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Abstract
Objective: To establish nomograms for Cancer-Specific Survival (CSS) and Overall Survival (OS) of
patients with distant metastatic Pancreatic Neuroendocrine Tumor (pNET).
Materials and Methods: Surveillance, Epidemiology, and End Results database were reviewed and
the patients with pNET diagnosed between 1973 and 2015 were selected. Variables of demographics
and tumor characteristics were obtained. Univariate and Multivariate Cox proportional hazard
model were performed in training cohort to obtain the independent factors for CSS and OS.
Nomograms for CSS and OS were developed based on the independent factors, and were validated
internally and externally.

OPEN ACCESS
*Correspondence:
Dian-Rong Xiu, Department of General
Surgery, Peking University Third
Hospital, North Garden Road 49,
Haidian District, Beijing, Postal code:
100191, People’s Republic of China,
Tel: 0086-010-82267320; Fax: 0086010-62010334;
E-mail: xiudianrong1964@163.com
Received Date: 25 Apr 2019

Results: After excluding unqualified patients, total of 624 cases were included in the study.
Patients were randomly divided into a training cohort (n=416) and a validation cohort (n=208).
Cox proportional hazard analysis revealed that age at diagnosis of ≥ 80 years, year of diagnosis,
histological grade, and primary site surgery were independent factors both for CSS and OS. The
nomograms indicated good accuracy in predicting 1-, 3-, and 5-year survival, with a C-index of
0.777 (95% Confidence Interval [CI], 0.743-0.811) for CSS and 0.772 (95% CI 0.738-0.806) for OS in
training cohort. In the validation cohort, the C-index was 0.798 (95% CI 0.755-0.841) for CSS and
0.797 (95% CI 0.753-0.841) for OS. The calibration curves showed satisfactory consistency between
predicted and actual survival.
Conclusion: The study establishes excellent prognostic nomograms for CSS and OS for pNET
patients with distant metastasis. They can be used to accurately predict survival rate, and provide
useful information to physicians and patients.
Keywords: Nomogram; Pancreatic neuroendocrine tumor; Discrimination; Calibration

Introduction

Jiang B, Yuan C-H, et al. Nomograms
Predict Survival Outcomes for Distant
Metastatic Pancreatic Neuroendocrine
Tumor: A Population Based Study. Clin
Surg. 2019; 4: 2468.

As a rare neoplasm, Neuroendocrine Tumor (NET) may occur in various organs, including
lung, gastrointestinal tract, and pancreas, etc [1,2]. Pancreatic Neuroendocrine Tumor (pNET)
originates from pancreatic neuroendocrine cells and represents approximately 7% of all NETs
and account for 1% to 2% of all pancreatic malignancies [1-3]. Over the past several decades, the
annual incidence of pNET has been increasing in the United States [4]. PNETs have great variance
in biological behavior. Most of pNETs have low malignant behavior and slow growth rate, but
some of them possess high ability of invasiveness [5]. Up to 60% to 80% of patients develop distant
metastasis during the course of pNET [6-8]. Based on the data from Surveillance Epidemiology and
End Results (SEER) database from 1973 to 2015 in the present study, 50.0% of patients (4212/8422)
were diagnosed combining distant metastasis.
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Previous studies have revealed that the presence of distant metastatic is one of the strongest
predictors for patients’ survival. The 5-year survival rate (13% to 54%) was significantly worse than
patients without distant metastasis (75% to 99%) [9,10]. Most existing studies reported that the
outcome of distant metastasis from different origins, including colon, pancreas, lung, thymus and
stomach. However, few studies have exclusively focused on the pNET with distant metastasis, and
the factors associated with survival outcome have not been clearly elucidated. The characteristics
and survival outcomes of pNET with distant metastasis is yet to be answered. Thus, the aim of
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Figure 1: Patients screening process.

current study is to explore and elucidated the factors associated with
survival in patients with metastatic pNET with nomograms.
Nomogram is a mathematical model that combines characteristics
to predict specific endpoint. Nomogram allows predictions to
be obtained easily and quickly in practice and can visualize the
results of regression analysis. Furthermore, nomogram can provide
personalized estimates of the probability of events, such as individual
disease recurrence or death by integrating various factors. Nomogram
has been widely used as a practical predictive tool for survival analysis
for malignancies [11-13]. However, the nomogram applicable for
metastatic pNET has not been constructed. In the present study,
we aim to develop and validate the nomograms predicting CancerSpecific Survival (CSS) and Overall Survival (OS) for patients with
metastatic pNET based on a population data from National Cancer
Institute Surveillance, Epidemiology, and End Results (SEER)
database.

