEe — 2%
8, TER AR Bk RO R/T, BT AU Je ke R IR BB EAKE R Bk, kTR 2
B SRR R e S A 2 — (9], BRI AEWE I dabs, 5V 2 S AN R T %5 VA G [10].
Kataoka 55 N L T bk P38 5 U0k UL 465 2 2 AR 5 Jk I Vi A5 3 A e P FRT DR BB [ 11], 9k B8 I A V2 i ot S AR 1
TEFNEERL I B IN 25, 5 B AR AP A TIUS 25 DIAH 5[ 12 ORIk 22 (1)t 98 51 1 Bk B IR T 7R 8 TR T
AR EnE YT IR AL H BE T UG BRI R DI 7 T 22V, A ek BRI IUE s 1 W4 B
BEAZNIVIRAR GRS FEMBIBLIT13]. BT, BEWERiKERERES T EZ MR GBS fe 7%,
{RIX PR A e A G H A S, AR T ISR IT 7 25 LT Tl Rk, R TGaI 8 5k
BEAEARF IO E e LVUIRES, & 4T — DN EZE A7 1m .

3. MRI M BEFHNNASH®

MRI B AR A &7 AN ECRE I, A AR B LR b i v, P A BB R
BURME AR S, R —FOERIN B A B VA 14]. HRTHFALRW, B MRI EUR AT 7R s 1 & F0
TR, RAUE TNM 2], IEFTHhE H5 ) BSO8R [15]. LT, A BT AW i 2 15 £
IRITITIE, AT LURYE MRIFEAERIAE FARVIBRIOVER, JF HAE B B i Bia 7, BERs 1Al R
YT R, TS BRI BERTT 75 %8s RS 771, MRI A BT W00 B e 10 52 sl e R AR AL
FIZHZ. [Att, MR 2 N T B RS WA o> 91, ml ke D L8 ke = 48 I 2 A FiUS R 2R (5]
RIS, MBI SR B AT R IE T2 B IR, 5 R R D RENE MRT IEAEIZ D M+ H
e AR 2 R AU T T BT L . AR 2R B M AR T iE 2 —, B el R i ROk i R
PG B o AT P20 (N i AE Kt NP v dl R SR IS, SRR A PR 22 SO I SR A AT A, R
WREBR RGOS RBERBEAMAER, SREARTEEINKEEREE. BERAXTUMT
LR, b iR O AR AR AR IR 2 P KRR, A IR S R SRS U5 T (98 I ORBOR, AR E AR
M B2 Wiy FREST BRI IR h R B, AR S et B AR S PP A ) — AR
ARGRHTTE, AT BN ER ORISR HENE R, A RScE 2. TR ANa itk £
IRK ) I J i S RAR L 2 N B0 B AR 2 PP A D TR, OB 2 A AN AR A [16]-[18]

3.1. ¥l MRI F7%

L MRI £ E AR T)WIL. ToWI, T,WI 0] LLEMW L SR iRl 450, o LLE IR R TR . K/ANAIAL
BEER, ToWI ST RIUFZEUR, 7 LLE R AR KOS EMIM AN S B[19]. ARk
PA[20] [21] LVI [ &4 AT RE 58K R BLAR A OG o Rd BLAR I K R Wk 25 g A K Ik 1) 7] A A K il 3
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A MG TR R, HAR 2R )RS 5, T RE - SRR QNI IKE AR, BEANKE R, 4k gl Mg
MELEHB BT . ToWI A& RRIGW BRI, R[22 5 T M7 = 70 HE 2 ToWI IR BE
TEF% 2 2] SUAR 2 S BRI T B e S5 R L IR, 6 PILER 5 ) A T4 B AE ) AUC 7E I
21439 0.956 0.802+ 0.879+ 0.966+ 0.973. 0.944, IUELL5r 7~ 0.924. 0.868 0.901. 0.892. 0.817.
0.905, e /RBIABYLE TN B s LVIUIRES 7 2A makae,  wr4iBhAR AT ML i .

3.2. # EUMA AL {& (Diffusion Weighted Imaging, DWI)

BN S G DWI I8 KRR R R N K TR BUZ IR, B — A E 2 e &S50 RMIREL
Z 4 (Apparent Diffusion Coefficient, ADC). 87 212340 M 2 B v, AU AMEIBR A, /K T¥ BUZBR, ADC
EAK[23]. ZEPREE[2410 8T T 85 I B/ F 3 1 DWI 28k, 45 B8 R LVI FHE4H ADC 2 ZE KT LVI
FAPEZH . Zhu SE[25]15FH IR W5 06 T2 IIBCRAR . 3 BOMABUSAG AT T1 IMBGE SR, 7 kg | RS A
B, ZRATN FAE . G IR A R - BUR 2 GBS RIA Y th 4 T AL (AUC) A
0.708~0.775, Z AU AT AUC N 0.835, IfARIEEN 0.782, LA BRI E(AUC = 0.867,
RPUE = 0.840, FERE = 0.806). MAISKYL, DWIJ 32N AT BRIk, 0 LV AR KP4
— = X
3.3. FEARTHETFEEI & (Intravoxel Incoherent Motion, IVIM)

