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Abstract
Background We evaluated the clinicopathological factors associated with lymph node metastasis in patients with non-func-
tioning pancreatic neuroendocrine neoplasms (PanNENs), focusing on the risk factors and range of lymph node metastasis 
for tumors ≤ 2 cm in diameter.
Methods The subjects of this study were patients with PanNENs consecutively diagnosed at our hospital between January, 
2000 and June, 2018. We analyzed 69 patients who underwent R0 resection of a non-functioning sporadic PanNEN with no 
distant metastasis, as well as 43 patients with tumors ≤ 20 mm in radiological diameter.
Results Nineteen patients (27.5%), including 7 (16.3%) with a small PanNEN, had lymph node metastasis. A large radiologi-
cal diameter, a high Ki67 index, and cyst formation correlated significantly with positive lymph node metastasis. In patients 
with tumors ≤ 20 mm in diameter, a high Ki67 index correlated significantly with lymph node metastasis. When we set the 
cut-off Ki67 index as 3.3%, 2 of 43 patients had lymph node metastasis. Tumors in the uncinate process readily metastasized 
to the region around the superior mesenteric artery.
Conclusions These findings suggest that a high Ki67 index indicates a risk of lymph node metastasis for tumors ≤ 20 mm in 
diameter and that lymphadenectomy should be performed in the region spatially adjacent to the primary tumor.
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Introduction

The incidence of small pancreatic neuroendocrine neo-
plasms (PanNENs) is increasing in line with advances in 
screening technology. However, the optimal strategy for 
managing small NENs has not been established. For Pan-
NENs ≤ 2 cm, the National Comprehensive Cancer Network 
(NCCN) guideline proposes resection, ranging from enu-
cleation to standard pancreatectomy, as well as observation 
in selected cases [1]. The European Neuroendocrine Tumor 
Society (ENETS) guideline proposes non-operative man-
agement for asymptomatic sporadic non-functioning Pan-
NEN ≤ 2 cm, especially when major pancreatic resection is 
required [2]. In contrast, for patients with PanNEN > 2 cm, 
both guidelines recommend standard surgical resection. 

Those guidelines also recommend lymphadeneoctomy, or 
at least sampling, of the lymph nodes to prevent lymph node 
metastasis. Several risk factors for lymph node metastasis 
of PanNEN have been reported, including tumor size, his-
tological grade, location of the pancreas, and lymphovas-
cular invasion [3–6]. However, no specific indications have 
defined the risk factors for lymph node metastasis or the 
range of lymphadenectomy for such small tumors.

Small PanNENs are not rare. According to the Surveil-
lance Epidemiology and End Results database, a large pro-
portion of PanNENs are tumors ≤ 2 cm [7, 8]. In Japan, 
about 50% of PanNEN patients have tumors ≤ 2 cm in diam-
eter at diagnosis [9]. This reinforces the necessity of iden-
tifying the risk factors as well as the ranges of lymph node 
metastasis associated with such small tumors.

We analyzed the clinicopathological factors, especially 
for data potentially estimable before surgery, for lymph node 
metastasis, in patients who underwent resection of PanNENs 
without distant metastasis, focusing on risk factors, espe-
cially for tumors ≤ 2 cm in diameter. We also identified a 
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cut-off for the Ki67 index of 3.3% as being indicative of 
lymph node metastasis.

Materials and methods

Patients

Between January, 2000 and June, 2018 a total of 125 patients 
underwent surgery for resection of a PanNEN at Kyoto Uni-
versity Hospital. Study protocols were approved by the insti-
tutional review committee at Kyoto University (R0455) and 
met the guidelines of the responsible government agency. 
Eight PanNEN patients with multiple endocrine neoplasia 
1 (MEN1) were excluded. We reviewed 69 patients with 
non-functioning tumors without metastasis at resection, 
including 43 with tumors ≤ 20 mm. Tumors were classified 
as NET grade 1 (n = 39), NET grade 2 (n = 27), and NEC 
(n = 3) according to the 2017 WHO classification guidelines 
(Table 1). Tumors were classified as non-functional if they 
were not associated with distinct clinical manifestations or 
hormone alterations [10].

