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a b s t r a c t

Background: /Objectives: Although the presence of lymph node metastasis (LNM) defines malignant
potential, preoperative prediction of LNM has not been established for non-functional pancreatic
neuroendocrine neoplasm (NF-PNEN). We sought to develop a prediction system using only preopera-
tively available factors that would stratify the risk of LNM for NF-PNEN.
Methods: We retrospectively reviewed patients who underwent R0/1 resection of NF-PNEN at Kyoto
University (2007e2019) and the University of California, San Francisco (2010e2019). Risk stratification of
LNM was developed using preoperative factors by the logistic regression analysis. Long-term outcomes
were compared across the risk groups.
Results: A total of 131 patients were included in this study. Lymph nodes were pathologically examined
in 116 patients, 23 (20%) of whom had LNM. Radiological tumor size [1.5e3.5 cm (odds ratio: 13.5, 95%
confidence interval: 1.77e398) and >3.5 cm (72.4, 9.06e2257) against �1.5 cm], <50% cystic component
(8.46 � 10^6, 1.68 � 10^106-), and dilatation of main pancreatic duct �5 mm (31.2, 3.94e702) were
independently associated with LNM. When patients were classified as the low-risk (43 patients),
intermediate-risk (44 patients), and high-risk groups (29 patients), proportions of LNM differed signif-
icantly across the groups (0%, 14%, and 59%, respectively). Recurrence-free survival (RFS) of the low- and
intermediate-risk groups were significantly better than that of the high-risk group (5-year RFS rates of
92.2%, 85.4%, and 47.1%, respectively).
Conclusions: The prediction system using preoperative radiological factors stratifies the risk of LNM for
NF-PNEN. This stratification helps to predict malignant potential and determine the surgical procedure
and necessity of regional lymphadenectomy.
© 2021 The Authors. Published by Elsevier B.V. on behalf of IAP and EPC. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Neuroendocrine neoplasm (NEN) is a rare malignancy, but the

incidence has increased six-fold over the past four decades [1]. The
pancreas is the fourth most common primary site of NENs,
following the lung, small intestine, and rectum [1]. Although the
prognosis of pancreatic neuroendocrine neoplasm (PNEN) is much
better than that of pancreatic ductal adenocarcinoma, long-term
survival is relatively unfavorable compared to the other NENs
[1e3].
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PNENs are classified into two types: hormone-producing func-
tional PNEN and non-functional PNEN (NF-PNEN), the latter ac-
counting for 65e85% of PNENs [4,5]. Although functional PNEN is
generally recommended for resection regardless of the tumor size
to control hormonal symptoms, the surgical indication for small
NF-PNEN�2 cm has been controversial, becausemost of them have
indolent characteristics [6,7]. Since the presence of lymph node
metastasis (LNM) defines a malignant PNEN, pancreatic resection
with regional lymphadenectomy is recommended for patients with
suspicious LNM even if the primary tumor is small and non-
functional [6,7]. Although several factors have been associated
with LNM, including tumor size, site of primary tumor, calcification,
cystic component, main pancreatic duct (MPD) involvement, and
Ki-67 index [8e16], there are few comprehensive prediction sys-
tems of LNM because PNEN is rare and large-scale studies are
lacking [9,14]. We and others have shown that Ki-67 index is highly
associated with LNM [14,16]. However, the accurate Ki-67 index is
usually unavailable preoperatively, because Ki-67 index on speci-
mens from preoperative endoscopic ultrasound (EUS)-guided fine
needle aspiration (FNA) is often lower than that on surgical speci-
mens, and the grade is underestimated in 20e30% of cases due to
intratumor heterogeneity [17,18]. Therefore, prediction models
using Ki-67 index might not be best for deciding resection versus
observation or the necessity of regional lymphadenectomy.

In this international dual-institutional study, we sought to
develop a prediction system using only preoperatively available
factors that would stratify the risk of LNM and malignant potential
of NF-PNEN.

2. Methods

Patients. This study was conducted at Kyoto University and the
University of California, San Francisco (UCSF). Patients who un-
derwent R0/1 resection of primary NF-PNEN between 2007 and
2019 at Kyoto University and between 2010 and 2019 at UCSF were
retrospectively reviewed. Patients with known germline mutations
(includingMEN1 and VHL genes), distant metastasis, coincidence of
pancreatic ductal adenocarcinoma, or missing Ki-67 information
were excluded. Datawere collected frommedical records, operative
reports, and pathological reports. This study was conducted in
accordance with the Declaration of Helsinki, the Ethical Guidelines

for Medical and Health Research Involving Human Subjects in
Japan, and Health Insurance Portability and Accountability Act in
the USA. The study protocol was approved by the institutional re-
view boards of both institutions.

