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WE: BN RITEBGZEEESHH A MBMERSYNENTUEERERR SERRE (PDAC) BB ABTE TG+ AR
BWE. Ak EFMHEER2020FE4 5—2023F3 A FUItERNKZEMNEREZR A UIBRAE T A 1465 PDAC &
EAMRT R, FATEHIUEE BERB 7 3 MBS AYIEE (n=102) IIEE (n=44) . FrE BHH TR ITENGE
BR&(CT) MR Z S8R G, 10 X5k ER 52 Bk EAFI ZER £ CT & A & b 1B 4 800 s/mm’ IR Y BLR £ (ADC) .
T, A B A Y15 S 38 (SI) 5 48 U BB 35 M /S 4K 4R 19-9(CA19-9) BIERHUR (CEA) K, HERAI A LR R B A
(RIS TR R W B LR A )(21‘33{_\‘} Kaplan-Meier 5522 F A 7 2, EFIE R EL K A Logrank I8, RAR R EXR
Z A E Logistic M S R R B FIBIRS TG HNAR , F R A/ N ETER S FIEFEE F (LASSO)-Cox [B] JFE A fF1E
FMBEMENEERR , METETNEE , XRAZKERESTHEIIMZRBEENEENRIEEFATETUNE.
%R Kaplan-Meier £ FF M2 0 AT B 7n, IR E BE R P AL TR 8 4 33.00 B, WiE & BE R P AL FR 81 4 32.00MH,
EREGITERX(P>0.05), BRAENTERE R, EEER S MUEE KEERYE MBS H . MERIL.CA19-9.CEA.
ADCESIEEE4ETEH X (CEDH45.906.13.116.12.807.17.277.14.611.7.275.14.339.9.506.13.137, P{E159<0.05) ,
LASSO-Cox ZEEEBFAA 27w, 6 B E i NENAEE, flyg 5> AL KBStk (HR)=8.934,95%C1:3.215 ~ 21.562, P<0.001 ] .4k
B 455 (HR=2.971,95%CI: 1.298 ~ 5.647, P=0.002) . CA19-9 (HR=3.948,95%CI ; 1.758 ~ 8.994, P<0.001) . CEA (HR=1.965,
95%C1:1.083 ~ 3.664, P=0.039) . ADC (HR=2.873,95%CI ; 1.307 ~ 6.037, P=0.003) % SI(HR=3.107 ,95%CI: 1.264 ~ 7.339, P=
0.001) . EF ERIEIFRMEMNTILEER AL EFHFUN L TEIR A 0.845[95% BIEX (8] (CI):0.774 ~ 0.915] , ZE3IE
EFRRBZL TERRA0.919(95%CI:0.870 ~0.967) , it EHTF LASSO-Cox BIAMEBNE BZEEESE-MEIREWEEE
BB BN PDAC BEFARETE, BT RIS K EE, MNTts SHBLATT A%
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Abstract: Objective To investigate the application value of a predictive model constructed based on quantitative imaging
parameters and serum tumor markers in predicting the postoperative prognosis of patients with pancreatic ductal adenocarcinoma
(PDAC). Methods A retrospective study was conducted among 146 patients with PDAC who underwent radical resection in
Hebei Medical University Fourth Hospital from April 2020 to March 2023, and the patients were divided into a training set with

