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Abstract
Background Because of the rarity and variety of pancreatic neuroendocrine tumors (PNETs), there have been
few reports regarding the indication for lymph node dissection in patients with these tumors. This study aimed to
evaluate the risk of lymph node metastasis of PNETs based
on the tumor size and hormonal production.
Methods Data for a total of 66 patients who had PNETs
resected at our department between 1987 and 2010 were
retrospectively studied. The clinicopathological features,
including the disease-specific survival rate, were assessed
based on the status of lymph node metastasis at the time of
initial surgical resection. Then the cut-off point of tumor
size to predict lymph node metastasis was estimated.
Results There were 12 patients (18%) with lymph node
metastasis. The frequency of lymph node metastasis tended
to be higher in gastrinomas than that in other tumors (43 vs.
15%; P = 0.08). The size of PNETs with lymph node
metastasis was significantly larger than that of the PNETs
without metastasis (P = 0.04). The postoperative survival
rate in the PNET patients with lymph node metastasis was
significantly lower than that in the patients without
K. Tsutsumi  T. Ohtsuka  Y. Mori  T. Yasui  S. Takahata 
M. Nakamura  M. Tanaka (&)
Department of Surgery and Oncology, Graduate School
of Medical Sciences, Kyushu University, 3-1-1 Maidashi,
Fukuoka 812-8582, Japan
e-mail: masaotan@surg1.med.kyushu-u.ac.jp
M. Fujino  S. Aishima
Department of Anatomic Pathology, Graduate School
of Medical Sciences, Kyushu University, Fukuoka, Japan
T. Ito
Department of Medicine and Bioregulatory Science, Graduate
School of Medical Sciences, Kyushu University, Fukuoka, Japan

123

metastasis (P \ 0.0001). Only 2 (8%) of 26 PNETs with a
tumor size of \15 mm had lymph node metastasis, and
both of these were gastrinomas. On the other hand, 10
(25%) of the remaining 40 PNETs with a tumor size of
C15 mm had lymph node metastasis. Notably, there were
no PNETs with lymph node metastasis in 22 non-gastrinomas with a tumor size of \15 mm.
Conclusions Non-gastrinomas with a tumor size of
C15 mm and all gastrinomas would be an indication for
pancreatectomy with lymph node dissection.
Keywords Pancreatic neuroendocrine tumor (PNET) 
Lymph node metastasis  Gastrinoma  Non-gastrinoma

Introduction
Pancreatic neuroendocrine tumors (PNETs) are rare,
accounting for approximately 3% of all pancreatic neoplasms [1]. Although the natural history of PNETs is not
fully understood because of their rarity, PNETs are generally considered to be slow-growing tumors and show a
better long-term postoperative survival rate than tumors of
the exocrine pancreas [1–4]. However, a standard surgical
treatment for PNETs has not been established to date.
Consensus guidelines for the standards of care in gastroenteropancreatic neuroendocrine tumors (GEP-NETs)
have been recently proposed by the European Neuroendocrine Tumor Society (ENETS) [5]. In addition to stratification according to histological type, grade, and TMN
stage [6], GEP-NETs are categorized into 3 treatment
groups: localized tumor, tumor with nodal metastases, and
tumor with lymph node and hematogenous metastases.
Although a comprehensive treatment strategy for GEPNETs is shown in the guidelines, recommendation for an
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appropriate operative procedure in each case is not mentioned. The National Comprehensive Cancer Network
(NCCN) guidelines also demonstrate treatment strategies
for GEP-NETs [7]. In these guidelines, a tumor size of
20 mm is specified to determine how to treat carcinoid
tumors of the appendix, rectum, and stomach; however,
there is no mention about the tumor size regarding decisions for the treatment of PNETs.
Regional lymph nodes are the most frequent metastatic
sites of PNETs, and the risk of nodal metastasis is one of the
important factors to consider when determining the appropriate surgical treatment. Tumor size might be one of the
factors to consider when making a decision on the treatment;
however, there have been few reports investigating the
relationship between the tumor size and lymph node
metastasis. Our objectives were to evaluate the risk of lymph
node metastasis of PNETs based on the tumor size and
hormonal production, and further, to suggest a management
strategy to choose an appropriate surgical procedure.

