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Simple Summary: Although pancreatic neuroendocrine neoplasms represent less than 5% of all
pancreatic cancers, their incidence rate has risen dramatically over the last decade, mainly due to
improved detection methods. They are considered malignant by default. However, their outcomes are
variable depending on their presentation in the onset of hereditary syndromes, hormonal secretion,
grading, and extension. Therefore, although surgical treatment has long been suggested as the
only treatment of pancreatic neuroendocrine neoplasms, its modalities are an evolving landscape,
especially since parenchyma-sparring pancreatectomy and endoscopic approaches instead of large
pancreatic resections have been proposed. Moreover, in selected cases, watchful strategies are on
balance with surgical resection, but the accurate size cut-off of the tumor remains to be established.
The aim of this narrative review is to describe the current recommended surgical management for
pancreatic NENs and controversies in light of the actual recommendations and recent literature.

Abstract: Pancreatic neuroendocrine neoplasms (panNENs) are a heterogeneous group of tumors
derived from cells with neuroendocrine differentiation. They are considered malignant by default.
However, their outcomes are variable depending on their presentation in the onset of hereditary
syndromes, hormonal secretion, grading, and extension. Therefore, although surgical treatment has
long been suggested as the only treatment of pancreatic neuroendocrine neoplasms, its modalities
are an evolving landscape. For selected patients (small, localized, non-functional panNENs), a “wait
and see” strategy is suggested, as it is in the setting of multiple neuroendocrine neoplasia type 1, but
the accurate size cut-off remains to be established. Parenchyma-sparring pancreatectomy, aiming to
limit pancreatic insufficiency, are also emerging procedures, which place beyond the treatment of
insulinomas and small non-functional panNENs (in association with lymph node picking) remains
to be clarified. Furthermore, giving the fact that the liver is generally the only metastatic site, surgery
keeps a place of choice alongside medical therapies in the treatment of metastatic disease, but its
modalities and extensions are still a matter of debate. This narrative review aims to describe the
current recommended surgical management for pancreatic NENs and controversies in light of the
actual recommendations and recent literature.

Keywords: neuroendocrine neoplasms; pancreatic tumors; pancreatic surgery

1. Introduction

Neuroendocrine neoplasms (NENs) are rare tumors derived from cells with neu-
roendocrine differentiation, predominantly found in the lung, the digestive tract and the
pancreas [1]. Pancreatic NENs (panNENs) represent less than 5% of all pancreatic can-
cers [2], and 12.1% of all NENs [3]. Their incidence rate has risen significantly during the
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past 40 years [4,5], mainly due to increased diagnosis of localized and low grade panNENs,
which could suggest that improved detection methods and awareness of the disease play a
major role in this phenomenon [5,6].

Although regrouped under a common appellation, panNENs in fact represent a
heterogeneous group of neoplasms with various prognoses. Indeed, depending on the
presence of hormonal secretion, which can lead to specific complications, their occurrence
in the setting of hereditary syndromes, their degree of differentiation, grade, and extensions,
the management of panNENs greatly differs and represents an evolving landscape and a
therapeutic challenge [7,8].

Because systemic treatments seem to only stabilize the disease because of inher-
ent or acquired drug resistance and poor delivery within the pancreas [9,10], surgery
remains a cornerstone of the management of panNENs and remains the only curative treat-
ment [11–13], with its indications and modalities being influenced by the aforementioned
heterogeneity of these tumors. Several consensuses have been proposed to describe the
surgical treatment of panNENs, including the North American Neuroendocrine Tumor
Society (NANETS) [14], the National Comprehensive Cancer Network (NCCN) [15], and
the European NeuroEndocrine Tumor Society (ENETS) [16]. However, controversies exist
between these recommendations and emerge from the recent literature.

The aim of this narrative review is to describe the current recommended surgical
management for panNENs and controversie, in light of the actual recommendations and
recent literature.

2. Presentation, Diagnosis and Pre-Operative Workup
2.1. Clinical Presentation

Based on the presence of well-defined clinical symptoms related to hormonal se-
cretion, panNENs are separated into two major groups: functioning (F-panNENs) and
non-functioning panNENs (NF-panNENs). The four major F-panNENs causing specific
syndromes are insulinomas (secretion of insulin leading to hypoglycemia), gastrinomas
causing Zollinger Ellison syndrome (gastrin leading to recurrent ulcer disease), glucagono-
mas (glucagon causing necrotic migratory erythema, undernutrition and diabetes mellitus)
and VIPomas causing Werner Morrison syndrome (vasoactive intestinal peptide leading
to water diarrhea, hypokalemia and achlorhydria) [17]. In contrast with F-panNENs, NF-
panNENs do not cause specific symptoms other than those related to tumor burden but
are frequently incidentally diagnosed on imagery before their occurrence [18].

2.2. Biochemical Analysis

Serum biomarkers are frequently used for the diagnosis workup of panNENs. Chromo-
granin A has been described for the diagnosis of NF-panNENs, with a sensitivity ranging
between 66–73% and a low specificity between 10 and 35% [19–21]. As it is associated
with a significant propensity to cause false-positive results in the presence of numerous
benign and malignant conditions, this marker could be a more suitable marker during
follow-up in selected patients [22,23]. Other peptides, including neuron specific enolase
(NSE), progastrin releasing peptide (PRP) and pancreatic polypeptide (PP), have been
proposed as diagnosis markers of NF-panNENs, though they are associated with variables
sensitivity and specificity [22]. The diagnosis of F-panNENs includes specific biological
testing adapted to the symptoms caused by hormonal hypersecretion. For example, when
symptoms suggest organic hypoglycemia, the diagnosis of insulinoma will be retained in
the case of elevated levels of insulin, pro-insulin and C-peptide after 72 h fasting [24].

