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Background: Pancreatic cancer (PC) is a highly malignant tumor of the digestive system.

The number of elderly patients with PC is increasing, and older age is related to a worse

prognosis. Accurate prognostication is crucial in treatment decisions made for people

diagnosed with PC. However, an accurate predictive model for the prognosis of these

patients is still lacking. We aimed to construct nomograms for predicting the overall

survival (OS) of elderly patients with PC.

Methods: Patients with PC, older than 65 years old from 2010 to 2015 in the

Surveillance, Epidemiology, and End Results database, were selected and randomly

divided into training cohort (n = 4,586) and validation cohort (n = 1,966). Data of

patients in 2016–2018 (n = 1,761) were used for external validation. Univariable and

forward stepwise multivariable Cox analysis was used to determine the independent

prognostic factors. We used significant variables in the training set to construct

nomograms predicting prognosis. The performance of the models was evaluated for

their discrimination and calibration power based on the concordance index (C-index),

calibration curve, and the decision curve analysis (DCA).

Results: Age, insurance, grade, surgery, radiation, chemotherapy, T, N, and

American Joint Commission on Cancer were independent predictors for OS and

thus were included in our nomogram. In the training cohort and validation cohort,

the C-indices of our nomogram were 0.725 (95%CI: 0.715–0.735) and 0.711

(95%CI: 0.695–0.727), respectively. The 1-, 3-, and 5-year areas under receiver

operating characteristic curves showed similar results. The calibration curves showed

a high consensus between observations and predictions. In the external validation

cohort, C-index (0.797, 95%CI: 0.778–0.816) and calibration curves also revealed

high consistency between observations and predictions. The nomogram-related

DCA curves showed better clinical utility compared to tumor-node-metastasis

staging. In addition, we have developed an online prediction tool for OS.

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://doi.org/10.3389/fpubh.2022.885624
http://crossmark.crossref.org/dialog/?doi=10.3389/fpubh.2022.885624&domain=pdf&date_stamp=2022-05-24
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles
https://creativecommons.org/licenses/by/4.0/
mailto:1565983618@qq.com
mailto:xiaozhuliu2021@163.com
mailto:13258280319@163.com
https://doi.org/10.3389/fpubh.2022.885624
https://www.frontiersin.org/articles/10.3389/fpubh.2022.885624/full


Zhong et al. Predictive Model for Elderly PC

Conclusions: A web-based prediction model for OS in elderly patients with PC was

constructed and validated, which may be useful for prognostic assessment, treatment

strategy selection, and follow-up management of these patients.

Keywords: nomogram, elderly patients, pancreatic cancer, SEER database, online application

INTRODUCTION

Pancreatic cancer (PC) is one of the most dangerous
malignancies in the world and is a lethal disease with dismal
survival rates, with a 5-year overall survival rate of <5% and a
median survival of ∼6–8 months after diagnosis. It is the fourth
most common cause of cancer death in both men and women
due to the difficulty of early detection and poor prognosis (1–3).
In addition, PC is the main disease of the elderly population, as
aging intensifies, the number of elderly with PC is expected to
rise in the future. At the same time, it is difficult for physicians
to stage and predict the prognosis of PC because it exhibits
a variety of tumor behaviors and symptoms (4). Despite the
continuous introduction of new surgical techniques and medical
therapies, and the evolving concept of integrated management
of PC, the prognosis of PC patients has improved modestly,
but the 5-year survival rate has not improved significantly
(5). So the poor prognosis of PC remains a major challenge
for mankind.

The tumor-node-metastasis (TNM) staging system of the
American Joint Commission on Cancer (AJCC) 8th edition, is
commonly used for prognostic evaluation of pancreatic ductal
adenocarcinoma. However, researchers have found the staging
system inadequate (6–8). It only incorporates some features
of the tumors into the staging system, and its prognostic
factors go far beyond these. Shi et al. constructed a nomogram
for predicting the overall survival (OS) and cancer-specific
survival (CSS) of young patients with PC and found that
primary site, pathological types, AJCC stage, and surgery were
independent factors affecting CSS (8). Although many studies
have confirmed that the clinical characteristics and prognosis
of older patients with PC are different from young patients (9–
11), the nomogram of PC in previous studies cannot accurately
predict the OS of elderly patients with PC (12–14). Therefore,
technically feasible and easily clinically accessible nomograms
that predict the OS specifically for elderly patients with PC are
still urgently required.

At present, nomograms have been developed and proposed as
an innovative alternative tool for prognostic assessment of many
cancers (15–17), which can combine important demographic
and clinicopathological features to estimate individual survival
for patients with cancer. A nomogram for patients with PC
over 65 years old or older derived from population-based data,
to the best of our knowledge, has never been reported. The
Surveillance, Epidemiology, and End Results (SEER) database
serves as the definitive cancer database in the United States.
It contains data related to cancer prognosis such as age, race,
marital status, histologic grade, tumor size, surgery, radiation,
and chemotherapy (18). Based on the SEER database, we aim to

investigate the risk factors for OS in elderly patients with PC and
establish a web-based prediction model for predicting OS, which
might be helpful for the prognostic prediction, and treatment
strategy selection. It also can help doctors and patients to make
follow-up decisions.

PATIENTS AND METHODS

Patients and Variables Inclusion
The clinicopathological data of all patients with PC from 2010
to 2018 were downloaded from the SEER database. We put the
original data in Supplementary Material and put the relevant
code on GitHub, see the link for details https://github.com/
xiaoyang11223/pancreatic-cancer.git. It collects information on
patient demographics, year of diagnosis, marital status, tumor
size, histopathological grade, TNM stage, surgery, radiotherapy,
chemotherapy, post-operative AJCC 7th staging, and follow-
up for survival. The inclusion criteria were as follows: (1)
age≥65years; (2) International Classification of Diseases for
Oncology, 3rd edition [ICD-O-3] code 8150, 8151, 8152, 8154,
8155; (3) those with a confirmed pathological diagnosis from
2010 to 2018; and (4) those with unknown data about the
grade. The exclusion criteria were as follows: (1) unknown
diagnostic confirmation; (2) unknown marital status; (3)
unknown insurance recode; (4) survival time <1 month; (5)
tumor size≥990; and (6) unknown whether radiotherapy was
performed. Finally, 6,552 eligible elderly patients with PC were
included in this study. The following variables were analyzed: age,
insurance, grade, surgery, radiation, chemotherapy, TNM stage,
and AJCC. The detailed flow chart was shown in Figure 1. For
this study, we have signed authorization and received permission
from SEER to access and use the SEER information. The SEER
database is publicly available and the data for all patients are
deidentified, so institutional review board approval and informed
consent were not required in this study.

