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FRE4Y26S  R735.3+7 ; R445.2  SCHARRIARD : A

WE : EEKE L H2RILEHRMEREHNERERI , SEEMEERE . AT ARG
EWaax, ZHEFERBARSREFIN , RerE MRS % (magnetic resonance
imaging , MRI) EIRAMIGFE—ERME. fEE MRIAKAR , i . k. RSEKIE
B%%Z S8 MRI A] N RIA B RRMBAELE. RGAFRUEGNEFS . REFIAREK
AT EREA AN BEHBT MRI BUE AT, AEBEIKE MR RIDIARATIHEREEZ 2%, &
A Z S8 MRS A T ERERFTITE E S E RS RN Rt RIE— R4,

Kgha - EE ; MR ; PKERID ; #EEI0 ; AT E6E
1315

HEEIBHASE WEMEMRE — , HIATARKERSATIS MRS BER R EY)
XY, BET, EREATREEEAF L. WEERREELFBF N TLREFIRT , Kb
BREMRICUE. HEERERRFEMIFERHIEIAT A RNEERRIE. WiRak&

(magnetic resonance imaging , MRI) BEHRSHALRSHER , EEBRERTTRES . AEY]
GHMT RIATT RRPNEERGF ALY, xRt |, fITEM MRITHEB BT S B e
RATRAREERIE RN B E",

Bk&123C (lymphovascular invasion , LVI) FI##4842JC (perineural invasion , PNI) #1585
R RMIMERR. LVI Z2HEHRARGIDHEERMER , SHELEHE LR RN
X, E T2 ERETHHIANEMEERBNEERBREAR. PNIETEHEHERFICHS
S RE AR , FAMEE R RIEERZEMERR |, RKRGERAEXERZEY, {8 LVIH PNI £A
TRHE T MRZMRIERE |, TERMARRIPIER , ¥H MRIRZIEE. BENTGAR
BARIBTESFRINEHATHIMT DR —E BME.

kK, ZS B MRIMATEREM AR EIIES, ¥ T s RS EKIEM ‘B
FERART] WA B R B s AR AR EMFIHOAR AL, , 0 LVI M PNLRATIE IR (LS 2 551%
158. THRAFRLMEGHNRFS . REFIIARKOALEEAIETAT MRIBGSHT |, IaE
IR RIS TERE T, BRI N E i LVI # PNI AR AT I 4 7 FTi B . A0k
Z S MRIEXE A TERER TS BRI E R RIDHA R RIE—LRA.
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HiEFIMT. EER , VL EE. R, RERKERGEZSHMRIEREIATERRER
BV, TAARREA ERRREREE, MEE. AARRMERHIAEZN , 5 LVIH PNI
RIARF KR AR E.

2.1 ¥ BUROETE Al 1%

YEUNAUS{% (diffusion-weighted imaging , DWI) 2 E A MRI&EFHKE FHThEERFS
AREKYFY B IR R MR R R R FILA LR T M, RYEUARE (apparent
diffusion coefficient , ADC) {E A XY #UZRFZEHITEEM , (BAZ BRI, IR K
BB X AE AR, KZERNAIETIZS) (intravoxel incoherent motion , IVIM) F13 &€ & i,
% (diffusion kurtosis imaging , DKI) B]7E DWI Ehli_Eif— RMESY 8. HIEHREELIES
Y BUSE , RSB EHBTEERESERF T,

PHREEESHETIAREE . MERREMALRR RS R R R R MR 24
. LuZECETREMRHY 8 MRI USRS ETUNE BE LVI , 5R BRIXGIERKEE T @
FA (area under the curve , AUC) 40.860 , & T8 — ADC &%, Fan "' XBETHEEAIFAM
BT & (golden-angle radial sparse parallel , GRASP) HzhSi%5E#+ MRI L E AiE
LVI, ZEREB/R ADCIXE R EMREEH (K™) TN LVIF AUC A 0.91 , ST #5H ADC , it
TEEAE B ATANEY BURRS LVI BFIRT, 33% T1 INANARAR (T1-weighted imaging , TIWI) £5
EFTENHT] RIRFERAAE R R PABRIES | Zhang TR SIEK AL S AT LVIA PNI
TN, $2RIG5R MRI E B0 A A FEHNARBIH GRS,

