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Background: Development of an accurate model to predict prognosis for patients with
pancreatic neuroendocrine tumors (P-NETs) after surgical resection is urgently needed.
Methods: In the present study, we conducted Cox proportional hazards regression to
identify critical prognostic factors for P-NETs by analyzing data from 2174 patients in the
Surveillance, Epidemiology, and End Results (SEER) database. Based on the results of
multivariate analysis, a novel nomogram was established. Finally, the novel nomogram for
P-NETs was validated in a cohort of 81 patients from a Chinese institute.

Results: In the multivariate analysis, age, tumor location, American Joint Committee on
Cancer (AJCC) stage, histologic grade, lymph node ratio (LNR) and tumor size were
independent risk factors for overall survival (OS) in P-NET patients who underwent radical
resection. A nomogram consisting of age, sex, AJCC stage and histologic grade was found to
have a concordance index (C-index) of 0.79 for OS in the SEER database, which was
significantly higher than the C-index based on the AJCC stage, European Neuroendocrine
Tumor Society (ENETS) stage or histologic grade alone. In the validation cohort, the
C-index based on the nomogram reached 0.78 for OS. We also defined high-risk (total points
>13.5 based on the nomogram) and low-risk populations (total points <13.5 based on the
nomogram) in the validation cohort. We found that the actual 5-year recurrence rate in the
high-risk group was significantly higher than that in the low-risk group (80.8% vs 23.4%,
P<0.001). Kaplan-Meier analysis showed that the 5-year recurrence-free survival (RFS) in
the low-risk group was significantly higher than that in the high-risk group (P<0.001).
Conclusion: An AJCC stage- and histologic grade-based model was found to be extremely
efficient in predicting survival for patients with P-NETs after surgical resection and deserves
further evaluation for future clinical applications.
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Introduction

Pancreatic neuroendocrine tumors (P-NETs), arising from cells of the neuroendo-
crine system, are relatively uncommon.' Statistical data showed that the incidence
of P-NETs has been increasing during the past few decades, which is partly due to
improvement in detection.” Indeed, P-NETs contribute to 1% of pancreatic cancer
cases by incidence and 10% of pancreatic cancer cases by prevalence.® One of the
important clinical characteristics of P-NETs is the heterogeneity of the disease:* 1)
P-NETs can be nonfunctional or functional, based on their origin from different
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cells; 2) patients with P-NETs may be asymptomatic or
have completely different symptoms, as these tumors
secrete different biogenic amines or neuropeptides; and
3) P-NETs can be an indolent or aggressive, with distinct
biological behavior and prognosis. Thus, it is important to
understand the biological and clinical characteristics of
P-NET and how they affect the prognosis for specific
individuals.

Currently, several staging or grading systems are used
to define the extent of disease progression for P-NETs.
Two staging systems were developed based on TNM sta-
tus, namely, the European Neuroendocrine Tumor Society
(ENETYS) staging classification established by ENETS in
2006 and the American Joint Committee on Cancer
(AJCC) staging classification established in 2010.%7 In
comparison with these two staging systems, the 2010
World Health Organization (WHO) classification interprets
the grading features for P-NETs.® However, these staging
or grading systems have some limitations in predicting
patient prognosis. For example, studies found patients
with stage I disease have similar prognosis to patients
with stage IIA disease based on the ENETS staging
system.

In recent years, few studies have attempted to develop
an improved model to predict the prognosis for P-NETs.>'
However, all of these studies analyzed data from one insti-
tute, and none of the models was validated.”'” In the
current study, we identified important prognostic factors
and established a novel prognostic nomogram for P-NETs
following surgical resection based on the Surveillance,
Epidemiology, and End Results (SEER) database, which
contains information from a large population. In addition,
the novel nomogram was validated using data from a
Chinese pancreatic surgery center.