Statistical Analysis
To construct and validate the nomogram and ensure the

robustness of the prediction model, we divided the data into
the training set and verification set according to 7:3 through the

SAMPLE function of R. we randomly assigned 70% (n= 4,586) of

patients from 2010 to 2015 and 30% (n= 1,966) of patients from

2010 to 2015 to the training and validation cohorts, respectively.
A total of 1,761 patients in the SEER database from 2016 to 2018
were included in the external validation cohort. A chi-square
test was used to compare the clinicopathological characteristics
between the training set and the validation set. OS referred to
the duration of PC from diagnosis to death, and patients who
were alive at the point of the last follow-up were considered

Frontiers in Public Health | www.frontiersin.org 2 May 2022 | Volume 10 | Article 885624

https://github.com/xiaoyang11223/pancreatic-cancer.git
https://github.com/xiaoyang11223/pancreatic-cancer.git
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Zhong et al. Predictive Model for Elderly PC

FIGURE 1 | The flowchart of including and dividing patients. Github: https://github.com/xiaoyang11223/pancreatic-cancer.git.

censored events. Variables related to OS for which p<0.05 in
the univariable analysis or with important clinical value were
entered into a multivariate logistic regression model based on
proportional subdistribution hazard models to determine risk
factors independently associated with the development of PC in
elderly patients, which was performed using a Cox proportional
hazards regression model. Discrimination of the nomograms
was measured by the concordance index (C-index) and receiver
operating characteristic (ROC) curve with its respective 95% CI,

which quantifies the level of consistency between the observed
OS and the predicted OS probability.

Clinical prediction models can provide doctors and patients
with quantified risk value based on current health status to
predict future health status utilizing non-invasive, low-cost,
and easily collected indicators, which has important health
economics significance. Decision curve analysis (DCA) is a
new calculation method that estimates the net benefits under
various risk thresholds to evaluate the clinical value of the
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model. We used DCA to evaluate the clinical practicability of
our nomogram. Based on the cut-off value calculated from the
total score of our nomogram, we divided patients into a low-risk
group and a high-risk group. We applied Kaplan–Meier curves
and log-rank tests to compare patient survival between different
groups. The nomogram, C-indices, ROCs, calibration curves,
DCA curves, Kaplan–Meier curves, and a web application for
survival prediction were by utilizing R software. For all statistical
analyses, p-value < 0.05 was considered statistically significant.

RESULTS

Patients Characteristic
Our study flowchart is shown in Figure 1. Finally, there were
a total of 6,552 cases of elderly patients with PC diagnosed in
the SEER database between 1 January 2010 and 31 December
2015. These patients were randomly divided into a training set (N
=4,586) and a validation set (N = 1,966). The demographic and
clinicopathological information of patients were listed in Table 1.
Of these patients, 3,702 cases (56.50%) were 65–74 years old,
2,850 cases (43.50%) were >74 years old, 5,501 (83.96%) were
white, 3,284 (50.12%) were male, 5,945 (90.74%) were married,
and 4,683 (71.47%) were T3 stage. The histological tumor
grades were 1,395 (21.29%), 22,839 (43.33%), 2,209 (33.71%),
and 109 (1.66%) for patients with tumor histological grades
I, II, III, and IV, respectively. Their AJCC stages were IA:
n=640 (9.77%), IB: n=823 (12.56%), IIA: n=1,724 (26.31%),
and IIB: n=3365 (51.36%), respectively. There were 3,348
(51.10%) underwent local or pancreatectomy, 3,649 (55.69%)
underwent chemotherapy, and 5,043 (76.97%) did not receive
radiotherapy. Detailed patient clinical characteristics were
summarized in Table 1. There were no significant differences
in clinicopathologic characteristics between the training and
the validation set. Characteristics of patients in the external
validation cohort are shown in Supplementary Table S1.

Univariable and Multivariable Cox
Regression Analysis
Univariate Cox regression analysis was used to screen the
prognostic factors of PCC in elderly patients, namely, sex, age,
insurance, Fuhrman grade, surgery, radiation, chemotherapy, T
stage, N stage, and AJCC stage (Table 2). Then we developed
multivariate Cox models using the selected factors to identify
independent risk factors. The hazard ratio (HR) is used to
quantify its effect on OS. Multivariate analysis found that
age, insurance, grade, T stage, N stage, surgery, radiation,
chemotherapy, and AJCC stage were significant independent risk
factors for the prognosis of patients. The results of univariate and
multivariate factors are shown in Table 2.

Nomogram Construction for 1-, 3-, and
5-Year OS
The multivariate Cox regression analysis identified the
independent risk factors used to construct a nomogram to
predict elderly patients with PC at 1-, 3-, and 5-year OS
(Figure 2). The nomogram indicated that surgery and grade

are still the most significant factors affecting the prognosis of
patients, followed by age, T stage, AJCC stage, and chemotherapy.

Validation of the Nomogram
The C-index of the training set and the validation set were
0.725 (95% CI: 0.715–0.735) and 0.711 (95% CI: 0.695–
0.727), respectively, indicating that the nomogram has good
discriminatory power. In the external validation cohort, C-index
was 0.797 (95% CI: 0.778–0.816). The calibration plots for the
training cohort and the validation cohort used to predict OS
show an excellent consistency between the actually observed and
nomogram-predicted survival (Figures 3A–C). In the training
cohort, the AUC of the predicted nomogram for 1-, 3-, and 5-year
were 0.787, 0.766, and 0.35 (Figure 4A). In the validation cohort,
the AUC of the predicted nomogram for 1-, 3-, and 5-year were
0.771, 0.751, and 0.777 (Figure 4B), respectively. Furthermore,
most patients do not survive longer than 35 months. In the
external validation, the AUC of the predicted nomogram for 1
year was 0.828 (Figure 4C).

