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Diagnostic Value of Combination of Enhanced CT and MRI in Preoperative
Staging and Vascular Invasion Assessment of Pancreatic Cancer

ZHANG Ruijuan
(Department of Imaging, The Second People’s Hospital of Anyang, Anyang, Henan 455000, China)

[ Abstract ] Objective To evaluate the diagnostic performance of combined enhanced CT and MRI in
preoperative T staging, N staging, and vascular invasion assessment of pancreatic cancer, and to provide imaging
evidence for individualized treatment planning in clinical practice. Methods This retrospective study included
72 patients with pathologically confirmed pancreatic cancer who underwent preoperative enhanced CT and MRI at
Department of Imaging of The Second People’s Hospital of Anyang from January 2023 to December 2024. Postoperative
pathological results were used as the gold standard. The sensitivity, specificity, accuracy, and area under the ROC curve
(AUC) of enhanced CT, MRI, and combined enhanced CT+MRI were compared for T staging, N staging, and major
vascular invasion (portal vein and superior mesenteric artery). Results The combined enhanced CT+MRI approach

yielded higher diagnostic accuracy for T staging (93.1%), N staging (91.7%), and vascular invasion (92.2%) than either
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modality alone (P<0.05). It showed the highest detection rate and lowest missed diagnosis for T3—T4 stages and SMA
invasion. ROC analysis showed that the combined enhanced CT+MRI had the highest AUC in all three assessments (T
staging AUC=0.934, N staging AUC=0.919, vascular invasion AUC=0.952), significantly outperforming every single
modality. The differences were all statistically significant. Conclusion Enhanced CT and MRI offer complementary
strengths in preoperative assessment of pancreatic cancer. Their combined application improves staging accuracy and
the sensitivity and specificity of vascular invasion evaluation, supporting more precise surgical planning. This integrated

approach enhances the scientific rigor and precision of resectability predictions, making it worthy of widespread clinical

adoption.
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% #HE M2 JE CT (Multislice Spiral Computed
Tomography, MSCT ) FEfi H i 45 8] 73 HE R F5R K
) =AM AR T, WA RAR IR AR TPl Y B
A% 07 0Py G S PR /% ( Magnetic Resonance
Imaging, MRI) FEAE 08 A B2 ZUXT LU EE F 2 2
BRI F, TE SR gl B = TR KR
EHUEE, KA EENANEAER, FER e
558 7 47 ARG AL R R IH A iR ( Magnetic Resonance
Cholangiopancreatography, MRCP ) % A X /s {4 £
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ANARHE : DR BTG A A o [7] B 52 B e i
LGSR CT Mebrififl MRIAGAY, UG KT
QARG LR PHRIL N R L PER T W QR
TeRk, R FARIE R ARG RS 8, nTiET
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HeBRATE: D& I AL & MR Ao
QAR (ML) |, oIk 58
BT VIGREIAE ; M EO B e ., o
B R 2 RIS A FE 2 08 CT KA ;. 58 CT
ol MRI G AF7E W e Ah e . AR, FRoR 4
ARSI OB AR R
1.2 BEFE

W5 CT: iy B TE AR H52 Z W358 CT
F14#%, FJH GE Revolution 64 HEIZJE CT F13#{Y 58
. HREKART TS 8/, LU BN A
YRR BT i . R E A IR 500mL YR K,
T 9k B W I 15 0 R IR i . #bki S
B S RA T (370mgl/mL ) , A
# 1.5mL/kg TH3, 28Ik DA R S 8 A
TS U 3.0mL/s . 3 HEAR UK 52 R i s ik 30
( #ER 25 ~30s) . [ T#IKIB (60 ~ 70s) K
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HE@REAN 1.25mm. A BRI & 2710 &
# ( Multiplanar Reconstruction, MPR ) . % FH

# ( Volume Rendering, VR ) A i i 5 & ( Curved
Planar Reconstruction, CPR) #47/54b3, LIffk
XoF JER e eE 55 ] B A . R DG R )

