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Abstract
Background: The most appropriate nodal staging system for 
non-functioning pancreatic neuroendocrine tumours (NF-
PanNETs) remains unclear. Despite some evidence is avail-
able for pancreaticoduodenectomy, the adequate nodal 
staging is still unknown for distal pancreatectomy (DP). The 
aim of the present study was to evaluate the prognostic im-
pact of the number of positive lymph nodes (PLNs) after DP 
for NF-PanNETs and to define the minimal number of lymph 
nodes to be harvested for an appropriate nodal staging. 
Methods: Data were retrospectively collected from patients 
who underwent DP with curative intent (R0-R1) for sporadic 
well-differentiated NF-PanNETs in 4 European high-volume 

centres. NF-PanNETs with nodal involvement (N+) were sub-
classified into N1 (1–3 PLNs) and N2 (4 or more PLNs). Uni-
variate and multivariate analyses of disease-free survival 
(DFS) were performed. Results: Of 271 patients in the study, 
62 (23%) had nodal involvement (N+). A higher probability 
of N+ was associated with the following factors: grading, re-
section margin status, perineural and microvascular inva-
sion, and the number of examined lymph nodes. Three-year 
DFS rate for N0, N1, and N2 patients was 92, 72, and 50%, 
respectively (p < 0.001). At multivariate analysis, indepen-
dent predictors of DFS were grading, T stage, presence of 
necrosis, and nodal status. For patients with ≥12 examined/
resected lymph nodes, the N status remained a significant 
predictor of disease recurrence (p < 0.001), while it failed to 
predict recurrence in patients with <12 lymph nodes exam-
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ined/resected (p = 0.116). Conclusions: A minimal number 
of 12 nodes should be harvested in case of DP for NF-PanNET 
for an appropriate nodal staging. The number of positive 
lymph nodes is an independent predictor of DFS after DP for 
NF-PanNET, and the N0/N1/N2 nodal classification seems to 
be more relevant than the current N0/N+ staging.

© 2020 S. Karger AG, Basel

Introduction

Pancreatic neuroendocrine tumours (PanNETs) are 
rare lesions that represent approximately 1–2% of all pan-
creatic neoplasms [1, 2] with an estimated incidence of 
nearly 1/100,000 people per year [3]. Radical surgery is 
the treatment of choice for non-metastatic resectable 
PanNETs [4, 5]. An adequate lymphadenectomy should 
be associated with surgery for all PanNETs larger than 2 
cm [6]. Several pathological factors have been proposed 
as predictors of recurrence after surgery for PanNETs, 
and these factors influence the indication and the extent 
of surgery [7]. The presence of lymph node metastases 
(N+) is one of the most powerful predictors of disease re-
currence among these factors [8], and it is usually associ-
ated with higher grade, T-stage, and larger tumour size [6, 
7, 9].

The latest Union for International Cancer Control 
(UICC) TNM staging system (8th edition) [10] distin-
guishes only N0 and N+ PanNETs, considering nodal in-
volvement only as present or absent. However, for adeno-
carcinomas and poorly differentiated neuroendocrine 
carcinomas (PanNECs), nodal involvement is classified 
based on the number of positive lymph nodes (PLNs) in 
N0, N1 (1–3), and N2 (≥4).

Recently, it has been suggested that the number of 
PLNs is an important prognostic factor also in PanNETs, 
since it more accurately predicts the risk of recurrence 
than the N+ status alone [11–15]. These data highlight the 
importance of performing an adequate lymphadenecto-
my during pancreatic resection for PanNET. Neverthe-
less, studies on the minimum number of nodes to be re-
sected are still lacking.

Partelli et al. [12] reported that a minimum number of 
13 lymph nodes should be harvested to accurately stage 
patients who undergo pancreaticoduodenectomy for 
non-functioning PanNETs (NF-PanNETs). Regarding 
distal pancreatectomy (DP), only one preliminary retro-
spective study suggested that a minimum number of 7 
examined lymph nodes (ELNs) are necessary for appro-
priate staging, but the pathological examination was not 

optimal due to the lack of data regarding perineural and 
microvascular invasion and the presence of necrosis [16]. 
Moreover, the potential prognostic role of the lymph-
node ratio (LNR) has never been explored in this setting.

