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Introduction

Pancreatic neuroendocrine tumors (PNETs) are a relatively 
rare and heterogeneous group of neoplasms comprising 
1–2% of all pancreatic neoplasms and 2.6% of pancreatic 
cancers.[1‑4] Due to the widespread use of high‑quality 
imaging techniques, the incidence of PNETs has remarkably 
increased from 0.17 to 0.43/100,000 over the past three 
decades in the United States.[2,5] Furthermore, autopsy 
studies indicate that the prevalence of PNETs may be 
even higher.[6,7] Depending on whether clinical symptoms 
are related to excessive secretion of endocrine hormones, 
PNETs are divided into functional and nonfunctional 
PNETs (NF‑PNETs). NF‑PNETs are defined by the absence 
of a hormone hypersecretion syndrome and account 
for approximately 90% of all PNETs.[8] NF tumors are 
asymptomatic or present with nonspecific symptoms related 

to local mass effect or metastatic disease[7] and are associated 
with a poorer prognosis than functional tumors, probably 
due to delayed diagnosis and higher malignant potential.[6,9]

Compared to pancreatic ductal adenocarcinoma, NF‑PNETs 
often have an indolent outcome but postoperative 
recurrence is not rare. Lymph node metastasis  (LNM) 
is strictly correlated with survival in pancreatic ductal 
adenocarcinoma. Regarding NF‑PNETs, lymph node 
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status is regarded as an important prognostic factor in both 
the European Neuroendocrine Tumor Society  (ENETS) 
TNM staging system and the American Joint Committee 
on Cancer  (AJCC) cancer staging system.[10,11] In current 
guidelines, indications for regional lymphadenectomy in 
NF‑PNETs are not consistent. The National Comprehensive 
Cancer Network (NCCN) guidelines do not advocate routine 
lymphadenectomy in tumors <2 cm, while this procedure is 
recommended for tumors that are 1–2 cm because of the risk 
of LNM.[12] Moreover, previous reports have demonstrated 
that only 30–40% of patients with NF‑PNETs present with 
LNM at diagnosis,[13‑17] which suggests the importance 
of preoperative recognition of patients at high‑risk of 
LNM, who may benefit from regional lymphadenectomy. 
Therefore, the identification of reliable predictors of LNM 
is important in guiding clinical management decisions and 
avoiding an unnecessary lymphadenectomy in low‑risk 
patients.

The aims of this study were:  (1) To evaluate the impact 
of LNM on postoperative recurrence of patients with 
surgically treated NF‑PNET; (2) to evaluate the feasibility 
of preoperative prediction of LNM in NF‑PNETs using 
preoperatively available variables.

Methods

Patients
This was a mono‑institutional retrospective cohort study of 
the clinical records of 100 patients who underwent pancreatic 
surgery with curative intent for NF‑PNET between January 
2004 and December 2014. The diagnosis of PNET was 
confirmed by histopathology. All patients who were 
diagnosed with NF‑PNET were included (n = 111), whereas 
syndromic patients (n = 1), patients lost to the postoperative 
follow‑up (n = 6) and patients with distal metastasis (n = 4), 
were excluded from this study. Nonfunctioning neoplasms 
were defined by the lack of any clinical syndrome caused 
by excess hormonal secretion. In total, 100 patients with 
nonsyndromic, NF localized PNET were finally selected 
for this study. Information about clinical presentation, 
demographics, data regarding surgical procedures, 
postoperative course and complications, pathologic findings, 
and follow‑up was collected. All patients underwent 
presurgical computed tomography (CT) evaluation of the 
dimensions, local invasiveness, and the presence of lymph 
node or distant metastasis. The radiological presurgical 
diameter was defined as the largest diameter on the CT 
scans.[18] The pathological diameter of neoplasms was 
defined as the largest diameter of the surgical specimens.

Surgical treatment of nonfunctional pancreatic 
neuroendocrine tumors
All patients underwent surgical resection with curative 
intent. Standard or parenchyma‑preserving resection was 
selected for according to tumor size and anatomical location. 
Standard resections included pancreaticoduodenectomy 
or distal pancreatectomy with or without splenectomy. 