Patients and methods
The medical records of 66 patients who underwent surgical
resection of PNETs at the Department of Surgery and
Oncology, Kyushu University Hospital, between 1987 and
2010 were retrospectively reviewed. Histopathological
findings, including immunohistochemistry, were reviewed
by two experienced pathologists (M.F. and S.A.) according
to the World Health Organization (WHO) classification [8].
In this study, tumor size was defined as the maximal
diameter in the pathological tissue. If PNETs were multiple, the diameter of the largest tumor was regarded as the
tumor size. PNETs were considered as non-functioning if
the patients had neither evidence of clinical symptoms of
hormonal excess nor showed immunohistological staining
for specific hormones in the resected specimen. PNETs
with immunohistochemical reactivity for specific hormones
in the resected specimen but with neither specific symptoms nor abnormal elevation of specific hormone in the
peripheral blood were regarded as non-functioning tumors.
On the other hand, a functioning tumor with specific
symptoms caused by excessive hormonal production was
confirmed on the basis of both the elevation of serum
hormone levels and immunohistochemical reactivity in the
resected specimen. To investigate the relationship between
hormonal production and lymph node metastasis, the
characteristics of lymph node metastasis of 3 major PNET
categories–non-functioning tumor, insulinoma, and gastrinoma–were analyzed. All resected PNETs were classified as gastrinomas and non-gastrinomas, because the
biological behavior of gastrinomas is considered to be
different from that of other PNETs, with quite high
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malignant potential and frequent development of multiple
tumors in both the pancreas and duodenum [9–12]. Nongastrinomas included all other functioning tumors and nonfunctioning tumors.
Lymph node station was shown according to the General
rules for the study of pancreatic cancer (6th edition) proposed
by the Japan Pancreas Society [13]. The status of lymph node
metastasis was determined at the time of initial surgical
resection. Enucleated PNETs were regarded as clinical N0
stage because there was no evidence of lymph node involvement during long-term surveillance after the resection.
The cumulative disease-specific survival rate was calculated from the time of pancreatic resection to death due
to PNETs. Prognosis was examined in October 2010 and
follow-up data of all patients were available. The median
observation time for the disease-specific survival rate was
48 months, ranging from 1 to 278 months.
Statistical analyses were performed using JMP statistical
software (version 6.0.3; SAS, Cary, NC, USA). Data were
analyzed by the Fisher’s exact probability test for categorical
variables and the Mann–Whitney U-test for continuous variables. Survival curves were constructed by the Kaplan–Meier
product-limit method and compared by Log-rank test. To
evaluate the risk of lymph node metastasis of PNETs based on
the tumor size, four representative points were established, of
10, 15, 20, and 30 mm. The optimal cut-off points of tumor
size to discriminate the presence of lymph node metastasis
were sought by constructing receiver operating characteristic
(ROC) curves, using the real tumor sizes; the curves were
generated by calculating the sensitivities and specificities at all
tumor sizes [14]. A difference was considered statistically
significant when the P value was less than 0.05.

Results
Demographics and characteristics of resected PNETs
The patient cohort consisted of 30 males and 36 females
with a median age of 55 years (range 20–79 years). The
median size of the tumors was 17 mm (range 4–90 mm).
As shown in Fig. 1, there were 32 functioning tumors
(48%) and 34 non-functioning tumors (52%). The
functioning tumors consisted of 23 insulinomas (35%), 7
gastrinomas (11%), one glucagonoma (1%), and one
somatostatinoma (1%). Multiple tumors were observed in 8
patients (12%), while a solitary tumor was observed in 58
(88%). Five patients (8%) had an association with multiple
endocrine neoplasia type-1 (MEN-1). Operative procedures
performed for the PNETs are listed in Table 1. Enucleation
was performed in 13 patients with insulinomas, and in 2
with non-functioning tumors, with tumor sizes of 8 and
11 mm.
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Fig. 1 Demographics of all
patients with pancreatic
neuroendocrine tumors (PNETs)
and the status of lymph node
metastasis. A total of 66 patients
had PNETs resected at our
department between 1987 and
2010. There were 34 nonfunctioning tumors and 32
functioning tumors, including
23 insulinomas, 7 gastrinomas,
one glucagonoma, and one
somatostatinoma. The numbers
of patients with lymph node
metastasis at the time of initial
surgical resection are shown in
parentheses. The incidence of
PNETs with lymph node
metastasis was 43% (n = 3) in
gastrinomas, 18% (n = 6) in
non-functioning tumors, and 9%
(n = 2) in insulinomas