The aim of the present study was to determine the 
minimum number of lymph nodes that should be har-
vested for appropriate nodal staging after DP performed 
for NF-PanNETs. The secondary aim was to evaluate the 
prognostic role of the number of PLNs in this population.

Patients and Methods

Data Collection
All patients who underwent DP for PanNETs between January 

2005 and June 2017 in 4 high-volume European institutions (Beau-
jon and Cochin Hospitals in Paris, France, San Raffaele Hospital in 
Milan, Italy, and Pancreas Institute of Verona, Italy) were screened 
for inclusion in this retrospective study. All consecutive patients 
who underwent DP with curative intent (R0/R1) for a sporadic, 
histologically proven NF-PanNET were included. A minimum 
post-operative follow-up of 36 months was required for inclusion. 
All patients with a genetic syndrome were excluded, as well as pa-
tients with functioning PanNETs. All G3 tumours were retrospec-
tively examined, all PanNECs were excluded, and 7 well-differen-
tiated G3 PanNETs with Ki67 proliferative index lower or equal to 
30% were included. Patients who underwent a macroscopically in-
complete (R2) resection were not included in the study.

The prospectively collected databases of the different institu-
tions were queried for demographic data, perioperative details, 
pathological findings, and follow-up data. This study was per-
formed in accordance with the Declaration of Helsinki. Each par-
ticipant institution obtained approval from the institutional re-
view board as established by the local policy.

Surgical Procedure
All procedures were carried out by experienced surgeons in 

pancreatic surgery; lymphadenectomy was always performed. 
Conversely, splenectomy was not routinely performed during DP. 
However, even in spleen-preserving procedures, the splenic vessels 
were resected and a proper lymphadenectomy of coeliac trunk and 
splenic hilum was performed. Post-operative complications were 
categorized according to the Clavien-Dindo classification [17], 
and perioperative mortality was defined as surgery-related in or 
extra-hospital death within 90 days from surgery.

Pathological Features
In every institution, the pathological examination was per-

formed by pathologists experienced in pancreatic malignancies 
and neuroendocrine neoplasms. TNM staging was defined accord-
ing to the 8th UICC classification [10]. Tumour size was defined 
as the maximum diameter measured on the pathological speci-
men. Lymph node metastases were substaged into N1 (1–3 PLNs) 
and N2 (4 or more PLNs) according to the TNM staging proposed 
for pancreatic ductal adenocarcinoma and PanNEC [10]. LNR was 
calculated as the ratio between the number of PLNs and the total 
number of ELNs on the specimen and classified according to the 
literature [12, 18]. Resection margin status was categorized as R0 
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in case of complete tumour clearance with surgical margins micro-
scopically uninvolved; conversely, R1 status was defined as micro-
scopic residual tumour at resection margin. At least 3 slides from 
the primary tumour and all slides involving lymph nodes and ves-
sels and their surrounding tissue were stained in haematoxylin and 
eosin and used to characterize microvascular invasion and peri-
neural invasion [19–21]. Immunostaining for synaptophysin, 
chromogranin, and MIB1 was routinely performed. The Ki67 pro-
liferative index was defined as the percentage of cells with MIB1-
positive nuclear staining among 500–2,000 cells counted in the 
area of highest nuclear labelling. Tumour grade was determined 
according to the Ki67 proliferative index, as defined by the 2019 
WHO classification [22] into G1 (Ki67 <3%), G2 (Ki67 between 3 
and 20%), and G3 (Ki67 >20%).

Clinical and radiological follow-up was performed for all en-
rolled patients. All the patients enrolled in this study underwent a 

post-operative clinical and radiological follow-up. Even though 
the follow-up protocol was not standardized among the 4 centres, 
all patients underwent a high-quality imaging procedure (CT or 
MR), at least every year for as a minimum of 5 years from surgery. 
Furthermore, a 68Gallium PET was routinely performed since 2012 
in patients with evidence oftumour recurrence at morphological 
imaging.