Parenchyma‑preserving resections included middle 
pancreatectomy or enucleation.[19‑21] All patients in this study 
had at least one lymph node sampled on resected specimens. 
Standard resections were always performed in association 
with regional lymphadenectomy. Lymphadenectomy during 
parenchyma‑preserving resection was usually limited to 
the peripancreatic nodes. If lymph node involvement was 
suspected, regional lymphadenectomy was performed. The 
extent of regional lymphadenectomy was the same as that 
performed in cases of pancreatic ductal adenocarcinoma. 
For tumors located in the pancreatic head, regional nodes 
consisted of those located along the common bile duct, 
common hepatic artery, portal vein, superior mesenteric vein, 
posterior and anterior pancreatic head, and the right lateral 
wall of the superior mesenteric artery. For tumors located 
in the pancreatic body or tail, regional nodes included those 
along the common hepatic artery, celiac axis, splenic artery, 
and splenic hilum.

Pathological examination and staging system
The pathological diagnosis of PNETs depends on classic 
histological and immunohistochemical features. The surgical 
specimens of all cases were classified according to the World 
Health Organization (WHO) classification criteria (2010).[22] 
All PNETs were divided according to a grading scheme 
based on mitotic count or Ki67 index into G1 (mitotic count 
<2/10 high‑power fields (HPF) and/or ≤2% Ki67 index), G2 
(mitotic count 2–20/10 HPF and/or 3–20% Ki67 index), and 
G3 (mitotic count >20/10 HPF and/or >20% Ki67 index). 
The ENETS recommended TNM staging system was used 
for tumor staging.[10] Primary tumors (T stage) were classified 
into four categories: T1, tumor limited to the pancreas and 
size <2 cm; T2, tumor limited to the pancreas and size 2–4 cm; 
T3, tumor limited to the pancreas and size >4 cm or invading 
the duodenum or bile duct; and T4, tumor invading adjacent 
organs (stomach, spleen, colon, and adrenal gland) or the wall 
of large vessels (celiac axis or superior mesenteric artery). 
Primary tumor angioinvasion and local infiltration were also 
evaluated in pathological samples. Malignant behavior was 
defined as LNM or local invasion on histology.

Follow‑up
All patients enrolled in this study underwent a postoperative 
clinical and radiological follow‑up. All patients underwent 
a radiological examination by CT scans every 6–12 months 
after surgery, and magnetic resonance imaging was 
performed if necessary. If patients had any symptoms 
suspected to be associated with tumor progression during 
follow‑up, a radiological examination was performed 
immediately to rule out recurrence or distant metastasis. The 
radiological examination was performed more frequently in 
patients with progressive disease or carcinoma. Disease‑free 
survival  (DFS) was calculated as the months between 
surgery and 30  Jun 2015 or the first documented disease 
recurrence. An acute postoperative mortality was defined as 
death which occurred within 30 days after surgery. The data 
on the operation and postoperative morbidity was collected 
from the electronic patient records of our institution. Phone 
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interviews were conducted for all patients with a response 
rate of 95% (105 patients) and data on survival status, date 
of death, and tumor recurrence were collected. For all living 
patients, the last follow‑up was updated by 30 Jun 2015.

Statistical analysis
Data were expressed as a mean  ±  standard deviation for 
continuous variables and as number and percentage for 
categorical variables. The comparison between subgroups 
was performed by the analysis of variance for quantitative 
variables and by the chi‑square test or Fisher exact test for 
categorical variables, when necessary. Survival probability 
was estimated according to the Kaplan–Meier method. 
The Cox regression model was used in univariate and 
multivariate analyses to evaluate the independent predictive 
factors of postoperative recurrence. Hazard ratios (HR) and 
95% confidence intervals (CI) were also calculated. Variables 
with P ≤ 0.05 in univariate analysis were included in the 
multivariate model. Logistic regression analysis performed 
in a stepwise fashion with backward selection was used to 
evaluate the value of clinical factors for predicting LNM 
and to establish the preoperative predictive model. Receiver 
operating characteristic (ROC) curve analysis was performed 
to assess the predictive power of the models through 
calculating the area under the curve (AUC).

A two‑sided P < 0.05 was considered to indicate statistical 
significance. SPSS version 20.0 (IBM, USA) was used to 
perform all the data analysis.

Results

Demographics, operative details, pathological findings
The clinical and pathological data of the 100 NF‑PNETs 
are shown in Table 1. Among the 100 patients, more than 
50% (n = 53) were symptomatic at the time of diagnosis. 
The most common presenting symptom was abdominal 
pain (n = 34). Overall, 81 patients (81%) underwent standard 
pancreatic resection, while 19  patients  (19%) underwent 
parenchyma‑preserving pancreatic resection. Postsurgical 
complications occurred in 55  patients  (55%), among 
which, postoperative pancreatic fistula  (POPF)  (50.9%) 
was the most common. Approximately, 40% of POPFs 
were classified as grade A according to the International 
Study Group of Pancreatic Fistula criteria. 2  patients 
underwent reoperation before discharge due to postoperative 
hemorrhage. No operation‑related mortality occurred.

