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HE

HE: #HEaE N A TFE3) (intravoxel incoherent motion, IVIM). BE4E Bif% (mDixon-Quant)E R B
& MARSEA TG EREREESEBRET WM E. ik EBESPre8MSREIESNE R BE
BRI IR RSB Bk, IR TR ELS R B E S AR B HNEE A A . NEERMERIVIMSE(DE.
D*E. f{). mDixon-QuantS¥((FF{E. R2*E. T2"H). W& I % HBIE I T 5 & B L4 S5 b
X 4 A% & ¥ (intraclass correlation coefficient, ICC) VAL WA & —Fidk:, FRHMIIAER LK

Mann-Whitney USRS HA £ R, #idZ2i#E L/ERHE (receiver operating characteristic, ROC) #i 2%
M ESHERPEENZHIMESEHBRRRE. SR KESEHBHEMAR2 . FFE. fEH. BERHAM/#H
E 41 {E (monocyte to lymphocyte ratio, MLR) & 2= 5 % i < M. #84 (systemic inflammatory response
index, SIRNBEH T HH4A, DEEERTHMEL(P<0.05). ROCHHTER, MEFEHRESH(R2 +FF +
f + D)) B £% T 1Hi A (area under the curve, AUC) 40.870, Bt& 1415 %(R2" + FF + f+ D + MLR + SIRI)
IAUCIRTTE0.887, EEMTE—SH (P <0.05). Zit: IVIM5mDixon-QuantiE BSR4 M 4HHS
Bl RERBANIEERERESHBMSHRE, NIRRT 7 RIREEEP R RS .
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Abstract

Objective: To investigate the value of intravoxel incoherent motion (IVIM) and mDixon-Quant mul-
tiparameter magnetic resonance imaging (MRI) combined with blood cell parameters in evaluating
lymph node metastasis (LNM) in rectal cancer. Methods: Clinical and imaging data of 68 patients with
pathologically confirmed rectal cancer were retrospectively analyzed. Based on postoperative pathol-
ogy, patients were divided into LNM-positive and LNM-negative groups. IVIM parameters (D, D%, f) and
mDixon-Quant parameters (FF, R2%, T2*) of the rectal tumors were measured. Peripheral blood cell
counts were collected to calculate inflammatory ratios. Intraclass correlation coefficient (ICC) was
used to assess interobserver consistency. Independent sample t-test or Mann-Whitney U test was ap-
plied to compare differences between groups. The diagnostic efficacy of individual parameters and
combined models for LNM was evaluated using receiver operating characteristic (ROC) curve analysis.
Results: The LNM-positive group showed significantly higher R2* FF, f, monocyte-to-lymphocyte ratio
(MLR), and systemic inflammatory response index (SIRI), and lower D values compared to the LNM-
negative group (P < 0.05). ROC analysis revealed that the combined imaging parameters (R2* + FF + f
+ D) achieved an area under the curve (AUC) of 0.870, while the model combining imaging and blood
cell parameters (R2* + FF + f + D + MLR + SIRI) further improved the AUC to 0.887, significantly out-
performing any single parameter (P < 0.05). Conclusion: The combination of IVIM and mDixon-Quant
parameters with blood cell indices significantly enhances the diagnostic performance for preopera-
tive prediction of LNM in rectal cancer, providing valuable imaging support for individualized clinical
decision-making.
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1. 53|

H ¥ (rectal cancer, RC) & BRI Bl 8 7 WS 2 —, RIFRIZEEIN[L]. A RRHE2],
M EE45(lymph nodes, LN)# 8% 5 %5 [8) B 1297 )7 R AP % VTG, REALR AT TS E Itk D 455 7% .
TPAE Bk R EE R 1 5 5 FEAETE RN 2 50%, KT IR 11 80% [3] [4], RIULA B vEmf v Ah
IR B 5 A A% U X T I PR PR S 7 TR R AT S e

