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Abstract

Background and Aims: Pancreatic ductal adenocarcinoma (PDAC) is the most common pathological
type of pancreatic cancer, with a poor long-term prognosis and a lack of individualized prognostic
assessment tools. This study was conducted to construct a prognostic nomogram for PDAC patients
based on large-sample real-world data from the SEER database using machine learning algorithms to
provide precise and individualized prognostic evaluations to inform clinical decision-making.

Methods: The clinical and prognostic data of PDAC patients pathologically diagnosed from 2000 to
2018 were extracted from the SEER database based on inclusion and exclusion criteria. The data were
randomly divided into training (70%) and validation (30%) sets. In the training set, independent
prognostic factors were identified using univariate and multivariate Cox proportional hazards models,
LASSO regression, and random survival forests. A nomogram was developed to predict 6, 12, and 36-
month cancer-specific survival (CSS) and overall survival (OS). The model was then validated and
assessed in both training and validation sets using the concordance index (C-index), receiver operating
characteristic (ROC) curve, calibration curve, survival curves, and decision curve analysis.

Results: A total of 4 237 patients were included, with 2 965 in the training set and 1 272 in the
validation set, showing comparable baseline characteristics. The median follow-up time was 18 (9-
36) months for the training set and 18 (9-37) months for the validation set. The multivariate Cox model
indicated that age, T stage, N stage, M stage, differentiation, surgery, systemic therapy, and
chemotherapy were independent factors for OS (all P<0.05). For CSS, age, T stage, N stage, M stage,
differentiation, surgery, and chemotherapy were independent factors (all P<0.05). The LASSO regression
model found that age, differentiation, T stage, N stage, M stage, chemotherapy, surgery, lymph node
dissection, radiotherapy, and systemic therapy were associated with OS, while T stage, N stage, M stage,
chemotherapy, surgery, lymph node dissection, radiotherapy, and systemic therapy were linked to CSS.
The random survival forest model identified the top five variables affecting OS as systemic therapy,
differentiation, N stage, chemotherapy, and T stage; and for CSS, they were systemic therapy,
differentiation, N stage, chemotherapy, and AJCC stage. Based on the analyses from the multivariate
Cox, LASSO, and random survival forest model, along with clinical significance, a prediction model was
successfully constructed using seven clinical features: age, T stage, N stage, M stage, differentiation,
surgery, and chemotherapy to predict OS and CSS at 6, 12, and 36 months. The validation results showed
C-indexes of 0.692 (95% CI=0.681-0.704) and 0.680 (95% CI=0.664-0.698) for OS in the training and
validation sets, respectively, and 0.696 (95% CI=0.684-0.707) and 0.680 (95% CI=0.662-0.698) for
CSS. ROC curves indicated good predictive value, and calibration curves closely matched the ideal 45°
reference line.

Conclusion: Age, TNM stage, differentiation, surgery, and chemotherapy are independent prognostic

factors for PDAC patients. The prognostic model based on these variables has high discrimination and
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accuracy, assisting clinicians in developing precise and personalized treatment and follow-up plans for
PDAC patients.

Key words Pancreatic Neoplasms; Prognosis; SEER Program; Machine Learning; Nomograms
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Table 1 Baseline characteristics of patients with PDAC in
training set and validation set [n (%)]
Atk W (n=2965) HIEH(n=1272) P
IR (%)
<60 664(22.39) 293(23.03)
260 2301(77.61) 979(76.97) 0677
P
ot 1473(49.68) 649(51.02) 0.443
Tk 1492(50.32) 623(48.98)
Tl
FAfA 2385(80.44) 1036(81.45)
JRAPA 305(10.29) 127(9.98) 0.711
HoAtn i 275(9.27) 109(8.57)
i3
CUs 1 855(62.56) 789(62.03)
KU 338(11.40) 160(12.58)
Pl 107(3.61) 63(4.95) 0.082
/A 665(22.43) 260(20.44)
JiE AL
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i 354(11.94) 131(10.30)
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N33
NO 1023(34.5) 479(37.66)
N1 1942(65.5) 793(62.34) 0:053
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Table 2 Univariate Cox regression analysis for CSS and OS in PDAC patients
0S CSS
A
HR(95% CI) P HR(95% CI) P
(S
<60 1 1
>60 1.14(1.04~1.26) 0.007 1.10(1.00~1.22) 0.052
5]
Lot 1 1
LS 1.08(0.99~1.16) 0.068 1.04(0.96~1.13) 0.386
Filrit
EFEUN 1 1
R LN 1.10(0.97~1.25) 0.144 1.06(0.93~1.22) 0.374
oAb 0.93(0.81~1.07) 0.322 0.90(0.78~1.05) 0.175
Ly
s 1 1
PN 1.18(1.04~1.34) 0.009 1.17(1.03~1.34) 0.019
Fe 1.22(0.99~1.50) 0.060 1.16(0.93~1.45) 0.185
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Table 2 Univariate Cox regression analysis for CSS and OS in PDAC patients (continued)

i B
Jisk 1 1
JA 0.96(0.83~1.11) 0.622 0.96(0.82~1.11) 0.580
J 1.02(0.90~1.16) 0.731 0.95(0.83~1.08) 0.431
HoAth 1.11(0.97~1.27) 0.114 1.15(1.00~1.32) 0.045

T340
T1 1
T 2.36(1.82~3.05) <0.001 2.35(1.79~3.10) <0.001
T3 2.73(2.16~3.44) <0.001 2.86(2.23~3.66) <0.001
T4 4.58(3.51~5.98) <0.001 4.72(3.56~6.27) <0.001

H I

MO 1
M1 2.63(2.30~3.01) <0.001 2.72(2.36~3.12) <0.001

=
3

o o

1

0.52(0.48~0.57) <0.001 0.54(0.50~0.59) <0.001

TR
EFARIBIT 1 1
iR R R LT B sl A3 R D B 0.30(0.26~0.34) <0.001 0.29(0.25~0.33) <0.001
L RIROIBRE Y RIS AR TIBRA 0.34(0.29~0.40) <0.001 0.33(0.28~0.39) <0.001

g
J 1 1
f 0.70(0.64~0.77) <0.001 0.71(0.65~0.78) <0.001
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Figure 2 Forest plot of multivariate Cox regression analysis results A: OS; B: CSS
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Figure 3 Feature selection based on LASSO regression A: LASSO regression coefficients vs. Log(X) curve (OS); B: C-index

from 10-fold cross-validation vs. Log(A) curve (OS); C: LASSO regression coefficients vs. Log(X) curve (CSS); D: C-index
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