Preoperative radiological findings. Tumor size, early enhance-
ment, cystic component <50%, calcification, MPD dilatation
�5 mm, and lymphadenopathy were evaluated on preoperative
imaging as possible risk factors of N1 (¼LNM) according to the
previous studies [8,10e13,15,19]. All patients received preoperative
computed tomography (CT) and/or magnetic resonance imaging
(MRI). The findings of EUS were referred when the tumors were too
small to be detected on CT or MRI. Early enhancement was evalu-
ated on the arterial phase of three-phase dynamic CT or MRI. Cystic
component was differentiated from necrosis by a well-
circumscribed, regular shape and homogenous density/intensity
without enhancement. Calcificationwas evaluated on non-contrast
CT. MPD dilatation was evaluated on CT and/or MRI. Radiological
lymphadenopathy was defined as nodes >10 mm in the short axis
[20].

Surgical procedures. Surgical procedure was determined based
on the site of the primary tumor, size, and MPD involvement.
Regional lymphadenectomy was generally performed concurrently
with pancreaticoduodenectomy, or distal, total, or central pancre-
atectomy. Tumor enucleation was done for small lesions that did
not involve the MPD.

Postoperative follow-up. Patients had follow-up every 3e6
months with contrast-enhanced computed tomography or mag-
netic resonance imaging. Recurrence was recorded when any
radiological modalities first detected PNEN-related malignant dis-
eases. Patients were censored for follow-up of recurrence and
survival at the end of 2019.

Statistical analysis. Categorical variables were expressed as the
number and the percentage, and compared using the chi-squared
test. Continuous variables were expressed as the median and
interquartile range, and compared using the Wilcoxon test. To
construct a risk stratification for N1, patients whose nodes were
pathologically examined were included in the analysis (patients
with NX were excluded). The classification and regression trees
(CART) method was used to classify tumor size for the outcome of
N1. In brief, patients are classified to two groups (called “nodes”)
based on the value of a covariate which best discriminate an
outcome (N1 in this study), and then each node is classified in turn
if feasible [21]. Logistic regression analysis was performed for the
outcome of N1 using preoperative factors. Patients were classified
into risk groups according to the logit for N1 using the CART
method. Discriminatory power of the risk stratification for N1 was
evaluated using receiver operating characteristic (ROC) analysis. A
10-fold cross validation was performed using the identified risk
factors. Pathological findings and long-term outcomes were
analyzed in the entire cohort (including patients with NX).
Recurrence-free survival (RFS) and overall survival (OS) were
compared using the log-rank test. P-values <0.05 were considered
statistically significant. Statistical analyses were performed using
JMP software version 10 (SAS Institute, Cary, NC).

3. Results

Patient and tumor characteristics. A total of 131 patients (56
from Kyoto University and 75 from UCSF) were included in this
study (Table 1). Race differed significantly between the institutions
because all patients from Kyoto University were Asian. Tumor size
was smaller and tumor enucleation was more frequent at Kyoto
University than at UCSF. Accordingly, proportion of NX was higher
at Kyoto University than at UCSF. When patients with NX were
excluded, 23 of 116 patients (20%) had N1 and the proportions of N1

Abbreviations

CART classification and regression trees
CBD common bile duct
CT computed tomography
EUS endoscopic ultrasound
FNA fine needle aspiration
LNM lymph node metastasis
LVI lymphovascular invasion
MPD main pancreatic duct
MRI magnetic resonance imaging
NEN neuroendocrine neoplasm
NF-PNEN non-functional pancreatic neuroendocrine

neoplasm
OS overall survival
PET positron emission tomography
PNEN pancreatic neuroendocrine neoplasm
RFS recurrence-free survival
ROC receiver operating characteristic
UCSF University of California, San Francisco
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were comparable between the institutions (19% for Kyoto Univer-
sity and 20% for UCSF). All tumors, including 2 G3 tumors, were
well-differentiated. No patients with poorly-differentiated neuro-
endocrine carcinoma were included in this study.