PNI £ RILAMRIEFHE LA RERRIE , B MRI ARG AR, He EEHA
175 G E iR EE , ET IVIM-DWI £ B E 77 BUHET(E PNIRE. | 48R BoREX ST
PNIf{ AUC 4 0.807, RE&EMATFHEEHE DWI EAESHATAT PNITUN , AXHRIAA S D
PERY BRSBTS R, IVIM BT RS R SR RIS ELES S | Ak PNI
KEHWTIR S E, LR E , ¥ EEIBEEM& T EE A MRIFEEFIEEM HIREEEER
BEREARHEHS . BGEREREMEREAEATE— , HXEGERNFH—SIEA,

223% . Rl Rk AR Al &

PRy BRI RS , TUERMMR (T1 mapping) . T2 ZEME (T2 mapping) . BEARR
FE4F4 A% (amide proton transfer , APT) K % [8]jf Dixon F 2 A% (mDixon-Quant) ZHIA,
B AT EREERERMIFE. T1 mapping 7] E 8 KR LA ) 3t Bt A KR 4R S MEIRRAT AL, , i
BHEREE. RRAAESERBEHEY BT ZIMERSEE. Yoan FEHREAN , ET T1
mapping k13 AR SN TR BA] I MR E e 4 AN R SRET e 5y AR R4 4R AR 1t T
FBFIRIRE.

T2 mapping F] 83T T2 {8 [k BRABLRRE ) S IR I [A] Bk IR, EEBE LVIHER EH 4]
HNA. FEFHEFIA T2 mapping TWEGRE LVI , R B/R T2 {EiLE ADC ERTUNSAE
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STHE—ZW , RSB SHST S IEEE IR EX LVI KARRTFIKEES . BT MHZRK
NEREBRBNEMETNAEHREM MRIGEE , EEHREMNAR , XERMFH LM
Z.
APT G2 —FhET IR shE B MR R T AT K F B 77 0%, AT AR

KT RARPPBBLALURE. Zhang E"7'FFRATHEMERF AN , PNIFAMEE ARREEA) APT Y

(amide proton transfer-weighted , APTw) {553%E 5T PNI[At4E , iBH APT A{&FE PNI KA
WP EE—ESEE N, mDixon-Quant AJFRIFIEM NI, RFEESE , AT RELAELR
RER A5y B RBR AR AR, X Il S ET mDixon-Quant BX & M 28 i 2 ¥ 0N E s LVI &
MELETE |, IANAKIEE ES B EINEA M RIEFEAME S ] AE DRI EREANRER.
RE iR, RS RIKBER G RN E e LVI A PNI KRBT EIR AN EERE |, (EE IR
R, RSB R K& R Tt — 50,

3WBHEXE5 N T HREEEDEKE RHEFRICA BTN+ KA

FBAFRFEH Lambin FHEH |, HA] NEFEIGTIRIBIRAZIRANKE, BERL
IBEHE , RS ESHSF I TRALMEAEIME , REFIEASZ—LENESFIA
%, THERNEGPFS B, Tk, ERFIEFHATERRE LVI A PNLAFTUL |,
MIATT RIS ML T AT TR

3.1 B BAF P ERIDTUN A A

LVI S H M B4 RIRRt REYIAX , RSERFIRT BT RSN EE. MRI
RARAF TN T2WI, DWI, 35% TIWI F 551 BB R R EIDOSAHIE , A ATE LR A
PARGEMNFRMERE. Wong FEPRH IVIM BIGFFREBBFNT , BT AGRNEBRE
LVI , AR IVIM A REARAFAE R 4 LVI FIRTHR 2%, Ning 527 2T MRI RARHF1ER
TUNE B LVI, 878 MRIZRAFE LVI ARG ET EB N AEN.

IEFK , BN EIXISAE LVI Ul MER B RIRE. Xu FE2NIG RIS,
TR MRI AR FIFE LA S MBS E , BT RGN YIREBEE LVIIRZE. Chen 23—
AL Z X MRI 2R AFFHEFIG R RS TSR | 4R BB B MmN S 4 i)
AUC 7 0.889, [ili#55RRE7 , LVI lRXEBIFAENMUFET RS , BRAXEREES—E
IFNHE.