102 patients and a validation set of 44 patients at a ratio of 7:3 using the completely randomized method. All patients underwent
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enhanced computed tomography (CT) and multi-parametric magnetic resonance imaging scans, and CT values in the arterial
phase, the venous phase, and the delayed phase were recorded, as well as apparent diffusion coefficient (ADC) at b = 800 s/mm”
and signal intensity (SI) of T, weighted imaging. The serum levels of carbohydrate antigen 19-9 (CA19-9) and carcinoembryonic
antigen (CEA) were also measured. The independent-samples ¢ test was used for comparison of continuous data between groups,
and the chi-square test was used for comparison of categorical data between groups. Kaplan-Meier survival curves were plotted for
survival analysis; the univariate and multivariate Logistic regression analysis was used to investigate the association of clinical and
imaging indicators with prognosis; the least absolute shrinkage and selection operator (LASSO)-Cox regression model was used to
identify the important influencing factors for prognosis, and a prognostic prediction model was constructed. The receiver operating
characteristic (ROC) curve was used to analyze the predictive value of the model in predicting prognosis in both the training set and
the validation set. Results The Kaplan-Meier survival curve analysis showed a median survival time of 33.00 months in the
training set and 32.00 months in the validation set, with no significant difference between the training set and the validation set (P>
0.05). The univariate analysis showed that patient age, degree of tumor differentiation, lymph node metastasis, tumor stage,
vascular invasion, CA19-9, CEA, ADC value, and SI value were significantly associated with the survival prognosis of patients
(¥*=5.906, 13.116, 12.807, 17.277, 14.611, 7.275, 14.339, 9.506, and 13.137, all P<0.05). The LASSO-Cox multivariate
regression analysis showed that six factors were incorporated into the regression model, i.e., tumor stage (HR=8.934, 95%ClI:
3.215—21.562, P<0.001) , lymph node metastasis (HR=2.971, 95%CI: 1.298 — 5.647, P=0.002) , CA19-9 (HR=3.948,
95%CI: 1.758—8.994, P<0.001) , CEA (HR=1.965, 95%CI: 1.083 —3.664, P=0.039), ADC value (HR=2.873, 95%CI:
1.307—6.037, P=0.003), and SI value (HR=3.107, 95%CI: 1.264—7.339, P=0.001). The nomogram model constructed based
on these factors had an area under the ROC curve of 0.845 (95%CI: 0.774—0.915) in the training set and 0.919 (95%CI:
0.870 —0.967) in the validation set. Conclusion The combined model of quantitative imaging parameters and serum tumor
markers constructed based on LASSO-Cox regression can effectively predict the postoperative prognosis of PDAC patients, thereby

helping to identify high-risk patients and guide decision-making for adjuvant therapy.
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Tumor; Prognosis

Research funding: Medical Science Research Project of Hebei Province (20260565)
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RIS AR 72 h N 58 BUALYE IR bR i) CA19-9 IR i
(carcinoembryonic antigen, CEA) K 5 (4) 1l R | Bl 15 9%
BEoE e HEBRARIE : (1) ARBTHEZ 1 4 B 3R T bt b3
16T 5 (2) B I H AN 5 (3) FARIZET: (A F7 101 <
30 d) 5 (4) G FH-T5 S M i 2 B L1 A EL A A 5% o

13 #& 7k (D)5 CT H 4. R H GE 256 )2
Revolution CT i {X X} B & JEAT 4, & W R IR E R
120 kV, & HL i 200 ~ 250 mA, 25 0.6 ~ 1.0 mm, IR i
0.8 ~ 1.0, #LEF 300 mm x 300 mm. F B 58 M , 4
i Tk SR bR AL B (350 mgl/mL) |, VE 5B EE A
2.0~2.5 mL/se 235 TS S 25,40 ~ 60 A1 180 s BEAT
SV K 5 AR A T C AR R 8 CTE
(2) £ Z% MRI 4 - % 3.0 T MRI 941X ( Discovery
MR 750, GE, 5& [ ) , 53 51| Xf £ 5 1 Ji A8 0BT 17 3447 T, A
JHAG (T,-weighted imaging, T,WT) 5 T W, 4344 751 %
FH B 5 11135 -~ T80 0198 A%, 1138 B[R] 73 ms, 51 52 B i)
6 000 ms, J= & 5 mm, # B 380 mm x 380 mm, J= [A] #f
1 mme 0510 b {E 4 800 s/mm” ) ADC \ T,WI {5 55
J}f(signal strength indication, SI) .
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AR IR AR AR O LR Log-rank #5555 >R FH R G &
t Glmnet £ 3 7 fe /N 48 % (E i S 3E % 55 (least
absolute shrinkage and selection operator, LASSO ) % 1iF: ¥
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Table 1 Comparison of clinical data of patients in the training set and the validation set