Surgical procedures

The operative methods for all non-functioning PanNENs 
were selected according to the size and appearance of lymph 
nodes on computed tomography (CT). The standard surgi-
cal procedure was either pancreaticoduodenectomy or distal 
pancreatectomy with regional lymph node dissection. For 
small tumors (< 10 mm), parenchyma-preserving proce-
dures, including enucleation and central pancreatectomy 
with lymph node dissection, were performed. Thus, 23 

patients underwent pancreaticoduodenectomy, 32 underwent 
distal pancreatectomy, 3 underwent total pancreatectomy, 
and 11 underwent parenchyma-preserving tumor resection. 
The primary tumor and the status of lymph node metastasis 
were diagnosed pathologically by two pathologists at the 
time of initial surgical resection. The Ki67 index was meas-
ured by immunohistochemistry of the MIB-1 antibody by 
counting the number of positively labeled cells per 1000 
tumor cells to identify the region of the nucleus with the 
highest positive value. The lymph node status was diagnosed 
as clinical N0 stage when no swollen lymph node was seen 
on either CT scans or in the pathological results.

Review of CT and pathological diagnosis

All patients were followed-up at an outpatient clinic, by 
ultrasonography and CT, every 3–6 months, and by soma-
tostatin receptor scintigraphy (SRS) every year after resec-
tion. Lymph node metastasis was diagnosed when a swollen 
lymph node > 10 mm was seen on CT and confirmed with 
SRS uptake. For liver metastasis, if a space-occupying lesion 
(SOL) was detected in the liver on CT, liver metastasis was 
confirmed by ethoxibenzyl-magnetic resonance imaging 
(EOB-MRI). Recurrence was diagnosed based on either 
radiological or biopsy-proven evidence. Disease-free sur-
vival (DFS) was calculated as the interval between curative 
resection and confirmation of recurrence by imaging studies.

Statistical analysis

DFS curves were prepared using the Kaplan–Meier method 
and differences in survival were examined using the log-rank 
test. The chi-squared test or Fisher’s exact test was used to 

Table 1  Clinicopathological 
differences between patients 
with node negative (LN−) and 
node positive disease (LN+) 
(2000 to 2018)

LN− LN+ p value

Number 50 19
Sex (male:female) 22/28 9/10 0.887
Age (years) 58.9 ± 1.44 (31–77) 63.4 ± 2.48 (50–80) 0.124
Grading 0.002
 NETG1 (Ki-67 < 3%) 35 4
 NETG2 (Ki-67 ≧ 3% ≦ 20%) 14 13
 NETG3 (Ki-67 > 20%) 0 0
 NECG3 (Ki-67 > 20%) 1 2

Tumor site 0.326
 Head 23 5
 Body 17 6
 Tail 10 8

Radiological diameter (cm) 2.32 ± 0.38 4.98 ± 0.62 0.001
Ki67 (%) 2.08 ± 0.56 6.42 ± 0.88 0.001
Early enhancement 29 (59.1%) 8 (42.11%) 0.229
Cyst formation 9 (18.4%) 0 (0%) 0.011
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compare categorical variables. A value of p < 0.05 was con-
sidered significant. Statistical analyses were performed using 
JMP version 14.0 (SAS Institute, Cary, NC, USA).

Results

Clinicopathological characteristics of PanNEN 
with and without lymph node metastasis

Eighteen of the 67 patients with non-functioning PanNEN 
without distant metastasis had lymph node metastasis at 
resection (Table 1). Thirty-six patients had NETG1 tumors 
and 27 patients had NETG2 tumors. There was a significant 
difference in lymph node metastatic rates according to the 
NET grading score. Both the radiological diameter and the 
percentage of Ki67 differed significantly between the lymph 
node-positive and -negative groups. Cyst formation corre-
lated significantly with lymph node metastasis.