T 3L4R% 4% (magnetic resonance imaging, MRI)2& H BT Pl LI (1 B IR AR 5 5% . MR AAMTE
B BB AZ (intravoxel incoherent motion, IVIM)Eid 73 B 4E 4 B S REVE RSy, AT 78 & S e fidg 41 21 1)
TUAEIR S 20 B % B AR, CAE VAN B 2000 Ik 2 45 4 A% o R I HH Ao R R A AN MEL[5] s JBE 8% A% (mDixon-
Quant)# AR BE A #E A0 g 197 73 % (fat fraction, FF) XK UTAR, H AT CH T2 W 2 50 [6]. 2 K& 8ER[7]
S, VIRIUE RIFNSHIME . JAES R0E B8 R IR FL 3, AP 40 B 250 D9 98 5 Al S e il
WEIbREY), CHOIESLE 2P of 12 28 4 F L geAH G [8] [9]. A FLHET IVIM. mDixon-Quant
FRIFEBE MM SHL, BRIT =35 456 Re 10 T B e B Bk EL G B AR, DA B b Ay B e PR 58
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2. iR GE
2.1. HIRMR

[P 2> BT 2022 4 1 H 28 2025 4F 1 H 499 BRAUE SN B 7 1Y 68 63535 1 IR S s A8 kL . g N btk
ffE: © SREREREHICNERE:; @ REWREHMICHEMRESEHEREN; © ABHTEEL
PRI HAH G BERL e 8 @ RATAT MRI ARG e 8. HEBRbriE: © ARFTHESZ I B bR TT (B 45K
7 WWITBEERIEIT); @ AIFHAMRGEMNE; © MRI FAEVR S EG R B L IZHER; @ 17
FE S S S BT ML R A5 o

22. IsRIEBRES 5T

WS BB A5 TR PR A B, B AR S 1) A5 JC {8 1f . AR A I iR (carcinoma embryonic antigen, CEA)
IS BA B N B J5 8 0GR AT B0 A0 Ja I R A S o R T I v S e 1 R 4 /A T 4 A A
(neutrophil to lymphocyte ratio, NLR). H.#% 2 fiid/ik I 41 2 £ (monocyte to lymphocyte ratio, MLR). IfiL/)Mi/
TR EL4H U E (platelet to lymphocyte ratio, PLR). Ifil/Mi/ 5% 4 i {E (platelet to monocyte ratio, PMR). &%t
o % % JiE 5 H (systemic immune-inflammation index, SH) = HHPERI4HME x I/ NR/KE M. 4 5 20E
% 15 % (systemic inflammatory response index, SIRI) = H PRI x B2 20 Bi/bk B2 40 D

2.3. mIBIR

MEEERIRSH 5 &L E T ALK K% EIMIEATHE, KRS RERBIEREERS
(American Joint Committee on Cancer, AJCC) [10] TNM 7> ¥AbrvE AT 2 Wr . S 206 B R 70 itk I 46
R BHMEAER M E SR > )R E SR B M (O B 455 5) .

2.4. MRI &%

AW 5K A Philips Ingenia 3.0 T 3 4 MRI F#51%, FCAMAMERIZE, W EETREARM. 2
R EENE MR EFUT S (RHAL TIWIL RARBL S RBERAE T2WI); BHl AL =7 #(high resolution,
HR)-T2WI; R4 IVIM (b % & 5 0. 50. 100, 150. 200. 300. 400. 600. 800. 1000. 1200. 2000
s/mm?) L4 A&l A7 mDixon-Quant.