2.3. Imaging

Abdominal imaging is a major step in the diagnosis and pre-therapeutic workup of
panNENs. Both abdominal CT-scan and MRI have demonstrated their performances to de-
tect the primitive tumor, CT-scan being associated with 82% sensitivity and 96% specificity
for panNENs and MRI with 79% sensitivity and 76% specificity [25]. However, CT-scan
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is believed to describe major vessel involvement that determines tumor resectability (see
below) with more accuracy than MRI and should be performed systematically [16]. On the
other hand, MRI detects liver metastases with high accuracy, and is used to measure their
burden when their resection is envisaged [26,27]. Moreover, MR cholangiopancreatography,
as well as endoscopic ultrasound, are of special interest to estimate the relation between
the tumor and the main pancreatic duct and are highly recommended when enucleation is
envisaged (i.e., mainly insulinomas or NF-panNENs < 2 cm, see below) [16,28].

In addition, the use of functional imaging using radiolabeled somatostatin analogs is
systematically recommended to assess liver metastases and extra-abdominal disease [16,29]
except for insulinoma, in which a lower amount of somatostatin receptors is present [30].
For panNENs, positron emission tomography with CT with 68Ga labeled somatostatin
analogs has been shown to have the best sensitivity and specificity (92% and 83%, re-
spectively) and is the exam of choice [25], which has been suggested to improve staging
in comparison with conventional imaging [31]. Of note, poorly differentiated panNENs,
which have a higher proliferation rate, are better evaluated using 18F-fluorodeoxyglucose-
positron emission tomography [32]. Invasive methods such as arterial stimulation venous
sampling can be performed in addition to imaging exams when the latter do not allow for
the localization of insulinomas or glucagonomas [33].

3. Grading and Staging of Pancreatic Neuroendocrine Neoplasms

All NENs are considered malignant by default [34]. A three-grade classification has
been adopted to describe NENs, as proposed by the World Health Organization (WHO)
classifications for panNENs [35] and the 2018 International Agency for Research on Cancer
(IARC) and WHO consensus [36]. This grading is based on proliferation markers that
are the Ki-67 cell labelling index and the mitotic count (number of mitoses/mm2): G1
for low grade, G2 for intermediate grade and G3 for high grade NENs [35,36]. Poorly
differentiated panNENs, namely neuroendocrine carcinomas, are associated with the worst
prognosis [37] and are excluded from this grading since they are consistently high grade.
The current classification and grading, as described by the 2017/2019 WHO classification
and IARC, is proposed in Table 1. Grading of panNENs when a surgical management is
envisaged is often a necessity, since tumor grade can influence the surgical indication and
especially is predictive of lymph node metastasis (LNM) in a recent meta-analysis [38].

Table 1. PanNENs classification based on WHO 2010 and IARC 2018.

Type of Tumor Family Differentiation Type Grade Ki-67 (≥500
Cells)

Mitotic Count
(/2mm2)

Pancreatic
neuroendocrine

neoplasms

Neuroendocrine
tumors

Well
differentiated

Pancreatic
neuroendocrine

tumors

G1 (low) <3 <2

G2
(intermediate) 3–20 2–20

G3 (high) >20 >20

Neuroendocrine
carcinomas

Poorly
differentiated

Small cell type
High >20 >20

Large cell type

PanNENs staging is currently performed using two main systems that are mostly
similar, namely the modified ENETS staging classification [39] and the 8th edition of the
AJCC Cancer Staging Manual [40], which are summarized in Table 2. Local extension
mainly depends on peripancreatic vessel involvement: superior mesenteric vein, superior
mesenteric artery, coeliac axis and common hepatic artery. Encasement of one of those
arteries or superior mesenteric vein thrombosis means that the panNEN is considered
locally advanced [16].
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Table 2. Staging system according to the modified ENETS and AJCC 8th staging classifications [39,40].

Staging T, N and M Definitions

mENETS AJCC 8th Classification mENETs 8th AJCC Classification

Stage T N M T N M T1 Tumor limited to
pancreas, <2 cm

Maximum tumor
diameter ≤2 cm

IA T1 N0 M0 T1 N0 M0 T2 Tumor limited to
pancreas, 2–4 cm

Maximum tumor
diameter >2 cm but
≤ 4 cm

IB T2 N0 M0 T2 N0 M0 T3

Tumor limited to
pancreas, >4 cm or
invading the duodenum
or common bile duct

Maximum tumor
diameter >4 cm

IIA T3 N0 M0 T3 N0 M0 T4 Tumor invades adjacent
structures

Tumor involves the
celiac axis or the
superior mesenteric
artery

IIB T1–3 N1 M0 T1-3 N1 M0
N0 No regional lymph node metastasis

N1 Regional lymph node
metastasis

Metastasis in 1–3
regional lymph nodes

III T4 Any N M0 Any T
or T4

N2
or any
N

M0
N2 - Metastasis in ≥4

regional lymph nodes

M0 No distant metastasis

IV Any T Any N M1 Any T Any N M1 M1 Distant metastasis

4. Surgical Management of Localized Pancreatic Neuroendocrine Neoplasms (Stage
IA–IIB)
4.1. Surgical Management for Localized NF-panNENs
4.1.1. Surgical Indications for Localized NF-panNENs

Surgery is the standard treatment for localized NF-panNENs larger than 2 cm [15,16].
However, tumors with size <2 cm, which represent more than 20% of all NF-panNENs [41],
are believed to be less aggressive [42]. Therefore, an active surveillance has been proposed
and is now on balance with surgical resection for small localized and asymptomatic NF-
panNENs [15,16]. However, in daily practice this “wait and see” approach seems to be
poorly accepted by both patients and clinicians and is currently a subject of controversy [43].