MRI: MRI A& A5l H P4 715~ 15T i 5 g 4k
AR RGEHAT, BLAARR VAT AT . H A
#Ha2 @ 2 / 6h, FAHEAT 15min LA L 6% ( 20mg )
LA/ 8 G sh Db o B4 15 7 20 40 455 e B o
T1 AL A% (TIWI, TR/TE=500/15ms) . T2 Jil
B A% (T2WI, TR/TE=4000/90ms) . A& Wi #7
il T2WT 730 MR BOmALUS A& ( Diffusion Weighted
Imaging, DWI, b{H =0 Fl 800s/mm?) , LLIPAkifiH
JESLTT . NI TR s ST REMYIRBEIX B, HE R4
B B fd HELWE R A e ( Gd-DTPA ) 1E Xt LS,
F N 0.1mmol/kg, TES AN 2mL/s, HHFE
Bl BN AIG R AR C SR | TR DRI SR ),
FREC T 35 B 27 51 LAPFAG i 14 s A =R o 4
KFR, WEIHEELL MRCP JP A WS A . As
Yok SREFHAG O, 2B wh IR ey a . A
MRI FG 34 2250 1 & IR0 230 BRI S ml 4%
B ST BE] L SR PPAG G5 R, e o B B =
ALFRAETIRRER.
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A BIF 5 2R H 5 [ 9 A K 5 2% 5125 ( American
Joint Committee on Cancer, AJCC) %5 8 i i I &5
TNM SHHFRENE AR TS — ks . T 70
FESH MRG0
WA RFLEREZN (nE . 2. ) 1
A FR . N AR X Btk A5 8 H . RS
Prai by R A e S 2  g AR R R AR NS P 552
BHAKRT 10mm, JEERIE . h AW S 7E R
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RS AGR B IR 1 FRESE SR A m 4 T bz P4
B WA, W5 =B L KRS E i i
L INEE R

I 487 4= A0 1 ) BT A 4l 1 s e R 52 B s 1R
LRI, Rl G ME 5 W &R Sk (Superior
Mesenteric Artery, SMA ) | I 20 ik ( Superior
Mesenteric Vein, SMV ) . [] & ik (Portal Vein,
PV) . HFE3hfk ( Common Hepatic Artery, CHA )
JHERET (Celiac Axis, CA) HILR. IMAERILH
FZHWHAR TR LN JUME O O s imn i
JalfE B 180°, PR E AT RERIL; QIMAEEEATE |
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Z BB RIBRIE A, Won i “MGRE” 5 “Fia
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L RIS RO A A . A A B A A ) T
FEFEAT I, W25 FR 5 — 6 R AR B R 8L T
B, B—BUEATUER. Irf BGIEGEgS—
B2 AR AR 5l {5 R 48 (Picture Archiving and
Communication System, PACS) H5Ea, ffiH[E]—
PR VR A, BRIRE A PREE— 2
1.3.4 IIEF RS RITE

AR ARSI AL R “SinifE”
A 3 T BRI TR I SR M 5 ] L S A2 1Y
SEPROCF, RIS DT R bR AS R AT b o R AL 3,
HH A g R A0 ] S bk L R RS L, T 0
N 73300 B i A4 AL s AR FI 5 R IS SEUE SRS T
— BT, IF o SR R A A A Oy = A U

( Sensitivity, Se) . #F 5 ¥ ( Specificity, Sp) .
FH 4 75 90 {H ( Positive Predictive Value, PPV ) .
RH P 700 0 {5 ( Negative Predictive Value, NPV ) M
Kappa —20E 280, Dl b a0z Wikae .
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JT A B SPSS 26.0 G i F AT A B
SHTe TR CANRE RIS . IR R/NE ) &
SHRRS , fFE IES R LIAE + P2 (x+s)
FOR, AR HECR M FEAR K05 RAFAIES
S35 % AE 220 Mann-Whitney U £ %5. 114X
TORFCANT 438, N oML S RILA T ) DU
BAME SRR [n (%) |, 425 HER
RHKL 2 R ) , WA BT H B R A e IE
oY, Fisher ¥5HA K0 . £ 5215807 2Rk (Se.
Sp. MERIF. PPV FI NPV ) LI AR 5 i B4 5k
SRR . XF T 4301, N 4330 KA 2 A0 1A 1)
ZWIRRE T 3210 TAEFHIE (Receiver Operating
Characteristic, ROC ) WZ&s3r#71, FfitH i< = im
1 ( Area Under the Curve, AUC) , I TZETEE
AR SE TR SRR, &8 AUC HZ
[i] f) 22 52 1 1] DeLong K80 3E47 FbAe, T A A5
F AU E, L P<0.05 K255 BA G55 X
(R R B
2 R
2.1 HELEN

