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Abstract
Background. Nonfunctional pancreatic neuroendocrine tumors (NF-pNETs) are often small, slow growing,
clinically silent neoplasms. Currently, ‘wait-and-see’ policy is recommended by the European
Neuroendocrine Tumor Society (ENETS) for NF-pNETs (<2 cm). But the scienti�c basis for such
recommendation is scarce. 

Methods. Data of NF-pNETs cases were reviewed retrospectively from the Surveillance, Epidemiology, and
End Result (SEER) database during 2004-2015. Statistic description and survival analysis were done.
Patients who underwent surgery for NF-pNET in our center during 2010-2018 were identi�ed and analyzed
retrospectively. 

Results. 1828 NF-pNET with tumor size between 1-4cm were identi�ed in SEER database. Observation
was recommended for 172 patients (9.4%). 1656 patients received surgery. The observation group was
signi�cantly older and mainly with tumor located in pancreatic head. There was no survival difference
between the two groups with NF-pNET ≤2 cm. Median survival time was signi�cantly longer in surgery
group with NF-pNET >2 cm. 143 NF-pNETs with tumor size between 1-4cm were identi�ed in our center. 

Conclusion. In selected older patients, nonoperative management of asymptomatic small NF-pNETs is
safe. Preoperative grading with EUS-FNA may be a good option for making practice decision. Larger and
prospective multicentric studies with long-term follow-up are now needed to validate this wait-and-see
policy.

Introduction
Pancreatic cancer is one of the most lethal malignant neoplasms across the world. More than 85% of
cases are adenocarcinoma[1]. The rest main solid tumor types of pancreas are pancreatic endocrine
tumor (pNET) and solid pseudopapillary neoplasm (SPN), which accounts for 2% of all pancreatic
neoplasms respectively[2]. Compare with pancreatic adenocarcinoma, pNETs are more indolent. pNETs
differ from adenocarcinoma signi�cantly in terms of biological features, treatment and prognosis. Based
on characteristic clinical symptoms and measurable hormone level, pNETs are generally classi�ed as
functional or non-functional. Up to 90% of pancreatic neuroendocrine tumors are non-functional.
Insulinomas have approximately a 10% malignancy rate whereas non-functional tumors have a 92%
malignancy rate [1]. However, the overall prognosis is good. 5-year survival rate may achieve 73.4% [3].

Recently, incidental identi�cation of non-functional pNETs at a small size is increasing with the
widespread use of cross-sectional abdominal imaging. Although some studies have reported that small
pNETs >0.5 cm have a malignant potential[4,5], small NF-pNETs are more commonly associated with
lower tumor stages and better prognosis. Therefore, the indolent nature of pNETs makes therapeutic
decisions di�cult especially for these small tumors. Curative resection is always
recommended whenever possible. However, pancreatic resections are associated with a risk of
postoperative morbidity, mortality, and of long-term complications, such as diabetes and dyspepsia, even
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in high-volume centers. Because of this, focal non-anatomic resections have been performed to preserve
as much pancreas as possible and control damage, such as enucleation. Nevertheless, non-anatomic
resections are associated with higher incidence of pancreatic �stula. In this regard, some authors
recommend clinical observation rather than surgery for selected patients with small incidentally
discovered NF-pNETs. Therefore, ‘wait-and-see’ policy is recommended by the European Neuroendocrine
Tumor Society (ENETS) for NF-pNETs (<2 cm).

Despite many related studies, management of small NF-pNETs remains controversial. The aim of this
study was to compare the results of observation patients and operative patients with sporadic NF-pNETs
1–4cm from the SEER database and analyze the possible postoperative clinicopathological features of
NF-pNETs 1–4cm in our center.

Methods

Patients and Data Collection
pNET cases registered in the SEER database from 2004 to 2015 were retrieved. Patients were collected on
the basis of International Classi�cation of Diseases for Oncology, 2nd and 3rd editions (ICD-O–2/3) for
pancreatic tumors: C25.0 to C25.9. The ICD–0–3 diagnosis codes used for retrieving are as follows:
Pancreatic endocrine tumor (8150), Carcinoid tumor(8240), Enterochroma�n cell carcinoid(8241),
Enterochroma�n-like cell tumor (8242), Goblet cell carcinoid(8243), Neuroendocrine carcinoma(8246),
Atypical carcinoid tumor(8249). Functional tumors, such as Insulinoma (8151), Glucagonoma (8152),
Gastrinoma (8153), Vipoma (8155), Somatostatinoma (8156), were excluded. We collected TNM data
according to the following codes: derived the American Joint Committee on Cancer (AJCC) stage group
6th ed (2004+) collaborative stage (cs) tumor size 2004, cs extension 2004, cs lymph nodes 2004, cs
metastasis at dx 2004, Regional nodes positive (1988+), and Regional nodes examined (1988+). Baseline
clinicopathological features were collected including age, gender, race, tumor size, tumor location and
differentiation.