Several reports have compared active surveillance with surgical management for
small NF-panNENs; however, all of these were small and retrospective and none of the
mean/median follow ups exceeded five years. Disease-related mortality, tumor growth,
occurrence of metastasis and secondary surgical intervention are the main outcomes re-
ported in the current literature. Active surveillance seemed not to increase disease-related
mortality in comparison with initial surgical resection [44–48]. In one study comparing 56
patients under surveillance with 193 who were operated on, the latter group presented with
a better survival (10 years survival 82.6% versus 53.7% with observation, p < 0.001) [49].
However, several patients presented with metastasis initially (25% and 7% in the observa-
tional and surgical groups, respectively), and patients with syndromic panNENs were also
included (7 with VHL and 23 with MEN1). Moreover, in this study, only 38 patients in the
observation group presented with an initial tumor size <2 cm and multivariate analysis
showed that surgery was not associated with improved survival for tumors with an initial
size <1.5 cm [49].

Numerous studies have reported no modification in tumor size [44,50,51] or a percent-
age of patients displaying a significant increase in tumor size between 2% (3/145 patients)
and 4.5% (2/44 patients) [46,48] when active surveillance was chosen for small tumors.
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However, in another report, which used a 3 cm cut-off to define small tumor, 7.7% of
patients (8/104) underwent surgery because of tumor growth during surveillance [47].

Metastasis did not occur during follow-up for small tumors [44,48] or were not dif-
ferent when compared with operated patients. In a French multicenter study, 14% of the
patients with observations and 11% of the operated patients presented with metastasis
during follow-up [50]. In another report that included 15 patients under surveillance and
20 who underwent surgery, metastasis occurred in 3 patients during observation, but all
had initial tumor size >2 cm [51].

Two meta-analyses reported that secondary surgical resection after a period of ob-
servation was necessary in 12–14% of patients with NF-panNENs < 2 cm [43,52]. Tumor
growth has been suggested to be the only objective parameter to address the patient to
surgery [43,45–48], but patient preference is to be taken into account and was the cause of
a secondary resection in many studies [46,47].

Despite the favorable outcomes resulting in an observational approach as described in
the aforementioned study, one subject of controversy is the definition of small NF-panNENs.
Indeed, the choice of a 2 cm cut-off has been made on the belief that tumors with size
<2 cm were less aggressive [42]. However, in a large retrospective study including 1854
patients with NF-panNENs < 2 cm, LNM was present in 29% and distant metastases in
10% of patients [53], which is supported by a recent meta-analysis [38]. Furthermore, one
could consider that the difficulty in diagnosing LNM on imaging, which strongly impacts
survival, could favor the surgical indication. Others reported the occurrence of distant
metastasis in 5–10% of such patients [54,55]. In a recent multicenter retrospective study
including 80 patients with NF-panNENs, we proposed that the best cut-off to discriminate
between an indolent and an aggressive tumor was 1.7 cm (OR 10.8 [95%CI 1.17–53.2],
p = 0.03) [50]. Another study suggested that only tumors >1.5 cm could have a survival
benefit with surgery [49]. Further investigations are strongly needed to clearly identify
the optimal cut-off that is balanced with patient comorbidity and risk of postoperative
death, life expectancy, tumor location, and risk of post-operative complications (fistula
and morbidity) [52]. The question of how the tumor size should be measured, i.e., by
endoscopic ultrasound or morphologic imaging, also deserves to be answered.

When chosen, a “wait and see” strategy should be reserved to selected patients [16].
As no long-term data are available to demonstrate the safety of this approach, which
should be evaluated with at least 10 years of follow-up because of the slow progression
of panNENs [43,52]. Therefore, old patients and patients with comorbidities and high
surgical risk are likely to be good candidates [56]. Surgery should also be performed in
patients with main pancreatic duct involvement, which is known to be an independent
predictor for aggressiveness [57]. Tumors of the pancreatic head are also less likely to
undergo surveillance because they could be associated with a higher risk of LNM [58].

The place of an extensive workup to ascertain the diagnosis before choosing a watchful
strategy is still a matter of debate. EUS-guided biopsy by fine needle aspiration was
recommended by the authors of [45], aiming to rule out lesions mimicking panNENs such
as accessory spleen or cystadenoma or renal cell carcinoma metastasis. On the other hand,
others argue that cytology could be associated with a high risk of false positive finding
and should be avoided [56]. By extension, whether the grade of small panNENs should be
obtained by biopsy fine needle aspiration using the Ki-67 index is still controversial. One
can argue that tumors of higher grade (G2 and G3) should be resected given the higher
risk of aggressiveness. However, even though Ki-67 index measurement on biopsy by fine
needle aspiration had excellent accuracy in determining the tumor grade [48], obtaining a
sufficient amount of tissue material is often not possible [45,59]. Other studies should be
performed to ascertain the role of tumor grading before choosing a watchful strategy.

No current guidelines describe the optimal imaging follow-up when the watchful
attempt is chosen. Repeating axial imaging and assessing serum biomarker levels (chromo-
granin A) every 6 months seems to be a reasonable option [22].