ARG A 72 AT FRIBIT IS ARG 0K
PHAIE S Ay B A8 B 0 R, b B o 44 44
(61.1%) , Zr 128 f] (38.9%) ; 4 % [l A
38 ~ 76 %, FH4ER (60.5+£8.2) %, MIEHAL
PUBESL g de i W, 5 55.6%, HAy R (27.8% )
R (16.6%) o RNEWELER LR, T3 &L
DL ERE RS 65.3%. N1 IR E R E &L
H62.5%, MAERILHE N 56.9%, BEH B
BB SR HARAE /3 L3R 1
2.2 38 CT 5 MRIBANBE T SHEFIETH A
=

gER R, MRIFE T2 9 &% DL E B3R 50 sk 4
P FHE5E CT, Mikhss CT 76730 T1 WAL Fh g
B, BAE NG, S50 Se 562 1 3%
B (£=1247, P<0.05) . HHGFETTEN T 5
W2 Wrseae b I3 2.
2.3 BEAGFAX N SHIRFBrsE

FENO FE T, R CT 0 8 10k “ PR

R1 BE-RENRARERESHEN (1=72)
Tab.1 Distribution of patients’ baseline characteristics and
postoperative pathological features (n = 72)

fabrmi H SRUL/ERL VBOEUE (n) LG (%)

PES Sk 44 61.1
ECg i 28 38.9
AR (%) Y £ b 60.5+£8.2 —
AR <60 & 34 472
A = 60 % 38 52.8
i i s 40 55.6
Jietd 20 27.8
ik 12 16.6
T IR R L) T1 ) 12 16.7
T2 0] 19 26.4
T3 0] 25 34.7
T4 16 222
N 734 NO ] 27 37.5
N1 1 45 62.5
MR LRI 31 43.1
AR 41 56.9

AL I IHR Ik 26 63.4 (41 fijt)

%%f\/&?ﬂﬂ( 15 36.6 (41 filif)

T A RALPAL S TR R A e BRI 2% 5 A RIS

WAEMAE, R2Am2HREE TR (P<0.05) .
AT N R B2 WRE 1 A L3 3.
24 FBEEARXMMERICHFIETRE 1547
iR BoR, BWENAE, 2W Se ik 93.1%,
EBAPE TR 2 3 451, WAL THE5% CT s MRI BT,
G A R AR I R AC RIS W e L 26 4.
2.5 ROC BAZ 577
2.5.1 T 98 ROC BhZ& 347
H5R CT. MRI K58 CT+MRI 7E T 43301 ) 7
HE) AUC 235909 0.811., 0.869 F1 0.934, BXG T4
(I RRER BB 2 B P, Se 5 Sp L8 A KBUEAL
(P<0.05, DeLong %) o #5500 T 433
Br ROC MIZE LA 1,
2.5.2 N 57HA ROC HAZ 4R
TE X B EL 25 A PPAl v, 3458 CT. MRI S
BeA KA i AUC 43514 0.770, 0.843 F110.919, Bk
A7 7E N1 RS P Is e R Ak, dhd R
(P<0.05) o #4577 20 N 43314 W ROC £k L
Kl 2.
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Tab.2 Analysis of the diagnostic performance of different imaging modalities in T staging (n=72)
T 73-4] o BB EC Jiik BBER A W (%) Se (%) Sp (%) BRISEL IRisEL
T1 12 sk CT 9 75 75 96.2 2 1
MRI 10 83.3 83.3 98.1 1 1
W38 CT+MRI 11 91.7 91.7 100 0 1
T2 19 9 CT 13 68.4 68.4 89.1 3 3
MRI 15 78.9 78.9 94.4 2 2
15 CT+MRI 17 89.5 89.5 96.3 1 1
T3 25 5 CT 18 72 72 85 5 2
MRI 21 84 84 90.6 3 1
i3 CT+MRI 23 92 92 96 2 0
T4 16 HIGR CT 13 81.3 81.3 91.2 2 1
MRI 14 87.5 87.5 94.1 1 1
W3 CT+MRI 16 100 100 100 0 0
&t 72 R CT 53 73.6 — — — —
MRI 60 83.3 — — — —
H4HH CT+MRI 67 93.1 — — — —
TE: Se =HFAME/ CEFAMEHRIIME) , Sp =HBIWE/ (CEBIMEHERIEME) | WEffiR= (Y4 EBIE) / S
#3 BFREHRX N SHRARANSEEEN S (n=72)
Tab.3 Analysis of the preoperative diagnostic performance of different imaging modalities in N staging (n=72)
Jiik NI FE CREL) B NL B (n)  Se (%) Sp (%) eI (%) REETER WisB BRI )
HigE CT 45 49 75.6 70.4 73.6 8 11
MRI 45 47 84.4 81.5 83.3 5 7
W48 CT+MRI 45 46 933 88.9 91.7 3 3
T T NT R = SO + B Se= FCRIMA: / CECPFHME + AL ) 5 Sp= FLHIME / CEBIE + BUHE:) o
F4 BRGEANHERRELERICOISEREE (=72)
Tab.4 Diagnostic accuracy of imaging modalities for vascular invasion assessment (#=72)
PR AR (=4l) BRI Se (%) Sp (%) e (%) BIPER WK
i CT 41 45 81 73.9 77.8 8 9
MRI 41 43 86.3 82.6 84.7 6 6
5% CT+MRI 41 42 93.1 91.3 922 3 3