Methods

Patient population and study design

SEER cohort

Data from patients with pathologically confirmed P-NETs
were retrieved from the SEER database (from 1988 to
2014) using SEER*Stat version 8.3.4 software. Patient
information was uniformly reviewed. Cases were included
only if radical resection had been performed. The exclu-
sion criteria were as follows: patients who died within
90 days after operation; patients with unknown TNM
stage, unknown tumor size, or unknown tumor grade by
pathologic examination;

patients with no complete

parameters to calculate the metastatic lymph node ratio
(LNR), determined using the number of positive regional
lymph nodes divided by the number of examined regional
lymph nodes. Based on these inclusion and exclusion
criteria, 2174 P-NET cases were finally included in the
study. Baseline clinicopathologic characteristics including
age, sex, TNM stage, tumor location, and histologic grade
assessed by tissue differentiation based on hematoxylin
and eosin (HE) staining were recorded (Table 1).

For detailed searching methods, patient data were col-
lected based on the International Classification of Diseases
for Oncology, 2nd and 3rd edition (ICD-0-2/3), for tumors
of the pancreas: C25.0-C25.9. The following ICD-O-3
diagnoses were used to identify P-NETs: islet cell adeno-
carcinoma (8,150), malignant beta-cell tumor (8,151),
malignant alpha-cell tumor (8,152), G-cell tumor (8,153),
VIPoma (8,155), malignant somatostatinoma (8,156),
malignant enteroglucagonoma (8,157), carcinoid tumor
(8,240), argentaffin carcinoid tumor (8,241), enterochro-
maffin cell tumor (8,242), mucocarcinoid tumor (8,243),
neuroendocrine carcinoid (8,246), and atypical carcinoid
tumor (8,249). TNM information was gathered based on
the following codes: 6th edition of the AJCC staging
system (2004+), 7th edition if the AJCC staging system
(2010+), SS1977 (2004+), collaborative stage (CS) tumor
size 2004, CS extension 2004, CS lymph nodes 2004, CS
metastases at dx 2004, extent of disease (EOD) 10—extent
(1988-2003), EOD 10—nodes (1988-2003), and EOD 10
—size (1988-2003).

Validation cohort

A total of 81 P-NET patients from Guangdong Provincial
People’s Hospital who met the above inclusion criteria were
selected to conduct external validation. Patient clinicopatho-
logic characteristics and clinical prognosis were recorded.

Table | Important parameters analyzed in the study

Parameter | Description

AJCC stage | 7th edition, American Joint Committee on Cancer,
2010

ENETS I'st edition, European Neuroendocrine Tumor

stage Society, 2006

WHO grade | 3rd edition, World Health Organization, 2010

Histologic Assessed by tissue differentiation based on HE stain-

grade ing

LNR Lymph node ratio, calculated using the number of
positive regional lymph nodes divided by the number
of examined regional lymph nodes
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This clinical study was performed strictly according to
the declaration of Helsinki and was approved by the ethics
committee of Guangdong Provincial People’s Hospital.
Written informed consent was obtained from each patient
for medical record review and data collection in the med-
ical research.

Statistical analyses

Survival time was calculated from the date of initial diag-
nosis to the date of death or last follow-up. Recurrence-
free survival (RFS) in the validation cohort was verified
using Kaplan-Meier curves. Multivariate analysis was per-
formed using Cox proportional hazards regression to eval-
uate potential risk factors, including age, sex, tumor
location, TNM stage, histologic grade, tumor size and
LNR. Hazard ratios (HRs) and 95% confidence intervals
(CIs) were calculated. Cutoff values for tumor size and the
LNR were defined according to receiver operating char-
acteristic (ROC) curve analyses. Statistical analysis was
accomplished using SPSS 22.0 software (https://www.ibm.
com/). For all analyses, P-values <0.05 were defined as
statistically significant.