Cancers 2021, 13, 5954 6 of 23

4.1.2. Extent of Surgery in Localized NF-panNENs

Classic surgical resections, including pancreaticoduodenectomy and left pancreate-
ctomy, are usually proposed for localized NF-panNENs. However, these procedures are
associated with a significant amount of pancreatic endocrine and exocrine insufficiency
(9–60% and 7–35%, respectively) [60–62], which deserve to be taken into account in the
context of panNENs, as these patients display excellent long-term prognosis [60]. There-
fore, parenchyma sparing procedures such as enucleation or central pancreatectomy have
been proposed for NF-panNENs, limiting endocrine and exocrine insufficiency (2.5–7.5%,
0–18%, respectively) [63–65], but the rate of post-operative complications, especially fistula,
is suggested to be higher than in classic pancreatectomy [66]. In this line, a recent large
propensity-matching study including 109 patients with panNENs per group showed a
higher incidence of pancreatic fistula after enucleation (24.5%) compared with pancreatico-
duodenectomy and distal pancreatectomy (14.0%, p = 0.049).

In its latest recommendations, the ENETS group stated that, given the risk of inade-
quate surgical margin clearance and absence of lymphadenectomy, such a parenchyma-
sparring approach should be reserved for small tumors <2 cm and insulinoma [16]. In this
line, a recent report suggested that R1 resection margin was more frequent with enucleation
than classic pancreatectomy for NF-panNENs in a cohort, including both large (>2 cm)
and small tumors [67]. On the other hand, another report including 130 patients with
panNENs (of all size, 85% non-functioning) found no differences in terms of overall mor-
bidity between classic and parenchyma sparing pancreatectomy, and a shorter hospital stay
after parenchyma sparing pancreatectomy [68]. However, in this report, small low-grade
panNENs were more likely to undergo parenchyma-sparing procedures, inducing an inclu-
sion bias. Therefore, for instance, classic pancreatectomy seems accurate for NF-panNENs
>2 cm until the role and modalities of parenchyma-sparing procedure for their manage-
ment is better defined. On the other hand, parenchyma sparing procedures seem to be
safe for small tumors, as reported by Falconi et al. who reported no mortality and only 8%
recurrence in a retrospective study including 50 patients with small NF-panNENs (41 with
tumor size <2 cm) [69], therefore, the parenchyma sparring procedure is the procedure of
choice for small panNENs when surgery is the chosen approach. In this case, the distance to
the main pancreatic duct should be taken into account to decrease the risk of post-operative
fistula [50].

LNM has been suggested to be a critical prognostic factor for panNENs [70–72],
especially when tumor size is <4 cm [73]. They are more frequent in panNENs >2 cm [54]
and localized in the pancreatic head [72,74]; however, small tumors of the body/tail also
have a 20% estimated probability of developing LNM [72]. These findings strongly suggest
that regional lymph node dissection should systematically complete pancreatic resection for
tumors >2 cm, which is the recommended approach [15,16]. However, a recent propensity
score weighted analysis including 2664 panNENs by Mao et al. reported no significant
improvement of overall survival after lymph node dissection, even for tumors >2 cm [75],
and raises the question of selecting patients suitable for lymph node dissection.

In the case of small NF-panNENs which undergo parenchyma sparring procedures,
the risk of understaging the tumor in some patients in the absence of lymph node examina-
tion should lead to systematically performing lymph node sampling when enucleation or
central pancreatectomy are performed and a positive intra-operative examination should
lead to classic pancreatectomy [69]. Figure 1 summarizes surgical management for sporadic
NF-panNENs.
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4.2. Surgical Management of Localized F-panNENs

The goal of the surgical management of localized F-panNENs has for objectives the
control of clinical symptoms as well as the prevention of tumor growth and the occurrence
of metastasis [76]. Before surgery, the control of hormonal hypersecretion is necessary for
insulinoma, gastrinoma, and VIPoma to avoid potential life-threatening complications [60].

4.2.1. Surgery for Sporadic Insulinomas

Surgery for sporadic insulinoma is associated with a cure rate superior to 90% in
numerous reports [59,77,78], in accordance with a previous systematic review showing
a 93% cure rate and a 7.2% recurrence rate [79]. Therefore, surgery should be envisaged
for all patients with resectable sporadic insulinoma [29]. Since insulinomas are mostly
benign tumors, pancreatic-sparing procedures are preferred, enucleation being the pro-
cedure of choice when the distance between the tumor and the main pancreatic duct is
superior to 2–3 mm [60]. The laparoscopic approach can be proposed as a feasible and
safe procedure without impairing oncologic outcomes [80–82], with a 2014 meta-analysis
reporting reduced hospital stay (weighted mean difference −5.64 [95% confidence interval
−7.11–−4.16], p < 0.00001), without difference in operative times, post-operative mortality
and overall morbidity [83]. As therapeutic alternatives, endoscopic approaches involving
ultrasound-guided radiofrequency ablation and ethanol injection are emerging and can
also be considered [84–86]. Glucose metabolism recovery after resection of insulinoma
seems to occur in most of the cases in a recent retrospective study including 77 patients
treated with enucleation, with only one patient presenting with chronic diabetes mellitus
requiring treatment [87]; however, blood glucose should be monitored carefully during
hospitalization and after discharge, as a few patients need small doses of insulin for a
period of several days or weeks [79].