ZHEZS MRI 0] g AR RO AT AT LVI TR, BENm <= ) T2WI #1355% TIWI AL 248
S MRIFZARAFET | FH4EE MR BAMI BRICHIZIX SR |, JILREMNAE AUC 2714
0.924 %0 0.899 ; YEFINNH4ARFE (SHapley additive explanations , SHAP) 9T BIR , REZGR
e KA EXHE RN RO R E R . BAKE , MRIZBAFITNZFI), SXBAE
THEE G LVI , BARMRERGSE]. SRR T AEE ARG — , MR 5
AN F BT IMPEAEH — SV,
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3.2 R AFAEMARICTNF AN A

PNI 2 H pfE REBRIBMRRINRI — |, (BAHE R B B BN , RArE #l MRI
EUE#RER, RGAFTRINNIEES. GSAEEER  RIEAHNH RS KINK
58, EMZFHAT PNIARFTUN. Yang E@ETEHNHE MRI I ZGAFINEKETNE B
& PNI , 5R BB B IZREEFNEIE S ) AUC 935125 0.81 #1 0.75 , 187 MRI f2{R A% 7]
A PNI RBTHIMTR S %,

% S MRI 7] AR R 31 [ AR Py 4B 4R E M AN S B AE 4k, Zhang ZEOETF
TIWI, T2WI, ADC E|R&IE5E TIWHESLARAFRT | FESIRKREGFRREMEIILE ,
LER BIRRLE 2 PR IRAE AR A — RIS R B A SR AT AOTUNIARIL. Lin 7 FF XU /Ot
R, B MRI ZARAFARTITUN E ASE PNI , ATFM AR R R R R OE FRE MR T 1K
1B, IEFRMIARIE—SRFERI IR RIERME. Wang F*R A £ 2% MRI A4 4H% 77 155
S PNIFRAREY | 4@/ SR AT BN AR AR PNI S EE . SACKE , MRIZGAFT]
MIHRES. (ESRECEERTRIPNIMXER | (EXHEE BN IBRAIEHHEZK R
[EHERAAR FAFAL
33NBMES SHREEB MY A

TGN FSIAE , Zhong F[291H 5 LS4 MRUBIN ~ & JE S R RAR2H 2 IR i 57
PNI TRMAERY, 53R EoR, ANE KGR R & R A AT 0 PNI AR BIFEREFE ZEE - RE
FI R EEN MRI G FSIAGRIFE | IEFERE AT BRI R R KEGFE . Shi (301
T T2wl, DWI RIGKRRFREIL Z 28 MRUREF N EERE LVIRS , ERETRHKE
R ZESNIINA £ AUC 25 0.899 , S FHR—FFIIER!, 127 F3) MRl SIEREREXE S
MTAT4R S LVI KRBT TISRRE. =4 (three-dimensional , 3D) REZFSIHERYA]HI FHE#E (R =[]
EE , BB ERGAITE RIS EIERF. Wang Z[31323E T MRI 1 3D iR E 3 SIS RN
HRE LVI, IR =2 RBEEE LVI T EAE —ENAME. Huang F[B320E— &L S
¥ MRI T ISR BT SR E S SUHE | B BTN E B LV, S5RKR8 , 7
I ATRERS R AR N BRI = B, MR RIEBRRE—FIIAMBESEAZ T ZXKIER
Z ARUFE B ST

4/NESREE

LVI M PNI R E 5 RBMER RN ERRI , —FZ KRB RRIEFET , REPRAIMNE—E
R, £ MRIATIEENESFIEREM L, NRALRLGH, nFRRNER ISR
HRAEZEE. HAEMRE R, i #iE. R, AKX MR S%4E LVI # PNI
AREHEFHIE—ENAGHE , EARBART RREFIEEMIF AR TR , B—SHIE
2 RRFBERITA.
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MBEXZGAFINNEFIARETEBI M MRIEGTHREEEE X LVIF PNIFHTAR
BITN, MXBIRZ XML FI MR, FoITBAREREHE , So Rt — SRR
B, FE LVIF PNI TN EIG— Bt R, (EE RIS BB RIMARMMESRIT , HAERXIHR ,
ARFOEFHAR. BEIBFREET AEFAEES , BRI RZ ST HISMBRIE.
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TFNARHERARTIAZ TR AR HELL, © 228 MRIEXE A TERER BIEAEBRE LVI A PNIAR]
RS THEREIBI % |, RIATT R 2 E M ME LA TR BIER IS X,

% Xk
[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] ExRIDAERREREERR, P HREFLSWEEN S BERXRDERREZLSTELEEBESITTH
& (2023 hR) [J]. 45 Bashel 2R, 2023, 26(6): 505-528.

