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Using nomogram model based on preoperative contrast-enhanced CT to predict R0 resection of
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Abstract: Objective To investigate the value of preoperative enhanced CT scan features combined with clinical features to construct
a nomogram model for predicting whether the RO resection of pancreatic ductal adenocarcinoma (PDAC) can be achieved. Methods
The preoperative contrast-enhanced CT imaging data of 106 patients with PDAC who were confirmed by surgery and pathology
and whose resection margin status was evaluated were retrospectively analyzed. According to the resection margin status, they
were divided into RO resection group and R1 resection group. The preoperative CA199, CA125, CEA and other clinical data of
the patients were analyzed. Before surgery, the tumor location, the transverse diameter of the tumor, the maximum angle between
the tumor and the surrounding blood vessels (T/artery angle, T/portal vein angle, T/superior mesenteric vein angle), peritumoral
fat space and lymph node metastasis were also observed in preoperative contrast-enhanced CT. Then, univariate and multivariate
Logistic regressions were used to construct a nomogram model for the preoperative prediction of whether the RO resection of PDAC
can be achieved. Results There were significant differences between RO resection group and R1 resection group in the transverse
diameter of the tumor, CA199, CA125, CEA, T/artery angle, T/portal vein angle, T/superior mesenteric vein, and lymph node

metastasis (P<0.05). Univariate and multivariate Logistic regression analyses showed that lymph node metastasis [ OR: 0.205
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(95%CTI: 0.043-0.972), P<0.05 ], T/artery angle [OR: 0.085 (95%CI: 0.017-0.434), P<0.01 ], T/portal vein angle [OR: 0.155
(95%CI: 0.031-0.783), P<0.05], the transverse diameter of the tumor [OR: 1.073 (95%CI: 1.004-1.146), P<0.05], CA199 [OR:
1.003 (95%CI: 1.001-1.005), P<0.01] were independent risk factors for RO resection. The model constructed by multivariate

Logistic regression could effectively predict the RO resection of PDAC. The calibration curve revealed that the predicted probability

of the nomogram model could better fit the actual probability, with high calibration. Conclusion Preoperative lower level of CA199,

shorter transverse diameter of the tumor, T/artery angle and T/portal vein angle <180°, and non-lymph node metastasis were

independent predictors of the RO resection of PDAC, and the nomogram model can effectively predict whether the RO resection

of PDAC can be achieved.

Keywords: pancreatic ductal adenocarcinoma; RO resection; contrast-enhanced CT; nomogram model
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Ji iR 5245 JIE 983 (Pancreatic Ductal Adenocarcinoma,
PDAC) &1 b 22 G il 5 fe 2 W IV g 22— , & B
22 A EIRE AR AR TS IO KR Y B, A
RUAE PDAC S E I AR AR 0 T R TR 258 421
Fr(RODIER) , - BICLST> , SRi 250083 & BUT
ELo I AR A0 R R Sk TRk o R R L
JK DU i RO BRI XU FIHERE . A PR R F AU
FEAE (R &M 2 28 M 0 ik, BUR & H 22 M A7
BT L, RRE A AR 2R A PP PDAC ROV
FRXTFIRRART 7 2 2 XEE, {9 CTHIRIRIR
H AR & T B, (AR e IR R 45 6
I RAFIEDEAL MR ROVIBR'™ . ZRBH5E B 7E 53T PDAC
FEE AR R 5 CT RAF B RAFAE , #4751 22 [l Y
DAFHGI PDAC fifEd RO VIR , DA T 4t Bl A B 47 )
ENIRGERUE

1 BARETTE

1.1 —fg&EM

[l P SO 2015 4 1 H 222021 4F 11 H7ES K
S TR B2 9 4 TR BRAIE S 1Y 186 141 PDAC
BE L AR : (DPIZRE ST ARPBEHIUESE 5 (2)
AR FT G PR GER 5834 5 (3) BBE AR CT -4 1458k
OB o HERRARAE (1) AR FT R A AR L
(2) 1775 CT BHG the (niz sh sk 4 8@ AH S D3 ) 52
Mg bR WS 5 (3) ARG CT K 5 F A B UESE PDAC
ff ] >30 d. 186 5l PDAC 3 H , 39 filllfi R 05 b A
4, 15 BIARTTAST , 26 B RGN 42 5 e & 90\ 106 191
PDAC &, R1VIBRAL 22 1], RO VIR 84 141,
12 UBFECTRERX