4.2.2. Surgery for Sporadic Gastrinomas

Surgery for gastrinoma has been a controversial issue, given the efficacy of the medical
therapy to treat Zollinger Elisson syndrome [88] and the fact that the 10-year biochemical
disease-free survival is achieved only in about 20–45% of patients [76,89]. Although gastric
hypersecretion has been found to persist in 62% of patients with a mean 8 years despite



Cancers 2021, 13, 5954 8 of 23

normogastrinemia in a prospective study [90], others demonstrated that a significant
proportion of disease-free patients are able to decrease or stop all antisecretory drugs
after surgery [91]. Furthermore, a study comparing 160 operated versus 35 unoperated
patients with gastrinoma (17% pancreatic only) showed that patients in the surgical group
developed fewer liver metastases (5% vs. 29%, p = 0.0002) and had a lower disease-related
death rate during follow up (1% vs. 23%, p < 0.00001, mean follow-up 19.1 years) [92].
Furthermore, a 2012 prospective study on 58 patients with Zollinger-Ellison syndrome
with negative pre-operative imaging showed that experimented surgeon could find the
tumor per-operatively in 98% of cases [93]. Therefore, all patients with localized sporadic
gastrinoma should undergo surgery. Ninety percent of gastrinomas involve the duodenum
or the pancreatic head and will undergo pancreaticoduodenectomy, otherwise a distal
pancreatectomy is performed. Lymph node dissection is always necessary, as a retrospective
study of 48 patients with sporadic gastrinoma (18 localized in the pancreas, 12 with
synchronous liver metastasis) showed that systematic lymph node dissection is associated
with surgery resulting in a higher initial cure rate (100% vs. 64% without systematic
lymphadenectomy, p = 0.017) and a lower death rate related to the disease (0% versus 30%,
p = 0.037) [94].

The other F-panNENs, such as somatostatinomas or VIPomas are rarely diagnosed
before the occurrence of metastasis, whose resectability will decide the management
(see below). Whenever possible, R0 resection with lymphadenectomy is the option of
choice [60,76]. The surgical management of sporadic localized F-panNENs is summarized
in Figure 1.

4.3. Specificities for Surgery in Syndromic panNENs
4.3.1. Surgery for panNENs in the Context of Multiple Endocrine Neoplasia

Multiple endocrine neoplasia type 1 (MEN1) is an autosomal dominant syndrome
related to a mutation of the MEN1 gene [95] and is characterized by a lifetime risk of
developing primary hyperparathyroidism, duodenopancreatic NENs and pituitary tu-
mors [96]. PanNENs’ penetrance in MEN1 reaches 60–100% for NF-panNENs and more
than 50% for F-panNENs [8,97]. Early onset, high rate of aggressiveness and multiplicity
of tumors including multiple small endocrine tumors referred to as “microadenomatosis”
characterize the panNENs associated with MEN1 [97,98].

Surgery is to be envisaged with caution for NF-panNENs in these patients, as they
present a high risk of developing new panNENs within the pancreatic remnant (63% of
the case with a median follow-up of 109 (range 1–264) months [99]). Moreover, when
analyzing 108 patients, Triponez et al. showed a correlation between tumor size, metastasis
occurrence and survival in the context of MEN1-related NF-panNENs [100], suggesting
that small tumors are indolent. Therefore, several reports demonstrated the benefits of a
watchful strategy for NF-panNENs < 2 cm in the context of MEN1 [101,102], which is a
well-accepted strategy unlike that for sporadic NF-panNENs, especially as somatostatin
analogues are strongly suggested to be safe and effective in this case [103]. In their recent
prospective study, Triponez et al. showed that active surveillance was associated with a
low risk of disease-specific mortality, with stable disease after a mean of 10.3 +/− 3.5 years
follow-up in 60.9% of patients [104]. When surgery is performed, the parenchyma-sparring
procedure is recommended to prevent endocrine and exocrine pancreatic functions and
preserve quality of life [105], with reoperations often being necessary and not associated
with increased morbidity when performed in expert centers [106].

Surgery for MEN1-related insulinoma (4–8% of all insulinoma [107]) is believed to
be associated with good outcomes [108,109], especially in terms of hypoglycemia cure
rate [108,110,111]. Enucleation appears to be the best option for patients with solitary or
dominant tumors, distal pancreatectomy associated with enucleation of tumors in the head
could be proposed in the case of multiple tumors [110], in accordance with the current
recommendations [105]. However, 30% of patients being diagnosed with a unique tumor
on MRI, CT or EUS appear to have multiple resections during surgery, underscoring the
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fact that multiple tumors should always be searched intra-operatively and patients should
be aware that aggressive resection could be performed [110].

F-panNENs related with MEN1 are mostly represented by gastrinomas (10–54% of
patients with gastrinoma [8]). However, almost all of these gastrinomas occurs in the
duodenum, pancreatic gastrinoma in the setting of MEN1 being very rare [112]. The
surgical indication for MEN1-related gastrinoma is a controversial issue [91,105]. On one
hand, small tumors are thought to have an excellent prognosis even without surgery, they
frequently present with lymph node and/or liver metastasis, and surgery exerts a more
moderate effect on hypergastrinemia than sporadic gastrinoma [8,91,105,112]. Furthermore,
MEN1-related gastrinomas are believed to be highly responsive to somatostatin analogue
therapies [113]. On the other hand, reports suggest that aggressive surgery could be
beneficial for duodenal/pancreatic gastrinoma in the context of MEN1 [114], even in the
case of locally advanced disease [115]. Therefore, no recommendation exists concerning the
surgical treatment of MEN1-related gastrinoma, and potential benefits of surgical indication
should be weighted with the risk of an aggressive surgery and potential reoperations.

Of note, cases of NF-panNENs and gastrinomas have been described in the setting
of multiple neuroendocrine neoplasia type 4, a recently described syndrome due to the
mutation of the CDKN1B gene. The management of these tumors is comparable to that in
MEN1 [116].