Clinical Application of the Nomogram
Decision curve analyses (DCAs) showed that the clinical
application value of nomograms was superior to that of the
traditional TNM stage system (Figures 5A,B). In addition, we
constructed a risk stratification system based on the total points
of patients on a nomogram. All patients were divided into a risk-
low group (overall score ≤185.1) and a risk-high group (total
score >185.1). The Kaplan–Meier curves of the validation and
training sets demonstrated that there were significant differences
in the survival of patients in each risk group (Figure 6). That is
to say, Kaplan–Meier curve results well-proved the discriminant
ability of the nomogram prediction model.

Online Application for OS Prediction
Based on this nomogram, we have developed a network
calculator to predict the OS of elderly patients with PC,
which can be accessed at https://yixianainomogram.shinyapps.
io/DynNomapp/. Enter the clinicopathological characteristics of
the patient, you can immediately get the predictive survival
probability of the patient. In conclusion, this online prediction
tool is simple, easy to understand, and easy to use in
clinical practice.

DISCUSSION

In this study, we used abundant clinical samples to establish
a nomogram to effectively predict 1-, 3-, and 5-year OS in
elderly patients with PC based on the SEER database. At the
same time, we build the nomogram model and validate the
performance of the model by screening clinically significant
variables. We determined that surgery, grade, radiation, T
stage, N stage, AJCC stage, chemotherapy, age, and insurance
were independent factors affecting the OS of elderly patients
with PC by univariable and multivariable regression analysis
based on the SEER database. Furthermore, a combination
of key elements of traditional staging systems and other
tumor-associated indicators, such as age, grade, surgery, and

Frontiers in Public Health | www.frontiersin.org 4 May 2022 | Volume 10 | Article 885624

https://yixianainomogram.shinyapps.io/DynNomapp/
https://yixianainomogram.shinyapps.io/DynNomapp/
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Zhong et al. Predictive Model for Elderly PC

TABLE 1 | Demographical and clinical characteristics of training set and validation set.

Characteristics All patients Training cohort Validation cohort P

N = 6,552 N = 4,586 N = 1,966

Age (%) 0.2609

65–74 3,702 (56.50) 2,570 (56.04) 1,132 (57.58)

>74 2,850 (43.50) 2,016 (43.96) 834 (42.42)

Sex (%) 0.48

Female 3,268 (49.88) 2,301 (50.17) 967 (49.19)

Male 3,284 (50.12) 2,285 (49.83) 999 (50.81)

Race (%) <0.001

Black 503 (7.68) 283 (6.17) 220 (11.19)

Othera 548 (8.36) 495 (10.79) 53 (2.70)

White 5,501 (83.96) 3,808 (83.04) 1,693 (86.11)

Marital state (%) 0.24

Married 5,945 (90.74) 4,148 (90.45) 1,797 (91.40)

No 607 (9.26) 438 (9.55) 169 (8.60)

Insurance (%) 0.0003

Insured 6,056 (92.43) 4,203 (91.65) 1,853 (94.25)

No 496 (7.57) 383 (8.35) 113 (5.75)

Grade (%) 0.0834

I 1,395 (21.29) 975 (21.26) 420 (21.36)

II 2,839 (43.33) 2,016 (43.96) 823 (41.86)

III 2,209 (33.71) 1,511 (32.95) 698 (35.50)

IV 109 (1.66) 84 (1.83) 25 (1.27)

T (%) 0.0025

T1 709 (10.82) 516 (11.25) 193 (9.82)

T2 1,160 (17.70) 850 (18.53) 310 (15.77)

T3 4,683 (71.47) 3,220 (70.21) 1,463 (74.42)

N (%) 0.0535

N0 3,187 (48.64) 2,267 (49.43) 920 (46.80)

N1 3,365 (51.36) 2,319 (50.57) 1,046 (53.20)

AJCC (%) 0.0833

IA 640 (9.77) 459 (10.01) 181 (9.21)

IB 823 (12.56) 602 (13.13) 221 (11.24)

IIA 1,724 (26.31) 1,206 (26.30) 518 (26.35)

IIB 3,365 (51.36) 2,319 (50.57) 1,046 (53.20)

Surgery (%) <0.001

Extended pancreatoduodenectomy 219 (3.34) 122 (2.66) 97 (4.93)

Local excision of tumor 1,121 (17.11) 777 (16.94) 344 (17.50)

Local or pancreatectomy 3,348 (51.10) 2,357 (51.40) 991 (50.41)

No 1,264 (19.29) 936 (20.41) 328 (16.68)

Total pancreatectomy 600 (9.16) 394 (8.59) 206 (10.48)

Radiation (%) 0.0001

No 5,043 (76.97) 3,591 (78.30) 1,452 (73.86)

Yes 1,509 (23.03) 995 (21.70) 514 (26.14)

Chemotherapy (%) 0.8526

No 2,903 (44.31) 2,028 (44.22) 875 (44.51)

Yes 3,649 (55.69) 2,558 (55.78) 1,091 (55.49)

Tumor size, mm [median (IQR)] 31.000 [24.000, 41.000] 31.000 [24.000, 41.000] 0.7675

aOther includes American Indian/AK Native, Asian/Pacific Islander.

chemotherapy, ensures that the nomograms display excellent
discriminant ability in predicting OS compared with 8th edition
TNM staging systems, which can be seen from the comparison of
c-index and values of AUC (19, 20).

Nomogram, a simple statistical predictive tool, has been
constructed in PC previously and proved to be useful and
effective. Several nomograms have been constructed in patients
with PC, and show more accurate survival prediction than the
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TABLE 2 | Univariable and multivariable Cox regression analysis of OS in training set.