A nomogram based on the results of multivariate ana-
lysis was constructed using the rms package in R version
3.4.1 (http://www.r-project.org/). The property of the
nomogram was assessed using the concordance index
(C-index) and evaluated by comparing nomogram-pre-
dicted and observed Kaplan-Meier estimates of survival
probability. The bootstraps used for these activities
included 1000 resamples. The Rcorrp.cens package in R
was used to compare the nomogram and other models. The
comparisons were assessed by the C-indexes. A higher C-
index indicated greater accuracy for prognostic prediction.
To perform external validation of the nomogram, we cal-
culated the total scores for each patient in the validation
cohort according to the nomogram. The scores were used
as a factor to complete Cox regression analyses for this
cohort. Finally, C-indexes and calibration curves were
derived based on the Cox regression analysis.

Results

Patient characteristics and survival

In the SEER cohort, a total of 2174 patients were selected
according to the inclusion and exclusion criteria. To cir-
cumvent the effect of surgical complications on survival,
we excluded patients who died within 90 days after sur-

gery. Similarly, 81 patients who underwent radical

resection in Guangdong General Hospital were assigned
to the validation cohort. Clinicopathologic characteristics
in the two cohorts regarding age, sex, tumor size, TNM
stage, histologic grade, WHO grade, etc. are listed in
Table 2. The WHO grading information for patients was
not included in the SEER database. The median and mean
follow-up durations were 27 and 39.6 months in the SEER
cohort and 60 and 70 months in the validation cohort,
respectively. The 3-year and 5-year patient survival rates
in the SEER cohort were 85.6% and 72.1%, respectively.
For the validation cohort, the 3-year and 5-year patient
survival rates were 92.6% and 85.4%, and the 3-year and
5-year RFS rates were 84.2% and 70.3%, respectively.

Independent prognostic factors analyzed
in the SEER cohort

To identify the critical prognostic factors for P-NETs in a
large population, we performed multivariate analysis using
the SEER cohort. We used AJCC stages in the regression
model instead of ENETS stages because AJCC stages have
been shown to have better prognostic value than ENETS
stages by the Kaplan-Meier analysis (data not shown). The
multivariate analysis results indicated age, tumor location,
AJCC stage, histologic grade, LNR and tumor size as
independent risk factors for overall survival (OS) in
P-NET patients
(Table 3). In contrast, sex, race and tumor functional status

who underwent radical resection
were not statistically significant and were thus not prog-

nostic factors.

A novel prognostic nomogram for OS
Based on the results of multivariate analysis, we integrated
the significant prognostic factors in different combinations
to establish a satisfactory nomogram for P-NETs (Table 4).
Sex was also included as a baseline parameter. We found
that a nomogram consisting of age, sex, AJCC stage and
histologic grade was appropriate (Figure 1). The C-index
of the nomogram for OS prediction was 0.79 (95% CI
0.74-0.83). Addition of other risk factors, including tumor
location, LNR and tumor size, did not significantly
improve the C-index (Table 4). For calibration, the 3-
year and 5-year survival probabilities showed an optimal
agreement between nomogram prediction and actual
observation (Figure 2).

To further evaluate the benefit of the novel model, we
compared the predictive power for patient prognosis
between the nomogram and other single prognostic factors
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Table 2 Clinicopathologic characteristics
the SEER cohort and validation cohort

of P-NET patients in

Table 2 (Continued).

Parameter SEER cohort Validation cohort
(N=2174) (N=81)
N (%) N (%)
Functional status
Functional 278 (13) 34 (42)
Nonfunctional 1896 (87) 47 (58)

Notes: *Histologic grade assessed by tissue differentiation based on HE staining.
Abbreviations: AJCC, American Joint Committee on Cancer; ENETS, European
Neuroendocrine Tumor Society.

