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for cancer specific survival of postoperative
pancreatic cancer based on the SEER and China
database
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Abstract

Background The recurrence rate and mortality rate among postoperative pancreatic cancer patients remain
elevated. This study aims to develop and validate the cancer-specific survival period for individuals who have under-
gone pancreatic cancer surgery.

Methods We extracted eligible data from the Surveillance, Epidemiology, and End Results database and randomly
divided all patients into a training cohort and an internal validation cohort. External validation was performed using

a separate Chinese cohort. The nomogram was developed using significant risk factors identified through univariate
and multivariate Cox proportional hazards regression. The effectiveness of the nomogram was assessed using the area
under the time-dependent curve, calibration plots, and decision curve analysis. Kaplan—-Meier survival curves were
utilized to visualize the risk stratification of nomogram and AJCC stage.

Results Seven variables were identified through univariate and multivariate analysis to construct the nomogram.
The consistency index of the nomogram for predicting overall survival was 0.683 (95% Cl: 0.675-0.690), 0.689 (95%
Cl:0.677-0.701), and 0.823 (95% Cl: 0.786-0.860). The AUC values for the 1- and 2-year time-ROC curves were 0.751
and 0.721 for the training cohort, 0.731 and 0.7554 for the internal validation cohort, and 0.901 and 0.830 for the exter-
nal validation cohorts, respectively. Calibration plots demonstrated favorable consistency between the predic-

tions of the nomogram and actual observations. Moreover, the decision curve analysis indicated the clinical utility

of the nomogram, and the risk stratification of the nomogram effectively identified high-risk patients.

Conclusion The nomogram guides clinicians in assessing the survival period of postoperative pancreatic cancer
patients, identifying high-risk groups, and devising tailored follow-up strategies.
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SEER database
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Background

Pancreatic cancer is a highly fatal disease with poor prog-
nosis. The 5-year survival rate is only 9%, and the inci-
dence rate is still rising steadily [1]. Surgical resection is
considered to be the only treatment that can be cured.
However, only a few patients with pancreatic cancer
are suitable for initial resection. Since pancreatic can-
cer is usually asymptomatic in the early stage, and most
patients are diagnosed as advanced stage [2-4]. Some
patients can find the disease during physical examina-
tion and undergo early resection, but most patients still
relapse and die. Therefore, it is very important to find out
the risk factors of postoperative patients with pancreatic
cancer and to evaluate the survival prognosis.

In recent years, nomogram has been widely used in
tumor prediction, so that clinicians can use it to predict
the prognosis of patients [5-7]. A recent investigation
has elucidated that a comprehensive analysis encompass-
ing variables such as age, race, histological grade, surgi-
cal interventions, and chemotherapy among patients
afflicted with bone metastases from pancreatic cancer
yields a proficient prediction of survival prognosis. The
nomogram’s C-index, indicative of model performance,
exhibited commendable accuracy [8]. In the study con-
ducted by Wu Mengwei and colleagues, the identifica-
tion of nine distinctive gene characteristics facilitated the
establishment of a prognostic nomogram for the overall
survival period in pancreatic cancer. Remarkably, the
predictive efficiency surpassed that of the AJCC staging
system [9]. Furthermore, the utility of the nomogram has
transcended disciplinary boundaries, proving its superior
predictive performance over traditional tumor staging
methodologies in diverse domains [10-12]. This superi-
ority can be attributed to the nomogram’s holistic consid-
eration of a broader spectrum of influential factors.

Nevertheless, investigations concerning postopera-
tive patients with pancreatic cancer remain scarce. Con-
sequently, there exists a critical need for a personalized
prediction model tailored specifically to postoperative
patients with pancreatic cancer. This imperative under-
scores our commitment to constructing models aimed at
assessing the prognosis and survival rates of individuals
post pancreatic cancer surgery.

Materials and methods

Patient selection

Patients diagnosed with pancreatic cancer between
2004 and 2015 were initially identified from the SEER
database, utilizing SEER * Sta 8.4.0.1 (Surveillance, Epi-
demiology, and End Results Program at cancer.gov).
The external validation cohorts, diagnosed with pan-
creatic cancer between January 2018 and January 2023,
were obtained from the Affiliated Hospital of Hunan
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Academy of Traditional Chinese Medicine. Inclusion
criteria were as follows:Patients with pancreatic can-
cer who underwent surgery. Availability of clear infor-
mation on survival status and survival time. Exclusion
criteria encompassed:Lack of information on age, sex,
marital status, AJCC TNM stage, tumor size, radiother-
apy, chemotherapy, and liver metastasis. Patients who
died within 1 month or were followed up for less than
1 month after the initial diagnosis. Other causes of death
or cases where the cause of death was unknown.