According to the 2010 WHO classification,[23] among the 
100 NF‑PNETs, 61 patients (61%) were diagnosed as G1 
tumors, 24 (24%) patients as G2 tumors, and 15 (15%) as 
G3 tumors. Among the 85 patients with G1 or G2 tumors, 
44  (51.8%) were asymptomatic. In contrast, among the 
patients with G3 tumors, 12 (80%) had symptoms before 
surgery. Compared to G1 neoplasms, G2 or G3 neoplasms 
had larger diameter  (G2  vs. G1:  4.4  cm  ±  2.6  cm vs. 
2.8 cm ± 2.1 cm, P = 0.001; G3 vs. G1: 4.6 cm ± 2.0 cm 
vs. 2.8  cm  ±  2.1  cm, P  =  0.004). Overall, 20  patients 
presented with LNM (LN+). Tumor size in LN+ patients 

was larger than that in LN‑patients  (4.7 cm ± 2.6 cm vs. 
3.2 cm ± 2.2 cm, P = 0.01).

According to the ENETS recommended TNM staging 
system,[10] 29  (29%) patients had T1 tumors, 35  (35%) 
had T2, 31 (31%) had T3, and 5 (5%) had T4. Among the 

Table 1: Clinical and pathological data of patients with 
nonfunctioning PNETs

Characteristics All patients (n = 100) n (%)
Sex

Male 46 (46)
Female 54 (54)

Age (years)
≤60 74 (74)
˃60 26 (26)

Presence of symptoms
No 47 (47)
Yes 53 (53)

Primary site
Head 55 (55)
Body/tail 45 (45)

Tumor size (cm)
<2 29 (29)
2–4 42 (42)
˃4 29 (29)

Surgery
Enucleation 9 (9)
Middle pancreatectomy 10 (10)
Whipple 43 (43)
Distal pancreatectomy 38 (38)

Surgery approach
Open 69 (69)
Laparoscopic 7 (7)
Robotic 24 (24)
Morbidity 55 (55)

Grade*
Grade 1 61 (61)
Grade 2 24 (24)
Grade 3 15 (15)

Tb

T1 29 (29)
T2 35 (35)
T3 31 (31)
T4 5 (5)

Node status
Positive 20 (20)
Negative 80 (80)

ENETS stage†

I 27 (27)
IIa 32 (32)
IIb 21 (21)
IIIa 0
IIIb 19 (19)
IV 0

*WHO 2010 classification;[22] †ENETS recommended TNM staging 
system.[10] PNETs: Pancreatic neuroendocrine tumors; ENETS: European 
Neuroendocrine Tumor Society; TNM: Tumor‑node‑metastasis; 
WHO: World Health Organization.
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100  patients, 27  patients  (27%) had Stage I neoplasms, 
32  (32%) had Stage IIa, 22  (22%) had Stage IIb, and 
19 (19%) had Stage IIIb. Malignant behavior was defined 
as LNM or local invasion on histology. Pathological 
examination revealed the presence of angioinvasion and 
perineural invasion in 15 patients (15%) and 7 patients (7%), 
respectively. Malignant behavior was found in 31  (31%) 
of all NF‑PNETs and four  (8.5%) of 47  patients with 
radiological tumor size <2.5 cm with LNM identified in 
3 (75%) of these patients.

Long‑term outcomes
The 1, 5, and 8‑year DFS was 90.2, 64.1–47.1%, respectively 
[Figure 1]. During the follow‑up period, 21 patients (21%) 
presented postoperative recurrence. Of these patients, 15 
had liver metastasis and six had a local recurrence. Three 
patients underwent reoperation due to local recurrence. 
Variables associated with DFS in the univariate analysis are 
shown in Table 2. In the multivariate analysis, lymph node 
positive (HR = 3.995, 95% CI: 1.585–10.06, P = 0.003), 
angioinvasion (HR  =  4.049, 95% CI: 1.472  –  11.135, 
P  =  0.007), and high tumor grading (G3  vs. G1  +  G2: 
HR = 7.286, 95% CI: 2.7797–18.980, P = 0.000048) were 
significantly associated with decreased DFS in patients 
with resected NF‑PNET  [Table  2]. The 5‑  and 8‑year 
DFS was 79.4% and 71.4%, respectively, for LN‑patients 
compared to 24.9% and 8.3%, respectively, for patients with 
LN+ disease (P = 0.000001) [Figure 2].