There were 42 patients (62.7%) with PanNENs ≤ 20 mm 
in radiological diameter and 7 of these patients (16.7%) had 
lymph node metastasis (Table 2). Lymph node metastasis 
was associated with a significant difference in grading, 
but not in tumor site. In tumors ≤ 20 mm in diameter, the 
average radiological diameter was 12.9 mm in the lymph 

node-negative group and 17.6 mm in the lymph node-pos-
itive group. The average Ki67 in the lymph node-negative 
group was 1.71% and that in the LN-positive group was 
9.58%. In the tumors ≤ 20 mm in diameter, only the Ki67 
percentage and tumor diameter correlated significantly with 
lymph node metastasis, whereas early enhancement and cyst 
formation did not. The Ki67 percentage was also correlated 
with lymph node metastasis from tumors harvested by endo-
scopic ultrasound-guided fine-needle aspiration (EUS-FNA).

Recurrence developed after curative resection in four of 
the patients from the non-functioning small panNEN group. 
One without lymph node metastasis at resection had recur-
rence in the liver, while others with lymph node metastasis 
had liver and lymph node metastasis. In the latter patients, 
two had recurrences in the liver and one had recurrence in 
a para-aortic lymph node. All these patients had undergone 
standard surgery: as pancreaticoduodenectomy in two and 
as distal pancreatectomy in two.

Uni‑ and multivariate analysis of factors predictive 
of lymph node metastasis at resection (Table 3)

We analyzed factors associated with lymph node metastasis, 
presumed to be estimable before the operation. Univariate 
analysis revealed that the radiological findings of tumor 

Table 2  Clinicopathological 
differences between patients 
with well-differentiated tumors 
no more than 20 mm with 
node negative (LN−) and 
node positive disease (LN+) 
(2000–2018)

LN− LN+ p value

Number 36 7
Sex (male:female) 16/20 2/5 0.191
Age (years) 57.3 ± 1.8 (31–77) 63.0 ± 4.5 (54–75) 0.251
Grading 0.038
 NETG1(Ki-67 < 3%) 27 2
 NETG2(Ki-67 ≧ 3% ≦20%) 9 5
 NETG3(Ki-67 > 20%) 0 0

Type of surgery 0.721
 Standard operation 28 5
 Partial resection 8 2

Tumor site 0.075
 Head 18 2
 Body 13 1
 Tail 6 4

Radiological diameter (cm) 1.28 ± 0.07 1.80 ± 0.16 0.005
Ki67 (%) 1.64 ± 0.26 4.62 ± 0.59 0.001
Ki67 (%) in EUS-FNA 1.07 ± 0.30 2.50 ± 0.54 0.037
Early enhancement 26 (72.2%) 4 (57.1%) 0.438
Cyst formation 7 (19.4%) 0 (0%) 0.093
Median number of lymphnode dissection 2 (1–12) 2 (1–10) 0.878
Recurrence 1 3
Liver 1 2
Lymph node (distant) 0 1
Extraperitoneal 0 0
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diameter and Ki67 index were correlated significantly with 
lymph node metastasis (p = 0.036, p = 0.012, respectively). 
A multivariate logistic regression test revealed that the Ki67 
index (p = 0.043) was correlated independently with lymph 
node metastasis in tumors ≤ 20 mm. When we evaluated the 
cut-off value of the Ki67 index by the Receiver Operating 
Characteristic curve (ROC; Fig. 1a), Ki67 = 3.3% was the 
most predictive value for lymph node metastasis. Figure 1b 
shows the ratio of positive lymph node metastasis according 
to the Ki 67 index > 3.3% in tumors ≤ 20 mm. Less than 5% 
of tumors with Ki67 < 3.3% were associated with positive 
lymph node metastasis.