Statistical Analysis
Continuous variables were reported as median and 25–75th 

interquartile range (IQR) and compared using the Mann-Whit-
ney test. Qualitative data were reported as frequency and percent-
age and compared using the χ2 test or Fisher’s exact test, if appro-
priate.

Disease-free survival (DFS) was defined as the duration (in 
months) from surgery to the first evidence of disease recurrence at 
imaging, or it was censored at the date of last contact in case of 
uneventful follow-up. A minimum follow-up time of 36 months 
for each patient was required. Survival analyses were carried out 
using the Kaplan-Meier method. The potential factors associated 
with the risk of recurrence were explored using univariate and 
multivariate Cox proportional hazard models. A multivariable lin-
ear regression analysis was performed to identify predictors of 
PLNs. A receiver operating characteristic (ROC) curve was per-

Table 1. Comparison of clinical and pathological features of 
patients with N0 or N+ NF-PanNETs who underwent DP

Variable N0 N+ p value
(n = 209) (n = 62)

Gender, n (%)
Male 117 (56) 31 (50) 0.406
Female 92 (44) 31 (50)

Age, yearsa 60 (49–66) 60 (48–66) 0.775
Resection margins, n (%)

R0 204 (98) 52 (84) <0.001
R1 5 (2) 10 (16)

Ki-67 proliferative index, %a 2 (1–4) 5 (3–9) <0.001
Grading, n (%)

G1 132 (63) 13 (21) <0.001
G2 73 (35) 46 (74)
G3 4 (2) 3 (5)

T Status, n (%)
T1–T2 147 (70) 31 (50) 0.003
T3–T4 62 (30) 31 (50)

Microvascular invasion, n (%)
No 143 (71) 15 (25) <0.001
Yes 58 (29) 46 (75)

Perineural invasion, n (%)
No 163 (85) 28 (47) <0.001
Yes 29 (15) 31 (53)

Necrosis, n (%)
No 137 (91) 33 (79) 0.031
Yes 14 (9) 9 (21)

Splenectomy, n (%)
No 57 (27) 3 (5) <0.001
Yes 152 (73) 59 (95)

ELNs,an 10 (4–18) 20 (13–30) <0.001
ELNs, n (%)

<12 122 (58) 12 (19) <0.001
≥12 87 (42) 50 (81)

Bold type denotes significance. DP, distal pancreatectomy; NF-
PanNETs, non-functioning pancreatic neuroendocrine tumours; 
ELNs, examined lymph nodes. a Expressed as median (IQR).

Table 2. Multivariable linear regression analysis of factors 
associated with the presence of nodal metastases in 271 patients 
treated with DP for NF-PanNETs

Variable B 95% CI p value

Resection margins
R0 1 0.031
R1 4.405 1.15–16.92

T-stage
T1–T2 1 0.870
T3–T4 0.870 0.33–2.29

Grading
G1 1 0.029
G2–G3 2.945 1.12–7.75

Splenectomy
No 1 0.055
Yes 3.962 0.97–16.16

Microvascular invasion
No 1 0.043
Yes 3.205 1.04–9.92

Perineural invasion
No 1 0.048
Yes 2.837 1.01–7.98

Necrosis
No 1 0.307
Yes 0.530 0.16–1.79

ELNsa 1.051 1.01–1.10 0.025

Bold type denotes significance. ELNs, examined lymph nodes 
DP, distal pancreatectomy; NF-PanNETs, non-functioning pan-
creatic neuroendocrine tumours. a Expressed as continuous vari-
able.
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formed to determine the minimum number of ELNs required to 
adequately predict the presence of PLNs and to enable an appro-
priate prognostic staging. Statistical analyses were performed us-
ing SPSS 25.0 for Windows (SPSS Inc., Chicago, IL, USA). A 2-sid-
ed p < 0.05 was considered as statistically significant.