Predictors of lymph node metastasis
Among these 100 patients with NF‑PNETs, 92 who underwent 
regional lymphadenectomy were selected for analysis of 
predictors of LNM. Of these patients, LNM was eventually 
confirmed in 20 (21.7%). Variables that could be measured 
preoperatively were selected for the univariate analysis of 
the feasibility of preoperative prediction of LN status. In the 
univariate analysis, factors associated with LN metastasis 
were radiological tumor diameter >2.5 cm (odds ratio [OR] 
=5.667, P  =  0.010), Elevated CA199  (OR  =  4.714, 

P  =  0.017), high tumor grading  (G2:G1, OR  =  6.125, 
P  =  0.007; G3:G1, OR  =  14.000, P  =  0.000322), and 
presence of symptoms (OR = 3.545, P = 0.026) [Table 3]. 
In the multivariate analysis, tumor grading  (G2  vs. G1: 
OR = 6.287, P = 0.008; G3 vs. G1: OR = 12.407, P = 0.001) 
was an independent predictor of LNM [Table 3]. The rate of 
LNM progressively increased from G1 to G3 (G1, G2 vs. 
G3:  7.5%, 33.3% vs. 53.3%). Considering the difficulty 
of preoperative retrievability of tumor grade, we excluded 
tumor grade from the analysis, and as a result, radiological 
tumor size >2.5 cm (OR = 5.430, P = 0.013) and presence 
of symptoms (OR = 3.366, P = 0.039) were independently 
associated with LNM  [Table  3]. Radiological diameter 
was consistent with pathological diameter  (34.1  mm vs. 
34.7 mm, P = 0.237). When tumor size was treated as a 
continuous variable, the correlation with LN metastasis also 
reached significance (OR = 1.313, P = 0.016). ROC analysis 
demonstrated radiological tumor diameter was a reliable 
and feasible predictor of LNM in patients with resectable 
NF‑PNET with an AUC of 0.693 [Figure 3a]. Compared 
to neoplasms with radiological size  >2.5  cm  (32.1%), 
tumors ≤2.5 cm had an obviously lower risk of LNM (7.7%). 
The various clinicopathologic factors reviewed in this study 
stratified by a tumor size cut‑off of 2.5 cm are summarized 
in Table 4. Compared to tumors ≤2.5 cm, tumors >2.5 cm 
had higher tumor grade and greater malignant potential. 
A  cut‑off of  >2.5  cm was associated with a sensitivity 
of 85% for the presence of LN+  disease. The negative 
predictive value of tumor size ≤2.5 cm was 92.3%. Other 
cut‑offs were also examined [Table 5]. With the purpose 
of promoting the predictive power, we constructed a 
preoperative predictive model of LN metastasis based on 
radiological tumor size combined with symptoms. ROC 
analysis was performed to evaluate the predictive power of 
this model. The AUC of this model was 0.747 [Figure 3b], 
and the probability of LN+ for every patient was calculated. 
For the patients with an LN+ risk of ≤20%, 89.6% of these 

Figure 1: Disease‑free survival of patients with nonfunctional pancreatic 
neuroendocrine tumors. The 1, 5, and 8‑year disease‑free survival was 
90.2%, 64.1% and 47.1%, respectively.

Figure 2: Impact of lymph node status on disease‑free survival. The 
5‑year disease‑free survival was 79.4% for lymph node‑patients 
compared to 24.9% for patients with LN + disease (P = 0.000001), 
LN: Lymph node.
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patients were, actually, LN‑negative. Of the 21 incidentally 
discovered patients with tumors size  ≤2.5 cm on CT 
scans, only one  (4.8%) had LNM and none presented a 
postoperative recurrence during follow‑up.