Location of lymph node metastasis 
of non‑functioning PanNENs (Table 4)

The distribution of metastatic lymph node sites was ana-
lyzed with all 18 tumors that had lymph node metastasis. 
The Union for International Cancer Control (UICC) defined 
regional lymph nodes for tumors in the head and neck of 
the pancreas as lymph nodes along the common bile duct, 
common hepatic artery, portal vein, suprapyloric, subpy-
loric, proximal mesenteric, celiac, posterior and anterior 
pancreaticoduodenal vessels, and along the superior mes-
enteric vein and right lateral wall of the superior mesenteric 
artery. Regional lymph nodes for tumors in the body and tail 
were defined as the lymph nodes along the common hepatic 
artery, celiac axis, splenic artery, and splenic hilum as well 
as retroperitoneal nodes and lateral aortic nodes. When we 
spatially classified tumors into four tumor locations, all 
tumors in the head and uncinate process showed lymph node 
metastasis to the paraduodenal region (posterior and ante-
rior pancreaticoduodenal vessels); all tumors in the uncinate 
process showed lymph node metastasis to regions around 
the SMA; and those in the head of the pancreas showed no 
metastases to those regions. One of six metastases to regions 

around the SMA were from tumors in the body of the pan-
creas, while tumors in the tail of the pancreas showed no 
metastases around the SMA.

Association of survival with lymph node status 
in tumors ≤ 20 mm in diameter

The association between lymph node metastasis and DFS 
was analyzed using the Kaplan–Meier model. Lymph node 
metastasis was found to be significantly associated with a 
decrease in DFS (Fig. 2a). The 5- and 10-year DFS rates 
were 95.7% and 89.7% for patients with N0 disease vs. 
71.4% and 53.2%, respectively, for patients with N1 disease 
(log-rank p = 0.006) Overall survival (OS) rates tended to 
be shorter for patients with nodal metastasis (N1), but not 
significantly (log-rank, p = 0.061). The 5- and 10-year OS 
rates for patients with N1 disease were 85.7% and 67.1%, 
respectively, vs. 98% for patients with N0 disease (Fig. 2b).

Discussion

This study identified the risk factors for regional lymph 
node metastasis, which could be evaluated before resection 
of non-functioning PanNENs ≤ 20 mm in diameter. The 
Ki67 index and diameter of these tumors were independ-
ent risk factors for regional lymph node metastasis. When 
we defined 3.3% as the cut-off for the Ki67 index, a tumor 
with a Ki67 index < 3.3% was identified in only 2 of 42 
patients, suggesting that we could predict a lower risk of 
lymph node metastasis for tumors ≤ 20 mm in diameter if 
the tumor shows a low Ki67 index < 3.3% (WHO Grade 1). 
Moreover, no tumors with a cystic component showed lymph 
node metastases in these tumor categories. The current study 
implied that regional lymph node metastasis is likely to 
occur adjacent to the primary tumor site. All lymph node-
positive tumors in the uncinate process showed lymphatic 
metastasis to around the SMA in addition to the paraduo-
denal region, whereas those in the head of the pancreas did 
not. Tumors in the body of the pancreas showed a small but 
significant possibility of metastasis around the SMA. These 
tendencies for lymph node metastasis are informative when 
we dissect tumors, especially using parenchyma-preserving 
methods. The disease-free survival rates showed the impact 
of lymph node metastasis associated with tumors ≤ 20 mm 
in diameter.

Distinguishing lymph node metastasis preoperatively is 
often difficult, with tumor size being the only guide to pre-
operative diagnosis. Tsutsumi et al. set the cut-off line as 
15 mm to predict lymph node metastasis and others have 
also reported a value of 15 mm [3]. However, as the findings 
of others have shown, tumors < 15 mm, or even < 10 mm 
may be positive for lymph node metastasis, so size is not 

Table 3  Univariate and multivariate analyses of lymphnode metasta-
sis in tumors no larger than 20 mm in diameter

Univariate analysis Multivariate analysis

Risk ratio p Risk ratio p

Age (per 1 year 
old)

1.07 (0.86–1.05) 0.339

Sex (male) 3.12 (0.53–
18.28)