Variable Univariate analysis Multivariate analysis

HR (95% CI) P HR (95% CI) P

Sex

Female Reference Reference

Male 0.94 (0.88–0.99) 0.029 1.01 (0.96–1.08) 0.662

Race

Black Reference Reference

Other 0.88 (0.76–1.02) 0.095 0.9 (0.78–1.05) 0.171

White 0.91 (0.81–1.01) 0.08 0.95 (0.85–1.06) 0.319

Age

>74 Reference Reference

65–74 0.70 (0.66–0.74) <0.001 0.81 (0.76–0.86) <0.001

Insurance

Insured Reference Reference

No 1.24 (1.12–1.39) <0.001 1.13 (1.01–1.26) 0.030

Marital.state

Married Reference Reference

No 1.09 (0.99–1.21) 0.08 1.07 (0.97–1.19) 0.196

Grade

I Reference Reference

II 2.16 (1.97–2.37) <0.001 2.1 (1.9–2.31) <0.001

III 3.14 (2.86–3.45) <0.001 2.9 (2.62–3.21) <0.001

IV 2.85 (2.26–3.59) <0.001 2.48 (1.96–3.14) <0.001

Surgery

Extended pancreatoduodenectomy Reference Reference

Local excision of tumor 0.61 (0.51–0.73) <0.001 0.94 (0.78–1.13) 0.485

Local or pancreatectomy 1.01 (0.85–1.19) 0.912 1.12 (0.95–1.33) 0.178

No 2.60 (2.19–3.09) <0.001 3.88 (3.25–4.63) <0.001

Total pancreatectomy 0.99 (0.82–1.19) 0.889 1.13 (0.93–1.36) 0.210

Radiation

No Reference Reference

Yes 0.91 (0.85–0.98) 0.01 0.86 (0.8–0.93) <0.001

Chemotherapy

No Reference Reference

Yes 0.94 (0.89–1) 0.056 0.64 (0.59–0.68) <0.001

T

T1 Reference Reference

T2 2.73 (2.35–3.16) <0.001 1.49 (1.05–2.12) 0.025

T3 3.47 (3.04–3.96) <0.001 1.89 (1.36–2.63) <0.001

N

N0 Reference Reference

N1 1.40 (1.32–1.49) <0.001 2.07 (1.45–2.96) <0.001

AJCC

IA Reference Reference

IB 2.72 (2.31–3.21) <0.001 1.33 (0.91–1.97) 0.145

IIA 3.52 (3.03–4.09) <0.001 1.51 (1.05–2.17) 0.026

IIB 3.71 (3.21–4.29) <0.001 0.73 (0.68–0.79) <0.001

conventional staging system in different populations (8, 13,
14). Although many studies have confirmed that the clinical
characteristics and prognosis of older patients with PC are

different from young patients (9–11), the nomogram of PC in
previous studies cannot accurately predict the OS of elderly
patients with PC (12–14). Compared with patients with PC of
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FIGURE 2 | Nomogram for 1-, 3-, and 5-year OS of elderly patients with PC.

younger ages, elderly patients with PC have unique physiological
characteristics. These characteristics include more comorbidities,
less life expectancy, and worse life expectancy. Therefore, it was
clear that there was an urgent need to develop predictive models
for elderly patients with PC. Previous studies have found that
age was an independent factor affecting OS in patients with
PC (12–14, 21). Shi et al. (8) have found that the nomograms
could effectively predict OS and CSS in young patients with PC,
which helps clinicians more accurately and quantitatively judge
the prognosis of individual patients. Li and Liu (13) have found
that their nomogram for OS predicting can serve as an efficacious
survival-predicting model and assist in accurate decision-making
for patients over 40 years old with surgically resected PC. The
clinicopathological features and prognosis of young patients with
PC are not quite the same as those of elderly patients with
PC (9–11, 22, 23). Another study used several variables of age,
differentiation, TNM stage, surgery, and lymph node surgery
to construct a nomogram predicting OS rates in patients with

PC having age groups of 25–39, 40–59, 60–79, and 80+ (8).
But the study still had some restrictions, they did not include
patients who have undergone chemotherapy or radiotherapy. To
our knowledge, previous studies found that radiotherapy and
chemotherapy can effectively improve the prognosis of post-
operative patients with PC (24, 25). Our study found that among
elderly patients with PC, those who had received chemotherapy
and radiotherapy accounted for∼55.69% and 23.03% of the total
number of patients, respectively, which was consistent with the
previous study. Therefore, it is necessary to establish and validate
a reliable prognostic model for elderly patients with PC with
better applicability.

Survival was estimated by the Kaplan–Meier method, and
any differences in survival were evaluated with a stratified log-
rank test. Multivariable analyses with the Cox proportional-
hazards model were used to estimate the simultaneous effects
of prognostic factors on survival. Interactions with prognostic
factors were also examined with the Cox proportional-hazards
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FIGURE 3 | Calibration curves of the nomogram. (A) For 1-, 3-, and 5-year OS in training cohort; (B) for 1-, 3-, and 5-year OS in validation cohort; and (C) for 1-, 3-,

and 5-year OS in validation cohort.

model. Kaplan–Meier curves and log-rank tests study the
relationship between a single variable and survival, and Kaplan–
Meier and log-rank tests are only applicable to categorical
variables, but not to numerical variables. The advantage of Cox
proportional hazards regression analysis is that it can analyze
categorical and numerical variables, and expand the scope of
survival analysis from univariate to multivariate analysis (26). By
univariate and multivariate Cox proportional hazard regression,
several independent prognostic determinants were found to
significantly affect OS, namely, age, T stage, histological grade,
surgery, radiotherapy, chemotherapy, insurance, and stage of
AJCC. We used these factors to construct and validate such
prognostic nomograms to predict the probability of OS, and
it is gratifying that the model manifested good discrimination

and calibration, which meant it might act as a quantitative
model to assess the probability of OS in patients with PC. At
present, surgery is usually considered the optimal curative option
for PC. It would always be recommended if the tumors were
resectable. In our study, surgery had the greatest influence on
OS in elderly patients with PC, followed by grade, AJCC stage,
and T stage. As shown in this study, in most patients, resection
of the masses was still the first option to achieve a longer
OS with a significant p-value <0.001, indicating that extended
pancreatoduodenectomy or local excision of the tumor should be
considered even if the procedure is hard to conduct (27). Overall,
surgical treatment has better OS than non-surgical treatment.
The variance of tumor location in the pancreas can often be
tackled in different ways, which determines the prognosis of
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FIGURE 4 | The ROC for OS of 1-, 3- and 5-year of training cohort (A), validation cohort (B), and external validation cohort (C).

patients. There still needs to be a larger randomized clinical
research to further confirm it. Thus, the therapy selection of
surgery decision was another robust indicator for prognosis in
terms of the C-index.