Figure 2: Nomograms for predicting the 1-, 3-, and 5-year (A) cancer-specific
survival and (B) overall survival of pNET patients with distant metastasis.

Materials and Methods

2.

Cases with missing data (n=2723);

a.

Unknown histological grade (n=2232);

b.

Unknown tumor size (n=427)

c.

Unknown race (n=4)

d.

Unknown marital status (n=36)

e.

Unknown primary site surgery (n=1)

f.

Incomplete survival information (n=23)

3.

Cases with survival months ≤ 1 months (n=74).

4.

Only cytological confirmed, with no positive histology

Data source and patient selection

(n=52).

The data in this study were obtained from the SEER database,
using SEER* stat software (version 8.3.5). The SEER database
collects the information of cancer incidence, prevalence, mortality,
demographics, cancer characteristics, and treatment, and covers
approximately 27.8% of the U.S population (based on the 2010
census) from 1973 to 2015.

After exclusion, a total 624 patients with distant pNET were
confirmed, and the patients were randomized to two groups (training
cohort, n=416 and validation cohort, n=208).
Data collection and outcome measurement
Variables of age at diagnosis, gender, race, year of diagnosis, site of
the tumor, and histological grade of tumor, tumor size, marital status,
and information of primary site surgery were collected. In addition,
the survival months and the cause of death were also confirmed.

The data of patients with pNET diagnosed between 1973
and 2015 were retrieved, and the patients with distant metastatic
pNET were selected. PNET was defined as including the following
International Classification of Diseases for Oncology third edition
(ICD-O3) codes: 8150/3, 8151/3, 8152/3, 8153/3, 8155/3, 8156/3,
8240/2, 8240/3, 8241/3, 8242/3, 8243/3, 8246/2, 8246/3, 8249/3. All
pancreatic anatomical sites were included (C25.0-C25.9) in our study.
All the data were screened carefully, and the exclusion criteria include
(Figure 1):

The two primary outcomes were Cancer-Specific Survival (CSS)
and Overall Survival (OS). Patients were followed until date of death
or censored at the end of 2015. CSS was defined as the duration from
diagnosis to death attributable to the pNET. OS was defined as the
duration from diagnosis to death from any cause.
Selection of the independent factors and the construction
of the nomograms

Exclusion criteria:

1.

The model of nomograms was established based on the training

Combined with other primary tumor (n=739);

Remedy Publications LLC., | http://clinicsinsurgery.com/

2

2019 | Volume 4 | Article 2468

Clinics in Surgery - General Surgery

Dian-Rong Xiu, et al.,

Figure 3: The calibration curves for prediction of 1-, 3-, and 5-years cancer-specific survival (A-C) and overall survival (D-F) in the training cohort (internal
calibration).
The dashed lines represent perfect agreement between the predicted probabilities (x-axis) and the actual probabilities which were calculated by Kaplan-Meier
analysis (y-axis). A perfectly accurate nomogram prediction model would result in a plot where the actual and predicted probabilities fall along the 45° line.
Abbreviations: CSS: Cancer-Specific Survival; OS: Overall Survival

Figure 4: The calibration curves for prediction of 1-, 3-, and 5-years cancer-specific survival (A-C) and overall survival (D-F) in the validation cohort (external
calibration).
The dashed lines represent perfect agreement between the predicted probabilities (x-axis) and the actual probabilities which were calculated by Kaplan-Meier
analysis (y-axis). A perfectly accurate nomogram prediction model would result in a plot where the actual and predicted probabilities fall along the 45° line.
Abbreviations: CSS: Cancer-Specific Survival; OS: Overall Survival

cohort. Total of 416 patients in training set were included in the
Univariate Cox proportional hazard analysis for CSS and OS. The
variables with P<0.1 were furtherly analyzed by Multivariate Cox
proportional hazard model. According to the results of Multivariate
Cox proportional hazard analysis, nomograms combining all the
independent prognostic factors were constructed for predicting
1-year, 3-year, and 5-year CSS and OS.

was assessed by Harrell’s C-index [14]. The Harrell’s C-index can
estimate the probability between the observed and predicted survival
outcome, and higher C-index indicates more precise prediction
of survival outcome. The Kaplan-Meier method and bootstraps
with 1000 resamples were used to assess calibration; the predicted
probabilities produced by the nomograms were compared with actual
probabilities.