R NAMHETEBENARAVIM) 2 7E DWI FEA F R R E R — PR 7%, HRe i DX m kA 9
BORIEEE TS Do X R, ATRLFEE 2 8 S8, BT ADC fE4h, ICREMSRIY HURE(D). #
HRBOHYEESBO=ZTERSEL VAL D RBESLY BB . HEE R D' 2 E A
TR DL VETE 330 £ AR BUR WG I FE Vo5 AR P LA [26] o X e S 50T DLFE U Hboff iR (0 46 B0
FE A B U Jirh 8 SIZAAS ) iR SRR [ 27 ] SEINAS (28 3R 1T B e B IVIM & AR S 505 LVIDIR
BHFE, 53R EIR LVI BIELL £18 0.172 (0.158, 0.193) 5 K T-FHPEZL 0.188 (0.168, 0.237), TVIM
AR | S — e R B r] DU BB A e 0 LVIIRES . — kX 83 4 B s i3 I AL [ 2913
B, 454 ToWILL IVIM 751 SRR 20 5 D5 i i AR e 8, ik Sl B W LVI GG HiH IVIM
RGP BAFHARGE S, oL SR E g LVI.

3.4. EhASXEL 1R LR Ak % (Dynamic Contrast-Enhanced Magnetic Resonance Imaging,
DCE-MRI)

DCE-MRI & H T-#Si 2 W 1 J LM iE MRI 77 24 17512 —, DCE-MRI £ 4 R A8 7 /2 E S A
SRAE TYWIT — B IA] A A DAL 15, T DL s B 2H 4L 38 50 710 27 BSO8R AR 20 21 (R Bt AL RS AT, 338 17 e firb g
() A P 54T R 0 g o) i BBl AL G AR AR REAT 78 B VPA (300 A AT RIS M IS LU 79078 o e P B 90 A7
FE BB, R DL s B e (0 R VO, 34 T DA TR S PR PR 0L AT R L AN B R
M JEPE[31]. DCE-MRI ] KU {5 5% L 37 & 2B VE RIS . LV 7715 2 350 I8 40 it 7= A6 5 22 179 1f.
EARRE T, TERFES ARSI, TR A U R, SR EEATE, HBE
PESE N, Krens fH K [32]. BEAh, DCE-MRI H A 0] PATF 22 58 5 S 400 (] - 15 5 58 B il 28 (time-
intensity curve, TIC). TIC HiZkn[ 53 =41, 1 BUF 5 98 EEBEAE I (] P HERS FE S8 i, 249 IER BRI
WAE s 11 BUE 5 00 7R AL IR AN AA 3 5 A BERT (2R 4k, 23R R BRI AR T BU7E AR
BEWII B S R R, R TR RS, ZAREIERAR33]. AWIFRIR[34], HA I B AR 1T B 4
AL LVI BHER B E T m . B T [35]0 4T 49 I B i £ # DCE-MRI & & S8 mrEMVI 1% R,
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BRI Ko 5 7F mrEMVI BHEZ 8] B 5 T meEMVI YRS, 3680203 . Chen Z5[36]2047 124 4
H % B4 1Y) DCE-MRI R§ 143 H 7 EMVI B2 Kurens {35 2 5T EMVI B2 0 45 5 . i 5 % 45 [37]
BT R W Ty I AU (Ta W) SR EUIMBUAZ (DWI) K 358 T 1 INBUE (cT I WFRBURIG7 %8 5 4% 21 2F 451,
3 AR T ToWIL ADC. cTIWI B — B LA 7 51 (525 41 22 A R A N PR3 BRARRAGE 5 ) 45 A
RIHIERILL I, AE BRI ZREMIGIELER AUC 4358 0.899. 0.876, Tl xiAeHH:. Kit, DCE-
MRI FIEARRHEA BT X LVEARZS I PFAL