Results

Study Population
Overall, 271 patients were included. The median age at 

surgery was 60 (IQR 49–66) years, and 148 patients (55%) 
were male. The diagnosis was incidental in 153 patients 
(57%), while 118 patients (43%) had symptoms at diag-
nosis. Splenectomy was associated to DP in 211 patients 
(78%), and no significant differences in the rate of sple-
nectomy were observed among the centres (data not 
shown). The median number of ELNs did not differ sig-
nificantly among the 4 hospitals (p = 0.160). The median 
number of ELNs of the entire cohort was 12 (IQR 5–21). 
Patients with PanNET G3 had a higher number of ELNs 
(median 19 ELNs) than patients with PanNET G1 or G2 
(median 11 ELNs), although this difference was not sta-
tistically significant (p = 0.100). A difference in terms of 
ELNs was also observed according to the R status (me-
dian of 11 ELNs [IQR 5–21] in R0 tumours and 14 ELNs 
[IQR 8–22] in R1 tumours, p 0.295), also in this case the 

statistical significance was not reached. Conversely, the 
median number of harvested nodes was significantly 
higher in standard DP group than that in spleen-preserv-
ing procedures (14 ELNs [IQR 8–24] vs. 7 ELNs [IQR 
2–14], p = 0.001).

Factors Influencing the Presence of Nodal Metastases
Overall, 209 patients (77%) had N0 PanNETs, while 62 

patients (23%) had at least one lymph node metastasis 
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Fig. 1. ROC curve describing the sensibility and specificity of the 
number of ELNs in detecting the presence of PLNs. ROC, receiver 
operating characteristic; ELNs, examined lymph nodes; PLNs, 
positive lymph nodes.

Fig. 2. Kaplan-Meier survival curves for DFS in lymph node-pos-
itive versus lymph node-negative patients who underwent DP, 
stratified by the number of lymph nodes retrieved. a Twelve or 
more examined lymph nodes. b Less than 12 examined lymph 
nodes. DFS, disease-free survival; DP, distal pancreatectomy.
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(N+). The comparison of patients with or without nodal 
involvement is reported in Table 1. Compared to N0 tu-
mours, N+ PanNETs were significantly more frequently 
staged as T3 or T4 (p = 0.003), were of higher grade (p < 
0.001), had more frequent perineural (p < 0.001) or mi-
crovascular invasion (p < 0.001), positive resection mar-
gins (R1) (p < 0.001), and presence of necrosis (p = 0.031) 
at univariate analysis. Median Ki67 proliferative index 
and the number of ELNs were also significantly higher in 
the group of patients with N+ PanNETs. At multivariate 
analysis, the factors significantly independently associ-
ated with the presence of nodal metastases were higher 

tumour grade, R1 status, T3 or T4 stage, perineural inva-
sion, splenectomy, and the number of ELNs (Table 2).

In order to determine the minimum number of ELNs 
to be resected for a correct nodal staging, a receiver oper-
ating characteristic analysis was performed (Fig.  1). 12 
ELNs were the most accurate cutoff (sensitivity: 71%, 
specificity: 70%, area under the curve: 0.741, p < 0.001) in 
predicting the presence of PLNs. The threshold of at least 
12 ELNs was also confirmed by a Kaplan-Meier analysis 
of the association between node-positive disease and 
DFS, stratified by the number of lymph nodes (LNs) re-
trieved during surgical resection (Fig. 2).
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Fig. 3. Kaplan-Meier survival curves for 
DFS applying the N0-N1-N2 classification 
in patients who underwent DP, stratified 
by the number of lymph nodes retrieved.  
a Twelve or more examined lymph nodes. 
b Less than 12 examined lymph nodes. 
DFS, disease-free survival; DP, distal pan-
createctomy.
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For patients with ≥12 ELNs (Fig. 2a), a statistically sig-
nificant difference in terms of DFS was observed between 
patients with N0 and N+ PanNETs (p < 0.001). Converse-
ly, for patients with <12 ELNs (Fig. 2b), the N status failed 
to predict DFS (p = 0.116). Moreover, for patients with at 
least 12 harvested nodes, the nodal classification N0-N1-
N2 maintained its prognostic value (Fig. 3a), while it was 
not applicable in case of <12 ELNs (Fig. 3b).

