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Abstract

Objective: To explore the value of quantitative parameters derived from dynamic contrast-enhanced
magnetic resonance imaging (DCE-MRI) combined with modified Dixon Quantification (mDixon-Quant)
technology, both intratumoral and peritumoral, in preoperatively and non-invasively predicting P53
expression status in rectal cancer. Methods: A retrospective analysis was conducted on data from
73 patients with clinically confirmed rectal cancer. Based on postoperative pathological results, pa-
tients were categorized into the P53 mutant group and the P53 wild-type group. All patients under-
went DCE-MRI and mDixon-Quant examinations. Differences in parameters (Ktans, Ky, Ve, R2%, T2, FF)
between the two groups were compared. Univariate and multivariate logistic regression analyses
were performed on parameters showing statistically significant differences to identify relevant risk
factors associated with P53 expression status. Receiver operating characteristic (ROC) curves were
plotted, and the area under the curve (AUC) was calculated to evaluate the predictive performance.
Results: The intratumoral Ktrans, R2*, FF and peritumoral Ktrans, FF values in the P53 mutant group
were significantly higher than those in the P53 wild-type group, whereas the peritumoral R2* was
significantly lower than that in the P53 wild-type group, with statistically significant differences (P
< 0.05). Intratumoral Ktans, R2* and peritumoral Ktans, R2*, FF were identified as independent risk
factors for P53 expression status. The predictive performance of intratumoral Ktrans + R2*, peritu-
moral Ktrans + R2* + FF, and combined intratumoral + peritumoral parameters for assessing P53 ex-
pression status in rectal cancer was 0.737, 0.944, and 0.947, respectively. Conclusion: Quantitative
parameters derived from both intratumoral and peritumoral regions using DCE-MRI combined with
mDixon-Quant technology can effectively reflect the P53 expression status in rectal cancer, and the
integration of multiple parameters enhances predictive performance.
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H . P53 RAFL 45 5], P53 B4 28 il
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I R VER 58, AH9E MRI AR 7751 56 8 (DCE-MRI /751 & mDixon-Quant J 1) H % 5 & K 4 55 B ik 2
JEEFE TR O RETREATAT RPEIRTT I BT o HEBRbRiE: © EUR TR R BZ Dy
FHARELW: @ IR BATEE, SR RIC PS3 Ak, @ Jikkid N, AF|T2HE ROl. A
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T B e o AR5 AR AL AR Gk RS A 48— A . P53 FHMESS e SUNA I A .
P53 5 T A% PH R A BT o5 B A bR . ANHIE AL R PE3 PR RIS TR B m R W AR A, L
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2.3. HEWERX

FT A 22 1) MRI S ALK Philips Ingenia 3.0T BEILIRIFIAGHEAT 14, BAMRImEE, 174
e Fa . MR TE A E MRI B8 (REAHAL TAWL, FOREL R ARAL T2WID R4 HR-T2WIL 54
{7 DCE-MRI A #}4h 7 mDixon-Quant.

24. BSOS SHIRN

FT A AR 5 2 5t W 42 B 3 B 2 56 (R TRUR BHEE R FH OS2 B kR AT & . K DCE-MRI Al
mDixon-Quant K144 % ISP (Interllispace Portal, Philips Healthcare) T.fE 3, £ )5 Ab3H43 #7175 219% P F1987 4
DCE-MRI & EZ$ 5 AR #5525 (volume transport constant, Ks), 35 Z % %§(rate constant, Kep) 1ML #h 4T
Jita & a] [5 28 B L (extravascular extracellular volume fraction, Ve) A1 mDixon-Quant 2§ R2*. A4 % (fat
fraction, FF). T2". J& A JE 4 [X (Region Of Interest, ROI) (/) i LA A 5 43 R T2WI A E AL 2%,
e s 1 I8 B K2 T R S i e SR T L TR B R 40 s R XA AE R (R B R A
5 T — OB VU e g 20 25 A0 L 2R I A 0320 5 1) L R DX 38 ) 1 56 5208 5 mim 1) RO, 8B Sk (1 1
FREL B AR RS B o I 2% 485 SR AL 823 Wl & 1) P 3B (] 1)
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Figure 1. Schematic diagram of ROI delineation
[E 1. ROI AEREE