8 7 256 HE 125 CT 94512 (GE, Revolution CT,
3 [ ) ok 128 HE B i€ CT H # 1 (GE, Discovery
750HD CT, 3£ [H ). Frah A 106 6 & & ¥R FT1T
CT V35 CTH 434 . CT AT, BH A E 6~8 h
CTHIMBE FHERIE 120 kV, A Z LA,

P HLI 100~600 mA , #E FL 4% 98 0.625 mm, HLAL
& 0.6 s/rot, [A] # 0.983: 1, 7 4 )22 )& il JZ2 0] B 44
1.25 mm, CT 8594 >R FH L 5 701 (320 mgl/mL) ,
22 I H R VKO e R S S, Ui 3.5~4.0 mL/s , 7l
i 1.0 mL/kg, 7 5= sl bk W I %) fisk & [ 48R 50 HU , figk
G, Sk 8 s, # K4 30 s, B IR BAFAH
120 s,

1.3 BBgathiaE

JIF A 9 151 CT A 5 1R R 44 53 500 7 I 3B 0 52 4%
1277 B A 10 4E F1 15 4R 25 19 @) 34T BE Ol 7E
PACS & %t b X BUS AT 438 . AE R ATHS 58 CT S
I, 7E PDAC Mg 5121 DX 31 22 1 K 24 40~60 mm? 1
JB B X 5 (Region of Interest, ROI) , il if ROI 3k 15
Jifrgeg = 30138 5 CT (. (HU ) , SEEIF- It firbd 5 ] el af,
BRI f (T/sh ke f T/ T bk f T/ R B
ke f ), AT JE R 18] B 2 15 T L AT 43
B, e I B s — 2R W .

1.4 GitFERZ*

1 R X 4 (Version 4.1.2, https://www. r-project.
org/) SEIGE T2 M o LV AR e R M (E R
#E 22 5L U 432 A R (IQR) , 43 K AR T RoR A H 43 .
R1 YIS 2H F0 RO VI BRAL AT H o v, it 72 R
HH ¢ K56 5 Wilcoxon Bk ARG 5 , 432878t fii FH x> K 56
aY, Fisher VI HER . Kappa K56 434 v, L8 & 1) —
1 , Kappa {H<0.20~0.40 F 7~ — 24— .0.41~0.60
h—EE A 0.61~0.80 Ay B —HHE L0.81~1.00
JLT 54 —8, P HEREMZ R K Logistic [l 14
R e HLAT GE T2 28 S B AR AE AN I PR AE A
TR T ARG AT PDAC 3 RO V) BRIk
BRI, 2 TARRRAE (ROC) fh £ A v i 26
FIFAGHIRL Y AUC USRS . Z )5k
Bootstrap /7 X FEAS FE R AE 1000 YR IEA TR YR
I, IR A B #56: (Hosmer-Lemeshow ) FEAf
A (18 ) 31 1 B
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2.1 PDAC BEARHIIGRELZLE R
AZHIY 106 | PDAC S, T3 69 1], 2ot 37 1415
HEIS 29~78 %, F-14(57.56+9.89) % ;RO VI [4: 84 14 ,R 1

VIBR 22491, X He o i £ B AR R R FE LR 7kl & B, RO
5RI1YIAE CA199 .CEA .CA125 AR Rij Ea AR £ 8 0m
B, ERAGITFE L (P<0.05), ILE 1,

1 PDAC £E R0 5 R1 VIR ARBTIGRE L BRI LR

Table 1 Comparison of clinical baseline data before R0 and R1 resections in PDAC patients

S RODIBR (n=84) RIGIER(n=22) Xz  PfH
% 58.5(50.3,65.0) 58.0(51.5,64.0) -0.047  0.963
5 2780 0.095
i 58(69.0%) 11(50.0%)
% 26(31.0%) 11(50.0%)
Ak 5560 0.062
(BN 42(50.0%) 5(22.7%)
B 27(32.1%) 11(50.0%)
R 15(17.9%) 6(27.3%)
ety 0178  0.674
H 13(15.5%) 2(9.1%)
I 71(84.5%) 20(90.9%)
LUEEY 0.004 0951
i 8(9.5%) 2(9.1%)
T 76(90.5%) 20(90.9%)
BPR A 0177 0673
H 10(11.9%) 4(18.2%)
I 74(88.1%) 18(81.8%)
TR 2510 0.113
5 15(17.9%) 8(36.4%)
P 69(82.1%) 14(63.6%)
CA199 230.90(63.29, 634.30) 837.00(284.35,1000.00)  -3.010  <0.010
CEA 2.88(2.00, 4.03) 4.04(3.06, 6.61) 2450 0014
CA125 17.21(11.22, 32.54) 38.23(19.09, 99.25) -2.810  <0.010
AFP 2.73(1.88,3.56) 2.46(1.81,3.70) -0.290  0.770