Validation of the nomograms

Statistical analysis

The prognostic performance of the nomograms was validated with
discrimination and calibration. The discrimination of nomograms

The statistical analyses were performed using IBM SPSS Statistics
22.0 (SPSS Inc., Chicago, IL, USA) and R version 3.4.4 software
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Table 2: Univariate and multivariate analysis for cancer-specific survival of the
training cohort.

Table 1: Characteristics of training cohort and validation cohort.
Validation cohort
Training cohort (n=416)
(n=208)
Characteristics
No. (%)

Univariate Analysis
HR (95% CI)

Age at diagnosis (year)
50 (12.0%)

16 (7.7%)

40 to 59 years

182 (43.8%)

93 (44.7%)

60 to 79 years

168 (40.4%)

91 (43.8%)

16 (3.8%)

8 (3.8%)

Female

196 (47.1%)

103 (49.5%)

Male

220 (52.9%)

105 (50.5%)

White

332 (79.8%)

168 (80.8%)

Black

38 (9.1%)

34 (16.3%)

Othera

46 (11.1%)

6 (2.9%)

2004-2010

189 (45.4%)

81 (38.9%)

2011-2014

227 (54.6%)

127 (61.1%)

<40 years

Gender

HR (95% CI)

p

Reference

Reference

40 to 59 years

1.674 (0.919-3.047) 0.092 1.097 (0.594-2.028) 0.767

60 to 79 years

2.241 (1.244-4.038) 0.007 1.693 (0.935-3.066) 0.082

≥ 80 years

2.987 (1.188-7.514)

0.02

3.205 (1.265-8.118) 0.014

Gender
Female
Male

Race

Reference
1.085 (0.792-1.485) 0.612

Race
White

Year of diagnosis

Reference

Black

1.096 (0.630-1.906) 0.746

Othera

1.109 (0.684-1.798) 0.674

Year of diagnosis
2004-2010
2011-2014

Site of the tumor

Reference

Reference

0.688 (0.482-0.982) 0.039 0.678 (0.474-0.969) 0.033

Site of the tumor

Head of pancreas

97 (23.3%)

59 (28.4%)

Body/tail of pancreas

239 (57.5%)

110 (52.9%)

Overlap

34 (8.2%)

19 (9.1%)

Otherb

46 (11.1%)

20 (9.6%)

Head of pancreas
Body/tail of
pancreas

Histological grade
Well differentiated

217 (52.2%)

105 (50.5%)

Moderately differentiated

104 (25.0%)

50 (24.0%)

Poorly differentiated

70 (16.8%)

43 (20.7%)

Undifferentiated

25 (6.0%)

10 (4.8%)

Reference

Reference

0.677 (0.464-0.988) 0.043 0.997 (0.673-1.477) 0.987

Overlap

0.869 (0.466-1.620) 0.658

Otherb

1.281 (0.785-2.092) 0.322

Histological grade
Well differentiated
Moderately
differentiated
Poorly
differentiated

Tumor Size
≤ 2 cm

p

Age at diagnosis (year)

<40 years

≥ 80 years

Multivariate Analysis

Characteristics

No. (%)

Undifferentiated

Reference

Reference

1.172 (0.767-1.791) 0.463 1.367 (0.889-2.101) 0.155
3.900 (2.647-5.746)

0

2.877 (1.939-4.268)

0

6.156 (3.435-11.032)

0

5.677 (3.112-10.356)

0

32 (7.7%)

19 (9.1%)

Tumor Size

2 to 4 cm

134 (32.2%)

78 (37.5%)

≤ 2 cm

>4 cm

250 (60.1%)

111 (53.4%)

2 to 4 cm

0.950 (0.490-1.844)

>4 cm

1.099 (0.589-2.049) 0.767

Married

258 (62.0%)