Table 3 Multivariate analysis of prognostic factors in the SEER

cohort

Parameter HR (95% CI) P-value
Age, years

<60 |

>60 1.41 (1.09-1.83) 0.009
Sex

Male |

Female 0.80 (0.62-1.04) 0.090
Location

Head |

Body and Tail 0.57 (0.42-0.77) <0.001

Other 0.83 (0.58-0.33) 0.328
Histologic grade*

| |

1l 1.50 (1.08-2.08) 0.017

Il or IV 4.47 (3.30-6.50) <0.001
Stage (AJCC 7th edition)

| |

1l 1.58 (0.97-2.59) 0.068

1] 2.52 (1.18-5.40) 0.017

\% 4.57 (2.79-7.53) <0.001
Size (mm)

<345 |

>34.5 1.72 (1.26-2.35) 0.001
LNR

0 |

<0.33 1.14 (0.79-1.65) 0.448

>0.33 1.45 (1.02-2.06) 0.037

Parameter SEER cohort Validation cohort
(N=2174) (N=81)
N (%) N (%)
Age, years
<60 1218 (56) 63 (78)
>60 956 (44) 18 (22)
Sex
Male 1154 (53) 49 (60)
Female 1020 (47) 32 (40)
Race
Caucasian 1741 (80) 0
Black 229 (1) 0
Other and 204 (9.4) 81 (100)
Unknown
Location
Head 692 (32) 32 (40)
Body and Tail 1103 (51) 44 (54)
Other 379 (17) 5 (6)
Histologic grade*
| 1552 (71) 37 (46)
Il 427 (20) 31 (38)
Il or IV 195 (9.0) 13 (16)
WHO grade
| - 45 (56)
Il - 27 (33)
I - 9 (I
Stage (AJCC 7th
edition)
| 976 (45) 47 (58)
Il 810 (37) 27 (33)
1 45 (2.1) 1 (1)
v 343 (16) 6 (7)
Stage (ENETS)
| 446 (21) —
Il 569 (26) —
I 816 (38) —
v 343 (16) —
Size (mm)
<34.5 1178 (54) 49 (60)
>34.5 996 (46) 32 (40)
LNR
0 1343 (62) 73 (90)
<0.33 475 (22) 2 (3)
>0.33 356 (16) 6 (7)

(Continued)

Notes: *Histologic grade assessed by tissue differentiation based on HE staining.
Abbreviations: Cl, confidence interval; HR, hazard ratio; AJCC, American Joint
Committee on Cancer; ENETS, European Neuroendocrine Tumor Society.

using the SEER cohort. The C-index for OS prediction
was 0.72 based on histologic grade, which was signifi-
cantly lower than the C-index based on the nomogram
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Table 4 Comparison of different models for OS prediction in the SEER cohort
Model C-index 95% CI
Age + Sex + AJCC stage + Histologic grade 0.79 0.74-0.83
Age + Sex + AJCC stage + Histologic grade + LNR 0.79 0.74-0.83
Age + Sex + Histologic grade + LNR + Size 0.77 0.73-0.82
AJCC stage only 0.71 0.67-0.75
ENETS stage only 0.70 0.65-0.74
Histologic grade only 0.72 0.67-0.74
Abbreviations: C-index, concordance index; Cl, confidence interval; OS, overall survival.
0 1 2 3 4 5 B 7 8 9 10
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Age T T r T
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Figure | Prognostic nomogram for P-NET. This nomogram consists of eight lines. The first line is the point line for each variable axis. Then the next four lines are variable
axes, including “Age”, “Sex”, “Histologic Grade” and “Stage”. For an individual patient, a vertical line is made between each variable axe and the point line, which determines
the number of point for each variable. After summing these points to get the total points, a vertical line can be drawn between the “Total Points” line and “3-year survival
probability” or “5-year survival probability” line to determine the probability of 3 or 5-year survival, respectively. Stage, American Joint Committee on Cancer (AJCC) staging
classification established by AJCC in 2010; Histologic Grade is assessed by tissue differentiation based on HE staining.

(0.79, P<0.01). Moreover, the C-index using the nomo-
gram (0.79) was significantly higher than the C-index
using staging systems, including the AJCC staging system
(C-index=0.71, P<0.001) and the ENETS staging system
(C-index=0.70, P<0.001). Therefore, the novel nomogram
established in the study showed higher predictive power
for OS than any other prognostic factors or widely used
staging system.