I R AL YLk (n=102) BGUELE (n=44) e P{E
PERI[ (%) ] X'=0.186 0.666
5 48(47.06) 19(43.18)
oy 54(52.94) 25(56.82)
AEI (%) 5523 +8.64 54.58 +6.59 1=0.446 0.656
R (%) ] 25(24.51) 13(29.55) X’'=0.405 0.525
WEPRIE 41 (%) ] 17(16.67) 6(13.64) X¥=0213 0.645
SHAEFREE (%) ] x=0.251 0.617
s ik 67(65.69) 27(61.36)
sk 35(34.31) 17(38.64)
e e KA (em) 3.57+1.21 3.74+1.30 1=0.762 0.448
i 457 (9] (% ) X=0.059 0.812
it Sk 23 67(65.69) 28(63.64)
JEAA 2 35(34.31) 16(36.36)
WL L5 R (] (%) ] 39(38.24) 15(34.09) x'=0.227 0.634
Jitgga 233 (45 (%) X=0.133 0.715
1 #1 38(37.25) 15(34.09)
I ~ I3y 64(62.75) 29(65.91)
MAERALLHI (%) ] 41(40.20) 17(38.64) X'=0.031 0.860
CA19-9(U/ml.) 185.43 +53.02 189.28 +31.64 =0.448 0.655
CEA(U/mL) 12.56 +4.21 13.04+3.15 =0.678 0.499
CT{E(HU)
S EE| 34.83+3.19 36.04 +3.95 1=1.953 0.053
Bk 43.87+5.52 41.96+6.03 1=1.865 0.064
mEdne] 54.58 +7.93 54.02 +8.49 1=0.383 0.702
FiER HA 60.21 +5.68 59.38 +6.10 1=0.792 0.430
ADC( X 107 mm?/s) 1.21£0.31 1.27£0.28 1=1.104 0.272
SI(x 107) 0.45+0.09 0.46+0.12 1=0.555 0.580

TE:CA19-9, BEZEAUIR 19-9; CEA AU CT, AT MR 130 s ADC, F LY IR B ST AR S iR

o} - EES RS 10 TR
.ﬁﬁ “+—1R5E 15
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Figure 1 Survival curve of patients in the training set Figure 2 Survival curve of patients in the validation set
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Table 2 Univariate analysis of survival prognosis of patients in the training set
(S ik AR 95%CI X 1a PIA
5 0.159 0.690
5 48 34.00 27.512 ~ 40.488
8 54 32.00 22.398 ~ 41.602
ARy 5.906 0.015
>55 % 53 28.00 22.650 ~ 33.350
<55% 49 38.00 34.193 ~ 41.807
fR I 25 32.00 23.840 ~ 40.160 0.438 0.508
WH IR 17 31.00 18.899 ~ 43.101 0.823 0.364
AL RE 13.116 <0.001
=k 67 38.00 35.669 ~ 40.331
44k 35 23.00 14.443 ~ 31.557
g fe KA 0.233 0.629
>3.5 em 55 34.00 28.627 ~ 39.373
<3.5cm 47 28.00 14.806 ~ 41.194
JiefE 4 0.273 0.602
Jih Sk 25 67 34.00 28.092 ~ 39.908
JAA 2 35 33.00 22.706 ~ 43.294
e 2 39 24.00 16.658 ~ 31.342 12.807 <0.001
TR 43 A 17.277 <0.001
I 1 38 43.00 34.006 ~ 51.994
T~ T 64 28.00 23.569 ~ 32.431
MAERAL 41 25.00 19.772 ~ 30.228 14.611 <0.001
CA19-9 7.275 0.007
>185 U/mL 56 26.00 19.714 ~ 32.286
<185 U/mL 46 39.00 33.412 ~ 44.588
CEA 14.339 0.001
>12 U/mL 54 24.00 17.827 ~30.173
<12 U/mL 48 40.00 37.408 ~ 42.592
FAWCTH 1.170 0.279
>34 HU 59 32.00 23.577 ~ 40.423
<34 HU 43 35.00 29.493 ~ 40.507
kY CTE 0.830 0.362
>43 HU 61 36.00 30.265 ~ 41.735
<43 HU 41 29.00 20.934 ~ 37.066
I T kA CT (. 0.072 0.788
>54 HU 63 34.00 28.920 ~ 39.080
<54 HU 39 32.00 21.115 ~ 42.885
FERIY) CT{H 0.802 0.370
>60 HU 57 37.00 26.994 ~ 47.006
<60 HU 45 32.00 26.840 ~ 37.160
ADC 9.506 0.002
>1.2% 107 mm?/s 60 38.00 35.501 ~ 40.499
<1.2% 107 mm¥s 42 27.00 20.649 ~ 33.351
SI 13.137 0.001
>0.45 x 107 58 26.00 19.506 ~ 32.494
<0.45x 10 44 39.00 35.856 ~ 42.144