Discussion

NF‑PNETs are relatively rare and heterogeneous pancreatic 
neoplasms with a remarkably increasing incidence.[2] 
Compared to functional neoplasms, NF neoplasms show 
a worse outcome in part due to the delay of diagnosis and 

higher malignant potential.[6,9] The optimal management 
for PNET is still controversial. Given its positive impact on 
survival,[23‑27] surgical resection has become the treatment 
choice for most patients with NF‑PNETs. In recent years, 
small NF‑PNETs are increasingly being discovered 
incidentally in cross‑sectional imaging for other purposes 
and routine regional lymphadenectomy when surgical 
resection is considered in such cases remains controversial. 
For these reasons, we conducted a mono‑institutional 
retrospective study of resectable NF‑PNETs with the purpose 
of  (1) elucidating the clinical significance of LNM and 

Table 2: Univariate and multivariate analysis of risk factors of DFS

Items n Univariate analysis Multivariate analysis

5 years DFS

(%)  ±  SD

P HR (95% CI) P

Gender
Male 46 53.8 ± 14.3 0.207
Female 54 71.2 ± 9.8

Age (years)
≤60 74 73.6 ± 7.4 0.267
>60 26 57.7 ± 15.6

Presence of symptom
No 47 68.8 ± 16.9 0.053
Yes 53 60.1 ± 9.3

CA199 (U/ml)
Normal 88 69.6 ± 8.6 0.036 1
Elevated 12 32.7 ± 18.4 1.622 (0.535–4.916) 0.393

Tumor size (cm)*
≤2 35 100 0.014 1
>2 65 53.9 ± 9.2 1.635 (0.158–16.895) 0.680

Tumor location
Head 55 63 ± 11.5 0.806
Body/tail 45 64.9 ± 11.5

Grade†

Grade 1 + Grade 2 85 78.8 ± 7.9 0.000000 1
Grade 3 15 10.5 ± 9.6 7.286 (2.797–18.980) 0.000048

T‡

T1 + T2 64 92.4 ± 5.2 0.000019 1
T3 + T4 36 33.2 ± 11.8 2.798 (0.765–10.235) 0.120

Nodal status
Negative 80 79.4 ± 8.3 0.000001 1
Positive 20 24.9 ± 12.0 3.995 (1.585–10.06) 0.003

Angioinvasion
No 85 73.3 ± 7.1 0.000011 1
Yes 15 23.3 ± 13.16 4.049 (1.472–11.135) 0.007

Perineural invasion
No 93 69.7 ± 8.5 0.000000 1
Yes 7 0 2.215 (0.440–11.048) 0.332

LN examined
≤6 60 60 ± 11.4 0.618
>6 40 68.8 ± 11.7

Focality
Unifocal 97 64.6 ± 8.3 0.807
Multifocal 3 66.7 ± 27.2

*Size on resected specimens; †WHO 2010 classification;[22] ‡ENETS recommended TNM staging system.[10] DFS: Disease‑free survival; SD: Standard 
deviation; HR: Hazard ratio; 95% CI: 95% confidence interval; LN: Lymph node; ENETS: European Neuroendocrine Tumor Society; TNM: 
Tumor‑node‑metastasis; WHO: World Health Organization.
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(2) identifying reliable predictors of LNM to help surgeons 
to make informed treatment decisions.

Our clinical data demonstrated that the 5‑year DFS of 
resectable NF‑PNETs was 64.1%. LNM is a significant 
prognostic predictor for most malignant tumors, although the 
impact of LNM on the survival of patients with NF‑PNETs 
remains open to debate.[13,14,16,17,28‑30] Many previous studies 
have yielded conflicting evidence regarding the prognostic 

value of LNM for PNET. The difference in patient selection 
and low lymph node sampling rates during resection 
for PNETs may account for these inconsistencies.[31] In 
accordance with our results, several previous studies have 
demonstrated LNM is significantly associated with a poor 
prognosis.[13,17,28,31‑34] Both the ENETS‑TNM staging system 
and the AJCC cancer staging system regard lymph node 
status as an important prognostic factor.[10,11] In our study, 

Table 3: Univariate and multivariate logistic regression analysis of LN metastasis

Items Univariate analysis Multivariate analysis Multivariate analysis†

OR (95% CI) P OR (95% CI) P OR (95% CI) P
Gender

Male 1
Female 0.504 (0.184–1.382) 0.183

Age (years)
≤60 1
>60 0.607 (0.181–2.032) 0.418

Tumor location
Head 1
Body/tail 0.907 (0.148–1.240) 0.899

CA125
Normal 1
Elevated 2.750 (0.693–10.909) 0.150

CA199
Normal 1 1 1
Elevated 4.714 (1.324–16.788) 0.017 3.731 (0.869–16.021) 0.077 2.832 (0.717–11.189) 0.137

Radiological size
≤2.5 cm 1 1 1
>2.5 cm 5.667 (1.527–21.032) 0.010 2.456 (0.561–10.755) 0.233 5.430 (1.431–20.603) 0.013

Symptoms
No 1 1 1
Yes 3.345 (1.165–10.793) 0.026 2.319 (0.670–8.032) 0.184 3.366 (1.063–10.656) 0.039

Grading*
Grade 1 1 1 / /
Grade 2 6.125 (1.626–23.073) 0.007 6.287 (1.615–24.478) 0.008 / /
Grade 3 14.000 (3.324–58.969) 0.000332 12.407 (2.827–54.450) 0.001 / /

*WHO 2010 classification;[22] †Multivariate analysis excluding tumor grade. OR: Odds ratio; 95% CI: 95% confidence interval; LN: Lymph node; 
WHO: World Health Organization.