Cohort definition and variable recode

The entire cohort was randomly divided into training and
internal validation cohorts at a ratio of 7:3. The training
cohort was employed for risk factor screening and model
establishment, while both the internal and external vali-
dation cohorts were utilized to validate the results. From
the SEER database, 12 variables were screened, encom-
passing age (at diagnosis), sex, pathological grade, AJCC
TNM stage, radiotherapy and chemotherapy status, pres-
ence of liver metastasis, tumor size, marital status, and
primary site. These variables were crucial in assessing
and understanding the factors influencing postoperative
survival in patients with pancreatic cancer.

Statistical analysis

The optimal cut-off values for tumor size and age were
determined using X-tile [13]. Univariate and multivari-
ate Cox regression analyses were applied to calculate the
corresponding hazard ratios (HR) and 95% confidence
intervals (CI) for the training cohort. Independent risk
factors identified through these analyses were then incor-
porated into the nomogram. To assess the nomogram’s
discriminative ability, the area under the time-depend-
ent curve (AUC value) was calculated. The effectiveness
and calibration of the nomogram were evaluated using
a calibration curve. The clinical benefit and utility of the
nomogram were assessed through decision curve analy-
sis (DCA) [14]. X-tile software was utilized to stratify the
risk of the nomogram based on total scores. The Kaplan—
Meier method compared the risk stratification of the
nomogram with the AJCC stage. Statistical significance
was set at P<0.05. All data analyses were conducted
using R software in accordance with relevant guidelines
and regulations.

Result

Survival analysis of postoperative and non-operative
patients with pancreatic cancer

In the SEER database, a total of 9953 patients with pan-
creatic cancer were initially identified. Including 2796
postoperative patients and 7157 non-operative patients.
Through Log-rank analysis, the survival possibility of
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patients who received surgical treatment was significantly
better than those who did not receive surgical treatment
(P<0.001), as shown in Fig. 1.

Baseline characteristics of postoperative cancer patients

A total of 2796 postoperative cancer patients were
included in this study, comprising 2796 individuals from
the SEER database and an additional 71 patients from
China. Within the SEER database, patients were ran-
domly partitioned into a training cohorts (n=1957) and
an internal validation cohorts (n=839). Simultaneously,
the Chinese cases constituted the external validation
cohorts (n="71). For detailed information, please refer to
Table 1.

Independent prognostic factors for postoperative patients
with pancreatic cancer

Univariate and multivariate Cox regression analyses were
employed to identify independent prognostic factors for
postoperative patients with pancreatic cancer. The results
revealed that age, pathological grade, chemotherapy, liver
metastasis, tumor size (mm), T stage, N stage, M stage,
and marital status were prognostic factors for postop-
erative patients with pancreatic cancer. Specifically, age,
pathological grade, chemotherapy, tumor size, T stage, N
stage, and M stage were identified as independent prog-
nostic factors influencing cancer-specific survival (CSS),
as illustrated in Fig. 2. These findings contribute valuable
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Fig. 1 Survival analysis of patients with pancreatic cancer.The black
line represents postoperative patients, and the red line represents
non-operative patients
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insights into the multifaceted factors impacting the prog-
nosis of individuals post pancreatic cancer surgery.

Nomogram construction

The prognostic nomogram is based on multivariate Cox
regression results. The nomogram (Fig. 3) of 1-, 2-year
survival consists of the following independent prog-
nostic factors: age, pathological grade, chemotherapy,
tumor size, T stage, N stage and M stage. Each level of
these variables was assigned a specific point on the scale.
The total score is obtained by adding the scores of each
risk factor. In the training, internal validation cohorts
and external validation cohorts, the consistency index
(C-index) of the nomogram for predicting overall sur-
vival (OS) was 0.683(0.675-0.690), 0.689(0.677—0.701)
and 0.823(0.786—0.860), respectively. The present study
represents a noteworthy advancement in comparison to
preceding research endeavors [7, 8].