Comparison of clinicopathological features
between PNETs with and without lymph node
metastasis at the time of surgical resection

Table 1 Operations performed for pancreatic neuroendocrine tumors
(PNETs)
Surgical procedure

Number

The incidences of lymph node metastasis at the time of
surgical resection were 18% (12/66) in all the resected
PNETs, 43% (3/7) in the gastrinomas, and 15% (9/59) in
non-gastrinomas. The details of patients with lymph node
metastasis are listed in Table 2. The median size of the
tumors was 35 mm (range 4–80 mm). The range (D0–D3)
of lymph nodes retrieved for each PNET is shown in the
Table. The average number of retrieved lymph nodes
was 3.4 (range 0–43). The clinicopathological features of
the 12 patients with lymph node metastasis were compared with those of the 54 patients without lymph node
metastasis. The patients with PNETs with lymph node
metastasis were significantly younger than those without
lymph node metastasis (Table 3, P = 0.02). The number
and size of PNETs with lymph node metastasis were
significantly greater than the number and size of those
without lymph node metastasis (Table 3, number:
P = 0.03, size: P = 0.04). The prevalence of lymph
node metastasis in patients who had gastrinomas tended
to be higher than that in those with non-gastrinomas (43
vs. 15%), but the difference did not reach statistical
significance (P = 0.08). There were no significant differences in gender, the presence of MEN-1, or symptoms
of hormonal excess between patients with and without
lymph node metastasis.

Pancreatoduodenectomy

17 (26%)

Distal pancreatectomy

26 (39%)

Total pancreatectomy

2 (3%)
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Segmental resection of pancreas

6 (9%)

Tumor enucleation

15 (23%)

Total

66 (100%)

Comparison of disease-specific survival rates
between patients with PNETs with and without lymph
node metastasis
Recurrence was observed in 9 patients (14%) in this study.
None of the patients in the present study had any recurrence of local lymph node metastasis during the follow-up
period. Eight of the patients with recurrence had liver
metastasis, and the other patient had recurrence in the
remnant pancreas, which was considered as metachronous
multicentric occurence. During the follow-up period, 5
patients died of PNETs, 4 died of other diseases, and 57
were alive at the end of the period. The 5- and 10-year
disease-specific survival rates of all patients were 89.8 and
89.8%, respectively. As shown in Fig. 2, survival analysis
revealed a significantly lower postoperative survival rate in
patients with PNETs with lymph node metastasis (5- and

J Gastroenterol (2012) 47:678–685

681

Table 2 Details of the patients with PNETs with lymph node metastasis
Patient
no.

Diagnosis

Age
(years)

Gender

1

MEN-1

Tumor site

Number of
tumors

Gastrinoma

52

F

No

Head

2

Gastrinoma

55

F

Yes

Whole

5

3

Gastrinoma

54

M

No

Whole

65

4

Insulinoma

37

F

No

Body

1

5

Insulinoma

51

M

No

Head

6

Glucagonoma

74

M

No

7
8

Non-functioning
Non-functioning

46
33

M
M

9

Non-functioning

21

10

Non-functioning

38

11

Non-functioning

12

Non-functioning

Tumor sizea
(mm)

1

4

Operation
performed

b

LN
stationb

PD ? D3 (6)

N2 (4)

5 (max)

PD ? D3 (28)

N1 (4)

80 (max)

TP ? D3 (43)

N3 (9)

15

DP ? D1 (7)

N1 (1)

1

22

PD ? D2 (3)

N1 (1)

Head

1

40

PD ? D2 (6)

N1 (4)

Yes
No

Whole
Tail

6
3

17 (max)
30 (max)

TP ? D1 (2)
DP ? D1 (5)

N1 (1)
N1 (3)

F

No

Head

1

55

PD ? D2 (3)

N1 (2)