Figure 3: Receiver operating characteristic curve of predictors of lymph node metastasis. The area under the curve of radiological tumor size 
(a) is 0.693, while the area under the curve of the constructed predictive model (b) is 0.747.

ba
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patients with LNM had a significantly higher risk (nearly 
4‑fold) of postoperative recurrence compared with those 
without LNM, which supports the necessity for regional 
lymphadenectomy in patients with high‑risk of lymph node 
involvement.

Since LNM is apparently related to prognosis, the ability to 
distinguish patients with high‑risk of LNM preoperatively 
is of great importance. NF‑PNETs classified, according to 
the criteria of the 2010 WHO classifications, were divided 
into three groups using a grading scheme based on the 

Ki‑67 index or mitotic count. Our study confirmed the 
significant correlation between the 2010 WHO grading 
system and postoperative recurrence, which is consistent 
with recent studies.[13] In addition, LNM occurred more 
frequently in patients with G2 or G3 NF‑PNETs than in 
those with G1 tumors (G1, G2 vs. G3: 7.5%, 33.3%, 53.3%); 
therefore, it was presumed that these patients would benefit 
from node clearance and routine lymphadenectomy was 
recommended. However, classification of tumor grade 
usually depends on pathological examination and the 
possibility of a preoperative evaluation of Ki‑67 is still 
questionable. Endoscopic ultrasonography (EUS) combined 
with fine‑needle aspiration  (FNA) or Tru‑cut needle 
biopsy  (TCB) can be used to evaluate tumor pathology 
preoperatively. Preoperative evaluation of Ki‑67 index, 
combined with lesion size and imaging findings may 
help surgeons to decide on the best therapeutic approach 
and whether lymphadenectomy should be performed. 
However, there is a lack of data regarding the accuracy 
of FNA cytology in the assessment of Ki‑67 value. All of 
the available reports describe studies with small sample 
sizes. In a recent study, the concordance rate for WHO 
classification between EUS FNA and resected specimens 
was 77.8%.[35] Use of EUS TCB needles can overcome many 
of the problems that reduce the accuracy of FNA, but they 
are not feasible for most patients as they are often performed 
only at high‑volume centers, can be challenging for small 
masses, and are associated with a risk of pancreatitis and 
bleeding. Moreover, intratumoral Ki‑67 heterogeneity 
limits the accurate preoperative evaluation of Ki‑67 value 
by EUS FNA.[35]

Considering the limitations of preoperative evaluation 
of Ki‑67 index, an alternative variable is required. Since 
tumor size can easily be obtained preoperatively by use 
of radiological techniques, it has been extensively studied 
to identify the patients with LNM. Increasing tumor size 
is strongly correlated with positive LN status and poor 
prognosis.[18,36,37] Partelli et al. reported that radiological 
tumor size ˃4 cm was an independent predictor of nodal 
metastasis in low and intermediate grade NF‑PNETs.[13] In 
a retrospective study of 116 patients undergoing resection 
for NF‑PNET, Toste et al. demonstrated that radiological 
tumor size  ≥2  cm predicted nodal metastasis with a 
sensitivity of 93.8% and only two (7.4%) of 27 patients 
with tumor size  <2  cm had LNM.[15] Hashim et  al. 
reported that patients with tumor diameter  >1.5  cm 
were 4.7  times more likely to have LNM compared to 
those with smaller tumor diameters. They also found 
two  (12%) of 17  patients with tumor size  ≤1  cm and 
five (13%) of 38 patients with tumor size ≤1.5 cm had 
LNM.[17] In contrast, some studies indicate that tumor 
size is not an accurate predictor of LNM. Parekh et al. 
reported that there was no difference in tumor size for 
patients with and without nodal metastasis  (5.2  cm 
vs. 4.6  cm). Interestingly, 31% of patients with tumor 
size  <3  cm had nodal metastasis, while only 1  patient 
in their series with a tumor <2 cm was LN positive.[38] 