Risk stratification of N1. Among 116 patients (excluding those
with NX), tumor size, <50% cystic component, calcification, dila-
tation of MPD �5 mm, and lymphadenopathy were significantly
associated with N1 (Table S1). In multivariate analysis, tumor size
(1.5e3.5 cm and >3.5 cm against �1.5 cm), <50% cystic component,
and dilatation of MPD �5 mmwere independent risk factors for N1
(Table 2). Patients were classified into the low-risk (43 patients),
intermediate-risk (44 patients), and high-risk groups (29 patients)
according to the logit for N1 using the three radiological parameters
(Fig. 1A). The low risk represents �1.5 cm without MPD dilatation,
or �50% cystic component of any size; the intermediate risk rep-
resents 1.5e3.5 cm with <50% cystic component and without MPD
dilatation; and the high risk represents >3.5 cm with <50% cystic
component, or MPD dilatation of any size (Fig. 1B). Proportions of
N1 differed significantly across the risk groups (0%, 14%, and 59%,
respectively, Fig. 2A). Although tumor size also moderately
discriminated the risk of N1 (Fig. 2B), the risk stratification had
better discriminatory power than tumor size alone (the area under
the curve of ROC of 0.865 and 0.778, respectively, Fig. 2C). The
similar trend in the proportions of N1 by the risk stratification was

observed for each of the Kyoto and UCSF cohort (Fig. 3A and B). A
10-fold cross validation showed that the logit for N1 using the three
radiological parameters were highly concordant with the original
one (Fig. S1). Radiological lymphadenopathy was highly specific,
but not sensitive for N1 (specificity of 96% and sensitivity of 35%,
Table S1). Among patients without lymphadenopathy, the risk
stratification discriminated the risk of N1 appropriately (Fig. S2A).
Also, among patients with lymphadenopathy, the similar trend was
observed, though the differences did not reach statistical signifi-
cance (Fig. S2B).

Pathological findings and long-term outcomes. Ki-67 index on
the resected specimens differed significantly across the risk groups
[median 1.0% (0.8e2.0), 2.0% (1.0e3.5), and 4.9% (3.0e10.0),
Fig. 4A]. Accordingly, the proportions of G2-3 differed (18%, 32%,
and 81%, Fig. 4B), though the difference between the low- and
intermediate-risk groups was not statistically significant because
Ki-67 index ranged within the G1 category (<3%) in most cases of
the two groups. Lymphovascular invasion (LVI) also differed
significantly across the risk groups (2%, 15%, and 61%, Fig. 4C). No
patients received adjuvant therapy after surgery before recurrence.
RFS for the low- and intermediate-risk groups were comparable
and significantly better than that for the high-risk group (5-year
RFS rates of 92.2%, 85.4%, and 47.1%, respectively, Fig. 5A). During
median follow-up of 42 months, OS were comparable across the

Table 1
Patient and tumor characteristics.

Variables Total (n ¼ 131) Kyoto cohort (n ¼ 56) UCSF cohort (n ¼ 75) P-value

Age 60 (52e65) 61 (54e65) 59 (48e66) 0.543
Sex female 62 (47%) 30 (54%) 32 (43%) 0.216
Race <0.001
Asian 65 (50%) 56 (100%) 9 (12%)
White 50 (38%) 0 (0%) 50 (67%)
Hispanic 8 (6%) 0 (0%) 8 (11%)
Black 5 (4%) 0 (0%) 5 (7%)
Not specified 3 (2%) 0 (0%) 3 (4%)

Radiological findings
Site of primary 0.032
Head 45 (34%) 25 (45%) 20 (27%)
Body/Tail 86 (66%) 31 (55%) 55 (73%)

Tumor size (cm) 2.0 (1.3e3.2) 1.7 (1.0e2.5) 2.4 (1.5e3.6) 0.007
Early enhancement 80/117 (68%) 42/56 (75%) 38/61 (62%) 0.138
Cystic component <50% 121 (92%) 54 (96%) 67 (89%) 0.115
Calcification 25 (19%) 13 (23%) 12 (16%) 0.318
Main pancreatic duct �5 mm 9 (7%) 3 (5%) 6 (8%) 0.549

Surgical procedure <0.001
Pancreaticoduodenectomy 41 (31%) 22 (39%) 19 (25%)
Distal pancreatectomy 74 (56%) 21 (38%) 53 (71%)
Central pancreatectomy 6 (5%) 5 (9%) 1 (1%)
Total pancreatectomy 2 (2%) 1 (2%) 1 (1%)
Tumor enucleation 8 (6%) 7 (13%) 1 (1%)