25. GtFESH

KHI SPSS 27.0 AT #EAT G TS50 M. K 21 A AHOE R 3 (Intraclass Correlation Coefficient, ICC)% %4
17 WS B4 0988 P 088 i 18,25 B 5K, Kep, Ve, R2Y, T27, FR)HEAT— B4R 56, 1CC > 0.75 By —
Bk R, BRI e A RIS E MR S Gt i R BRI T EAMARR, FEIESY
Hi (R S REAS t KB HEAT AL bLd, FI X % s Ror; ANMFEIES A %R Mann-Whitney
U f36, I M(P25, P75)% 7. KA R 756 R Fisher & ik 46 o 9 20 £ 5 — RO R BRI EAT b . HhiR
P53 RARH HEF A A A% S HIM %25, ¥ P<0.05 SN NEE0 . RARKEZREMZIKE Logistic 1]
VA T e O T R -, BT 2 % Logistic [FIH TS5 5, MBS, R Z#E TIERHME
(Receiver Operating Characteristic, ROC) i Z& K iPAl iz Wi’k g, FHih 5 ih 4k N (Area Under the Curve,
AUC). 95%E (5 X [1](95% CI). REUEFIRE 7. K Delong il k& 242 ] AUC B %R . P<0.05
NERBERS I FE L.

3. &R
3.1. PALAE—ARIER BT R RIEL 3

AWFFRILGN 73 I & e i, Horb P53 584540 45 51, P53 BF 440 28 1. 9 4H 53 AR ws | M.
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Table 1. Comparison of general data between the two groups of patients
1. RABE—MEREEER

I AR REAE P53 AR (n = 45) P53 BF A4 (n = 28) 22z P
R 85 65.51 +7.32 65.75 + 7.85 -0.132 0.895
PE5 o151 (%) 0.087 0.768
5 32 (71.1) 19 (67.9)
7 13 (28.9) 9(32.1)
T 433 /151(%) 0.849 0.174
T1 2 (0.04) 0 (0.0)
T2 5(0.11) 3(0.11)
T3 26 (0.58) 16 (0.57)
T4 12 (0.27) 9(0.32)
SRR KN 3lem 5.47 £1.93 5.54 +2.35 -0.133 0.895

VE: ar MOIFEAR RIS b: ROTKEIE; c: Fisher Kiffi& o .

32. BEVBIANMLLER

PR A8 IR KY®S, Keps Ven R2™. T2, FF (ICC =0.924, 0.965, 0.878, 0.961, 0.964, 0.947) 175
J K's_ Kepw Ven R2™. T2", FF (ICC=0.913, 0.851, 0.893, 0.859, 0.959, 0.974) )il & — £ M3 R 4, H
PRALIN & 5 R 3B UE SR 9T . P53 SRARH KR N KYans, R2". FF AR 1) K's, FF {5 - P53 BF
A, TR R2MET P53 B AR, EREA S ERE (P < 0.05); MAAEIRIE N Keps Ve T2HIIH
Ji Kepn Ver T2"ZER TG TR (P > 0.05) (55 2).

Table 2. Comparison of imaging parameters between P53-mutant and wild-type groups in rectal cancer
% 2. HijfE P53 REBSFEEFEF SRR