Survival Analysis
The median follow-up was 71 (IQR 44–99) months. 

Overall, 61 patients (22.5%) had recurrence and 6 pa-
tients (3.3%) who recurred eventually died of the disease. 
The median DFS for the entire cohort was 152 months, 
with 1- and 3-year DFS rates of 96 and 85%, respectively.

Patients with N0 PanNETs had a 3-year DFS rate of 
92%, compared with 57% in patients with N+ PanNETs. 
When applying the N0/N1/N2 staging, the 3-year DFS 
rate was 72 and 50% in patients with N1 and N2 Pan-
NETs, respectively (p < 0.001) (Fig. 4). Moreover, patients 
with an LNR = 0 had a significantly increased DFS (3-year 
DFS rate: 92%) compared to patients with LNR com-
prised between 0 and 0.40 (3-year DFS rate: 70%, p < 
0.001) and those with LNR >0.40 (3-year DFS rate: 43%, 

p < 0.001). The univariate analysis of factors associated 
with DFS is shown in Table 3. On multivariate analysis, 
independent predictors of DFS were nodal status based 
on the number of PLNs (with N0 as reference; N1, HR 
2.64, p = 0.018; N2, HR 3.66, p = 0.001), T stage (HR for 
T3 or T4: 2.87, p = 0.006), grade (G1, HR 1; G2-G3, HR 
2.46, p = 0.019), and the presence of necrosis (HR 3.48,  
p = 0.001) (Table 4). Similar results were obtained when 
the number of PLNs was replaced by LNR (with LNR = 0 
as reference; LNR [0–0.4], HR 2.16, p = 0.033; LNR >0.4, 
HR 4.86, p = 0.007) or by the N0/N+ status (with N0 as 
reference; N+, HR 2.50, p = 0.007) (see online suppl. Ta-
bles 1 and 2; see www.karger.com/doi/10.1159/000509709 
for all online suppl. material).

Survival Sub-Analysis Excluding Well-Differentiated 
G3 PanNETs
Among 264 patients with G1 and G2 PanNETs, the 

recurrence rate was 21% (56 patients). The median DFS 
was 156 months, with 1- and 3-year DFS rates of 96 and 
86%, respectively. The results of univariate and multivar-
iate analysis are reported in Table 5.

Patients with N0 G1 and G2 PanNETs had a 3-year 
DFS rate of 93%, compared with 62% in patients with N+ 
G1 and G2-PanNETs. When applying the N0/N1/N2 
staging, the 3-year DFS rate was 72 and 52% in patients 
with N1 and N2 G1–G2 PanNETs, respectively (p < 
0.001). On multivariate analysis, independent predictors 
of DFS were nodal status based on the number of PLNs 
(with N0 as reference; N1, HR 2.52, p = 0.036; N2, HR 
4.35, p = 0.001), T stage (HR for T3 or T4: 3.34, p = 0.002), 
grade (HR for G2: 2.75, p = 0.010), and the presence of 
necrosis (HR 3.14, p = 0.003).

Discussion

Accurate staging plays a pivotal role in oncological pa-
tients. An appropriate pathological evaluation of prog-
nostic factors is fundamental for determining the rhythm 
of post-operative follow-up and the treatment strategy. 
This aspect is even more relevant for patients with Pan-
NETs, given their generally prolonged survival and the 
lack of precise indications for adjuvant therapies or treat-
ments in case of disease relapse [23, 24].

Many studies demonstrated that lymph node involve-
ment is associated with a higher rate of recurrence after 
surgery for PanNETs [6, 25]. The present study is consis-
tent with these results, but it also provides a new perspec-
tive on the quantitative importance of lymph node in-
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Table 3. Univariate analysis of predictors of DFS in 271 patients treated with DP for NF-PanNETs

Variable N 1-year DFS, 
%

3-year DFS, 
%

Median DFS, 
months

p value

Gender
Male 148 97 88 n.r. 0.141
Female 123 93 81 n.r.