Pathological findings
Primary tumor 0.445
T1-2 106 (81%) 47 (84%) 59 (79%)
T3-4 25 (19%) 9 (16%) 16 (21%)

Lymph node metastasis <0.001
N0 93 (71%) 34 (61%) 59 (79%)
N1 23 (18%) 8 (14%) 15 (20%)
NX 15 (11%) 14 (25%) 1 (1%)

Number of nodes examineda 13 (6e18) 7 (3e12) 16 (12e19) <0.001
Lymphovascular invasion 27/123 (22%) 11/48 (23%) 16/75 (21%) 0.836
Perineural invasion 21/116 (18%) 7/41 (17%) 14/75 (19%) 0.831
Necrosis 15/93 (16%) 5/18 (28%) 10/75 (13%) 0.157
Positive surgical margin 15 (11%) 7 (13%) 8 (11%) 0.745
Ki-67 index (%) 2.0 (1.0e4.4) 1.2 (1.0e3.9) 2.4 (1.0e4.9) 0.057
WHO2017 grade 0.647
G1 81 (62%) 37 (66%) 44 (59%)
G2 48 (37%) 18 (32%) 30 (40%)
G3 2 (2%) 1 (2%) 1 (1%)

a The values are of patients excluding NX.
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groups (5-year OS rates of 90.7%, 97.1%, and 87.9%, respectively,
Fig. 5B)

Selection of tumor enucleation. Tumor enucleation was per-
formed in 8 patients (6%, Table S2). The tumors that were enucle-
ated were located either in the head (4 patients, 50%) or the body (4
patients, 50%), and none were located in the tail (Fig. S3). Five of
them (63%) were exophytic from the surface of the pancreas. Most
were �2 mm away from the MPD and common bile duct (CBD),
except for one tumor which abutted on the MPD and CBD though
no MPD or CBD dilatation was observed. Seven of them (88%) were
<2 cm. None of them had possible radiological signs of malignancy,

including disappearance of early enhancement, calcification, and
lymphadenopathy. Given that tumors involving the MPD are not
feasible for enucleation, the risk of N1 was evaluated among pa-
tients excluding those with MPD dilatation to seek for the appro-
priate indication of tumor enucleation (Table S3). In multivariate
analysis, tumor size of >1.5 cm (not �2 cm) were independent risk
factors for N1 among patients without MPD dilatation.

4. Discussion

In this international dual-institutional study, we sought to
develop a prediction system that would stratify the risk of LNM and
malignant potential of NF-PNEN.We found that LNMwas predicted
only by preoperative radiological factors. Although Ki-67 index/
tumor grade is one of themost powerful prognosticators of patients
with PNEN [5,22], we did not include Ki-67 index or tumor grade in
this preoperative risk stratification, because preoperative grading
by EUS-FNA is underestimated in 20e30% of cases due to intra-
tumor heterogeneity [17,18]. In our cohort, tumor grade on EUS-
FNA was underestimated in 21% of patients (Fig. S4A). The
discriminatory power for N1 of grading by EUS-FNA was inferior to
that of our risk stratification (Figs. S4B and C). Moreover, the risk
stratification correlated well with pathological findings of Ki-67
index, tumor grade, and LVI on the resected specimens as well as
LNM and prognosticated RFS. These findings suggest that our risk
stratification represents the malignant potential of NF-PNEN.

Tumor size is one of the most common risk factors of PNEN. In a
recent analysis of the National Cancer Database that included 2004
cases of NF-PNEN, resection was not superior to observation in OS
for patients with tumors <1 cm, whereas resectionwas superior for
patients with tumors 1e2 cm and >2 cm [23]. Consensus guidelines
from the European Neuroendocrine Tumor Society accept initial
observation for asymptomatic patients with low grade NF-PNEN
<2 cm [6], whereas the threshold is � 1 cm in the consensus
guidelines from the North American Neuroendocrine Tumor Soci-
ety [7]. In our study, the median tumor size was 2.0 cm. It would be
an option to develop a risk stratification by this cutoff point.
However, we sought to develop a better risk stratification than the
existing ones. Based on the CART method, the size cutoff points of
1.5 cm and 3.5 cm best discriminated the risk of N1 as a univariate.
The significance of the cutoff point at 1.5 cm has been shown in
several studies [10,13,15,24], and this threshold could be another
determinant for resection or observation or the necessity of
lymphadenectomy.