25. EgSH

(@ (b) (©) (d)

Figure 1. Schematic diagram of Region of Interest (ROI) delineation. (a) Oblique axial T2-weighted image (T2WI). (b)~(d)
mDixon-Quant parametric maps, sequentially showing the R2* map, T2* map, and Fat Fraction (FF) map. ROI: Region of
Interest. FF: Fat Fraction

1.ROI AEREE. () $H4HAI T2WI; (b)~(d) mDixon-Quant [, XA R2El, T2'E K FF [El. ROI: B4lX;
FF: BRAFTH

B AR H ) il 2 4 B A 5 UL B B2 B 258 0 U RHE TR A & T
¥ IVIM B4 Fl mDixon-Quant BG4 % ISP TAEN:, £l 5B #r3REL IVIM F1 mDixon-Quant [
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ESHG LLT2WI NS, &I IVIM (b = 1000 s/mm?) R Bkt I & 5 (5 5 ) ADC B EIRfE 5
[X 35k M R X (region of interest, ROI) (4] 1). ROI S ] B8 2 Hhiek 5 i BE B 8g 1R s s 2y, AR K+
0.5 cm?, [F] IS JBEFFIRFE | H L FE AR X 45k DA I/, I L8 6 52 81 iR i 30 43 25 ARAKURE S ) , mDixon-
Quant ] ROl A Z % IVIM KIAr#E. RS 55 5l ) PR BCF I, B 2845 5o miA g3l &
g5 IME.

26. GtFERE

NiFH SPSS 26.0 JEATHE AL EE . XF T AT WL MR LG R, R FH 2 A AH ¢ R B (1CC) Ak Wi 5% 3 1]
—Ht%, 1CC>0.75 B EUSE AT G 82 H . W iEE TR T ISR LS, 776 IR0 A0 A B0E K FH A <7
FEAR t K56, FHIOEL & bR (X £8)Ron: ARG IES A A R A Mann-Whitney U &5, H M
(Q1, Q3)FEir. HHEF R LIGIE(E 72350 [n ()]Fa. XHEA G LIS HEK A LASSO [0 334748
RIfE, B 10 $r38 WIRAEERURE M ME, RANANIET REM B EWERAET. W EA S ¥R
2SS HCR ) 0t Logistic [71H, THEEA SO0 Bk S H R M T{E . K DelLong &4t
#ZH AUC Z A2 5. K Spearman AHICHE 2 AT VAN PR ALIEL LB Gi i 2 IS8 22 S 50R i %
SRR FZR. L P <0.05 fEAZERBEAG 2 S AIBRTE. K P35k it 22 7341 (decision curve
analysis, DCA) PPl AS AU TE A [F] XU BB T I IR 3R 4, SRR EIE B, S—S%0)% Treat All,
Treat None Z&M& AT LL A .

3. &R
3.1. EEREIGKERNZEBERELE

Table 1. Comparison of parameters between the lymph node metastasis-positive and negative groups
= 1. HELEEHIA. FRMEAHEESHLEER

ZH IREEEFEREBH 4 (n = 32) MR AN=36) vZ1E P 1Y

IVIM 2%
D/(x1072 mm%s) 0.42 (0.40~0.45) 0.46 (0.41~0.52) —2.366 0.018
D*/(x1072 mm%s) 15.89 +£10.21 16.49 + 9.62 -0.248 0.805
1% 0.35 +0.09 0.29 +0.07 -3.009 0.004

mDixon-Quant 2%

R2"/Hz 20.80 (17.13~24.73) 17.41 (14.5~18.99) -3.176 0.001
T2"/ms 51.67 + 10.54 54.69 + 8.69 -1.293 0.201
FF/% 2.79 +0.44 2.41+0.32 -4.174 <0.001

240 25
NLR 362+231 2.81+1.84 -1.606 0.113
MLR 0.42 (0.24~0.63) 0.22 (0.18~0.34) -3.305 0.001
PLR 160.69 + 63.46 139.53 +51.95 —6.642 0.135
PMR 481.95 + 469.64 592.73 + 273.06 -1.205 0.232
sl 668.13 + 404.55 571.55 + 281.94 -1.152 0.253
SIRI 1.44 (1.02~2.49) 0.82 (0.63~1.57) —2.445 0.014

IREGE LR BH RS B M AR . MR B MR . CEA KT & T 4 % A BRH St
27 (P >0.05). PALA &L I A s — 2k RIF(1ICC > 0.75). HEREFAMELLAE R2E . FF {H. f 8. MLR
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X SIRI B2 =T HMA, D EMERTHEH, ZFBE51FE (P <0.05). H4E DE. T2E & PLR.
PMR. Sl 8 ZE RS FE (G 1).