[3] ESGAR Rectal Imaging Guideline Group. MRI to guide clinical management of rectal cancer: updated
consensus recommendations from the European Society of Gastrointestinal and Abdominal Radiology
(ESGAR)-Part I primary staging[J]. Eur Radiol, 2026, 36(6): 4592-4607.

[4] Lee S, Kassam Z, Baheti AD, et al. Rectal cancer lexicon 2023 revised and updated consensus
statement from the Society of Abdominal Radiology Colorectal and Anal Cancer Disease-Focused
Panel[J]. Abdom Radiol (NY), 2023, 48(9): 2792-2806.

[5] Medic S, Nilsson E, Ronnow CF, et al. Lymphovascular invasion is a dominant risk factor for lymph
node metastasis in T2 rectal cancer[J]. Endosc Int Open, 2024, 12(9): E1056-E1062.

[6] Chen T, Zheng B, Yang P, et al. The incidence and prognosis value of perineural invasion in rectal
carcinoma: from meta-analyses and real-world clinical pathological features[J]. Clin Oncol (R Coll
Radiol), 2023, 35(10): e611-e621.

[7] Schurink NW, Lambregts DMJ, Beets-Tan RGH. Diffusion-weighted imaging in rectal cancer: current
applications and future perspectives[J]. Br J Radiol, 2019, 92(1096): 20180655.

[8] Zhou M, Chen M, Luo M, et al. Pathological prognostic factors of rectal cancer based on
diffusion-weighted imaging, intravoxel incoherent motion, and diffusion kurtosis imaging[J]. Eur
Radiol, 2025, 35(2): 979-988.

[9] LuF, LiY, WuR, et al. Microstructural mapping of time-dependent diffusion MRI for predicting
lymphovascular invasion in rectal cancer: a proof-of-concept investigation[J]. Insights Imaging, 2026,
17: 127.

[10] Fan'Y, Chen M, Huang H, et al. Predicting lymphovascular invasion in rectal cancer: evaluating the
performance of golden-angle radial sparse parallel MRI for rectal perfusion assessment[J]. Sci Rep,
2023, 13: 8453.

[11] Zhang Y, Tan H, Huang B, et al. Application of a combined clinical prediction model based on
enhanced T1-weighted image(T1WTI) full volume histogram in peripheral nerve invasion (PNI) and
lymphatic vessel invasion (LVI) in rectal cancer[J]. Abdom Radiol (NY), 2025, 50(3): 1069-1078.

[12] He R, Song G, Fu J, et al. Histogram analysis based on intravoxel incoherent motion
diffusion-weighted imaging for determining the perineural invasion status of rectal cancer[J]. Quant
Imaging Med Surg, 2024, 14(8): 5358-5372.



http://www.biomedrxiv.org.cn/article/doi/10.12201/bmr.202607.00035
BETREN A CREFATIFE ) FEB A Z SRR, biomedRx i vl K ALRAEAL o ATAT NARE RVFAFE R .

10.12201/bmr.202607.00035V1

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

Wan LJ, Peng WJ, Zou SM, et al. Predicting perineural invasion using histogram analysis of zoomed
EPI diffusion-weighted imaging in rectal cancer[J]. Abdom Radiol (NY), 2022, 47(10): 3353-3363.

Yang A, Xu H, Zhang X, et al. Pretreatment intravoxel incoherent motion histogram metrics and
clinical characteristics for prediction of perineural invasion status and survival in patients with rectal
cancer[J]. Insights Imaging, 2025, 16: 199.