4.3.2. Surgery for panNENs in the Context of Von Hipple Lindau Disease

Von Hipple Lindau disease (VHL) is an autosomal dominant syndrome caused by
a mutation of the VHL tumor suppressor gene, inducing various benign and malignant
tumors of the central nervous system, renal carcinomas or cysts, pheochromocytomas,
epididymal cystadenoma and pancreatic tumors and cysts [117]. PanNENs are reported
in 15% of patients with VHL, are almost exclusively non-functional [8,118,119], and are
multiple in more than 50% of the cases [120]. They are believed to be less aggressive than
sporadic panNENs [120].

Data regarding surgical indications for VHL-associated NF-panNENs are limited.
Tumor size is the strongest risk factor of aggressiveness. In a prospective study enrolling
108 patients with VHL-related panNENs, tumors with size >3 cm were more likely to
develop metastasis (24 versus 3.6%, p < 0.005) [121]. In a recent retrospective report
including 17 VHL-related panNENs, seven patients with tumor size <3 cm were treated
conservatively, with all but one displaying stable disease at a 2 year median follow-up [122].
The current trend is to propose a conservative treatment for NF-panNENs with size <3 cm
in the body/tail of the pancreas, this cut-off being decreased to 2 cm in the pancreatic head
when suitable for enucleation [118,123]. Tumors with increasing size during follow-up,
associated with a germline mutation in exon 3 and suspicion of LNM (if 90% of the primary
tumor seems resectable), are discussed surgical indications [118,121,123,124]. As shown in
a retrospective study including 11 patients with small VHL-associated panNENs, tumors
with size <1.5 cm do not progress when left in place [125] and therefore should not be
removed when identified intra-operatively [118].

4.3.3. Surgery for panNENs in the Context of Other Hereditary Syndromes

Type 1 neurofibromatosis (NF-1) is due to a mutation of the NF-1 gene and is identified
by the presence at different extents of pigmentary skin lesions, neurofibromas, skeletal
abnormalities, and brain and peripheral nerve tumors [126]. PanNENs, not being part
of the classic features of NF-1, are present in fewer than 10% and are almost exclusively
duodenal somatostatinomas located in the peri-ampullar region, which does not secrete
hormones but frequently causes jaunice, biliary dilatation and pancreatitis [8]. Distant
metastases are present in 30% of cases at diagnosis [127]. Real panNENs are exceptional in
the onset of NF-1 [128]. Few reports have described the outcomes of surgery for panNENs
in this context. In their review of 76 cases of periampullary tumors in the setting of NF-
1 of which 38 were periampullary NENs, Relles et al. suggested that a large resection
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with lymph node harvest is indicated in these patients, especially when tumor size is
>2 cm [129]. Other reports suggest that an adequate radical surgery should be offered
whenever possible [8,130–132]. However, because NENs in the context of NF-1 are not an
increased cause of death, especially because of their rarity [133], the authors suggested that
a more conservative approach should be attempted [8].

Rarely, pancreatic NET can be found in the context of tuberous sclerosis, an autosomal
dominant inherited condition being characterized by the presence of multiples hamar-
tomas and tumor-like hamartomatous lesions, skin lesions and disabling neurological
features [134]. Reported tumors are insulinomas and nonfunctional pancreatic NET, for
which surgery is recommended whenever possible [8].

5. Surgery for Locally Advanced Diseases (Stage III)

Several studies have shown that portal or superior mesenteric vein resections and
reconstructions associated with pancreatic resection for locally advanced pancreatic car-
cinoma were associated with acceptable morbidity and mortality and can be performed
safely [135–137]; however, concurrent procedures are associated with poor oncologic out-
comes and are considered a predictor of cancer recurrence [135,137,138]. Nevertheless,
because panNENs do not generally exhibit signs of local aggressiveness, the question
of surgery in the case of abutment with vessel or neighborhood organs, which occurs in
approximately 20% of cases [139], deserves to be studied. Few data exist regarding this
specific issue.

Only retrospective cohorts are available to evaluate the safety and efficacity of sur-
gical resection for locally advanced panNENs, and many of them included few patients
and mixed patients with metastatic diseases. Norton et al., studying 46 patients with
NENs involving major vessels (30 panNENs, 12 in the duodenum, 18 also displaying liver
metastasis) reported nine cases of superior mesenteric vein or portal vein reconstructions.
They showed that disease-free survival was not impaired in the case of vascular recon-
struction [139]. Another report on seven patients who underwent vascular reconstruction
(four with initial liver metastasis) showed that only one patient without initial metastatic
disease exhibited disease progression [140]. When comparing 43 patients who underwent
surgical resection for advanced disease (27 with liver metastasis) with 91 patients operated
for localized disease, the multivariate analysis of Birnbaum et al. showed that vascu-
lar or adjacent organ resection did not impair disease-free survival [141]. On the other
hand, in another study including 95 patients who underwent pancreaticoduodenectomy,
among which 26 also had organ/vascular resection, post-operative complications were
more frequent (70.3 versus 26.1%, p < 0.001) and 5 years disease-free survival lower after
additional organ resection for low-grade tumors [142]. However, in accordance with the
previous studies, the authors did not find any difference of overall 5 years survival after
extended pancreatectomy. In a recent study including 99 patients with non-metastatic
T3/T4 panNENs who underwent vascular and/or near organ resection, Titan et al. re-
ported a 91% five-year survival and a 35% recurrence rate, the latter being favorized by
surrounding organ resection (excluding blood vessel) in multivariate analysis (HR 6.15
[95% CI, 1.61–23.55], p = 0.008) [143].