3.2. BBFSYRIMBRSH LR EHERCELBHIMEE

2: LASSO [a] 977k, 6 MAEE(R2, FF, f, D, MLR, SIRNINN fe & B, & RN RN —8.764
+0.152 x R2" + 1.286 x FF + 4.357 x f— 8.125 x D + 1.368 x MLR + 0.425 x SIRI, J}:r—8.764 JiH AL .
A2 KRR 0.882, 5 R EHG AN S HBR Tl s se 40l , R T RAAR P A A J % —
24, R2MH. FF{A. f{H. DfH. MLR. SIRl. #EFEKESE(R21E +FFE +f{H +D H) g
SR M SE(R2MY + FF{E + f {5 + DE + MLR + SIRI)TE VAL B ik B 45 55 5% 77 T 1) 3R
439N 0.724, 0.786. 0.677. 0.667. 0.734. 0.673. 0.870 J% 0.887; Delong fri4s REMH, BEESHIN
IR T & 2 —Z50H TR GE 2, Kl 2).

Table 2. Comparison of diagnostic performance of various parameters between the lymph node metastasis-positive and nega-

tive groups
2. MELEEHIA. RMEE S SIS RELLER

ZH AUC (95% ClI) BE  BUEE%  FRE% 2 Pa
D/(x1073 mm%s) 0.667 (0.535~0.799) 0.444 84.4 58.3 —2.456 0.018
1% 0.677 (0.547~0.807) 0.327 65.6 72.2 -2.682 0.012
R2*/Hz 0.724 (0.596~0.853) 19.570 59.4 88.9 —3.446 0.001
FF/% 0.786 (0.672~0.901) 2.622 75.0 75.0 -4.931 <0.001
MLR 0.734 (0.612~0.855) 0.399 56.3 83.3 -3.774 0.001
SIRI 0.673 (0.541~0.805) 0.946 81.3 55.6 —2.582 0.014
WRFHRAESH 0.870 (0.780~0.960) 0.531 75.0 94.4 -8.043 <0.001
AR A S 4L 0.887 (0.804~0.970) 0.561 75.0 94.4 - -
1.0 1
| —r
0.8 e
0.6
by s
8 | LT
& M —R2*
B — FF{&
04 — &
F — D&
MLR
~—— SIRI
0.2 PGFHA B
SR FHA MMAS 3
s — sEY
OO 4 1 1 1 1 J
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Figure 2. Receiver operating characteristic (ROC) curve analysis of the efficacy of various parameters in assessing lymph
node metastasis in rectal cancer

& 2. ROC HiZ At & S BT E R B L5 BRI e
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3.3. RIRZ D HT

DCA 455 BIR, 2 LASSO §iiidk i 4 2 i) e KA R E R AEME 2 £ 0.10~0.45 YEH N, 1§32 M T3
BFEERAY(R2" + FF + f+ D). H—Z4[(FF, R2") LA Treat All #1 Treat None 5%, R BIZABAILEIG IR
PLaf e B B ) SE N E « 5215 22 B A AR TR PR 3R 25 7E U (E AR 0.15~0.40 Y [ AR T s — S o v
TR, AHEARAL T i &A1 (1] 3),

— HEFMAMR SRR
— HEFRARR
== FF
0.4 —— R2¥
\ Treat All
=+== Treat None

B

Figure 3. Decision curve analysis of various parameters for assessing lymph node metastasis in rectal cancer

B 3. REREMEITESHOTE BRI SRR AL
34. RBFSHEMRFSHOEXMED
Spearman AHICHEAMHTLE B, ERRHESHS MEESBUMRIE I, HA AT RS

MLR 2 IEMH(r =0.375, P = 0.035), iR AAGI ¥R AP R E S MM RS HII TR
FHRIE(P > 0.05). H#IVEH A B S S MR S8 81100 2 2 A0 M (P > 0.05) (55 3).
Table 3. Correlations between imaging parameters and blood cell parameters in lymph node metastasis-positive and negative

groups (r-value, P-value)
3. HEBLEERA. RMARXGFESHENAMBSRNXR(E, PE)