And then pathologically diagnosed NF-pNETS from Shanghai Pancreatic Cancer Institution (SHPCI) was
analyzed. The data of demographics, including age, sex, grade, location of the primary site and
pathological information were analyzed. TNM stage was classi�ed on the basis of the AJCC staging
system (8th). The follow-up data were acquired from medical records to con�rm disease progression and
vital status or date of death.

The study was approved by the ethics committee of Fudan University Shanghai Cancer Center. In both
cohorts, patients with overall survival time less than 3 months were excluded to rule out perioperative
mortality.

Statistical Analysis
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Clinicopathological characteristics were analyzed using chi-squared tests. Survival time was calculated
from the date of initial diagnosis until the date of last follow-up or time of death. Kaplan-Meier method
and log-rank tests were used to analyze the overall survival. All the statistical analyses were performed
using IBM SPSS Statistics version 21.0 software (IBM Corp, Armonk, NY, USA) and GraphPad Prism 7.0.
All tests were two-sided and tests with P values < 0.05 were considered statistically signi�cant.

Results

Characteristics of NF-pNETs with tumor size 1–4cm
in SEER database
Totally, 1828 NF-pNETs patients with tumor size 1–4cm were retrieved from SEER database from 2004 to
2015 (Table 1). Among all these patients, 1656 patients (90.6%) received surgery. Only 172 patients
(9.4%) undertook observation, especially in elderly patients. 51.2% patients were over 70 years old. There
was no difference between gender. More white patients were inclined to receive surgery. And for tumor
located in the head, more patients tended to choose observation. Generally, tumor less than or equal to
2cm has been de�ne to be small ones. In total, there are 821 patients with tumor less than or equal to
2cm in the SEER cohort. Most of these patients were conducted surgical resection. Only 8.2% patients
undertook observation. However, there was no survival difference between the two groups (Figure 1A). For
patients with tumor over 2cm, surgery did bring survival bene�ts to them (Figure 1B-C).

Clinicopathological characteristics of patients
received surgery in SEER database
To investigate the possible prognostic features, we further analyze the clinicopathological characteristics
in the surgery group (Table 2). We separated patients into three groups (small, median, large) according
to the tumor size. For patients with tumor located in the head and tumor size 1–2cm, the proportion of
surgery was relatively small. And the proportion of Grade I is as high as 85.2% in the small group.
Besides, the rate of lymph node metastasis is only about 6% in the small group. In general, no matter
surgery or observation, patients with tumor larger than 2cm had short survival time (Figure 2).

Clinicopathological characteristics of patients
received surgery in our center
We also retrieved and analyzed the surgical data in our center form 2010 to 2018 (Table 3). In the small
group, patients were younger than other group. No difference was found in gender distribution. In the
small group, the proportion of G1 stage was as high as 72.6%. Similarly to the SEER data, the rate of
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positive lymph node was only 4.8% in the small group. While in the large group, the rate turned to be
34.9%. Moreover, no distant metastasis was found in the small group.

Discussion
Recently, due to improved awareness of physical examination and wide use of cross-sectional imaging,
NF-pNETs are being diagnosed increasingly at a small size. According to SEER, the incidence of pNETs
with a ≤ 2 cm size has increased by 710.4% (with an annual 12.8% change) over the past 22 years [6].
However, the heterogeneity and uncertainty of pNETs biological behavior pose a dilemma to therapeutic
decisions, especially for small tumors (≤ 2 cm). According to some publications, most of NF-pNETs ≤ 2
cm are likely to be benign or indolent. Therefore, in 2012, the European Neuroendocrine Tumor Society
(ENETS) Guideline suggested that a observation approach could be advocated in selected cases for NF-
pNETs ≤2 cm that are discovered incidentally [7]. Despite this, surveillance or surgery for pNETs ≤2 cm
remains controversial. Initially, the concept of observation strategy in pNET was �rst introduced in the
setting of MEN1 syndrome, in which a “�eld-defect” is thought to present throughout the pancreas and
unless total pancreatectomy is performed, the pancreatic remnant is prone to develop new tumors
latter[8]. Besides, the concept of surgery in small NF-pNETs is not without risk. Pancreatic surgery
remains a high-risk procedure. Postoperative risk of morbidity and mortality is inevitable, especially for
tumor located in pancreatic head[9]. Despite parenchyma-sparing pancreatectomy, such as central
pancreatectomy and enucleation, could preserve more organ function and minimize long-term
complication. However, non-anatomic resections may be associate with higher incidence of pancreatic
�stula. Based on this, practices regarding decision for surgery or surveillance may vary differently
between institutions depending on the cognition of both physician and patient.