The majority of patients with pancreatic adenocarcinoma
are over 60 years of age (28, 29). In addition, it has been
indicated that increasing age appears to be an important
prognostic determinant that directly affects tumor-specific
mortality. Further stratified survival analysis showed that patients
older than 74 years had lower survival rates compared with those
ages fell between 65 and 74 years old. This result resembled
other studies which suggested that increasing age might helpful
for the mortality of patients (14, 21). Furthermore, the previous
study found that three-fourths of non-cancer-specific mortality
was observed in elderly patients (13). Age-related comorbid

conditions or complications may contribute to non-cancer-
specific mortality in elderly patients with PC. This may be related
to the decline in the function of the immune system caused by the
aging of the patient, which in turn leads to the deterioration of the
tumor and shortens the survival time of the patient. Therefore, it
is of great significance to take non-cancer-specific mortality into
account in the analysis of prognosis, especially in elderly patients.

As we knew, the TNM staging system or differentiation
grade is a conventional method for doctors and researchers
to evaluate cancer prognosis and select appropriate treatment
strategies with respect to the survival of individual patients
was still imprecise owing to it being relatively heterogeneous
(30, 31). Therefore, the prognostic prediction model seems to
be particularly valuable, especially for those who suffer from
PC disease. In recent years, studies about the prognosis of PC
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FIGURE 5 | Decision curves of the nomogram predicting OS in validation cohort (A) and external validation cohort (B). The y-axis represents the net benefit, and the

x-axis represents the threshold probability. The purple line indicates that no patients have died, and the blue line indicates that all patients have died. When the

threshold probability is between 20 and 60%, the net benefit of the model exceeds all deaths or no deaths.

had been reported after the patients received surgical resection,
chemotherapy, or radiotherapy (32–35). Tumor differentiation
and TNM stage were commonly regarded as important factors
in many cancers and some recent reports even combined these
factors with other biomarkers to improve the prediction power
(36–40). The performance of the nomogram was measured
by the C-index and the area under the receiver operating
characteristic (ROC) curve (AUC). All nomogramC-indices were
>0.7, the larger the C-index, the more precise was the prognostic
prediction, indicating that the model had good discriminatory
power. AUC was used as a performance indicator to measure
the merit of a machine learning model or a predictive model, a
larger AUC (range 0.5–1.0) reflected a more accurate prediction.
As indicated in this study, the ROC curves demonstrated
that the nomogram showed better discrimination and the
ability to provide an individualized prediction for patients.
We proposed a nomogram that contains easily measurable
clinical features, it is superior to the existing TNM staging
system and is more conducive to patient counseling and the
promotion of personalized treatment. Univariate analysis and
logistic regression were performed to evaluate the impact of
clinicopathologic and treatment variables on survival and find
potential risk factors. Patients with advanced T stage and AJCC
stage suffered from higher mortality and poorer survival rate as
demonstrated bymultivariate Cox regression analysis. Consistent
with previous studies, carcinoma grade is a significant prognostic
risk indicator (41). The nomogram model suggests that showed
worse clinical outcomes when carcinoma grade shifted to poor
differentiation from good differentiation.

Previous studies revealed that female, black, and unmarried
patients had a worse OS (8), which was inconsistent with our
study. Our study found that no significant difference existed in
OS between patients with different marital statuses, gender, and

race. Moreover, the multivariable analysis found that insurance
has a significant impact on the OS of patients with PC. It
is not difficult to imagine that medical insurance will directly
affect the patient’s choice of treatment, which will contribute
to directly affecting the OS. Decision curve analysis (DCA)
is a new calculation method that estimates the net benefits
under various risk thresholds to evaluate the clinical value of
the model. DCA was used to assess the clinical practicability
of the model and compare it with T staging, which was a
method for evaluating alternative diagnostic or prognostic tools
that had advantages over others (42, 43). In this study, we
used DCA to validate the accuracy and predictive ability of
nomograms for elderly patients with PC, good clinical utility
was indicated in the proper range. Validation of the nomogram
was significant to avoid overfitting the model and determining
representativeness (44). Calibration plots were used to assess the
predictive accuracy of the model. In this study, the calibration
curve described revealed excellent predictive performance, DCA
showed superior net benefits than those of the TNM staging
system, which could effectively guarantee the reliability of the
constructed nomogram.Moreover, Kaplan–Meier curves showed
that the OS of patients in the risk-low and risk-high groups was
significantly different from each other, indicating that our model
provides accurate surgical intervention and monitoring for high-
risk groups, which implied good clinical application potential.
Furthermore, we used data from 1,761 patients between 2016
and 2018 as external validation. The survival prediction showed
that our prediction model has good accuracy and reliability.
They formulated an online application for OS prediction with
common and easy-accessible factors, which is convenient for
clinical use.

Nevertheless, some limitations to our study should be
considered as follows and also some remaining issues for the
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FIGURE 6 | Kaplan–Meier curves of OS for patients in the low- and high-risk groups in all cohorts (A), training cohort (B), validation cohort (C), and external validation

cohort (D).

future. First, this is just a retrospective study. Next, although
both the C-index and the calibration curve performed well,
validation using a large other external data is still required
to further evaluate the predictive accuracy and reliability of
our models. Finally, other potential PC-related prognostic
factors, such as the family history of PC, obesity, smoking,
chronic pancreatitis, history of diabetes, pre-operative nutritional
support, and vascular invasion, were not available in the
SEER database.

To resolve the above-mentioned limitations, in the future,
we aim at implementing the proposed model to determine its
real-time applicability and scalability, and we will take other
potential PC-related prognostic factors into account during
the construction and validation of the model, such as the

family history of PC, obesity, smoking, chronic pancreatitis,
history of diabetes, and pre-operative nutritional support,
lymph node metastasis, and vascular invasion. Besides, methods
driven by artificial intelligence (AI) such as deep learning and
reinforcement learning will be considered in the formulation of
the predictive model, which can help predict specific parameters,
hazards, and outcomes (45, 46). Because the blockchain is
employed to ensure trust among entities, data immutability,
availability, and information security, a predictive model that
combines AI and blockchain technology to analyze and integrate
clinical characteristics of patients will also be further studied (47,
48). AI and ML could make predictive models smarter and more
interesting. Different ML concepts could be added to predictive
models to induce a dynamic prediction model. Furthermore, the
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feasibility of the models could also be studied by examining the
computational complexity (49).

CONCLUSIONS

In conclusion, we analyzed the clinicopathological factors
determining OS of elderly patients with PC using a large
population-based SEER database. Cancer-specific mortality
and competing risk mortality were evaluated. Furthermore,
nomograms for predicting 1-, 2- and 3-year OS in elderly
patients with PC were established for the first time based on a
large study cohort. This constructed nomogram showed good
performance and can help doctors and elderly patients with PC
to more accurately and conveniently predict individual survival
and formulate treatment and follow-up strategies.