ZH P53 RAZ (n = 45) P53 BFA4:4{(n = 28) iz P
NS K
Kans (mint) 0.29 +0.05 0.25+0.05 -2.529 0.014
Kep (Min1) 0.99 +0.28 0.90 £0.21 -1.459 0.149
Ve 0.31 (0.23, 0.36) 0.27 (0.23,0.34) -1.078 0.281
R2" (Hz) 22.05 +2.94 20.40 +2.08 -2.581 0.012
T2" (ms) 52.37 £7.95 51.24 +7.66 —0.600 0.550
FF (%) 2.32(1.70, 3.20) 1.96 (1.63, 2.61) —2.269 0.023
Ktans (min1) 0.15 £ 0.06 0.11 £0.05 -2.939 0.004
Kep (Min) 0.46 £0.20 0.47 £0.33 0.095 0.925
Ve 0.33 (0.25, 0.49) 0.30 (0.19, 0.51) -1.095 0.274
R2" (Hz) 19.90 (16.69, 24.88) 24,95 (19.49, 29.24) -2.779 0.005
T2" (ms) 49.08 +11.7 46.47 £ 10.14 -0.973 0.334
FF (%) 65.69 (60.14, 75.46) 46.12 (39.40, 51.41) -5.684 0.001
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3.3. T P53 FRIAWKZASHY Logistic @Y 54

K UL EAGRIUF2 R I SHNNR ZOZ R R AR, 25 5380, J A K, R2"., FF AR J KUans,
R2". FF J& P53 RILRAHI TR E F(P < 0.05); FFiXLLAF TN 2 K F B4R AR, FER 10 iz b
5] J972:(Forward: Conditional)if 728 & ik, 25K MR A K, R2AIRJE K'*s, R2"., FF J& Hi%E P53
FILRAS ML fE R R 3 (32 3).

Table 3. Logistic regression analysis of P53 expression status in rectal cancer
2 3. ERpfeRY P53 FRIZIKZ Logistic [E1YA5r4

BRI B 5B EASESENER i
A ES SO o
OR (95% & 1% [X |i]) P {4 OR (95% & {5 X [il) PfH
NS
Krans 1.980 (1.096, 3.617) 0.022 1.910 (0.974, 4.917) 0.019
R2" 1.323 (1.016, 1.651) 0.013 1.327 (1.045, 1.685) 0.020
FF 1.868 (1.054, 3.310) 0.032 1.569 (0.844, 2.915) 0.154
e
Krans 1.272 (1.158, 3.094) 0.008 1.853 (1.468, 2.337) 0.011
R2* 0.902 (0.833, 0.977) 0.012 0.830 (0.724, 0.952) 0.008
FF 1.119 (1.063, 1.177) 0.000 1.166 (1.082, 1.257) 0.000

3.4. FEIFMRE RIS EEL B

BT ZHRRNTIER, KB AWM R P Ks, R2VAR ] K, R2™, FF BA, 4R
JNJR PN K + R27,JRTJE KU + R27+ FF. JR N + IR A SE0Pl B P53 RILIRASMREE 75N
0.737. 0.944. 0.947 (%< 4, [42). DelLong fu 445 B WnEk & S E S WA REH Frig It

1.0 T T |
ﬁH—/ J .
0.8 ——-—
gy 0-6 —
I au.
i 0.4
| JR N Ktrans + R2*
02_\' — % Ktrans + R2* + FF
: 1P + 8
0.0
0.0 0.2 0.4 0.6 0.8 1.0
1-Rp S 1

Figure 2. ROC curve analysis of the efficacy of various combined parameters in
assessing P53 expression status in rectal cancer
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Table 4. Comparison of diagnostic efficacy of different models in predicting P53 expression status
2 4. FEMEEFUN P53 FRIXKSHIS i aELL 3

et AUC (95% CI) R {E UKL (%) REF B (%) Z P
TP KUrens + R2* 0.737 0.580 77.8 67.8 -3.376 0.001
JRIE KUans + R2* + FF 0.944 0.556 91.1 92.8 -3.629 0.000
BN+ R 0.947 0.713 84.4 96.4 -0.462 0.006