M

No

Tail

1

55

DP ? D2 (2)

N1 (1)

51

M

No

Tail

1

55

DP ? D1 (2)

N1 (1)

37

M

No

Head

1

80

PD ? D3 (6)

N2 (1)

MEN-1, multiple endocrine neoplasia type-1; PD, pancreatoduodenectomy; DP, distal pancreatectomy; TP, total pancreatectomy; D, range of
lymph node dissection; LN, lymph node
a

Tumor size indicates the diameter of the largest tumor in multiple tumors
The range of lymph node dissection and the metastatic lymph node station are shown according to the General rules for the study of pancreatic
cancer (sixth edition) of the Japan Pancreas Society [13]. The numbers of retrieved and metastatic lymph nodes, respectively, are shown in
parentheses

b

10-year survival rates of 46.9 and 46.9%, respectively),
compared with those without lymph node metastasis
(5- and 10-year survival rates of 100 and 100%, respectively) (P \ 0.0001).
Analysis of lymph node metastasis based on tumor size
and hormonal production
When all PNETs were divided into 2 groups at a tumor size of
20 or 30 mm, the larger-size groups had a significantly
higher incidence of lymph node metastasis than the smallersize groups (Fig. 3, 20 mm; P = 0.04, 30 mm; P = 0.003).
When non-gastrinomas were divided into 2 groups at sizes of
15, 20, or 30 mm, the larger-size groups had a significantly
higher incidence of lymph node metastasis than the smallersize groups (Fig. 4, 15 mm: P = 0.01, 20 mm: P = 0.02,
30 mm: P = 0.002). Only 2 (8%) of 26 PNETs with a tumor
size of less than 15 mm had lymph node metastasis, and both
of them were gastrinomas. On the other hand, 10 (25%) of the
other 40 PNETs with a tumor size of 15 mm or larger had
lymph node metastasis. Notably, there were no PNETs with
lymph node metastasis in the 22 non-gastrinomas with a
tumor size of less than 15 mm.
The median size of the 23 insulinomas was 13 mm
(range 8–60 mm), and 2 (20%) of 10 insulinomas with a
tumor size of 15 mm or larger had lymph node metastasis.
On the other hand, the median size of the 34 non-functioning tumors was 18 mm (range 8–80 mm), and 6 (24%)
of 25 non-functioning tumors with a tumor size of 15 mm
or larger had lymph node metastasis. These results

Table 3 Comparison of clinicopathological features between
patients with PNETs with (n = 12) and without (n = 54) lymph node
metastasis

Agea (years)

LN (?)

LN (-)

P value

49 (21–74)

57 (20–79)

0.02

8
4

22
32

0.12

0.22

Gender
Male
Female
Presence of MEN-1
Yes

2

3

No

10

51

Presence of symptoms of hormonal excess
Yes

6

26

No

6

28

n=1

8

50

nC2

4

4

35 (4–80)

15 (6–90)

0.91

Number of tumors

Tumor sizea (mm)

0.03
0.04

LN (?), PNETs with lymph node metastasis; LN (-), PNETs without
lymph node metastasis; MEN-1, multiple endocrine neoplasia type-1
a

Age and tumor size are shown as medians (ranges). Tumor size
indicates the diameter of the largest tumor in multiple tumors

indicated that insulinomas with a tumor size of 15 mm or
larger had approximately the same incidence of lymph
node metastasis as non-functioning tumors (P = 1.00).
To verify the accuracy of the analysis of lymph node
metastasis based on tumor size and gastrin production,
ROC curves were made by application of the real tumor
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and specificity 85%, non-gastrinomas; sensitivity 67% and
specificity 86%). The area under the curve (AUC) for all
PNETs was 0.694 (95% confidence interval 0.568–0.801).
On the other hand, the AUC for non-gastrinomas was 0.813
(95% confidence interval 0.691–0.903). These results
revealed that the analysis of lymph node metastasis based
on tumor size was more accurate in non-gastrinomas than
in all PNETs [15].