Validation of nomogram

Time-dependent curves were employed to assess

the predictive performance of the nomogram

The study indicated AUC values for the training cohort
at 1 and 2 years as 0.751 and 0.721, respectively. In the
internal validation cohort, these values were 0.731 and
0.755, while in the external validation cohorts, they
reached 0.901 and 0.803, respectively. These findings
underscored the superior discrimination ability of the
nomogram. Refer to Fig. 4 for a visual representation. The
calibration curve illustrated a high level of consistency
between actual observations and nomogram predictions,
as depicted in Fig. 5. This reinforces the reliability and
accuracy of the nomogram in predicting postoperative
survival outcomes for patients with pancreatic cancer.

Validation of decision curve

To assess the clinical benefits, the nomogram was com-
pared with the AJCC stage using Decision Curve Analysis
(DCA) curves. The results depicted in Fig. 6 showcased
that the nomogram exhibits substantial clinical appli-
cation potential, yielding a favorable positive net ben-
efit and demonstrating superior clinical practicality
compared to the traditional AJCC stage. This emphasizes
the enhanced utility of the nomogram in aiding clinical
decision-making for postoperative patients with pancre-
atic cancer.

Risk stratification of nomogram and AJCC stage

The cutoff value of the risk score in the training cohorts
is determined by calculating the individual patient scores
on the nomogram, ultimately obtaining the total score
for each patient. The integration of the patient’s survival
status, survival time, and total score into X-tile software
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Table 1 Basic data of postoperative patients with pancreatic cancer
Characteristic Training Internal validation External validation P
n 1957 839 71
Age, n (%) <0.001
<70 1217 (42.4) 525(183) 60 (2.1)
>70 740 (25.8) 314(11) 11(04)
Sex, n (%) 0.870
Female 943 (32.9) 405 (14.1%) 32(1.1)
Male 1013 (35.3) 434 (15.1%) 39(1.4)
Grade, n (%) 0.013
Grade | 292 (10.2) 151(5.3) 4(0.1)
Grade I 839(29.3) 346 (12.1) 27 (0.9)
Grade Il 583(20.3) 231(8.7) 29(1)
Grade IV 39(1.4) 10(0.3) 0(0)
Unknow 204 (7.1) 101 (3.5) 11(04)
SEER Stage, n (%) <0.001
Distant 225(7.8) 117 4.0) 55(1.9)
Localized 271 (9.5) 132 (4.6) 8(03
Regional 1461 (51) 590 (20.6)
T Stage, n (%) <0.001
T 145 (5.1) 68 (2.4) 10 (0.3)
T2 248 (8.7) 130 (4.5) 27 (0.9%
T3 1468 (51.2) 590 (20.6) 17 (0.6)
T4 94 (3.3) 50(1.7) 15 (0.5)
X 2(0.1) 1(0) 2(0.1)
N Stage, n (%) <0.001
NO 746 (26) 338(11.8) 4(0.1)
N1 1210 (42.2) 499 (17.4) 29(1)
NX 1(0) 2(0.1) 38(1.3)
M Stage, n (%) <0.001
MO 1831 (63.9) 776 (27.1) 16 (0.6)
M1 126 (4.4) 63 (2.2) 55(1.9
Radiotherapy, n (%) <0.001
No 1319 (46) 573 (20) 65 (2.3)
Yes 638 (22.3) 266 (9.3) 6(0.2
Chemotheropy, n (%) 0.048
No 625 (21.8) 271 (9.5) 13(0.5)
Yes 1332 (46.5) 568 (19.8) 58(2)
Liver Metastasis, n (%) <0.001
No 1870 (65.2) 793 (27.7) 39(14)
Yes 87 (3) 46 (1.6) 32(1.1)
Tumor Size, n (%) <0.001
<19 220(7.7) 86 (3) 4(0.1)
25 1316 (45.9) 581(20.3) 36(1.3)
19-25 421 (14.7) 172 (6) 31 (1)
Marital Status, n (%) <0.001
Divorce 189 (6.6) 85(3) 0(0)
Married 1310 (45.7) 545(19) 71(2.5)
Single 267 (9.3) 107 (3.7) (0)
Widow 191 (6.7) 102 (3.6) (0)
Primary Site, n (%) <0.001
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Table 1 (continued)
Characteristic Training Internal validation External validation P
Other Parts 17 (0.6) 4(0.1) 5(0.2)
Pancreatic Body 205 (7.2) 74(2.6) 9(0.3)
Pancreatic Head 1406 (49) 612 (21.3) 41 (14)
Pancreatic Tail 329 (11.5) 149 (5.2) 16 (0.6)