2% WL LR RS B 2H (n = 32) WA AL 4L (n = 36)
MLR SIRI MLR SIRI
D 0.123, 0.502 0.042,0.821 0.194, 0.257 0.267,0.116
0.079, 0.666 —0.019, 0.910 -0.019, 0.910 0.056, 0.746
FF 0.311, 0.083 0.074, 0.866 -0.232,0.173 —0.253,0.136
R2* 0.375, 0.035 0.320, 0.074 -0.025, 0.885 -0.035, 0.838
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4. ¥1ig

HL i 2 R WA R 2 —, WA 55 2 U BEIRTT T R AT R &R, AR
HITAE B TR0 B J 6 R P bk IS A5 AR VR T O R OCE B MR/ N AR IR A A% 1t /N B 45 ek R
ISR S5 RYEME S X 0JF, R REA IR EZBREE. Bl HregsF8], O
7. CT MRI J PET/CT 2 BRI AS FAFAEX bk RSG5 RAS AT VAL, 3 e )7 275 A A AL A 70 B Ve
MO T MAERERR . AR TARRNAETIZS) . BEREEARFREG AR5, 5
FEREE— NS N AT SE R TR Y, AN EL W I A 5 bk R a5 e B KU, DATRANIAE SeAR HoR 55k T
BUA

HEADATEZIVIM)ZE—FET 2 b [ERDREERILIR G T, fe88 RIS K27 19 5k
FRPE DL A I RE IR YL, BRSPS R MY BURE ADC WA, Rt — P15 2140y HUR
D, MG FEELHEIN f, 5 MBHIERR AR Y R % D™, R4 R R, fEERE AN
HEE R, D EARBHNEEEAC. fEGIEPAET, FH3G 5 nl R s 4 M8 A2 sR i gt g ,
SR 2 2 A KA e, X5 Zhang [5]. Li [11]Z5 AWF7T45 BATT . EER LLpl s, AAREEmeE =+
B, MG EOERR, BRI R, M ORREAR, RZRMENR, WUE S KA [12]. BRAERT SRR,
b B G AR R B T R, IR 2H S AN A I R B AR R 2 o IR ML A S b S B A B
TEEME O, sk fEREETH . 0 Ding 2ZE[13]8F Fits B A HR B f BT R
fidn, Z A B IR LSS, A HT e REIRIA 2 DING St it R T Him b, X531k
TR DX 25 R AR . DING S50 ARGV IR A B LA 2, W e WG IR A A i, 4o fiz B4t
R, MR R AL . 59 BUnAUS % (Diffusion-Weighted Imaging, DW DAY s By BOZ BRAHEL, 1IVIM
AT RAA 03 B 7K 431 4 BOS 3 AL A0E PR BE T I B 53, E — s R FE b S A b S e Jin g ZEL 23 rh ok 4y
T HORE FEAE I E L R B, TS A R i 1 28 . D B N a2 rh 4l K 73 1 14
BLRe s AR, AL D EPSAT RS, X5FRT[U41EARES R —, B
S L 3 BB R A PR B, AT P AR TEAR Y D AB[15]0 A bk T A5 5 8 10 e s ek B A v 1 R 38
AEFEREIAE I AL 2R b, X BRE TK T B BB DA R ARG PN BN R, A%
B M 0 A B A S5 E R R . EAEENE, DEAMARTTEEZER, 1ReEHX IR
FEVE BB 52 WP I8 B 55 AR B R 3R T HEROK