Overall, although the extension of the tumor to nearby organs and vessels seems
clearly to be associated with a higher risk of recurrence, which is suggested to be associated
with higher tumor grade [142], the acceptable five-year survival observed in these studies
suggests the benefit of performing extended surgery for locally advanced panNENs. In
light of this, the ENETS recommends that selected patients with low (G1) or intermediate
grade (G2) could benefit from extended pancreatic resection with organ/vessel resection,
provided that macroscopic complete resection can be achieved [16].

Importantly, none of these studies specifically focused on the outcomes of surgery for
locally advanced F-panNENs versus NF-panNENs, although patients with NF-panNENs
displaying vascular involvement on pre-operative imaging had decreased survival com-
pared with F-panNENs in the series of Norton et al. [139]. However, a retrospective study
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reported that eight patients with F-panNENs who underwent en-bloc resection of adjacent
organs without known metastasis were cured from their endocrinopathy [144], suggesting
that the place of large resection to treat hormonal syndrome deserves to be studied.

The place of neoadjuvant therapies before surgery for locally advanced panNENs is of
particular interest. Although the recent study of Xie et al. found no improvement in overall
survival in patients who underwent perioperative systemic therapies (the type not being
described) in comparison with patients with surgery alone for localized panNENs [145],
specific pre-operative protocols have gained interest in this context. Peptide receptor
radionuclide therapy [146] and more recently the use of capecitabine combined with
temozolomide (CAPTEM) [147,148] have been shown to decrease the tumor burden and
may facilitate surgery for these advanced tumors.

6. Surgery for Metastatic Diseases (Stage IV)

Being lately symptomatic, NF-panNENs present with distant metastasis at diagnosis
in 60% of cases [149]. Patients with metastatic panNENs exhibit a 23-month [95%CI 20–26]
median survival according to the population-based study of Yao et al., in comparison with
124 months [95%CI 80–168] for localized disease [150]. Currently, many medical options
have be proposed for metastatic patients, including targeted therapy, namely everolimus
and sunitibib [151,152], chemotherapy [22], or peptide receptor radionucleide therapy [153].
However, surgery maintains an important place for these patients, being the only curative
treatment [154], which can benefit from the aforementioned medical options when used as
a neo-adjuvant therapy. Moreover, giving the relatively indolent course of panNENs even
in case of metastases and the fact that the liver is generally the only metastatic site, surgery
could be an attractive option, taking place in the setting of multimodal treatment, in which
the place of each therapeutic option remains to be clearly defined. The place of the surgical
management in metastatic panNENs is summarized in Figure 2.
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6.1. Surgery for Patients with Resectable Metastases
6.1.1. PanNENs Liver Metastases Resection Is Associated with Improved Survival

The benefits of liver metastasis excision in terms of overall survival have been high-
lighted by many authors: retrospective studies including metastatic NENs (including both
panNENs and NENs from other origins) reported a five-year survival rate between 59.9
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and 82% [155–159]. A retrospective study comparing 91 patients with panNENs who
had liver metastasis resection with 75 patients treated conservatively showed that the
former had a better median survival (97 versus 36 months, p < 0.0001) [101]. In a recent
report, 184 patients with adjunction of metastasis resection to primary tumor resection
had an increased median overall survival compared to pancreaticoduodenectomy alone
(71.8 versus 93.2 months, p < 0.001) [160]. Metastasectomy alone (without primary tumor
resection) has also been found to increase the median overall survival in comparison with
no surgery (25.2 versus 15.2 months, p < 0.001), which strongly suggest that aggressive
surgery is an option for these patients.

On the other hand, liver metastases resection for panNENs has been associated with
a low disease-free survival and a high rate of recurrence. In the study of Sarmiento et al.
which included 170 patients with liver metastasis resection, the recurrence rate was 84%
at 5 years [158]. Another study including 47 patients (15 with panNENs) with hepatic
resection showed that the 10-year liver recurrence rate of the disease was 75% [159]. In
this study, pancreatic primary site, the completeness of surgery, the presence of bilateral
or more than 10 liver metastases, were correlated with the disease-free survival. In this
line, Cusati et al. reported a 10.7% five-year progression-free survival for patients with R0
resection and 3.5% for R1 resection in non-functioning panNENs [157].

Although they are frequently included in the management of metastatic panNENs
in the current practice, the benefit of the adjunction of neoadjuvant therapies before liver
metastasis resection is not well established [161]. Among the most promising modalities,
the use of neoadjuvant cytotoxic therapy including chemotherapeutic agents fluorouracil,
doxorubicin, and streptozocin (FAS) in patients with synchronous liver metastases in-
creased overall survival and recurrence-free survival in comparison with patients who
underwent surgery alone [162]. The CAPTEM protocol has also been suggested to be asso-
ciated with a high radiological response of liver metastases in the setting of panNENs [163]
and has been proposed to facilitate the selection of patients suitable for surgical resec-
tion [164]. Peptide receptor radionuclide therapy, alone or in adjunction with CAPTEM,
could also be envisaged as neoadjuvant therapy [165,166]. Further studies are clearly
needed to better define the place of these treatments before liver metastases resection.