Age
≤60 years 144 96 85 n.r. 0.948
>60 years 127 95 86 n.r.

Complications [17]
None 74 91 88 n.r. 0.370
Mild complicated (CD 1–2) 140 94 82 n.r.
Complicated (CD 3–4) 28 89 78 n.r.

Resection margins
R0 256 96 87 n.r. 0.022
R1 15 67 59 n.r.

Grading
G1 145 99 95 n.r. <0.001
G2 119 92 75 122
G3 7 71 43 21

T-stage
T1–T2 178 97 93 n.r. <0.001
T3–T4 93 88 69 98

Nodal status
N0 209 98 92 n.r. <0.001
N+ 62 81 57 54

Alternative nodal status subclassification
N0 209 98 92 n.r. <0.001
N1 29 83 72 n.r.
N2 33 84 50 51

ELNs
<12 134 97 93 n.r. 0.012
≥12 137 94 78 152

LNR
0 209 98 92 n.r. <0.001
>0–0.4 51 86 64 152
>0.4 11 73 46 29

Microvascular invasion
No 158 98 95 n.r. <0.001
Yes 104 91 69 98

Perineural invasion
No 191 97 91 n.r. <0.001
Yes 60 88 63 70

Necrosis
No 170 97 88 n.r. <0.001
Yes 23 78 48 26

Splenectomy
No 60 100 93 n.r. 0.002
Yes 211 94 83 n.r.

Bold type denotes significance. CD, Clavien-Dindo classification of surgical complications [17]; ELNs, exam-
ined lymph nodes; LNR, lymph-node ratio; n.r., not reached; DFS, disease-free survival; DP, distal pancreatec-
tomy; NF-PanNETs, non-functioning pancreatic neuroendocrine tumours.
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volvement in resected PanNETs. The major prognostic 
role of lymph node metastases is already well established 
for pancreatic ductal adenocarcinoma. In this regard, 
Strobel et al. [26] found that, beyond the presence of 
lymph node metastases itself, the number of PLNs was an 
independent predictor of survival. Such evidence led, in 
the 8th edition of the UICC TNM staging system [10], to 
subclassify the N+ category into N1 (1–3 PLNs) or N2 (4 
or more PLNs). The same nodal classification is current-
ly used for PanNECs, while PanNET (G1, G2, or G3) is 
still classified only as N0 and N+ [10]. The present study 
suggests the accuracy and the prognostic relevance of the 
number of PLNs in the staging of PanNETs resected by 
DP.

The present data are consistent with the results of the 
study conducted by Luo et al. [27] on a large population 
from the SEER database, which reported that the N0/N1/
N2 subclassification had a stronger prognostic impact 
than the N0/N1 staging. Capretti et al. [28] also reported 

that the number of PLNs was a better prognostic factor 
than the N0/N+ status. However, the follow-up time of 
these studies is quite limited and they are largely hetero-
geneous, including different types of resections and also 
parenchyma-sparing resections (i.e., enucleation or cen-
tral pancreatectomy), which usually are not associated to 
an appropriate lymphadenectomy [27, 28].

For these reasons, only consecutive patients who un-
derwent DP were included in the present study. In addi-
tion, although a high standardization of surgical proce-
dures could not be guaranteed, a standard lymphadenec-
tomy was always performed and pathological analysis 
was always conducted by dedicated pathologists. All these 
considerations should ensure a certain homogeneity of 
the cohort, thus reducing the risk of bias.

An optimal cutoff for lymph node harvesting for an 
appropriate nodal staging following DP performed for 
NF-PanNET was proposed in the present study. Re-
garding ductal adenocarcinoma, a minimum number of 
12–15 resected nodes are usually considered appropri-
ate for nodal staging [29]. As an example, Lahat et al. 
[30] reported a different DFS for a cutoff of 13 ELNs 
among patients with N0 neoplasms. In patients with 
ductal adenocarcinoma, the number of resected nodes 
is correlated with the probability of finding lymph node 
metastases [26]. A similar result was identified in our 
study, with every additional resected lymph node giving 
an additional probability of detecting a nodal metastasis 
of 5%.