Characteristics

HR(95% CI) Univanate analysis

Pvalue Univariate analysis

HR(95% CI) Multivariate analysis Pvalue Multivariate analysis

Age <0001 !
>70 1543 (1383-1.721) <0001 1365 (1220-1526) ‘F <0001
<70 0648(0581-0723) <0001 0733(0655-0819) . <0001
Sex 0131 :
Female 0920(0826-1025) 0.131 (]
Male 1087(0976-1210) 0.131 '
Grade <0001 :
Grade | Reference
Grade Il 3085(2504-3802) <0001 2575(2075-3.196) - <0001
Grade 111 4281(3457-5300) <0001 3500(2.798-4377) |- <0001
Grade IV 5.767(3.858-8620) <0001 5744 (3819-8640) "o <0001
Unknow 2067(1584-2698) <0001 1995(1520-2618) p <0001
T Stage <0001 !
Tl Reference :
T2 2088(1472-2960) <0001 1264 (0.849-1882) - 0249
T3 4169(3061-5678) <0001 1989 (1382-2862) ‘s <0001
T4 5613(3854-8.175) <0001 2759(1801-4225) ‘-- <0001
X 21636(5225-89.598) <0001 17066(3974-73293) | S— <0001
N Stage <0001 X
NO Reference I
NI 1.896(1686-2.133) <0001 1445(1274-1638) . <0001
NX 3556(0499-25326) 0205 1499(0205-10953) —_— 0690
MStage <0001
MO 0518(0425-0632) <0001 0536(0.382-0.753) q‘ <0001
Mi 1931(1583-2355) <0001 1865(1328-2619) . <0001
Radiotherapy 0739 .
No 0981 (0876-1098) 0739 .
Yes 1019(0910-1.141) 0739 .
Chemotheropy 0002
Yes 1209(1071-1364) 0002 0788 (0692-0897) . <0001
No 0827(0733-0934) 0002 1269 (1.115-1445) c‘ <0001
Liver Metastasis <0001 |
No 0.578(0455-0736) <0001 1040 (0687-1572) ] 0854
Yes 1.729(1359-2200) <0001 0962 (0636-1455) ‘p 0854
Tumor Size <0001
<19 Reference !
19-25 1.858(1475-2340) <0001 1191 (0919-1543) - 0.185
>25 2328(1890-2867) <0001 1340 (1046-1715) :- 0020
Marital Status 0009 |
Divorce Reference !
Widow 1226(0965-1557) 0096 1142 (0895-1457) p 0286
Single 0.840(0667-1057) 0.137 1033 (0818-1305) . 0.785
Married 1046 (0.869-1258) 0636 1042 (0863-1257) :- 0672
Primary Site 0.174 |
Pancreatic Tall Reference '
Pancreatic Head 1095(0944-1271) 0231 ;
Other 1567(0912-2691) 0.104 -
Pancreatic Body 1209(0979-1494) 0077 ,
T T
)

Fig. 2 Univariate and multivariate factor analysis forest map

is performed to derive the cutoff values of risk scores for
all patients, as illustrated in Fig. 7. Subsequent internal
validation and external cohorts are employed to further
assess the efficacy of this cutoff value in distinguishing

between different risk levels.

In the final analysis, we stratified the cohort into three
risk groups based on the total score derived from the
nomogram: low risk (total points<70), middle risk (total
points >70,<104), and high risk (total points>104).
The Kaplan—Meier survival curve exhibited notable
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distinctions among the different risk groups across the
entire cohort. Importantly, the nomogram demonstrated
superior ability in identifying high-risk individuals com-
pared to the traditional AJCC stage system, as illustrated
in Fig. 8. This underscores the enhanced precision and
discriminatory power of the nomogram in risk stratifica-
tion for postoperative patients with pancreatic cancer.

Discussion

Pancreatic cancer stands out as one of the most invasive
and fatally aggressive malignancies. Projections indicate
that by the year 2030, it is poised to ascend to the position
of the second leading cause of cancer-related fatalities.

While radical surgery holds the potential for cancer cure
[15], the rates of postoperative recurrence and mortality
continue to register high figures [16, 17]. In light of these
challenges, the predictive assessment of survival rates
among postoperative cancer patients assumes paramount
significance.