Discussion

Fig. 2 Comparison of disease-specific survival rates between patients
with PNETs with (n = 12) and without (n = 54) lymph node
metastasis at the time of surgical resection. Results are presented as
Kaplan–Meier actuarial survival curves. The patients with PNETs
with lymph node metastasis (5- and 10-year survival rates of 46.9 and
46.9%, respectively) had a significantly lower postoperative survival
rate than those without lymph node metastasis (5- and 10-year
survival rates of 100 and 100%, respectively) (P \ 0.0001)

sizes, as shown in Fig. 5. The sensitivity of the tumor size
to predict the presence of lymph node metastasis was
determined at several specificity levels in all PNETs and in
the non-gastrinomas. The optimal cut-off points of tumor
size were 30 mm in both cases (all PNETs; sensitivity 58%
Fig. 3 Analysis of lymph node
metastasis based on the tumor
size in all PNETs. When
divided into 2 groups at a size of
20 or 30 mm, the larger-size
groups had a significantly
higher incidence of lymph node
metastasis than the smaller-size
groups (20 mm: P = 0.04;
30 mm: P = 0.003). Two (8%)
of 26 PNETs with a tumor size
of less than 15 mm had lymph
node metastasis, and both of
these were gastrinomas, while
10 (25%) of the remaining 40
PNETs with a tumor size of
15 mm or larger had nodal
metastasis. LN (?), PNETs with
lymph node metastasis; LN (-),
PNETs without lymph node
metastasis
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Aggressive surgical resection is currently considered to be
the only way to cure PNETs, and it leads to long-term
survival even in patients with distant metastasis [16–19].
All functioning tumors, irrespective of the tumor size, are
considered to be an indication for surgical resection, to
improve the clinical symptoms. However, it is unclear
whether lymph node dissection should be performed in all
cases of functioning PNETs. On the other hand, nonfunctioning tumors suspected to have malignant potential
are candidates for surgical management; however, the
predictive factors for malignancy in the non-functioning
tumors are not fully understood, and therefore, the indication for lymph node dissection in non-functioning
PNETs is still an issue of controversy [20, 21]. In the
present study, we examined the risk of lymph node

J Gastroenterol (2012) 47:678–685

683

Fig. 4 Analysis of lymph node
metastasis based on the tumor
size in non-gastrinomas. When
divided into 2 groups at sizes of
15, 20, or 30 mm, the largersize groups had a significantly
higher incidence of lymph node
metastasis than the smaller-size
groups (15 mm: P = 0.01,
20 mm: P = 0.02, 30 mm:
P = 0.002). Notably, there were
no PNETs with lymph node
metastasis in 22 nongastrinomas with a tumor size of
less than 15 mm. LN (?), nongastrinomas with lymph node
metastasis; LN (-), nongastrinomas without lymph
node metastasis

metastasis of PNETs based on the tumor size and hormonal
production, and our results suggested that a tumor size of
15 mm seems to be critical when considering lymph node
dissection of non-gastrinoma PNETs (Fig. 6).
The detection of small non-functioning tumors has been
increasing recently with the advances in imaging modalities. However, how to manage such small PNETs has been
an unresolved problem. We previously reported a patient
with a non-functioning tumor of 8 mm in size that demonstrated malignant features without metastasis [22]. In
addition, Gibril et al. [23], who followed 57 patients with
small non-functioning tumors associated with MEN-1
without any treatment until their tumor reached 2–3 cm in
size, found hepatic metastasis in 23% and PNET-related
death in 5% of the patients during a mean follow-up period
of 8 years. Therefore, all PNETs should be regarded as
having malignant potential, irrespective of the tumor size,
and, in general, rather than carefully observing the patients,
we should remove these tumors, although they are not
malignant at the time of diagnosis.
As shown in Fig. 6, we suggest that PNETs should be
treated based on the differentiation of gastrinomas from
non-gastrinomas, because of their biological differences.
Gastrinomas are often found to have metastases to the liver
and lymph nodes at the time of initial diagnosis, and they
are generally considered to have high malignant potential
[9, 10]. Actually, in the present study, 2 (50%) of 4 small