Regarding pancreaticoduodenectomy for PanNETs, 
Partelli et al. [12] described that at least 13 lymph nodes 
should be yielded for accurate nodal staging. A similar 
result regarding DP is herein reported, as a significant dif-
ference, in term of DFS, between the number of patients 
with N0 and N+ neoplasms was observed in patients with 
at least 12 ELNs, whereas the N status failed to predict 
disease relapse in case of <12 ELNs.

PanNETs are generally considered indolent neoplasms 
compared to their exocrine counterpart, and this assump-
tion may lead to a bias in surgical strategy and manage-
ment. Patients with PanNET are often treated by atypical 
resections (i.e., enucleation or central pancreatectomy) 
without a formal lymphadenectomy or with just a limited 
nodal sampling [31]. For this reason, preoperative evalu-
ation may play a role in identifying patients at high risk 
of nodal involvement. In our series, Ki67 index and T-
stage confirmed their association with the presence of 
nodal metastases. For patients preoperatively judged at 
high risk of nodal involvement, a formal resection with a 
proper lymphadenectomy is mandatory.

Table 4. Multivariable analysis of predictors of DFS in 271 patients 
treated with DP for NF-PanNETs

Variable N HR 95% CI p value

Resection margins
R0 256 1 0.707
R1 15 0.71 0.29–2.34

Tumour grading
G1 145 1 0.019
G2–G3 126 2.46 1.16–5.23

T-stage
T1–T2 178 1 0.006
T3–T4 93 2.87 1.36–6.07

Nodal status
N0 209 1
N1 29 2.64 1.75–4.17 0.018
N2 33 3.66 2.72–7.79 0.001

Microvascular invasion
No 158 1 0.602
Yes 104 1.28 0.50–3.29

Perineural invasion
No 191 1 0.501
Yes 60 1.31 0.60–2.84

Necrosis
No 170 1 0.001
Yes 23 3.48 1.68–7.19

Splenectomy
No 60 1 0.243
Yes 211 1.77 0.68–4.58

Bold type denotes significance. DFS, disease-free survival; DP, 
distal pancreatectomy; NF-PanNETs, non-functioning pancreatic 
neuroendocrine tumours.
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Table 5. Univariate and multivariate analysis of predictors of DFS considering only 264 G1 and G2 patients treated with DP for NF-
PanNETs

Variable N Univariate analysis Multivariate analysis

1-year DFS, 
%

3-year DFS, 
%

Median DFS, 
months

p value H.R. 95% CI p value

Gender
Male 143 93 91 n.r. 0.074
Female 121 93 82 n.r.

Age
≤60 years 140 97 86 n.r. 0.771
>60 years 124 93 86 n.r.

Complications [17]
None 73 95 90 n.r. 0.476
Mild complicated (CD 1–2) 135 96 84 n.r.
Complicated (CD 3–4) 27 93 81 n.r.

Resection margins
R0 251 96 87 n.r. 0.227
R1 13 77 68 n.r.

Grading
G1 145 98 95 n.r. <0.001 1
G2 119 92 75 123 2.75 1.26–5.95 0.010

T-stage
T1–T2 177 98 94 n.r. <0.001 1
T3–T4 87 90 71 152 3.34 1.54–7.24 0.002

Nodal statusa

N0 205 98 93 n.r. <0.001
N+ 59 90 62 56

Alternative nodal status 
subclassification
N0 205 98 93 n.r. <0.001 1
N1 29 90 72 n.r. 2.52 1.62–3.76 0.036
N2 30 90 52 51 4.35 2.76–10.72 0.001

ELNs
<12 132 97 92 n.r. 0.028 1
≥12 132 95 81 n.r. 0.98 0.45–2.17 0.967

LNRa

0 205 98 93 n.r. <0.001
>0–0.4 50 92 68 152
>0.4 9 78 44 29

Microvascular invasion
No 152 98 95 n.r. <0.001 1
Yes 98 93 72 152 0.87 0.33–2.29 0.777