Validation of the novel nomogram for OS
and RFS

We conducted a validation study using patient data from
Guangdong General Hospital. The C-index for the nomo-
gram in the validation cohort was 0.78 (95% CI, 0.70 to
0.95). The calibration curve showed good agreement
between nomogram prediction and actual observation for
the 5-year survival probability (Figure 3). In addition, we
calculated the C-index for AJCC stage, histologic grade

and WHO grade using the validation cohort, which were
0.60, 0.68 and 0.69, respectively. These values were sig-
nificantly lower than the C-index for the nomogram
(P<0.001 vs AJCC stage; P<0.001 vs histologic grade;
and P<0.001 vs WHO grade). These findings indicate
that our novel nomogram had a strong predictive power
for OS in the validation cohort.

To investigate whether the calculated score based on
the nomogram is associated with RFS, we assessed the
total points for each patient in the validation cohort based
on the nomogram. Patients in the validation cohort were
divided into a high- and low-risk group based on the
predicted 5-year survival probability. Since the S5-year
survival rate of P-NET patients following surgery is
reported to be approximately 75%,° we defined low risk
as a 5-year survival probability of more than 75% (total
points <13.5 based on the nomogram) and high risk as a 5-
year survival probability of less than 75% (total points
>13.5 based on the nomogram). We found that the actual
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Figure 2 The calibration curve for predicting patient survival at 3 years (A) and
5 years (B) in the SEER cohort. Nomogram-predicted probability of overall survival
is labeled on the x-axis; actual overall survival is labeled on the y-axis.
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Figure 3 The calibration curve for predicting patient survival at 5 years in the

validation cohort. Nomogram-predicted probability of overall survival is labeled on
the x-axis; actual overall survival is labeled on the y-axis.

S-year recurrence rate in the high-risk group was signifi-
cantly higher than that in the low-risk group (80.8% vs
23.4%, P<0.001). Finally, we performed Kaplan-Meier

Months

Figure 4 Kaplan-Meier curves showing the 5 year RFS in high risk and low risk
group in the validation cohort. High risk was defined as total points >13.5 by the
nomogram and low risk as total points <13.5 by the nomogram.

analysis to evaluate RFS in the high- and low-risk groups.
Indeed, the 5-year RFS in the low-risk group was signifi-
cantly higher than that in the high-risk group (P<0.001,
Figure 4). Therefore, the current nomogram is valuable in
predicting both OS and RFS in the validation cohort.

Discussion

P-NET is a heterogeneous disease that may result in dif-
ferent prognoses in different patients even after radical
resection. Many studies have attempted to identify factors
to accurately predict patient prognosis.“ However, most
studies lack representativeness because they are based on
small samples from single institutes. In the current study,
by analyzing a large population in the SEER database, we
identified P-NETs.
Importantly, we established a novel nomogram to help

critical ~prognostic factors for
predict patient survival following surgical resection.
There is no doubt that higher age at diagnosis, more
advanced stage and higher histologic grade are strongly
associated with worse survival, as shown in our study and
others.'*'? Nevertheless, there is controversy regarding
whether functional and nonfunctional tumors have differ-
ent impacts on prognosis.'* Some investigators argue that
functional tumors have more favorable prognosis than
nonfunctional tumors, based on observed differences in
their studies.'®> However, unlike functional tumors, non-
functional tumors tend to be diagnosed during later life
because no symptoms are observed in the initial stages of
disease.'* Thus, nonfunctional tumors may be larger or
have more advanced stage or grade than functional tumors
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in some studies, which can lead to some bias.'® In our
study, no significant difference was observed regarding
tumor size, stage or grade between functional and non-
functional P-NETs (data not shown). Multivariate analysis
showed that the functional status was not an independent
prognostic factor for P-NETs. Thus, we concluded that the
functional status had no effect on P-NET patient survival,
which was consistent with other studies.'”'®