J&E 5% A% B AR (mDixon-Quant) & —F B2 N 1) =4k 2 86 FE R B R AL R 7 51 SRR AR R RT SRR
D5y B EI(FF). R2TEIRT T2 B 2 A B EUR . JFER ZIENRINIE AL, SC3l 1 /KA 5 1R AH B 1A
X 7r[16], CHTIZWFIEAR[17]. A7, MRESEB AR 22 &0 R2MEA FF{E.
[F A Qin 45 A\ [18]HH 58t 2 W 7 43 i (FF) LE 12 Witk R 45 S i 4 R 0 Jet Iy R B0 LR 2652 v ) s PR N FH A4
ORBATIRE T A5 AL T8 J13CHF - e IRAE AR 9 B A SR A W2 DR, 1 218 o3 o] (2 2 i gg A=
SE JEFI IR 40 M B 5 7% o IR QR BRI RS IS, BTG 0 T OIS A ARG B, SO R 22 () IR DT R T
e 41 6L 30 ) FH T oAU SR 8 1 T O 40 B AT S e A ML PRy 1, DA BRI T Rt 5 K [19].
R2"5 M I i SAUM£L B A B VA O, T2° 5 R2TE {514k, Wang [20]558 AN AR ILEEF8 1 B e 2o
SE I R2MEL, 437 5 B8] S e 44 e e P dekt BT A e 4 SR B AR K, 3 BB 7R S E G, T 2 AU
LR AR IZ AR & SRR A AR 4], Bhm Sl RO & . 1A, B R B R 2t — B 8 R
AR, X IR AR KR 2R I — AN AT AR . DR, B 1) R2YMEE W 5 B R 22 A G, 1A
FRIRIEFR 25 R W] 11X — Ao

WK, RAE SRR K AR BEAT 7. ZEURRALZ W A2 525 KMESENIEES
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i Iga it A D BB AR B DR [21] o PR TER SR H 2 P o i i, Ferh B dE e dH i [22] . AN A0 A R
JOE X BRI A (TME) ) XS 5 %, HAE MDA RS MR ke RIBFIFEREZETIM .
PR Z A bR AR R 58 Hp AT S I 40 e R T DR 0 I A A R % G e, R BG4 S L DNA $i453, Jin
SR FE (23] HAZ AN RE S AT B R AR DG BRI AR, T8 Ik 2 Ry U0 R A0 A B AL RR 28 . ik
ECL &0 it e et B M 5 PR A0 AR T U R AR A K, IR B R R A A B R B G TR
[24]. AHFFRZI LNM PHPEZL MLR AT SIRI B B PEAL 3 Ty, 3 SCRE T A PR 200 S B A% 4 a7 o
P MHESIER, 5 Wang [24]. Zuo [25]55 AW —50. WA FRRI[26], 200 BRI E 74
ZIRFAESRTE, i o AR a1 1 28 T 4 M B 0 23 W SRS M 4 ML T e, TR DT A PR AR S M . (R4 4k
FU A R T, SR R P (e ORE AT AR I A AR R VA R gl AR A . X IR T
AHIF 52 &5 B rbobk 2 S5 A 41 L 40 i3 2 $05 mDixon-Quant 4 2 IEAH X —W A M2 T, PLR. PMR
oSN REREEZER, FTREEIXLEIRR BB R BUREAS R A K, X IR T B AR 1 RERR
EMAE .

WAV T — LR PR . B e BRATTAOAT S 2R B R B PENY, AFAEAS AL e B w2 . R LA
ANTRIAH S5 B REAE S5 3 HOARE AR AR B NI A A AN Y ST AT Re s R AT S IR . 3=, NEES
ANATG HEM RS AT B RN Z ENR. S5 2, 2235 MRI TG LT 84 MRI &
. 228 MRI 558 ARSI LG — D T alitERe, BT BEERAEIEIT

B
A5 Ol A G TR 2= I B R B A 3 dF A 22 > s b (b F4m 5. 20250703006), 4ol B35 Jth
[ AR SCHTA VR Y P B A AAAE R 2 v 58

& H
WAbA DA RRZRE SR AE (95 20231273).
SE 3k
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