2.2 PDAC BEBIARE] CT $HiE

Kappa K 36 7 B WAL 0B} 22 XS T 3458 CT ¥
TR A 347 19— 8t (Kappa {E>0.75, P<0.05) .
X RO 5 R1VIBRAY PDAC H & R FTHE 5 CT 4F#1E
ST R B, I AR T/ Bh Dk Je i T/ bk e T/
Ji7n 72 L T DK e F I T 235 2 RS AE PR 21 22 ) 1 22 S
BT #7E X (P<0.05), £ 2,
2.3 %7t Logistic BT 5

T ik B DR 2R O 08 RO 5 RV B 5 0 R B I R
FELL GBI 5 CTRHAE K I R A G4 8 X
1Y A £ P H-B 22 0T Logistic [T 4081 , & PRI B 2%

H: 3 [OR:0.205(CI:0.043-0.972), P=0.046] . T/3} ik
J2 /1 [OR:0.085(CI:0.017-0.434), P<0.010] . T/I'] i
Jik J £ [OR : 0.155(C1:0.031-0.783), P=0.024] . Jif ¢
42 [OR:1.073(CI: 1.004-1.146), P=0.037] .CA199
[OR:1.003(CI: 1.001-1.005), P<0.010] & RO Y] & Y
M7 fE R R, W 3,
2.4 MBI LEEER

ifi 1 22 JT Logistic 44 A 1) [F - #4 4 51 2% [ A5 74
LA PDAC 4 RO VIBR , S 2R 1 43 Fie 45 B A T &R
(B L AA 0 2] 100 A TR o 38 3 K A4~ PR 3R 19 43
BRI A5 2 543, B Total points, 3% 543, 18 1 %
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O3B B R BN L S PDAC (1) RO DIBR I %

i, W 1,

2.5 HEEUEREIT A R IEIE

#2 PDAC £ R0 5 R1IFRARBI CT4FELLE
Table 2 Comparison of CT features before R0 and R1 resections in PDAC patients

FHCTHE 34.79+9.33 35.09+9.17 0.660 0.420
ki CTH 63.00(55.25,70.75) 60.50(54.75, 66.50) -0.880 0.381
Jihids A% 29.38(21.94, 40.00) 32.13(25.63,50.79) -1.190 0.236
Il CiERe 0.15(0.13,0.18) 0.15(0.13,0.17) -0.097 0.922
-0.025(-0.040, -0.010) -0.023(-0.034, -0.014) -0.230 0.815
T/l ke 17770 <0.010
<180° 66(78.6%) 7(31.8%)
>180° 18(21.4%) 15(68.2%)
T/ Z I L ke /i 8.590 <0.010
<180° 65(77.4%) 10(45.5%)
>180° 19(22.6%) 12(54.5%)

%3 %7t Logistic EJA73 47 RO 5 R1FIBR X E 7

Table 3 Multivariate Logistic regression analysis on the factors related to R0 and R1 resections

WL 255 R -1.580 0.790 3.980 0.205(0.043~0.972) 0.046
A 240 080 8T 00KSO0I04) <0010
T/ TR S -1.860  0.830 5.090 0.155(0.031~0.783) 0.024
TRBEBHOCS 010 0760 0046 08501037 0830
Jih e At A 0.070 0.030 4370 1.073(1.004~1.146) 0.037
CAI® 003 0001 THO L0 <0010
CA125 0.020 0.011 2.250 1.017(0.995~1.039) 0.134

TR SIS R 0.906 .86.4% .86.9%, LKl 2. 4K

Je Ao A o phh 24 2 WS TRY T ABE R 5 S P R AR R

Pl Y 9 2% I B R 5 BERE AT B R B PERE AT A L REARUE, LI 3.
FHE il ROC 25 Sz e 7] 2k PRI AL ) AUC fEL L 8

FRAE, BAA U0 BE R 36 P=0.054>0.05 , 3% B A5 750 53 0] 424
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Figure 1 Nomogram model
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Figure 2 ROC curve of the nomogram model
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Figure 3 Calibration curve of the nomogram