0.186

Early enhance-
ment

0.51 (0.09–2.47) 0.432

Cyst formation < 0.01 0.099
Diameter (per 

1 mm)
1.58 (1.06–1.57) 0.011 1.39 (0.92–2.12) 0.053

Ki67 index (per 
1%)

2.15 (1.24–3.71) 0.001 1.75 (1.01–3.13) 0.023
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a sufficient measure for prediction [4, 5, 11]. Gratian et al. 
examined 1854 patients with PanNENs and found that 29% 
presented with regional lymph node metastases [11]. Watzka 
et al. and Tsutsumi found lymph node metastasis in 12–15% 
[12] and 9.1% [3], respectively, consistent with our finding 
of 16.3% with lymph node metastasis, but the rate of lymph 
nodes ≤ 20 mm is variable in the literature because of the 
different background tumors and lymphatic sampling rates. 
One of the major differences was that a large cohort, such as 
that described by Gratian et al., analyzed patients from the 

NCDB database, which only collects data on tumors with 
ICD (International Statistical Classification of Diseases and 
Related Health Problems) codes 0 to 3, corresponding to 
“malignant” disease. Their data may thus overestimate the 
malignant potential of these tumors. Moreover, ethnic back-
ground may impact on these differences. Indeed, our ratio of 
positive lymph nodes was between that described by Tsut-
sumi et al. and that in the report [11] from the United States.

Our results suggest that tumors with a Ki67 index < 3.3% 
which is almost WHO Grade1, are unlikely to have lymph 

Fig. 1  a Receiver operating characteristic (ROC) curve for 
Ki67 to identify positive lymph node metastasis associated with 
tumors ≤ 20  mm in diameter. The area under the curve (AUC) 
equaled 0.808 for a Ki67 cut-off of 3.3. b ROC curve for Ki67 based 
on endoscopic ultrasound-guided fine-needle aspiration (EUS-
FNA) to identify positive lymph node metastasis associated with 

tumors ≤ 20 mm in diameter. The AUC equaled 0.696 for a Ki67 cut-
off of 3.0. c Lymph node metastasis of pancreatic neuroendocrine 
neoplasms (PanNENs) ≤ 20 mm in diameter. Two of the 42 patients 
had lymph node metastasis for tumors with a Ki67 index < 3.3%. LN 
lymph node
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node metastases, potentially offering a low risk classification 
of lymph node metastasis. In other words, tumors ≤ 20 mm in 
diameter with a low Ki67 index might not need wide-range 
lymph node dissection, and sampling may suffice. Several 
arguments have been ongoing regarding whether enucleation 
is sufficient for preventing recurrence [13–16] and dissecting 
regional lymph nodes fully with enucleation is hard. When 
we applied 3.3% as a cut-off for Ki67, we could estimate the 
possibility of lymph node metastasis and patients with val-
ues < 3.3% and/or WHO G1 could be candidates for enuclea-
tion. Our results also showed favorable survival for patients 
with small tumors without lymph node metastasis. Recent 
NCCN and ENETS guidelines offer a surveillance strategy 
for small PanNENs in selected patients. Because 3 to 10% 
of the autopsy cases had pancreatic neuroendocrine tumors 
which did not cause symptoms [17], there is a category of 
non-functioning neuroendocrine tumors that might not need 
resection if they have no lymph node metastasis. Tumors that 

are both small and associated with a low Ki67 index could 
be candidates.

Recently, EUS-FNA has been broadly applied for precise 
diagnosis and the Ki67 from EUS-FNA specimens, found 
to be comparable to that from resected specimens. A recent 
report by Hasegawa of 58 patients with a PanNEN demon-
strated a 90% concordance rate between EUS-FNA-identi-
fied NETS tumor grade and surgical histopathology when 
greater > 2000 cells were obtained [18]. Weynaund et al. fur-
ther attested to the high reproducibility and inter-observer 
agreement of EUS-FNA for the determination of Ki67 index 
in PanNENs [19]. Our data showed similar tendencies and a 
high Ki67 index derived from EUS-FNA was related to posi-
tive lymph node metastasis (Table 2), although the number 
of our EUS-FNA specimens was small. As tumor hetero-
geneity may be comparatively less in smaller tumors, it is 
possible that the Ki67 value of a PanNEN can be predicted 
preoperatively with EUS-FNA, especially for small tumors.