gastrinomas with a tumor size of less than 15 mm had
lymph node metastasis. As previously reported, all gastrinomas should be resected with locoregional lymph node
dissection, irrespective of the tumor size [24]. On the other
hand, we found that there were no lymph node metastases
in 22 non-gastrinoma PNETs with a tumor size of less than
15 mm, and thus, lymph node dissection might be omitted
in this group of PNETs.
Different from the other PNETs, including non-functioning tumors, the malignant potential of insulinomas is
reported to be quite low [25–27], and enucleation of the
tumor seems to be the treatment of first choice. However,
the present report has demonstrated that the prevalence of
lymph node metastasis, based on the tumor size, is similar
in insulinomas and non-functioning tumors. Most insulinomas are diagnosed as small tumors because of the specific symptoms, while non-functioning PNETs are found to
be large because of their lack of symptoms. However,
recent advances in imaging modalities have led to the
identification of increased numbers of small non-functioning PNETs, and as a result, the prevalence of malignant
non-functioning PNETs with lymph node metastasis has
become low. Therefore, the prevalence of malignant insulinomas might be similar to that of non-functioning PNETs
from the viewpoint of tumor size.
As shown in Fig. 4, none of 22 non-gastrinomas with a
tumor size of less than 15 mm had lymph node metastasis,
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Fig. 5 Accuracy evaluation of the analysis of lymph node metastasis
based on tumor size and gastrin production. To verify the accuracy of
the analysis of lymph node metastasis based on tumor size and gastrin
production, receiver operating characteristic (ROC) curves in all
PNETs and non-gastrinomas were constructed by the application of
the real tumor sizes. Sensitivity and specificity at the optimal cut-off
points of a tumor size of 30 mm were 58 and 85%, respectively, in all
PNETs, and 67 and 86%, respectively, in non-gastrinomas. The area
under the curve (AUC) for all PNETs was 0.694 (95% confidence
interval 0.568–0.801), while that for non-gastrinomas was 0.813 (95%
confidence interval 0.691–0.903). These results reveal that the
analysis of lymph node metastasis based on tumor size is more
accurate in non-gastrinomas than in all PNETs

Fig. 6 Suggested strategy of
surgical management for
PNETs. Non-gastrinomas with a
tumor size of 15 mm or larger
and all gastrinomas would be an
indication for pancreatectomy
with lymph node dissection,
while limited pancreatectomy or
enucleation without lymph node
dissection could be considered
in non-gastrinomas with a tumor
size of less than 15 mm.
However, it is necessary to
determine the appropriate
resection for each individual
case based on the results of
preoperative imaging,
histological analysis using
endoscopic ultrasonographyguided fine-needle aspiration
(EUS-FNA) samples, and
intraoperative findings
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and thus, local excision such as enucleation might be
acceptable in such cases. In contrast, 9 (24%) of 37 nongastrinomas with a tumor size of 15 mm or larger had lymph
node metastasis. Pancreatectomy with regional lymph node
dissection might be indicated for non-gastrinomas with a
tumor size of 15 mm or larger. However, in our study, 76%
of the non-gastrinomas with a tumor size of 15 mm or larger
had no lymph node metastasis, and therefore, it is necessary
to finally determine the appropriate resection for each individual case based on the results of preoperative imaging,
including somatostatin receptor scintigraphy [28], histological analysis using endoscopic ultrasonography-guided fineneedle aspiration (EUS-FNA) samples [29, 30], and
intraoperative findings (Fig. 6).
In fact, it is sometimes difficult to obtain an accurate and
detailed preoperative diagnosis for PNETs. Even if EUSFNA is conducted for the preoperative diagnosis, the precise diagnosis cannot be obtained from a tiny specimen.
Moreover, the heterogeneous pathological nature of PNETs
prevents us from finding the true malignant potential.
However, we can exclude gastrinomas based on the serum
gastrin level, the presence of a gastroduodenal ulcer, and
the selective arterial secretagogue injection (SASI) test
[31]. If gastrinoma is excluded, the indication for lymph
node dissection could be determined according to this
result in spite of the difficulty of obtaining an accurate
preoperative diagnosis.
In conclusion, although the accumulation of further
cases is required, our present study suggests that non-gastrinomas with a tumor size of 15 mm or larger and all

J Gastroenterol (2012) 47:678–685

gastrinomas would be an indication for pancreatectomy
with lymph node dissection, while limited pancreatectomy
without lymph node dissection could be considered in nongastrinomas with a tumor size of less than 15 mm.
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