138 (66.3%)

Marital status

Unmarriedc

158 (38.0%)

70 (33.7%)

Married

Marital status

Unmarriedc

Primary site surgery

Reference

Reference
1.102 (0.799-1.519) 0.554

No

179 (43.0%)

96 (46.2%)

Primary site surgery

Yes

237 (57.0%)

112 (53.8%)

No

Reference

Yes

0.249 (0.178-0.348)

American Indian/AK Native, Asian/Pacific Islander;
Islets of Langerhans+pancreas, NOS+other specific parts of pancreas;
c
Single (never married)+Divorced+Widowed+separated+unmarried or domestic
partner
a
b

Reference
0

0.287 (0.202-0.408)

0

HR: Hazard Ratio; 95% CI: 95% Confidence Interval
Univariate analysis of variables with P<0.1 underwent further analyze by
multivariate model.

(Institute for Statistics and Mathematics, Vienna, Austria; http://
www.r-project.org/). P values were two-sided and P<0.05 was
regarded as statistical significance.

Patients were randomly divided into a training cohort (n=416) and
a validation cohort (n=208). The clinicopathologic characteristics of
patients in the training and validation cohorts were listed in Table 1.
The median CSS was 70 months (95% CI, 50.8 to 89.4 months) in the
training cohort, and the 1-, 3-, and 5 year CSS rate were 82.2%, 62.9%,
and 51.0%, respectively. The median OS was 56 months (95% CI, 41.6
to 70.4 months) in the training cohort, and the 1-, 3-, and 5 year OS
rate 81.3%, 61.0%, and 48.7%, respectively.

Results
Clinicopathologic characteristics of the patients and
survival outcome
A total of 8422 patients with pNET were identified from SEER
database. After screening, 624 cases were included in the study.
Remedy Publications LLC., | http://clinicsinsurgery.com/
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Table 4: C-index for the nomogram to predict cancer-specific survival and overall
survival.
Cancer-specific
Overall survival
survival
Group

Table 3: Univariate and multivariate analysis for overall survival of the training
cohort.
Univariate analysis

Multivariate analysis

Characteristics
HR (95% CI)

p

HR (95% CI)

p

Age at diagnosis (year)
<40 years

Training cohort (Internal
validation)
Validation cohort (External
validation)
CI: Confidence Interval

Reference

Reference

40 to 59 years

1.788 (0.985-3.246) 0.056 1.201 (0.652-2.209) 0.557

60 to 79 years

2.430 (1.353-4.365) 0.003 1.866 (1.034-3.367) 0.038

≥ 80 years

3.868 (1.647-9.081) 0.002 4.085 (1.728-9.656) 0.001

Female

95% CI

C-index

95% CI

0.777

0.743-0.811

0.772

0.738-0.806

0.798

0.755-0.841

0.797

0.753-0.841

listed in Table 2, and the result of Univariate and multivariate Cox
proportional hazard analysis for OS was listed in Table 3. The
developments of nomograms were based on the above independent
prognostic factors in the training cohort. The prognostic nomogram
for 1-, 3-, and 5-year CSS and OS was shown in Figure 2.

Gender
Reference

Male

C-index

1.076 (0.795-1.456) 0.636

Validation of the nomograms

Race
White

The bootstrap analyses with 1000 resamples were performed
internally (training cohort) and externally (validation cohort) to
validate the nomograms. As listed in Table 4, analysis of the internal
validation cohort (training cohort) showed C-index values of 0.777
(95% CI, 0.743-0.811) for nomogram predictions of CSS and 0.772
(95% CI, 0.738-0.806) for nomogram predictions of OS. In the
external validation cohort, the C-index for predicting CSS and OS
were 0.772 (95% CI, 0.738-0.806) and 0.797 (95% CI, 0.753-0.841),
respectively (Table 4).

Reference

Black

1.001 (0.577-1.736) 0.997

Othera

1.012 (0.626-1.637) 0.96

Year of diagnosis
2004-2010
2011-2014

Reference

Reference

0.706 (0.501-0.994) 0.046 0.688 (0.487-0.971) 0.034

Site of the tumor
Head of pancreas

Reference

Reference

The calibration curves of the training cohort and external cohort
were presented in Figure 3 and 4. The x axis represents the survival
rate predicted by the nomogram, and the y axis presents the actual
survival rate generated by Kaplan-Meier method. The predicted 1-,
3- and 5-year CSS and OS demonstrated excellent accordance to the
observed values.