The range of lymph node dissection is also important for 
operational planning. To the best of our knowledge, this is 
the first report to identify the range of lymph node metasta-
sis in small PanNENs. The UICC defined “regional lymph 
node” in a TNM classification for pancreatic neuroendo-
crine tumors. As no range of dissection for PanNEN has 
been recommended as yet, all regional lymph nodes must 
be dissected, even for small tumors. Our results indicate that 
PanNENs are likely to have lymph node metastases nearby, 
suggesting the necessity for lymph node dissection near 
tumors. Conversely, we do not have to dissect lymph nodes 
around the common bile duct for lesions such as PanNEN 
in the tail of the pancreas.

Finally, several reports document the important associa-
tion between lymph node metastasis and poor prognosis [20, 
21]. In a meta-analysis, Gao et al. found that lymph node 

Table 4  Distribution of lymph node metastasis according to the pri-
mary tumor site

CHA common hepatic artery, CBD common bile duct, SMA superior 
mesenteric artery, SMV superior mesenteric vein, SPA splenic artery

Regional lymph nodes Uncus Head Body Tail

No of patients with metastasis 3 2 6 8
Around CHA or CBD 0/3 1/2 0/6 0/8
Around pylorus 0/3 0/2 n.a. n.a.
Proximal mesenteric 0/3 0/2 n.a. n.a.
Posterior and anterior pancre-

ticoduodenal vessels
3/3 2/2 n.a. n.a.

Around SMA or along SMV 3/3 0/2 1/6 0/8
Around SPA or splenic hilum n.a. n.a. 6/6 8/8
Retroperitoneal n.a. n.a. 0/6 0/8

Fig. 2  a Disease-free survival of patients with a pancreatic neuroendocrine neoplasms (PanNEN) ≤ 20 mm in diameter. b Overall survival of 
patients with PanNEN ≤ 20 mm in diameter. p values were evaluated using the log-rank test
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metastasis as well as positive surgical margins, advanced 
grade, TNM stage, organ metastasis, vascular invasion, and 
necrosis of the specimen were significantly associated with 
OS [22]. Our previous study also found that the significant 
prognostic factors for disease-free survival were lymph 
node metastasis and vascular invasion in PanNEN [23]. 
Our current study revealed that positive lymph node metas-
tasis correlates significantly with poor prognosis even for 
tumors ≤ 20 mm in diameter. These findings are consistent 
with others showing the impact of lymph node metastasis 
on the survival of patients with T1 and T2 tumors that are 
< 40 mm [24].

This study has several limitations. Because it is a retro-
spective analysis from a single institution, our study was 
subject to selection and referral biases and the number of 
patients studied was comparatively small. On the other hand, 
as a single institutional analysis, we were able to character-
ize lymph node sampling rates and predictors of lymph node 
metastasis, which has not been possible using large data-
bases that fail to capture sufficiently granular data. As such, 
detailed follow-up data are available for many patients. For 
example, most patients who underwent surgery at our insti-
tution have routine CT or MRI examinations every 6 months. 
The median sampling number from lymph node dissection 
was two, including sampling as well as dissection. Even so, 
we could detect a significant correlation with disease-free 
survival in patients with tumors ≤ 20 mm in diameter.

Conclusions

Our results suggest that a high Ki67 index indicates a risk of 
lymph node metastasis for tumors ≤ 20 mm in diameter and 
lymphadenectomy could be applied to the region spatially 
adjacent to the primary tumor. Furthermore, lymph node 
status is critically important to estimate the risk of recur-
rence and thus stratify patients for future trials investigating 
adjuvant treatment.
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