Table 4: Clinicopathologic factors stratified by 
radiological tumor size

Items ≤2.5 cm 
(n = 39)

>2.5 cm 
(n = 53)

P

Gender, n (%)
Male 15 (38.5) 28 (52.8) 0.172
Female 24 (61.5) 25 (47.2)

Age (years), median ± SD 50.87 ± 11.38 52.68 ± 13.34 0.497
Tumor location, n (%)

Head 19 (48.7) 31 (58.5) 0.352
Body/tail 20 (51.3) 22 (41.5)

Symptoms, n (%)
No 21 (53.8) 23 (43.4) 0.321
Yes 18 (46.2) 30 (56.6)

Surgery, n (%)*
Standard 32 (82.1) 49 (92.5) 0.193
Atypical 7 (17.9) 4 (7.5)

Surgical approach, n (%)
Open 19 (48.7) 45 (84.9) 0.000193
Minimal invasive† 20 (51.3) 8 (15.1)

Morbidity, n (%)
No 16 (41.0) 28 (52.8) 0.296
Yes 23 (59.0) 25 (47.1)

Grade, n (%)‡

Grade 1 31 (79.5) 22 (41.5) 0.001
Grade 2 7 (19.9) 17 (32.1)
Grade 3 1 (2.6) 14 (26.4)

Primary tumor, n (%)§

T1 29 (61.7) 0 0.000000
T2 17 (36.2) 18 (34)
T3 1 (2.1) 30 (56.6)
T4 0 5 (9.4)

LN status, n (%)
Negative 36 (92.3) 36 (67.9) 0.005
Positive 3 (7.7) 17 (32.1)

Angioinvasion, n (%)
No 39 (100) 38 (71.7) 0.000282
Yes 0 15 (28.3)

Perineural invasion, n (%)
No 38 (97.4) 47 (88.7) 0.232
Yes 1 (2.6) 6 (11.3)

*Standard resections include pancreaticoduodenectomy and distal 
pancreatectomy. Atypical resections include middle pancreatectomy 
and enucleation; †Laparoscopic and robotic surgery; ‡WHO 2010 
classification;[22] §ENETS recommended TNM staging system.[10] 
SD: Standard deviation; LN: Lymph node; WHO: World Health 
Organization; ENETS: European Neuroendocrine Tumor Society; 
TNM: Tumor‑node‑metastasis.
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Gratian et al. reported there was no association between 
decreasing tumor size and decreased percentage of cases 
presenting with regional nodal metastasis.[16] Our study 
suggests radiological tumor size is a sensitive predictor of 
lymph node status and demonstrates a strong correlation 
between increasing radiological tumor size and LNM. 
The incidence of LNM in patients with radiological 
size >2.5 cm was more than 4 times greater than that in 
patients with a tumor size ≤2.5cm. A cut‑off of >2.5 cm 
was associated with a sensitivity of 85% for the presence 
of positive LNs. Three of 39 (7.7%) patients with a tumor 
size ≤2.5 cm had nodal metastasis and 2 patients (11.1%) 
with a tumor size ≤1.5 cm had nodal metastasis.

Given that smaller tumors are associated with low rates 
of LNM, better histology, and a better outcome than 
larger tumors, it is unclear whether lymphadenectomy 
should be avoided for small NF‑PNETs. In a retrospective 
study of 1854  patients with NF‑PNETs  ≤2  cm, 
Gratian et  al. demonstrated that there was no difference 
in 5‑year overall survival in patients undergoing surgical 
resection between those who underwent lymphadenectomy 
and those who did not.[16] Interestingly, in this study, 29% 
of tumors ≤2 cm and 33% of tumors ≤0.5 cm presented 
with regional LNM with a median of eight lymph nodes 
sampled, which was unexpectedly higher than had been 
reported previously. However, patient selection bias might 
overestimate the malignant potential of these tumors and 
account for the high rate of LNM. NCCN guidelines suggest 
that lymphadenectomy should not be performed routinely 
for tumors <2 cm but should be considered in tumors that 
are 1–2 cm in size.[39] The benefits of lymphadenectomy in 
patients with small tumors is still unknown and more clinical 
data or well‑designed clinical trials are needed to resolve 
this problem; however, such clinical trials are limited by the 
relative rarity and indolent behavior of small NF‑PNETs. 
In our study, patients with small tumors (≤2.5 cm) has a 
very low‑risk of LNM. In addition, recurrence occurred 
in only one of the patients with small tumors 84 months 
after surgery, and no deaths caused by these tumors were 
reported during the follow‑up. These results suggest that 
lymphadenectomy should not perform routinely in these 
patients.