Table 2
Logistic regression analysis for N1 among 116 patients excluding those with NX.

Variables Univariate analysis Multivariate analysis

OR 95% CI P-value OR 95% CI P-value

Institution Kyoto ref
UCSF 1.08 0.42e2.93 0.874

Age �60 1.22 0.49e3.12 0.673
Female 0.55 0.20e1.38 0.203
Race White ref

Asian 0.84 0.32e2.22 0.727
Others 0.49 0.07e2.15 0.369

Primary tumor in the head 1.29 0.49e3.27 0.603
Tumor size (cm) �1.5 ref ref

1.5e3.5 7.36 1.29e139 0.021 13.5 1.77e398 0.008
>3.5 36.0 6.25e687 <0.001 72.4 9.06e2257 <0.001

Early enhancement 0.75 0.28e2.11 0.582
Cystic component <50% 8.10 � 10^6 2.63 � 10^16- 0.041 8.46 � 10^6 1.68 � 10^106- 0.039
Calcification 3.30 1.19e9.02 0.023 e e e

Main pancreatic duct �5 mm 16.1 3.39e116 <0.001 31.2 3.94e702 <0.001

CI: confidence interval, OR: odds ratio.

Fig. 1. Risk stratification of N1. (A) The classification and regression trees (CART)
method classified patients into three groups according to the logit for N1.
Logit ¼ �20.31 þ (0, if � 1.5 cm; 2.60, if 1.5e3.5 cm; 4.28, if > 3.5 cm) þ (15.95, if <50%
cystic; 0, otherwise) þ (3.44, if MPD �5 mm; 0, otherwise). (B) A scheme of the risk
groups. MPD: main pancreatic duct.
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However, tumor size is not the sole factor that predicts malig-
nant potential of PNEN. Indeed, around 25% of patients with NF-
PNEN �2 cm were reported to have a Ki-67 index �3%, catego-
rized to � G2 [14,15]. Our prediction system, integrating the pres-
ence or absence of cystic component and dilatation of MPD as well
as tumor size, was better than tumor size alone in predicting LNM
(Fig. 2). Although the mechanism of cyst formation in PNEN is
unknown, the favorable outcomes of patients with cystic PNEN
have been well established. Cloyd et al. showed that 15 of 167 pa-
tients with NF-PNEN (9%) had �50% cystic component and none
had LNM [12], which is fully compatible with our findings. A meta-
analysis confirmed the benign behaviors of cystic PNEN compared
to solid one, though 11% of patients with cystic PNEN did have LNM
[25]. The relatively high incidence of LNM in the meta-analysis
compared to zero incidence in Cloyd's and our studies might be
due to confounding necrosis with cyst. Necrosis is an aggressive
manifestation of PNEN and should be a distinct entity from cyst
[26]. In our study, cystic component was radiologically defined as

well-circumscribed, regular shape and homogenous density/in-
tensity without enhancement to distinguish it from necrosis. In
contrast, MPD involvement/dilatation has been shown as a malig-
nant phenotype [13,19]. Nanno et al. showed that MPD involvement
was associated with LNM, venous invasion, perineural invasion, Ki-
67 index >2%, and short RFS [13]. They also showed an infiltrative
growth pattern with fibrotic stroma of PNEN with MPD involve-
ment, suggesting the specific aggressive biology. Our prediction
system therefore combines well-established risk factors of PNEN.
Since therewere no patients with both�50% cystic component and
MPD �5 mm in this study, it is inconclusive whether the condition
with both radiological signs represented benign or malignancy if
they could coexist. In such cases, however, we suggest not to un-
derestimate the risk of malignant potential.

68Ga DOTA TATE-positron emission tomography (PET)/CT is
highly sensitive for detecting NENs [27]. In our cohort, there were
11 patients who had preoperative 68Ga DOTA TATE-PET/CT. In 2
patients, 68Ga DOTA TATE-avid lymph node apart from the primary
tumor was detectable, and both patients actually had N1. In
contrast, 2 other patients with N1 did not show focal uptake of 68Ga
DOTA TATE in the lymph nodes. Peritumoral lymph nodes may be
indistinguishable from the primary tumor, which may pose a false
negative. Due to the small number of patients, we are not able to
conclude whether 68Ga DOTA TATE-PET/CT is predictive of the
malignant potential of PNEN.