Body/tail of pancreas 0.635 (0.444-0.910) 0.013 0.913 (0.628-1.327) 0.634
Overlap

0.763 (0.413-1.408) 0.387

Other

1.173 (0.731-1.882) 0.509

b

Histological grade
Well differentiated

Reference

Reference

Moderately
differentiated

1.143 (0.759-1.722) 0.521 1.317 (0.870-1.995) 0.193

Poorly differentiated

3.839 (2.643-5.577)

Undifferentiated

6.101 (3.47110.724)

0

2.895 (1.981-4.233)

0

0

5.712 (3.19510.211)

0

Discussion
Nomogram uses disjoint lines to calculate the occurrence
probability of events. When using the nomogram, the occurrence
probability of events is usually estimated by vertical ruler. In practice,
we often use a lot of clinical data and examination results of patients
to predict the risk of patients, or to predict the survival probability
of cancer patients. Essentially, nomogram is the visualization of the
results of regression equation and is often used to display the results
of logistic regression or COX regression. According to the results of
regression, multiple disjoint lines are drawn according to a specific
proportion from the results of regression equation. By drawing it, the
risk or survival probability of an individual can be easily calculated.
In addition, researchers are required to have a sufficient number of
research object data when making the nomogram, so as to effectively
establish a good prediction model. As a rare disease, pNETs are not
easy to study in a large population. Therefore, it is more necessary to
study the oncological database, such as SEER database.

Tumor Size
≤ 2 cm

Reference

2 to 4 cm

0.941 (0.499-1.776) 0.852

>4 cm

1.071 (0.589-1.946) 0.822

Marital status
Married
Unmarried

Reference
c

1.082 (0.794-1.476) 0.617

Primary site surgery
No

Reference

Yes

0.276 (0.201-0.379)

Reference
0

0.320 (0.229-0.446)

0

HR: Hazard Ratio; 95% CI: 95% Confidence Interval
Univariate analysis of variables with P<0.1 underwent further analyze by
multivariate model.

The prediction model needs to be validated before the application
of the nomogram. The common validation processes are internal
validation and external validation. Internal validation refers to the use
of modeled data to verify the predictive effect of the model. Bootstrap
self-sampling method can be used. Bootstrap self-sampling method
is to carry out the sample with playback in the study sample, and
then use the sample to calculate. External validation uses data from
another group of subjects (i.e. external data) to validate the predictive
accuracy of the model. Only when the prediction effect of the model
has been clearly verified, can the nomogram have a good application
value.

Independent prognostic factors in the training cohort and
nomogram development
Univariate Cox proportional hazard analysis was performed for
CSS and OS in the training cohort and the variables with P<0.1 were
undergone further analyze by multivariate Cox proportional hazard
model. As shown in Table 2 and 3, age at diagnosis, year of diagnosis,
histological grade, and primary site surgery were independent
prognostic factors for CSS and OS (p<0.05). The result of Univariate
and multivariate Cox proportional hazard analysis for CSS was
Remedy Publications LLC., | http://clinicsinsurgery.com/
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Ethical Approval

PNET with distant metastasis should be treated mainly by
systematic therapy, including surgery, somatostatin analogues,
molecular targeted therapy, chemotherapy and/or Peptide Receptor
Radionuclide Therapy (PRRT) therapy. However, unfortunately,
SEER database could not provide detailed systemic treatment
information. From the results of this study, age ≥ 80 is an independent
risk factor for stage IV pNET patients. This may be related to the
fact that older patients tend to accompany more comorbidities
and the choice of treatment options tends to be more conservative.
Additionally, according to our previous study, the elderly pNET
patients have increased possibility of poorly differentiated tumor, and
decreased proportion of primary site surgery, number of removed
lymph node and married status [15]. These factors contribute to the
poor prognosis of elderly patients.

This study does not contain any studies with human participants
or animals performed by any of the authors. In addition, according to
the guidelines of the government of the United States, data released
through the SEER database does not require informed patient
consent.
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