3.5. MR % [B17§ Dixon EE K IFFAR (mDixon-Quant)

mDixon-Quant J& —FPAEZ A\ =4E(3D) % Rl BAHE [F1 3 GRE JP41, 2Bk, REWT K ARG FIAH
K 17 B LA B A v st P50 28 R2VFAIR 5 734 FF U, wTLAVEAS IR DT & & Rt i & &, i
G s, ST I E R RE SRR E 2 7. RPEMEMALED S EMRIEL, B[R
R R AR TR, RBA AR A . R A K AR RS, SR E BN, &
FURECIRAS, TREEZ B FRYI, R TR B3, A8 R2ME T o FF AR AT LAE S PPk i I & &
FF EAE NN & B E1RAR, DEBUFSE 1 E H il =88 & EHUK[38]-[40]. BT RIR[41], I
YA B R AR 2 R A AR AL, OB BRI AR RS 2, BRI T ARG 50 T4 R, XK
R AR AR T A B b B R B SRR A AR KRR, M3 8L FF (7. HArEPN4EXS mDixon-
Quant TR E e LVI MWF A T2 B, Ol S 420 70 B I0HE T R2™. FF S50 i
B, HFEREE/Mn=62), HARLEMGHFRAEMEE TS . tesh, Z RN T B—
UL, SRMANTIIEAE . KRRy AR E, &2 hOBdE X BHTE, WA
+ mDixon-Quant TJRESHL. INIR RAEFEAR KR AL = RFIE M 2 JEFE TSR, L3R = B LVI ARHiT
VAR RIS HE BE 502 Ak

4. REGEERE

LVI 2 HWEEENARGEH R, SMEES. BRGEETINAEEVIME, MK IH 6
7SR R TS VP B A B R R . 4T LVI 2 3 BB SR B, fAE A R, SRS &
R w225 R PR, HMEDLIE R R AT HEIZIT R oK. Bk, FFRTEO). #ERARET LVI Tl 57, CNE
[ M AEAEHEIRTT IO ST 7 M 22—« MRIEE R AR AL 355, C O8N B R AR BTG 1) e
LB TF B S BAE % NZ SH MRI BUE & 252 B IR AN o] W) 5E ERHIE, A A 5 i
PE, N LVI GO it H RS HE . BABHFUIESE, W ToWLL §  HUNAURAR DW= A A T2
FIEAZAVIM). ZhZSXF IG5 MRI (DCE-MRI) KB 2% mDixon-Quant i RFIEER =S5 EESH, ¥W5H
Wl LVIARAS BZEAH G I T B P HIRg 8 1) BRias R 2 S R R R I R P2 W sae, AR
i LVI PPl AL 1 AT SE AR Ak

REMAH R CEAAN Betbdtke, EIFEREARREE/N. DR POH AT BRZ AR A2 K
I RS2 PR A& ) . 255 B AR SRR TR oK, ARSRAT AL R 7 T FEER AW FT: O S84 % - 2
HZE R TE : IRAIRIT MRI SAAGH ERFE S LVI AH SCEE DR Rk 3k S FARRAS () ST, 7128 S B LVI 43
TR GRS, SCIA “RBEAL” 3 “or-FHLH]” FORSHESIE, 4 LVI 40 10 B AR 21K
. @ g LVI WAVRE R MR AL: Y ATe 7T 2 R AR T 84K LV F, AR oK 75 K REAE RS UHE [X 43k
EEL AP IR 10 L B A IV 31 (IMVT) B B A7 LS 92T (EMIVT) 1) 22 448 B 4% R Y, WA 4% 0 ZRY S A0 22
BIIGIR oy 21297 . @ MG ZIRAEVREVIEBESHR. RP—ZEBEIERR, K228 MRI &
G FRAE S AR TSR CANPE R IR 4 i SMIAMA . IR DNA) I AR ERFE A5 S SRE AR S 55 2R
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By, W B - RIK - 077 SESBS TR, 3BT LV AR R0 R M5 e
PEo @ HEFERTHEVEIG R UERE 5T FRAFEAR. 20 ATIETEIE RIS, RGP EE T ARHT MRI #2144
AT ) LV RS B R BhIa 78 TR RS L EH KIATUS OO A7 . B4 17 1)
(5L brde SAME, HEZEE R NEHIT A IR R . © AT R B & B FH S5 AR HELL : 97K mDixon-Quant
ERNBARNFEARE, SEVEHAFMEINESHIREEA,; FRg— MRI B#2%5. B S RIFRE.
RRAE O I8 AR SSRGS AR UEAR ) LV TR &R, IR HE T FE LA AR -

BT IABEFOEYE, ATV IERE D S0 E M 38 AR AT MRI PG LVI KT, 7% A
HHER ToWI A DWI/ADC 1 AR T %, R4S DCE-MRI; i 4 R ADC {H. i@
FEMESE, N LV 3T/ R AR o )=, T S8 Bia T sk R F AR BB B: MRI T LVI
RETHBEPA AR 12, RACWIFEARGERIEHIN. ARFE— D55 Ebm i, SRR
HE) I R TR P o

L LRTR, 228 MRI G S BH = HRTE B LVI ARAT o) il s B A B 7). Aokl
PERIE G . 2O ME L ETIEIEIRAE, A BRI RS, SO LVI KRS AE. B0, TR,
RANE B B IR UG SR OGBSI

SE
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