DATA AVAILABILITY STATEMENT

Publicly available datasets were analyzed in this study. This data
can be found here: https://seer.Cancer.gov/.

ETHICS STATEMENT

The data of this study are obtained from the SEER
database. The data of patients are public and anonymous,
so this study does not require ethical approval and
informed consent.

AUTHOR CONTRIBUTIONS

JZ, XinL, YZ, XiaL, and SP contributed to the conception and
design. XiaL, JZ, YZ, and SP collected and analyzed the data. SP
and YZ drew the figures and tables. SP and XinL wrote the draft.
JC, YL, CL, JQ, and XG contributed to manuscript writing and
revision. All authors approved the final manuscript.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fpubh.
2022.885624/full#supplementary-material

REFERENCES

1. Siegel RL,Miller KD, Jemal A. Cancer statistics, 2020.CACancer J Clin. (2020)

70:7–30. doi: 10.3322/caac.21590

2. Jia X, Du P, Wu K, Xu Z, Fang J, Xu X, et al. Pancreatic cancer

mortality in china: characteristics and prediction. Pancreas. (2018) 47:233–

7. doi: 10.1097/MPA.0000000000000976

3. Ye L, Ye H, Zhou Q, Li Z, Lin Q, Tan L, et al. A retrospective cohort study

of pancreatic neuroendocrine tumors at single institution over 15 years: New

proposal for low- and high-grade groups, validation of a nomogram for

prognosis, and novel follow-up strategy for liver metastases. Int J Surg. (2016)

29:108–17. doi: 10.1016/j.ijsu.2016.03.036

4. Zhao Z, Liu W. Pancreatic cancer: a review of risk factors,

diagnosis, and treatment. Technol Cancer Res Treat. (2020)

19:1533033820962117. doi: 10.1177/1533033820962117

5. Adam MA, Thomas S, Roman SA, Hyslop T, Sosa JA. Rethinking

the current american joint committee on cancer TNM staging

system for medullary thyroid cancer. JAMA Surg. (2017)

152:869–76. doi: 10.1001/jamasurg.2017.1665

6. Choi KH, Kim BS, Oh ST, Yook JH, Kim BS. Comparison the sixth

and seventh editions of the AJCC staging system for T1 gastric cancer: a

long-term follow-up study of 2124 patients. Gastric Cancer. (2017) 20:43–

8. doi: 10.1007/s10120-015-0590-0

7. Shao N, Xie C, Shi Y, Ye R, Long J, Shi H, et al. Comparison of the 7th and

8th edition of American Joint Committee on Cancer (AJCC) staging systems

for breast cancer patients: a surveillance, epidemiology and end results (SEER)

analysis. Cancer Manag Res. (2019) 11:1433–42. doi: 10.2147/CMAR.S185212

8. Shi M, Zhou B, Yang SP. Nomograms for predicting overall survival and

cancer-specific survival in young patients with pancreatic cancer in the US

based on the SEER database. PeerJ. (2020) 8:e8958. doi: 10.7717/peerj.8958

9. Bunduc Ş, Iacob R, Costache R, Stoica B, Radu C, Gheorghe C.

very early onset pancreatic adenocarcinoma - clinical presentation,

risk factors and therapeutic options. Chirurgia. (2018) 113:405–

11. doi: 10.21614/chirurgia.113.3.405

10. Ansari D, Althini C, Ohlsson H, Andersson R. Early-onset pancreatic cancer:

a population-based study using the SEER registry. Langenbecks Arch Surg.

(2019) 404:565–71. doi: 10.1007/s00423-019-01810-0

11. Kang JS, Jang JY, Kwon W, Han Y, Kim SW. Clinicopathologic and survival

differences in younger patients with pancreatic ductal adenocarcinoma-

A propensity score-matched comparative analysis. Pancreatology. (2017)

17:827–32. doi: 10.1016/j.pan.2017.08.013

12. He C, Zhang Y, Cai Z, Lin X, Li S. Overall survival and cancer-

specific survival in patients with surgically resected pancreatic head

adenocarcinoma: a competing risk nomogram analysis. J Cancer. (2018)

9:3156–67. doi: 10.7150/jca.25494

13. Li J, Liu L. Overall survival in patients over 40 years old with surgically resected

pancreatic carcinoma: a SEER-based nomogram analysis. BMCCancer. (2019)

19:726. doi: 10.1186/s12885-019-5958-9

14. Song W, Miao DL, Chen L. Nomogram for predicting survival in

patients with pancreatic cancer. Onco Targets Ther. (2018) 11:539–

45. doi: 10.2147/OTT.S154599

15. Zhang ZY, Luo QF, Yin XW, Dai ZL, Basnet S, Ge HY. Nomograms to predict

survival after colorectal cancer resection without preoperative therapy. BMC

Cancer. (2016) 16:658. doi: 10.1186/s12885-016-2684-4

16. Liu J, Geng Q, Liu Z, Chen S, Guo J, Kong P, et al. Development and external

validation of a prognostic nomogram for gastric cancer using the national

cancer registry.Oncotarget. (2016) 7:35853–64. doi: 10.18632/oncotarget.8221

17. Li Y, Ju J, Liu X, Gao T, Wang Z, Ni Q, et al. Nomograms for predicting

long-term overall survival and cancer-specific survival in patients with major

salivary gland cancer: a population-based study. Oncotarget. (2017) 8:24469–

82. doi: 10.18632/oncotarget.14905

18. He T, Chen T, Liu X, Zhang B, Yue S, Cao J, et al. A web-based prediction

model for cancer-specific survival of elderly patients with early hepatocellular

carcinoma: a study based on SEER database. Front Public Health. (2022)

9:789026. doi: 10.3389/fpubh.2021.789026

19. Brateanu A, Yu C, Kattan MW, Olender J, Nielsen C. A

nomogram to predict the probability of passing the American

Board of Internal Medicine examination. Med Educ Online. (2012)

17:18810. doi: 10.3402/meo.v17i0.18810

20. Cao J, Yuan P, Wang L, Wang Y, Ma H, Yuan X, et al. clinical nomogram

for predicting survival of esophageal cancer patients after esophagectomy. Sci

Rep. (2016) 6:26684. doi: 10.1038/srep26684

21. Pu N, Lv Y, Zhao G, Lee W, Nuerxiati A, Wang D, et al. Survival prediction in

pancreatic cancer patients with no distant metastasis: a large-scale population-

based estimate. Future Oncol. (2018) 14:165–75. doi: 10.2217/fon-2017-0380

22. Ntala C, Debernardi S, Feakins RM, Crnogorac-Jurcevic T. Demographic,

clinical, and pathological features of early onset pancreatic cancer patients.