At present, two staging systems and the WHO grading
system are widely used in the clinic to help evaluate disease
progression for P-NETs. For the first time, we combined the
AJCC staging and histologic grading parameters to develop
a novel nomogram for OS in P-NET patients. We estab-
lished the novel model by integrating age, sex, AJCC stage
and tumor histologic grade. The nomogram was proven to
have the following advantages: 1) it has a higher predictive
power than AJCC or ENETS stage alone, which is shown in
both the SEER cohort and the validation cohort; 2) it is a
simple model to calculate and to be used in the clinic, as it
only contains four parameters all of which are easy to
obtain; 3) it can be used to define a high-risk population,
with total points >13.5; and 4) it was developed using a
western database and validated using an eastern database,
which indicates that it is applicable across races. Therefore,
the novel nomogram established in our study has very good
predictive power. We recommend that patients with higher
total points (>13.5 based on the nomogram) should be
closely followed up due to a high risk of recurrence.
Further, it will be interesting to investigate whether adjuvant
therapy following surgical resection is beneficial for these
high-risk patients in future studies.

Lymph node metastasis is an important prognostic factor
associated with disease progression.'® Conventionally, the
number of positive lymph nodes is used to define the status
of lymph node metastasis, as in the AJCC and ENETS
staging systems. However, in recent years, the LNR has
been shown to be a more powerful prognostic factor than
the number of positive lymph nodes in P-NETs.** Our study
also proved that the LNR was an independent prognostic
factor for P-NETs based on multivariate analysis.
Unfortunately, addition of the LNR to our model (C-
index=0.79) did not significantly improve the predictive
power, suggesting that although the number of positive
lymph nodes included in the AJCC stage has value for the
nomogram, the LNR provides no additional advantage.

In recent years, two studies developed predictive
nomograms for P-NETs based on data from single insti-
tutes. Ellison et al demonstrated that a nomogram

consisting of age, sex, and Ki-67 expression has a
C-index of 0.74.° In another study, Ye et al described a
nomogram based on two factors, mitotic rate and func-
tional status.!® Nonetheless, these studies had small sam-
ple sizes, and the models they developed were not
validated in other populations. Despite their limitations,
both studies suggested that grading information is impor-
tant for predicting prognosis in P-NET patients, consistent
with our results. The difference is that the other studies
used Ki-67 expression or mitotic rate to represent grading
information, whereas we used histologic grade assessed by
tissue differentiation based on HE staining. Although we
could not analyze the significance of Ki-67 expression or
mitotic rate in our study due to limited information in the
SEER database, it will be interesting in the future to see
which of these factors alone or in combination has the
greatest power for predicting survival in P-NET patients.

There are some limitations in our study, which is retro-
spective in nature based on the SEER database. One of the
limitations is that information on tumor recurrence after
surgical resection is not provided in the SEER database.
This may have led to some limitations in evaluating out-
comes for P-NET. Second, we did not evaluate the validity
of the WHO grading system, also due to the lack of data in
the SEER database. Third, the surgical information pro-
vided by the SEER database is rough, especially for
(AJCC stage 1V).
Although a fraction of patients were reported to undergo

patients with distant metastasis

surgery for metastatic disease, the details regarding radical
or palliative procedures are not provided, which might
lead to bias. In addition, as a missing piece of data, the
effects of genetic heterogeneity or syndrome on the prog-
nosis of P-NETs have not been well evaluated. A good
predictive model should consider multidimensional infor-
mation regarding the tumor, microenvironment and host.
Future studies are needed to address these issues.

In conclusion, radical resection is the only curative
treatment for P-NET patients. However, distinct clinical
and molecular characteristics in different individuals lead
to different outcomes after curative resection. We
described a novel nomogram combining the AJCC stage
and histologic grade, which has a satisfactory predictive
power for P-NETs following surgical resection and might
be a good model for application in the clinic. Based on
these findings, more molecular and genetic information
concerning the heterogeneity of P-NETs should be
explored to facilitate individualized treatment for P-NETs
in the future.
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