Yuan J, Wen Q, Wang H, et al. The use of quantitative T1-mapping to identify cells and collagen fibers
in rectal cancer[J]. Front Oncol, 2023, 13: 1189334.

FiH, XZiE, FRR, %. T2 mapping FUNE AR ERICKYLEA R R4, 2022,
13(6): 23-27.

Zhang C, Chen J, Liu Y, et al. Amide proton transfer-weighted MRI for assessing rectal
adenocarcinoma T-staging and perineural invasion: a prospective study[J]. Eur Radiol, 2025, 35(2):
968-978.

XHEE, B, BEE, %. T mDixon-Quant BX & MM RSB T0N B ke ik ERIL R R E LB
WSS, P E IR, 2024, 51(21): 1092-1097.

Lambin P, Rios-Velazquez E, Leijenaar R, et al. Radiomics: extracting more information from medical
images using advanced feature analysis[J]. Eur J Cancer, 2012, 48(4): 441-446.

Wong C, Liu T, Zhang C, et al. Preoperative detection of lymphovascular invasion in rectal cancer
using intravoxel incoherent motion imaging based on radiomics[J]. Med Phys, 2024, 51(1): 179-191.

Ning X, Yang D, Ao W, et al. A novel MRI-based radiomics for preoperative prediction of
lymphovascular invasion in rectal cancer[J]. Abdom Radiol (NY), 2025, 50(8): 3377-3390.

Xu F, Hong J, Wu X, et al. An integrative clinical and intra- and peritumoral MRI radiomics nomogram
for the preoperative prediction of lymphovascular invasion in rectal cancer[J]. Acad Radiol, 2025,
32(7): 3989-4001.

Chen T, Yi R, Liu Z, et al. Integrative multi-region MRI radiomics and clinical nomogram for
preoperative lymphovascular invasion prediction in rectal cancer: a multicenter validation[J]. BMC
Med Imaging, 2026, 26: 48.

BN, XUZIR, [BRS, . HT L8 MRIZBAF R SHAP TN E ek E=IC0]. FEE
FRAZTIA, 2026, 42(3): 372-378.

Yang YS, Qiu YJ, Zheng GH, et al. High resolution MRI-based radiomic nomogram in predicting
perineural invasion in rectal cancer[J]. Cancer Imaging, 2021, 21(1): 40.

Zhang Y, Peng J, Liu J, et al. Preoperative prediction of perineural invasion status of rectal cancer based
on radiomics nomogram of multiparametric magnetic resonance imaging[J]. Front Oncol, 2022, 12:
828904.

LiuY, Sun BJT, Zhang C, et al. Preoperative prediction of perineural invasion of rectal cancer based on
a magnetic resonance imaging radiomics model: a dual-center study[J]. World J Gastroenterol, 2024,
30(16): 2233-2248.

Wang J, Yang T, Gong W, et al. Novel magnetic resonance imaging (MRI)-based radiomics for
predicting perineural invasion in rectal cancer: a two-centre study[J]. Clin Radiol, 2026, 92: 107182.

Zhong J, Huang T, Jiang R, et al. MRI-based habitat, intra-, and peritumoral machine learning model
for perineural invasion prediction in rectal cancer[J]. Abdom Radiol (NY), 2026, 51(2): 545-557.

Shi S, Singh A, Ma J, et al. Development and validation of a multi-parametric MRI deep-learning
model for preoperative lymphovascular invasion evaluation in rectal cancer[J]. Quant Imaging Med
Surg, 2025, 15(1): 427-439.



http://www.biomedrxiv.org.cn/article/doi/10.12201/bmr.202607.00035
BETRENA CRAFATIFE) PEEIIE 1Z SRR, biomedRxivilfa K APREAL. (T ARG R IFATHER A .

[31] Wang T, Chen C, Liu C, et al. A 3D deep learning model based on MRI for predicting lymphovascular
invasion in rectal cancer[J]. Med Phys, 2025, 52(7): e17882.

[32] Huang T, Zeng Y, Jiang R, et al. Interpretable MRI subregional radiomics-deep learning model for
preoperative lymphovascular invasion prediction in rectal cancer: a dual-center study[J]. J Imaging
Inform Med, 2026, 39(2): 1371-1382.

10.12201/bmr.202607.00035V1