Several studies have consistently demonstrated that
factors such as advanced age, elevated histological grade,
and larger tumor size exhibit a negative correlation with
long-term survival outcomes [8, 18, 19]. In our investi-
gation, the findings underscore a significant disparity in
survival rates between patients who underwent surgical
treatment and those who did not. Notably, patients with
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pancreatic cancer who actively pursued surgical resection
exhibited markedly enhanced survival probabilities [20,
21]. This observation aligns with the conclusions drawn
by Hester et al., who based on an analysis of the National
Cancer Database, established the beneficial impact of

surgical resection on the overall survival of pancreatic
cancer patients [22]. Nevertheless, reliance on surgery
alone is insufficient for achieving prolonged survival. The
median survival time for the majority of patients typi-
cally hovers around 8 to 10 months, with frequent tumor
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relapses [23, 24]. Our study incorporated patients receiv-
ing chemotherapy, encompassing both preoperative
neoadjuvant chemotherapy and postoperative adjuvant
chemotherapy. Cox regression analysis identified chemo-
therapy as an independent risk factor for postoperative
pancreatic cancer patients, consistent with prior research
[7, 25, 26]. Notably, the median postoperative survival
of patients undergoing adjuvant chemotherapy doubled
compared to those who did not [27]. Neoadjuvant chem-
otherapy emerged as an independent predictor and an
enhancer of overall survival for postoperative pancreatic
cancer patients [28, 29], concurrently improving the RO
removal rate [24, 30]. Consequently, it presents a favora-
ble therapeutic option for both patients and healthcare
practitioners. Additionally, age emerged as an independ-
ent risk factor for pancreatic cancer patients [8]. Our
study revealed a lower survival rate among patients aged
70 years and older. This age-related discrepancy in sur-
vival rates may be associated with compromised immu-
nity and physical deterioration commonly observed in
elderly patients [18, 19, 31].

The validation of predictive models is crucial for deter-
mining generalization and avoiding overfitting [32]. In
our investigation, the nomogram exhibited a superior
AUC value in comparison to the AJCC staging system,
indicative of enhanced discriminative ability. The cali-
bration chart further underscored the robust consist-
ency between the predicted nomogram and the observed
1-year and 2-year cancer-specific survival (CSS), affirm-
ing the reliability and repeatability of the established
nomogram. Decision Curve Analysis (DCA) analysis
reinforced the nomogram’s heightened clinical ben-
efits over traditional AJCC staging models. Additionally,
nomogram’s risk stratification model proficiently catego-
rizes patients into high-risk, medium-risk, and low-risk
groups. To our knowledge, this study marks the inaugural
utilization of a nomogram for survival prediction, lever-
aging the SEER database and undergoing external valida-
tion, specifically tailored for postoperative cancer patient
prognostication. Insights gleaned from our research
suggest that characteristics indicative of high-risk sta-
tus among postoperative cancer patients encompass
advanced age, male gender, lower histological grading,
larger tumors, and absence of chemotherapy. Crucially,
our nomogram surpasses the capabilities and value of
the traditional TNM staging system. We contend that
meticulously designed nomogram hold the potential to
accurately predict the prognosis of each patient, thereby
conferring substantial benefits to both clinical practition-
ers and patients.

This study holds significant clinical importance as
nomogram can be employed to assess individualized
prognoses in postoperative cancer patients. However, our
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research is not without limitations. Firstly, being a large-
scale retrospective study based on the SEER database,
inherent biases associated with retrospective designs
cannot be entirely mitigated. Secondly, crucial informa-
tion related to tumor markers, chemotherapy regimens,
and comorbidities is absent from the database, factors
known to influence the survival and prognosis of cancer.
Lastly, external validation cohorts exclusively comprise
the Asian population, with a relatively modest sample
size. To validate our research findings, future endeavors
should involve prospective clinical trials with expanded
sample sizes and diverse ethnic groups. Despite these
limitations, our nomogram, rooted in an extensive data-
set from the SEER database, offers a robust opportunity
to predict cancer-specific survival (CSS) in postoperative
patients with pancreatic cancer. This provides valuable
support for individualized treatment strategies and more
precise clinical decision-making.

Conclusion

In conclusion, we constructed a nomogram model to
assess the cancer specific survival in postoperative
patients with pancreatic cancer, which was well validated
that it has excellent prediction accuracy. These easy-to-
use clinical prediction tools will be useful methods for
calculating individualized survival possibility, assisting
risk stratification and assisting clinical decision-making
for doctors and patients.
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