1 CA19-9 HEZHUIR 19-9; CEA  Fg BT ; CT, I FEHUARZ BU% ; ADC, FWP R B SLL AR S EE s ¢, EAR X,
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Figure 3 The minimum absolute contraction and selection

operator regression variable screening for prognosis after

pancreatic ductal carcinoma surgery

x3 BERSEREARETE Cox ZEZRMIASH

Table 3 Cox multivariate regression analysis of prognosis

after pancreatic ductal adenocarcinoma surgery

ISy HR 95%CI P1a

JibgeE 3 8.934 3.215~21.562 <0.001
WA s 2.971 1.298 ~ 5.647 0.002
CA19-9 3.948 1.758 ~ 8.994 <0.001
CEA 1.965 1.083 ~ 3.664 0.039
ADC 2.873 1.307 ~ 6.037 0.003
SI 3.107 1.264 ~ 7.339 0.001

H: CA19-9, BERHLIF 19-9; CEA IR ; ADC, WY 5 R 5L
SL {5 5B s HR KBS He s €T, BAF X ]
SRATVPAR I TE A5 SRR AT, M LA 2 e g PN 1 43+
K S BRI  BREOIAY A AR -MRT T 3 3 ADC %
2 R E TG A TR A iR AR A2 AR
L A AN R B CTAE L ADC (ST A Z S HUEAR KR,

[F] o} 2%

Y A AL
A 5T R LASSO-Cox M VAR 3 553 1F D) fk i 72
B H TR LA AU, I 0 gk S ELE S TS

CA19-9 .CEA I35 %t , S8 T 4509 5 T hg

Linear Predictor

-35-25-15-05 05 15 25
1-year Survival Probability ——
0.8 0.60.40.2

T : CA19-9, B RPUR 19-9; CEA BT ; ADC, MY LR B S 15
SR,
E4 BRESEREARBETNGZ%ERE
Figure 4 Nomogram model for predicting prognosis after
pancreatic ductal adenocarcinoma surgery
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predictive value for the prognosis of patients in the training

set and patients in the validation set
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AL, LA P fE P S e 170 £ 1 i DA K IF S HE e
BRSO UM 1 2027, b o Sy B PR A g 51l
LR PRI, Wil 52 10 XU M 3 T LAk , T R 11 R 2 U ot
BEWTARG S EE R, Z AR 2R R E S,
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Foi BERRIE AT R S AR A AE 22 5 o IRAb , RAR R L
A e R S T, BRLARAR S CT (M LA 4 TR 5 B G 1L 3 3
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JRAE Z2 A CT (EAE AT AF Hh oA 7 H 2 57 395 A
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R EEGRE Lo AR IE v i — 255 s
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