BMC Gastroenterol. (2018) 18:139. doi: 10.1186/s12876-018-0866-z

23. Beeghly-Fadiel A, Luu HN, Du L, Shi C, McGavic DP, Parikh AA,

et al. Early onset pancreatic malignancies: clinical characteristics and

survival associations. Int J Cancer. (2016) 139:2169–77. doi: 10.1002/ijc.

30273

Frontiers in Public Health | www.frontiersin.org 12 May 2022 | Volume 10 | Article 885624

https://seer.Cancer.gov/
https://www.frontiersin.org/articles/10.3389/fpubh.2022.885624/full#supplementary-material
https://doi.org/10.3322/caac.21590
https://doi.org/10.1097/MPA.0000000000000976
https://doi.org/10.1016/j.ijsu.2016.03.036
https://doi.org/10.1177/1533033820962117
https://doi.org/10.1001/jamasurg.2017.1665
https://doi.org/10.1007/s10120-015-0590-0
https://doi.org/10.2147/CMAR.S185212
https://doi.org/10.7717/peerj.8958
https://doi.org/10.21614/chirurgia.113.3.405
https://doi.org/10.1007/s00423-019-01810-0
https://doi.org/10.1016/j.pan.2017.08.013
https://doi.org/10.7150/jca.25494
https://doi.org/10.1186/s12885-019-5958-9
https://doi.org/10.2147/OTT.S154599
https://doi.org/10.1186/s12885-016-2684-4
https://doi.org/10.18632/oncotarget.8221
https://doi.org/10.18632/oncotarget.14905
https://doi.org/10.3389/fpubh.2021.789026
https://doi.org/10.3402/meo.v17i0.18810
https://doi.org/10.1038/srep26684
https://doi.org/10.2217/fon-2017-0380
https://doi.org/10.1186/s12876-018-0866-z
https://doi.org/10.1002/ijc.30273
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Zhong et al. Predictive Model for Elderly PC

24. Springfeld C, Jäger D, Büchler MW, Strobel O, Hackert T, Palmer DH,

et al. Chemotherapy for pancreatic cancer. Presse Med. (2019) 48:e159–

74. doi: 10.1016/j.lpm.2019.02.025

25. Stessin AM, Meyer JE, Sherr DL. Neoadjuvant radiation is associated with

improved survival in patients with resectable pancreatic cancer: an analysis

of data from the surveillance, epidemiology, and end results (SEER) registry.

Int J Radiat Oncol Biol Phys. (2008) 72:1128–33. doi: 10.1016/j.ijrobp.2008.

02.065

26. Cox, David R. Regression models and life-tables. J R Stat Soc Ser B. (1972)

34:187–202. doi: 10.1111/j.2517-6161.1972.tb00899.x

27. Choti MA, Dixon E, Tyler D. Pretreatment assessment of resectable and

borderline resectable pancreatic cancer: expert consensus statement by Callery

et al. Ann Surg Oncol. (2009) 16:1734–5. doi: 10.1245/s10434-009-0411-y

28. Hamada T, Nakai Y, Yasunaga H, Isayama H, Matsui H, Takahara N,

et al. Prognostic nomogram for nonresectable pancreatic cancer treated

with gemcitabine-based chemotherapy. Br J Cancer. (2014) 110:1943–

9. doi: 10.1038/bjc.2014.131

29. Eubanks A, Pepe J, Veldhuis P, de la Fuente SG. Age as a prognostic indicator

for adjuvant therapy in patients who underwent pancreatic resections for

cancer. J Geriatr Oncol. (2018) 9:362–6. doi: 10.1016/j.jgo.2017.12.004

30. Motzer RJ, Escudier B, McDermott DF, George S, Hammers HJ, Srinivas S,

et al. Nivolumab versus everolimus in advanced renal-cell carcinoma. N Engl

J Med. (2015) 373:1803–13. doi: 10.1056/NEJMoa1510665

31. Diwakarla C, Hannan K, Hein N, Yip D. Advanced pancreatic

ductal adenocarcinoma - complexities of treatment and emerging

therapeutic options. World J Gastroenterol. (2017) 23:2276–

85. doi: 10.3748/wjg.v23.i13.2276

32. An X, Ding PR, Li YH, Wang FH, Shi YX, Wang ZQ, et al. Elevated

neutrophil to lymphocyte ratio predicts survival in advanced pancreatic

cancer. Biomarkers. (2010) 15:516–22. doi: 10.3109/1354750X.2010.491557

33. Xue P, Kanai M, Mori Y, Nishimura T, Uza N, Kodama Y, et al.

Neutrophil-to-lymphocyte ratio for predicting palliative chemotherapy

outcomes in advanced pancreatic cancer patients. Cancer Med. (2014) 3:406–

15. doi: 10.1002/cam4.204

34. Ji F, Fu SJ, Guo ZY, Pang H, Ju WQ, Wang DP, et al. Prognostic value

of combined preoperative lactate dehydrogenase and alkaline phosphatase

levels in patients with resectable pancreatic ductal adenocarcinoma.Medicine.

(2016) 95:e4065. doi: 10.1097/MD.0000000000004065

35. Shirai Y, Shiba H, Haruki K, Horiuchi T, Saito N, Fujiwara Y, et al. Preoperative

platelet-to-albumin ratio predicts prognosis of patients with pancreatic ductal

adenocarcinoma after pancreatic resection. Anticancer Res. (2017) 37:787–

93. doi: 10.21873/anticanres.11378

36. Liang W, Zhang L, Jiang G, Wang Q, Liu L, Liu D, et al. Development

and validation of a nomogram for predicting survival in patients

with resected non-small-cell lung cancer. J Clin Oncol. (2015) 33:861–

9. doi: 10.1200/JCO.2014.56.6661

37. He X, Guo S, Chen D, Yang G, Chen X, Zhang Y, et al. Preoperative albumin

to globulin ratio (AGR) as prognostic factor in renal cell carcinoma. J Cancer.