4. ¥ig

ARV T DCE-MRI B4 mDixon-Quant J8 N 598 JH 58 & S50 B P53 RIEREHIVEY . 45
REIR, P53 AR5 P53 BF AL AR P9 KR A KYens, R, FF {EAF(E 2 5%, HARpy Kians, R2F198
Krans, R2*. FF &2 F Egde P53 RiFRASMMSLEMHR R . HIKA LiASHOT B e W B G B m
AERRE . BURBEFIRR R FE, X B P53 RIAKTFHA —E MMM E. X~ R MU RZHERES
e R Z T B EAMME, (At S B P53 SRAR I B 3)) 1 Ji e ik o 15 B 90 B 22 4k P AR ) 22 kA, T
e —IBER AR . PE3 ME N SCER I MR I 85 1, HRARTE B b i WL, IS MR e . YR IT IRBUOA
RIS ZYIAHG. S8R P53 B AL I Th AL, W SR . T, BREAATR
SEPERE N DL B AR i A R R T (3G SR [11] . ASHIE FE 45 A FITWCER IR 1 B AH DG SCR[12], B KBK A DCE-MRI
H1 mDixon-Quant X8 P A I8 A X 3k A7 72, L B de P53 RIAK b ATiTA,, A5 R DU N LR
X 30T B W 08 43 VOIS A DG B R 22 2 (B I DR 2R, RE NS B in 4 T b s B g 1045 2, B B FRATX B
e EAES RSN, FBNIRREIT &E 1R IT ik, e RE .

4.1. DCE-MRI & mDixon-Quant 2#3EE P53 /ARSI {E

BAS T L3 S L LR S (DCE-MRI)IE T 58 20 A 0] LU FRITE 2 (1 s 72, ] 6 PFAi ey 1
A BASAEIARAE, HAZ O SR KIS, Kep S Ve 73l S B IS 38 75 14« X6F B 731 [R1 90 25 5 240 ffa A1 ] B
KN, T 204 fiRg i AL 02247 [13]. EAEWTAE[14] 8% P53 KiIA/K T 5 B I AW 44T AN TS A1
%, REMS I WL IR s BRI 25 5 I h 712 2428 . mDixon-Quant K 3% T2 [m19% Dixon 7K IR 4 55 ik
GIREE, R R AT RO W R SR AR IR (PR KL T2 RS R2TEITEN 2 H e & EI1E
[15], AIiE I &N BUR A B E B 2 BUE N H ORS8RI DUEAT VPAN . BT 25 SRR B, P53 RAL
AN Kres, R E TR, HAMY KRR . X80 R, R GESH0r R AR b, 1T
Al RESL A St T P53 SRAR RS (1 iR S A B F AR . MWL R, R P KYans R R2” ) 40 E ] 43 )t
% P53 FEARUKE) T I ML AR il S 5 i S B A U 3 8L o KNS = B e 2 2R B A L S IR S
FRAFRY P53 WA ThREGR LA, 36 T IE T 5400 VEGF 25 I/ A R S I8 IR L 3k iR IS S 5 T A, 8
A i R IR LRI A A HEF ZREL SBT3 8 K T [16] . BEAEAF 7875 % B, DCE-MRI
S8 B SO BB e R L3N 7 S AE , I 5 R AR AT A DR [17] o 7 L X 28 AT AT VR 2R AR
T, DiE R ECRAS . BEIR AV 0B S 2T R (L], wE R v i B AR A S R (B S E
NG, (R BRI, AN 380 R2TH & [18]. AHFARLE RS Meng [19]55 75 & FUEERIE 714
ARA RVME ST RPN R85 R — 8. —TJ71l, P53 RAZIL RS 2 5 Mg A1 = g
e, CH MRS EGE, BREIRDIR G RS5O 85 [20]. RE AR FHRE N FF REANZ K
FAA (HIAEH AR ZE R, IR A SCB i RS 5 P53 MG MR A= 4 i 72 o B UE AT AL, KYrens,
R2"J¢ FF 3 WIS 735 A RAR U SR o AR S5 AN ] 4 s Bl e S PR B A Ak, FL [ e W] e
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Ji P53 RATMIKFLB R R EEAL . KPP el 8 % - SRECIRAS - AU R nfe " MR ESIdRE, /£
SEREL_EMRERE T 2 ZHOR G T 1 — S R A