TE: BEHVE AR R AL ARG BETCIENS , B SAGARUINE BE A AL

2,53 MERILITEH ROC fiZk 7
EEXTITERIK . B R L B Dk AE 32 2R
BRI, =5 2UAY AUC 43531k 0.829 (4455
CT) . 0.890 (MRI) #10.952 ( #5% CT+MRI) .
& 7 A EAG SMA AL 7 R B =
AUC g Kk, ZRHALI4E X (P<0.05) . 4%
807 A RILITAG ROC HhZE LA 3.
3 g
JERRRIEEAE A TH AL 2R 8 v L e 2 1 SE AR P 22
—, RZEVESRFIIXMELIEE, H TI2W A AT

VIBRBYBE Vs 6 RIGTT 642 AR O A T W Bk 1)
JR IR SRS A I AR IE, RETEAG 51
(HERA T BRI AR 5 A A7 100 ™ SR B,
58 CT M MRIAE N EZURTF-BL, 0 e i 45
P AR AL 2143 W L SR AN [R5 P10 4
HFGER, RIALZWRE, R YRR
AR T 0]

AT L, LW, HE5R CT 5 MRI 7 B iR &
ARG T 2030 N 301 K i A AR AR A 4 B 3
HA IOL FH 8 48 35 1 v A1 W o iy 3 R D —
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(P<0.05) , JuHAE T3—T4 WIHI W 1 SMA 250
P, R CT+MRI 44 KM =0 Se 5 Sp

(P<0.05) , Eonth RIFIPMNFEZN . 76 T 2305
Wi, MRT BE S A 1 R b e 2 75 2 10 FR i e
JE R AT (ANt 48 . IHAE ) 18] R
TR, R AE T2WI 5 DCE J341 b B # 5
Se. 5w CT WIZERA BRI FR . BS540kl . BRAED
sk R Ji i SIC o 45 KA B IR 7 T W, MIRI 7€ T2

J UL BRG] R TG CT (P<0.05) , 1M
K5 CT 725401 T1 WU s AR5 3665 1
J5 . &I Se 5 HER R B E SR (P<0.05) , It
SEIRFRW, WA N H e U B S5 M i) 5 D RE ak
BAGE, BRI ANRASKE, DERST
SIS RO HER R (B2 T 93.1%, P<0.05) .
TE N S04SR, MRI X ZMA B B 45 B T
PO, HAEHIWtk LS55 SRR . h B . o
Ay T A L, MBS sR CT W 2 i
WRELEE AR SOmA AR B, SZBR T30 R ARG AR PSS
WHTE, S AN BRE T R AR 2
MRS, BRI T N1 A Se 5 Sp (BKA
LW Se 93.3%, Sp 88.9% ) , HA EEA [T
WrfE. FEMAERALAIWT T, MRILE DR 5 i
AR B . S8 B R A RE E 2ty T A
#(P<0.05) , JLHJZ DCE JFHIXHT Tk &% SMA
P55 AL B Uk, 1458 CT DR IEAS 1 45
AL, B AL MEREE, WK
BB sl DL A O . &0 30 e Rd 20 238 i S 30
A, A BRI RS AR T RS
o ROC HIZ 53 Hr IR UE S A Far A 7 10 A5 = AR H1
HY AUC ek (0.952) , IZIIALRE . (AR
B, EFERANTHAGE (Artificial Intelligence,
Al) TEBES 2 RGP & e, IFAE L4t
RIZWIR . CA IR 2RI TR 2 S B A
AR AT A RS, WSR2 N4
( Convolutional Neural Network, CNN) . U-Net [%
4% (U-Net Network ) ZF575 SR 09 FH ShRFIEHE
B El A, AR CR N T IRy =, X
TR | LS R L AE Y 2 (8] 5C R TR R 1k .
R M RIC T, Al R GEnT a7 HI5H
PR TR 5 A Ak R B R L M) A R
SERNVE, HHBNEE A e BUE B FIT, 0 SR E
AR 2 U 5 — Bk
AR I —E bR M. — 7 ia, s N
o BT SE , FEARSAXT AR, 720
KEEARGGUE; 53—J71H, 5% CT 5 MRI K #[A]fH
BIETTEPIE N, (L HAS Wr— AT rTRE 2 e 2t
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