Perineural invasion
No 189 97 91 n.r. <0.001 1
Yes 55 91 67 23 1.65 0.75–3.62 0.210

Necrosis
No 168 96 88 n.r. <0.001 1
Yes 19 79 53 49 3.14 1.46–6.76 0.003

Splenectomy
No 60 98 93 n.r. 0.005 1
Yes 204 95 85 n.r. 1.99 0.74–5.37 0.175

Bold type denotes significance. CD, Clavien-Dindo classification of surgical complications [17]; ELNs, examined lymph nodes; LNR, 
lymph-node ratio; n.r., not reached; DFS, disease-free survival; DP, distal pancreatectomy; NF-PanNETs, non-functioning pancreatic 
neuroendocrine tumours. a Nodal status and LNR were not included in the multivariate model because of collinearity with the alterna-
tive nodal status subclassification.
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The number of ELNs seems to influence somehow the 
long-term outcomes; indeed, the LNR resulted as one of 
the most powerful predictors of DFS. Boninsegna et al. 
[32] reported the prognostic role of LNR in a series of 57 
patients with pancreatic neuroendocrine neoplasms 
(PanNENs). However, another multicentric study [9] did 
not report a difference in terms of DFS based on the value 
of LNR. This result may be biased by the presence, in this 
latter report, of atypical resections, while in the present 
study only DP was considered.

This study has several limitations, mainly related to its 
retrospective nature. Despite the high surgical experience 
in the 4 centres, the uniformity in surgical resections and 
lymphadenectomies is not completely guaranteed. In 
particular, the extent of lymphadenectomy may be influ-
enced by the presence of aggressiveness features known 
before surgery, such as G3 PanNET. Nevertheless, the 
similar median number of ELNs observed among the 4 
institutions should guarantee a fair level of homogeneity. 
The problem of standardization may be applied also to 
pathological examination, even though all 4 hospitals are 
high-volume centres with strong experience in PanNENs. 
Given the pivotal importance of nodal staging in deter-
mining the prognosis, pathological examination should 
be extremely accurate, performed by experienced pathol-
ogists, and highly standardized, as for ductal adenocarci-
noma [33], in order to examine the highest number of 
resected lymph node.

Another limitation of the present study is the different 
median number of ELNs between spleen-preserving pro-
cedures and standard DP. These findings suggest that 
spleen-preserving procedures should be recommended 
only in selected cases without features of biological ag-
gressiveness. However, also in spleen-preserving proce-
dures, a proper lymphadenectomy of coeliac trunk and 
splenic hilum should be performed in order to harvest an 
adequate number of ELNs. In particular, in a randomized 
clinical trial on gastric cancer patients, Yu et al. [34] re-
ported that the same number of LNs was harvested both 
in spleen-preserving procedures and in those including 
splenectomy. This result suggests that a proper lymphad-
enectomy of the splenic hilum could be reached even pre-
serving the spleen.

A further limitation is the lack of information regard-
ing nodal metastases localization on the histopathological 
report. A precise nodal metastases mapping should be in-
dispensable, particularly to discriminate peripancreatic 
PLNs versus distant PLNs. In small bowel NENs, a recent 
study [35] demonstrated the possibility of skip nodal me-
tastases. So far, this event was never demonstrated for 

PanNENs, otherwise it might influence substantially the 
pattern and the frequency of nodal involvement. How-
ever, only a prospective study including a standard pro-
tocol for lymphadenectomy, with a precise nodal map-
ping, and a standardized pathological examination may 
overcome all these limitations.

In conclusion, a minimal number of 12 nodes should 
be harvested in case of DP for NF-PanNET for an appro-
priate nodal staging. The number of positive lymph nodes 
is an independent predictor of DFS survival after DP for 
NF-PanNET, and the N0/N1/N2 nodal classification 
seems to be more relevant than the current N0/N+ stag-
ing.
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