Generally, tumor size has been consistently used to correlate with malignant potential and long-term
prognosis. Currently, 2cm has often been suggested as a safe cutoff size to decide surgery or surveillance
for NF-pNETs. However, some studies have concluded that small pNETs >0.5 cm already have a
malignant potential[4,5]. Likewise, Gratian et al found a rate of lymph node metastases and distant
metastases in pNETs of <2 cm of 29% and 10%, respectively[10]. Similarly, Haynes et al from
Massachusetts General Hospital reviewed 139 patients with incidental NF-pNETs and reported a 7.7 %
rate of distant metastases in resected pNETs <2 cm after a median follow-up of 34 months[11]. While in
our study, we also found 4.8% rate of lymph node metastases in 3 out of 62 resected NF-pNETs.
Therefore, small diameter at diagnosis (≤2 cm) is not an grantee of a benign or indolent behavior.

Since the existence of potential malignancy of small NF-pNET, observation strategy must be conducted
cautiously. Based on a retrospective study, the cutoff of 2 cm of observation or surgery used for small NF-
pNETs could be decreased to 1.7 cm to select patients more accurately[12]. Sadot reported a series of
104 patients who were recommended observation. After a median follow-up of 44 months, no patient
developed metastases[8]. The observation group was signi�cantly older and tended to shorter follow-up,
which was inconsistent with our results. More than half patients in the observation group from SEER
database were over 70 years old. According to a observational study of natural history of small sporadic
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NF-pNETs, overall median tumor growth was 0.12mm per year [13]. Thus, observation strategy for older
patients is reasonable.

Notably, in 2016, ENETS updated their Guideline that patients with NF-pNETs ≤2 cm have two options: i)
It is recommended to have surveillance approach for the patients with G1 or low G2, asymptomatic,
mainly with head lesion, no radiological signs suspicious for malignancy, as well as patient factors such
as personal wishes, age, or with comorbidities; ii) while for the patients with G2, symptoms and patient
wishes, surgery is recommended. Moreover, during the surveillance time, if the tumor size increase >0.5
cm or to a size of >2 cm, surgery is necessary[14].

Therefore, it is vital to determine pathological Ki67 index before making the appropriate strategy for
patients with NF-pNETs ≤2 cm. In 1992, for the �rst time, endoscopic ultrasound-guided �ne-needle
aspiration (EUS-FNA) was reported to diagnose pNETs [15]. Since then, both its sensitivity and accuracy
have improved greatly. Larghi et al reported that acquisition of tissue specimens with EUS-FNTA by using
a 19-gauge needle is safe, feasible and highly accurate. Preoperative and postoperative Ki–
67 proliferation indexes were 83.3% concordant in 10 patients [16]. More recently, Boutsen et al reported
that, compared with preoperative grading, 21 of 22 (95%) pNETs <2 cm had the same grading after
surgery [17].

Besides, molecular tests based on EUS-FNA may also be helpful to predict the biological behavior. By
performing whole exome sequencing, Jiao et al found that 44 % of sporadic pNET harbored somatic
inactivating mutations in MEN–1 and that mutations in the MEN1 gene implied a good prognosis [18]. In
addition, loss of DAXX/ATRX proteins was reported to be associated with poor survival in patients with
pNETs[19]. Thus, Ki67 combined with these molecular markers, may guide physicians to further subgroup
distinct patients for observation or surgery.

In conclusion, for elderly patients with NF-pNETs ≤2cm with G1 or low G2, especially for tumor located in
pancreatic head, observation strategy may be recommended. Meanwhile, close follow-up should be
guaranteed to monitor the tumor dynamics.
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Tables
Due to technical limitations, Tables 1 - 3 are only available for download from Supplementary Files
section.

Figures

Figure 1

Overall survival (OS) of patients who have undergone observation or surgery. (A) Tumor size 1-2cm;
(B)Tumor size 2-3cm; (C)Tumor size 3-4cm.

Figure 2

Overall survival (OS) of patients based on tumor size. (A) Total; (B)Surgery group; (C) Observation group.

Supplementary Files

This is a list of supplementary �les associated with this preprint. Click to download.

Table2.docx

https://assets.researchsquare.com/files/rs-17909/v1/Table%202.docx


Page 10/10

Table3.docx

Table1.docx

https://assets.researchsquare.com/files/rs-17909/v1/Table%203.docx
https://assets.researchsquare.com/files/rs-17909/v1/Table%201.docx