PDAC i JHR U 19 80% LA | , HA B JE B E , Tl

JEtE" . FARYIGIRE(RD) R 8RNI RHE PDAC
SREA RIS B U R R, BRI AR ROTAG

0.2

PDAC J& 5 figih 2 RO VIBR T £ el 15 0l 220
HE AT £ & Logistic [543 % PDAC
SEE ARG PR CT S2AGARFE AR 1t e AT g A ks
Yy CA199 T/3NRKIe 1 T/ Tk IE A R e 122 Atk
455575 TN PDAC S35 RO DI BR Ay 2k 37 Tt 8-
CA199 f&—FPZh & RS R bR B, 4
- AORREAR T , J2: PDAC S5 A 3 AE W s A s
TR BB R 1 5 BB R A A,
A I T RN PDAC gt , H AT 8t
TIE I A Y0000 P i i 101 T DB B AR A AR
FOBIT I R H R B —E VR, (LU R Sk
AR, 7 5 HAR PR bR S P S AN (A bT i CEA |
PR CA125) "0 SRS R CA199 7RG 2
I 1 TS B 2% 9 PDAC BYBURE M 76.1% T3
87.2%" . AWFFLEF R R1VIBRE RO VIFRAY CA199
K, B R K1 CA199 27 b S v RE vy , S
25 FESCER R RO VI BR_FMEE I AU 5 s CA199 34 AT
DIRGIN re i 2 2, o] T PEAk 0 PDAC B3 1367
SR AAAF S BRI, AR E CA199 KF-siF
FEWI PDAC 8 ROVIBR TP A — 2 $Em  X.
ARHHGR CT Ky T-Be/ o PDAC A A7 e B
IR T ZE AR AL o 22 1 g AR SR B AT AR . T/ 8k
AR T/ TR IR AR T/ R L Ik e A R 61 i 45
55 Iivgg i) J e 2 AR B | R Ie FA<180°), g f= AL i
BHYATREPE/ N PR EEAR, S RO VIBR TR RER 5 24
J& =180 , I8 200 A 81 5 A= A0 381 J) R ZH 2 A pfr 22 A .
B IR RI RO VIBRAY AT REME/N S, ABFFE 45, i
5 IR B F K2 £ <1 80°ST, JRa ) RO DI Bk B ik 44
e, T/EKIEff T/ T K IE f T/ 3 B L bk e £ <
180°HTI ROVIBER 354 78.6%(66/84) .82.1%(69/84) |
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77.4%(65/84) . SKifi, IFEXTT PDAC RUMFFE AR/ e
1 iy ] B A58 (R AR AE 4 ) 6 0l A 2 29, R e e D
e 5 LA ) e R A (] T i AR B ) X6 T Tl PDAC
PR A EI ROVIBE A RS, HEAh, IRk AE7E RO DIBR
5 RIVIBR A 22 5, 1K I RO VIBRAY PDAC Ay i
TR N, A RIS AR A/ N T | em B,
JRIFRTFAE T K e F A 1Y) S AR A AE 3R AT 3A 5] 100%,
R MRS R AR K g AR AR T 3R
FIROVIBREYATREME R . HHT, KB EEFERR S
M PDAC B4 Tl ) E 2R R 22—, 2 il PDAC Jif
968 RO IR it 37 JXURS: PR 2R Rl 2 J A2 ik 10 mm 7Y
KWk ELZ55E R, Ramacciato 252 & I T AE7E Mk
ELA55 R 1Y) PDAC 5 R0, IR L 2580 H ik
SEEERL A (LNR) | BHAE M T 25 5 4% b (LODDS ) &5 1
Ji e ) =N S LA PN s [ Y 1 o 2 1 Y e Y2
PN 43 . LNR 432% . LODDS %3 & PDAC if9% RO 1]
4% 40 <7 500 PR 7~ Ak, PDAC g B 3% RO VIR IS
KSR/ X5 T RO VIR AT EAE , a] S it
JAPEH . AT, R ELAE R RS 0 FR B RS R YIS
IKE]77.3%, RIFFAEMR L5 FE R RS 1Y PDAC 4 RO
VIR AEA B 25 b nl 0L, kL 25 7 7
Kk EEE AL AR SRR AE TN RO VI 7 TR — I R
ST AR LSS RS TR 4 PDAC T 22 (A A7
Ji IS EI RO YIBR 4 FRIME NS XU T &, $oR itk 25 5%
FERSAETN PDAC fifed ROVIBR T A —E M. A
FFE S/ IVEEA ) B RO BIFSE R RT3 B85
B | AT B AL T 2B R IR PR

25 LR AW R TS 5 CT SR R IR 45
Bl PRAFIE AL L 1 51 26 R B AL T PDAC 345 ROV
I L LA A e Rk g R OR T CA199 7K
S T/B K T/ R f R R AR Sk T 2
e AE— 2 2B L] DL PDAC 3% RO VIR, il 1
kRO I B 0 F0I0 PR 7, 76 £ 38 I R TR T T S8 I it ¢
L g U PEAS 7 T A — 2 B T ANE
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