NCCN guidelines and current staging systems use the 
same cut‑off of 2  cm as that used in pancreatic ductal 
adenocarcinoma,[10,11,12] although patients with NF‑PNETs 
have a much better prognosis than those with PDA. 
A  cut‑off of 2  cm has a low specificity for estimating 
the risk of LNM; consequently, many patients undergo 
unnecessary lymphadenectomy under this criterion. 
Based on our results, a cut‑off of 2.5  cm was shown to 
be appropriate and safe. Compared to 2 cm, a cut‑off of 
2.5 cm had a similar sensitivity, but higher specificity and 
negative predictive value, showing that a cut‑off of 2.5 cm 
is more effective in distinguishing the patients who require 
LN resection. Given the previously demonstrated strict 
correlation between tumor diameter and poor survival 
after resection of NF‑PNETs,[34,36] raising the threshold 
may result in some tumors with malignant potential being 
considered benign. Preoperative evaluation of Ki‑67 index, 
combined with lesion size and imaging findings, may help 
surgeons to decide the best therapeutic approach. Since 
low‑grade tumors are associated with a very low‑risk of 
LNM and excellent survival, relaxing the indications for 
lymphadenectomy seems to be feasible.

Based on the results of this study, we identified radiological 
tumor size as a noninvasive and reliable factor to predict 
LNM in NF‑PNETs. A  radiological diameter ˃2.5  cm 
yielded a powerful correlation with the risk of LNM. The 
presence of symptoms at diagnosis was also shown to be 
a predictor of LNM. Although the symptoms of patients 
with NF‑PNETs are always unspecific, they are thought 
to be related to local mass effect or metastatic disease; 
in other words, tumor burden.[7,18] Incidental detection 
of tumors is a strong prognostic factor for postoperative 
progression.[40] In this study, incidentally discovered 
tumors were slightly smaller in size  (3.2 cm vs. 3.7 cm) 
and associated with a much lower risk of LNM (12.2% vs. 
29.2%). Asymptomatic NF‑PNETs smaller than 2 cm are 
unlikely to show aggressive behavior.[18,26,41] Bettini et al. 
reported only 6% of NF‑PNETs ≤2  cm were malignant 
when discovered incidentally.[18] In our study, incidentally 
discovered small (≤2.5 cm) NF‑PNETs had a very low‑risk 
of LNM (4.2%) and no cases of postoperative recurrence or 
death due to the disease occurred. Considering the low‑risk 
of LN involvement and the positive outcomes, routine 
lymphadenectomy is not recommended as an addition 
to pancreatic resection in cases of asymptomatic small 
NF‑PNETs when surgery is considered.

In conclusion, LNM was identified as a significant predictor 
of postoperative recurrence in NF‑PNETs. Tumor grade was 
associated with DFS and LNM. Preoperative prediction of 
LN involvement is feasible and radiological tumor size, 
which can be measured easily and accurately, was shown 
to be a useful and alternative variable correlated with LN 
involvement. Tumors ≤2.5 cm in preoperative imaging were 
unlikely to have positive LNs. The preoperative predictive 
model showed good predictive power for LN involvement. 
Our results suggest that parenchyma‑sparing resection 

Table 5: Predictive values of different radiological size 
cut‑offs for LN metastasis in patients with NF‑PNETs

Cut‑off 
(cm)

Sensitivity 
(%)

Specificity 
(%)

NPV 
(%)

PPV 
(%)

AUC

1.5 90.0 22.2 88.9 24.3 0.561
2 85.0 33.3 88.9 26.2 0.592
2.5 85.0 50.0 92.3 32.1 0.675
3 70.0 55.6 87.0 30.4 0.628
3.5 65.0 62.5 86.5 32.5 0.638
4 65.0 69.4 87.7 37.1 0.672
NPV: Negative predictive value; PPV: Positive predictive value; 
AUC: Area under the curve; NF‑PNETs: Nonfunctional pancreatic 
neuroendocrine tumors; LN: Lymph node.
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without regional lymphadenectomy is a reasonable option 
for selected patients with incidentally discovered NF‑PNETs 
≤2.5 cm when surgical resection is considered because of the 
low probability of LNM and a good outcome. In contrast, 
lymphadenectomy should be performed routinely in patients 
with NF‑PNETs >2.5cm.
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