4.2. BRAMFEOEEEFERREDFERN

5 REAEHE 7E 2 S AR TR N XSS R], A Fe ik — g N8 i X33 i, R IR Kens, R2™ & FF 3
BAMSTHIANAE, FIR B AR 2 Wk me W] AR T R alim A A . X — &5 SRR, R X
FRAETS LA, T AR R 2R T AR A B AR LR I XA, BRI BRIR N X I A A
AR5 B[9]-[21]. ARFFTH, P53 AR A KUens Ty, SRR R AR 22 i VS A7 A0 5 55 35 1) ot i ad vk
U R AUAE IR B o X TT R MR AE IR . SORE RS L B AR SE IR A 0%, AL R, SR FR
B IR ot S LR 0 443 R TR JSAR PR S = Ak B . iR W, 28RN p53 mI it i ot & ik AR
W E R, T LE R - [A)5TAH ELAE o R 4% S A P [22] - 6 A i oA 5 ) 538 T e s Bk 1 e AR A
N [ FE AL 2R B e o AR R, R R2(E P53 SRARIH b B R, X 45 5N R THE IR
IR AR, $Eo IR DX AT BEAELEAS [F) T I A% O X A SR P L . ASBIE AU, X — BT
RE 5980 i) I 4 L P < BRI BR8N A G o P53 AR TR g mI 43 h K B SOE DR, A S S0 IR i
L, A OB RS RS . BRSNS RS T I, R BRI 1 2k B TR FE[23] . AT, X — AL
1] 1 A G B HE IR . ARORAF IS v i@ R et Bk CD68 At bR BN, it A
AR S BRI R R R, AT ARG I AL U . thah, A7 A8 P AR JE 9 46 (]
Kep S Ve 12 R TEG0 T3 3o 5 Jing [24]55 A 58 PR AL Kep BT Ve 22 R IE G0 T 3 LI Z5 SR — 3K
ST LI R AT BE A, KNS ) B 39 e o I A SE P 5 R H 27 A IRAS s SRR 2B DM 5% MILLZ T,
Kep F1 Ve (ENTTHESH G Z Z R TH0. B AR e MU S5l . =yiB 0% P P R o5 1L 3R T AR 0T
Kep I FREMA, T Ve JUISZ 24025 . SRR BE R R o s ) 55 B A A SR R R 1) 2 3 A% . B R o i
e, AW ITHENIRE N 598 S 5 I B AR ) 245 B A e AR A o 988 A 25000 i [ e B B TR A% X
(MR BN 7 2 0 RN AECIRAS TR R 25000 5 e AR B R A2 22 1 (M I . REAR U R A i 8z . 1F
DRI Gn bk, 98 B A 20 DA B 9 PN A5 R S R T B A BT B8 s R T 2k e IR B UEEH, TE B P53 Rk
RV, AT IR NS EOT REA B LLSE B0 /R I T ARV, AR RS A W B3 2
e

AW RAFAE—E R RIE: © AHFFOR B>, P53 BF AR LB AR, A AT REXHITF 78 45 SR ik i,
FLJE P53 KA 5 P53 BFAERIA] Keps Ve T2 LZER, TEM—DP AR, LHEESIHERT
A[EEYE. @ mDixon-Quant KA 5mm [E 2 2 E A, SN S PR AR AN, H DCE-MRI 2%
W T/ HE ROI, BEXEEM—FELL, 75rTge R8s 8 X e 2 5w m S e e, [Fr A
HMe DL SE A IR MR SRR . B) P53 RIS PRI J5 Sz ik, L 50% K Sl Fe RARR, K
SEAHE R U0 UE AR A, W RRIRIR A FL B A 2 R . @ RBFFLE = 55248 45 FAE X R 1 R
RN TN EIAIE , R R R ] R2*AZAY B AOUL L AN e BLEE G o AR AT AR KA ARSI A |,
CEATREARYLE . BRI AR L BREEFE AR AR AREAR DG A TR, 2P W £ S5 MRI #8855 P53
T RN TERE R

g5 BRIk, AR ) DCE-MRI. mDixon-Quant ¥l B0l B P53 FRis/KF, I HIEKS
JSFH AT DA e PO () 28R, B R L PRI AR S FH I 55

R A=A
AT G SF (R 5 75 ) AR AT T2 B I 2 o R A T 2% B e iS5 - 20250703006
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