Our prediction system could be practically applied to deter-
mining the surgical procedure and the necessity of regional lym-
phadenectomy. Given the low incidence of LNM, �G2, and LVI for
the low-risk group, regional lymphadenectomy could be withheld
and sampling for staging might be enough for low-risk patients.
Tumor enucleation is an option for NF-PNEN to preserve pancreatic
exocrine and endocrine functions under certain conditions,
including head or body location, no obvious findings of MPD or CBD
involvement, a small tumor, and no radiological lymphadenopathy.
In the subgroup analysis of patients without MPD dilatation, tumor
size of >1.5 cm, rather than�2 cm, was independent risk factors for
N1 (Table S3). This finding suggests that tumor size of �1.5 cm
without MPD involvement should be the indication of enucleation.
In contrast, patients with MPD dilatation should undergo formal

Fig. 2. Proportions of N1 were compared stratified by (A) the risk groups and (B) the tumor size using the chi-squared test. (C) Discriminatory power for N1 was compared between
the risk stratification and tumor size (�1.5 cm, 1.5e3.5 cm, and >3.5 cm). The area under the curve of receiver operating characteristic was 0.865 and 0.778, respectively, and the
difference was 0.087 (95% confidence interval: 0.011e0.164).

Fig. 3. Proportions of N1 stratified by the risk groups among (A) the Kyoto and (B)
UCSF cohorts. Proportions of N1 were compared using the chi-squared test.
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pancreatectomy with regional lymphadenectomy even if they are
small. Although our results do not permit us to conclude whether
extended lymphadenectomy could improve the prognosis of the
high-risk patients, it might be needed to achieve curative resection,
given the high malignant potential.

Our risk stratification of N1 was prognostic for RFS, but not for
OS. One reason for this should be the short follow-up period (me-
dian 42 months). In the survival analysis from the Surveillance,
Epidemiology, and End Results Database, the median survival of
patients with local and regional PNEN exceeded 90 months [1].
Therefore, longer follow-up would be needed to conclude the
prognostic impact of our risk stratification on OS. Meanwhile, 9 out
of 13 patients with recurrence in the liver received liver-directed
therapy in our cohort, 5 of whom underwent resection of liver
metastases. As we and others have described, complete or even
debulking resection of neuroendocrine liver metastasis prolongs

survival in select cases [28e31]. This might attenuate the potential
difference of survival between high-risk and low to intermediate-
risk groups despite their significant difference in the risk of
recurrence.

Due to the rarity of PNEN, we collaboratively conducted an in-
ternational dual-institutional study. Although patient and tumor
characteristics differed significantly between the institutions in
two countries, including race, the site of tumor (head vs body/tail),
tumor size, and surgical procedure (the frequency of enucleation),
the risk stratificationwas applicable to both institutional cohorts as
shown in Fig. 3, which suggests that this system is universal. A 10-
fold cross validation supplemented the validity of this system,
though an external validation is desirable to further confirm our
findings.

There are several limitations to this study. First, the scale of this
study was modest compared to registry-based ones [23,32e35].

Fig. 4. Comparison of pathological findings across the risk groups (A) Ki-67 index was compared using the Wilcoxon test. (B) Proportions of G2-3 and (C) lymphovascular invasion
(LVI) were compared using the chi-squared test.

Fig. 5. (A) Recurrence-free survival and (B) overall survival were compared across the risk groups using the log-rank test.
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Nevertheless, our study has significance with respect to detailed
evaluation of radiological imaging in contrast to such studies.
Second, because the numbers of patients with �50% cystic
component and those with dilatation of MPD �5 mmwere small in
this study, their predictive values for LNM might be overestimated.
Third, due to the retrospective design of this study, the post-
operative radiological modality was not unified, and this might
possibly bias the detection of recurrence, especially for liver
metastasis. Finally, the number of nodes examined was low for
Kyoto cohort, which might lead to inaccurate staging. However, we
generally performed standard regional lymphadenectomy concur-
rently with formal pancreatectomy, and we did not observe
regional lymph node recurrence except for one patient who had 21
nodes dissected at the time of surgery.

In conclusion, the prediction system using preoperative radio-
logical factors stratifies the risk of LNM. This system also predicted
the malignant potential and prognosticated RFS. Therefore, this
system helps in determining the surgical procedure and necessity
of lymphadenectomy for NF-PNEN.
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