(2017) 8:258–65. doi: 10.7150/jca.16525

38. Jing CY, Fu YP, Shen HJ, Zheng SS, Lin JJ, Yi Y, et al. Albumin to

gamma-glutamyltransferase ratio as a prognostic indicator in intrahepatic

cholangiocarcinoma after curative resection. Oncotarget. (2017) 8:13293–

303. doi: 10.18632/oncotarget.14530

39. Chan A, Prassas I, Dimitromanolakis A, Brand RE, Serra S,

Diamandis EP, et al. Validation of biomarkers that complement

CA19.9 in detecting early pancreatic cancer. Clin Cancer Res. (2014)

20:5787–95. doi: 10.1158/1078-0432.CCR-14-0289

40. Stotz M, Szkandera J, Stojakovic T, Seidel J, Samonigg H, Kornprat P, et al.

The lymphocyte to monocyte ratio in peripheral blood represents a novel

prognostic marker in patients with pancreatic cancer. Clin Chem Lab Med.

(2015) 53:499–506. doi: 10.1515/cclm-2014-0447

41. Leibovich BC, Lohse CM, Crispen PL, Boorjian SA, Thompson RH,

Blute ML, et al. Histological subtype is an independent predictor of

outcome for patients with renal cell carcinoma. J Urol. (2010) 183:1309–

15. doi: 10.1016/j.juro.2009.12.035

42. Vickers AJ, Elkin EB. Decision curve analysis: a novel method

for evaluating prediction models. Med Decis Making. (2006)

26:565–74. doi: 10.1177/0272989X06295361

43. Vickers AJ, Cronin AM, Elkin EB, Gonen M. Extensions to decision

curve analysis, a novel method for evaluating diagnostic tests, prediction

models and molecular markers. BMC Med Inform Decis Mak. (2008)

8:53. doi: 10.1186/1472-6947-8-53

44. Iasonos A, Schrag D, Raj GV, Panageas KS. How to build and interpret

a nomogram for cancer prognosis. J Clin Oncol. (2008) 26:1364–

70. doi: 10.1200/JCO.2007.12.9791

45. Kumar RL, Khan F, Din S, Band SS, Mosavi A, Ibeke E. Recurrent

neural network and reinforcement learning model for COVID-19

prediction. Front Public Health. (2021) 9:744100. doi: 10.3389/fpubh.2021.

744100

46. Shamshirband S, Fathi M, Dehzangi A, Chronopoulos AT, Alinejad-

Rokny H. A review on deep learning approaches in healthcare systems:

taxonomies, challenges, and open issues. J Biomed Inform. (2021)

113:103627. doi: 10.1016/j.jbi.2020.103627

47. Samuel O, Omojo AB, Onuja AM, Sunday Y, Tiwari P, Gupta D, et al. IoMT: a

COVID-19 healthcare system driven by federated learning and blockchain.

IEEE J Biomed Health Inform. (2022) PP:10.1109/JBHI.2022.3143576.

doi: 10.1109/JBHI.2022.3143576

48. Mani V, Kavitha C, Band SS, Mosavi A, Hollins P, Palanisamy

S. A recommendation system based on AI for storing block data

in the electronic health repository. Front Public Health. (2022)

9:831404. doi: 10.3389/fpubh.2021.831404

49. Islam MJ, Rahman A, Kabir S, Karim MR, Acharjee UK, Nasir

MK, et al. Blockchain-SDN based energy optimized and distributed

secure architecture for IoTs in smart cities. Preprints. (2020) 11:0552.

doi: 10.20944/preprints202011.0552.v1

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Copyright © 2022 Zhong, Liao, Peng, Cao, Liu, Liu, Qiu, Guan, Zhang, Liu and Peng.

This is an open-access article distributed under the terms of the Creative Commons

Attribution License (CC BY). The use, distribution or reproduction in other forums

is permitted, provided the original author(s) and the copyright owner(s) are credited

and that the original publication in this journal is cited, in accordance with accepted

academic practice. No use, distribution or reproduction is permitted which does not

comply with these terms.

Frontiers in Public Health | www.frontiersin.org 13 May 2022 | Volume 10 | Article 885624

https://doi.org/10.1016/j.lpm.2019.02.025
https://doi.org/10.1016/j.ijrobp.2008.02.065
https://doi.org/10.1111/j.2517-6161.1972.tb00899.x
https://doi.org/10.1245/s10434-009-0411-y
https://doi.org/10.1038/bjc.2014.131
https://doi.org/10.1016/j.jgo.2017.12.004
https://doi.org/10.1056/NEJMoa1510665
https://doi.org/10.3748/wjg.v23.i13.2276
https://doi.org/10.3109/1354750X.2010.491557
https://doi.org/10.1002/cam4.204
https://doi.org/10.1097/MD.0000000000004065
https://doi.org/10.21873/anticanres.11378
https://doi.org/10.1200/JCO.2014.56.6661
https://doi.org/10.7150/jca.16525
https://doi.org/10.18632/oncotarget.14530
https://doi.org/10.1158/1078-0432.CCR-14-0289
https://doi.org/10.1515/cclm-2014-0447
https://doi.org/10.1016/j.juro.2009.12.035
https://doi.org/10.1177/0272989X06295361
https://doi.org/10.1186/1472-6947-8-53
https://doi.org/10.1200/JCO.2007.12.9791
https://doi.org/10.3389/fpubh.2021.744100
https://doi.org/10.1016/j.jbi.2020.103627
https://doi.org/10.1109/JBHI.2022.3143576
https://doi.org/10.3389/fpubh.2021.831404
https://doi.org/10.20944/preprints202011.0552.v1
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

	A Visualized Dynamic Prediction Model for Overall Survival in Elderly Patients With Pancreatic Cancer for Smart Medical Services
	Introduction
	Patients and Methods
	Patients and Variables Inclusion
	Statistical Analysis

	Results
	Patients Characteristic
	Univariable and Multivariable Cox Regression Analysis
	Nomogram Construction for 1-, 3-, and 5-Year OS
	Validation of the Nomogram
	Clinical Application of the Nomogram
	Online Application for OS Prediction

	Discussion
	Conclusions
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Supplementary Material
	References