6.1.2. What Should Be the Extent of Liver Resection?

The distribution profile of liver metastases from NENs have led to a three-type clas-
sification which influence the surgical resection: type I (single metastasis), type II (pre-
dominant metastatic bulk accompanied by smaller deposits) and type III (disseminated
disease) [167]. ENETS recommendations actually propose type I and II metastases to be
treated by radical resection (R0) [16]. However, complete resection of bilobar metastasis
(type II) is limited by the risk of post-operative liver failure related to small-sized liver rem-
nants. One-step (in association with percutaneous right portal vein embolization and/or
radiofrequency ablation [168]) or two-step surgical approaches can be proposed to allow
complete resection of liver metastases and limit the risk of hepatic failure. The two-step
procedure consists of (i) a complete clearance of liver left-sided metastasis, the resection
of the primitive tumor and a right portal vein ligation in order to induce hypertrophy
of the cleared left lobe, (ii) followed by right hepatectomy eight weeks later [169]. The
application of this procedure to NENs (50% panNENs) was associated with 94% five-year
overall survival rate and 50% five-year disease-free survival rate [170]. Another surgical ap-
proach, namely associating liver partition and portal vein ligation for staged hepatectomy
(ALPPS), has been suggested to improve liver metastasis clearance in comparison with
the aforementioned conventional two-step surgical resection in patients with colorectal
cancer [171]. A recent study showed that this approach allowed R0 resection in 90% of
patients with liver metastases in the context of NENs; however, the low 2-year disease-free
survival (41.8%) and the high rate of complications should make us consider this approach
with caution in the context of NENs [172].
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However, the necessity of a R0 resection of liver metastasis has been criticized. Au-
thors suggested that patients with non-functional NENs (including 35% panNENs) had an
identical overall survival whether they had R0/R1 or R2 resection [156]. The univariate
analysis performed by Elias et al. in their study showed that R0, R1 or R2 status did not
impact overall survival [159]. Therefore, the authors suggested that acceptable survival can
be obtained with 70–90% clearance of metastasis [158,173,174]. However, obtaining 90%
cytoreduction can be obtained in only a few patients, as the study of Maxwell et al. reported
that 90% and 70% debulking were obtained in 38.9% and 63.9%, respectively [175]. Fur-
thermore, this study also showed that overall survival and progression-free survival were
significantly improved after 70% reduction [175], which is in accordance with the results of
another team, who reported in two retrospective studies that the liver disease progression
was not correlated with the amount of resected tissue over 70% cytoreduction [174,176].
Therefore, an objective of 70% cytoreduction could be a suitable objective.

Therefore, parenchyma-sparring debulking procedure, allowing positive margins,
has been proposed to treat metastatic panNENs. The study of Maxwell et al. showed
that patients who underwent such procedures (ablation, enucleation, wedge resections)
had only 13% major complications [175]. Importantly, these procedures were associated
with a 72% five-year overall survival, which is comparable with studies including major
resections [159,177], suggesting their efficacity and safety. Furthermore, the liver metastases
debulking procedure can also be considered in the case of metastatic insulinoma, and might
facilitate the control of insulin hypersecretion [178].

6.1.3. How to Select Patients Suitable for Liver Cytoreduction?

Tumors with high grade (G3) were shown to be independently associated with poorer
survival after liver metastasis resection in the study of Partelli et al. (median OS: 35 vs.
97 months for low/intermediate grade, p < 0.0001) [179]. Therefore, patients with G3
panNENs should be excluded from liver metastasis cytoreduction.

Although extrahepatic metastasis localizations should be ruled out in the actual rec-
ommendations [16], Morgan et al. suggested that the presence of extrahepatic localizations
did not alter the results of liver metastases resection [176]. Interestingly, only the presence
of metastases >5 cm was associated with liver progression in multivariate analysis in this
study. Other authors suggested that, regardless of the size and the number of metastases
and the presence of extrahepatic disease, the possibility of obtaining > 70% clearance
of liver metastases, even with positive margins, could be a sufficient criteria for patient
selection [174]. It is likely that these criteria will be expanded in future.

6.2. Surgery for Patients with Unresectable Metastases

The exact definition of unresectable metastases in the setting of panNENs is somewhat
controversial and not clearly stated in the current literature, depending on the attempted
extent of resection (i.e R0 or >70%). Disseminated disease (type III metastasis) not allowing
complete metastases clearance (or at least 70% clearance according to the aforementioned
studies) with sufficient amount of liver remnant to avoid liver deficiency, despite the use of
multistep procedures, could be the definition of unresectable metastases.

6.2.1. The Place of Primitive panNEN Resection when Unresectable Liver Metastases
Are Present

Several studies reported that palliative primary tumor resection is associated with
improved survival. Indeed, retrospective studies including NF-panNENs reported a longer
median survival when patients underwent an excision of their primitive in comparison
with conservative treatment (5.42 versus 0.83 years, p < 0.0001 [180] and 3.5 versus 1.0
years, p < 0.001 [149]). Similar improvement seems to be observed in cohorts including
both functioning and non-functioning tumors [181,182]. Of note, previous primary tu-
mor surgery has also been associated with an improved response to peptide receptor
radionucleide therapy [183]. However, as underlined by a systematic review, bias could
have been introduced as a radical approach could have been proposed for patients with
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better performance status in comparison with conservative treatment in these retrospective
studies [184].

In balance with the post-operative risk of pancreatectomy, primary tumor resection
for patients with low or intermediate grade tumors (G1–G2) could be considered for
left pancreatectomy [182] but not for pancreaticoduodenectomy, according to the current
ENETS recommendations [16]. Symptomatic (occlusion or jaunice) tumors of the head can
be treated by endoscopic resection or surgical bypass [16].

6.2.2. The Place of Liver Transplantation for Unresectable Liver Metastases

As a last resort for highly selected patients, liver transplantation can be envisaged in
the case of unresectable metastatic disease [185]. Several retrospective studies, including
metastatic NENs from all origins, suggested that liver transplantation was achieved with
an overall five-year survival between 47 and 52% [186,187]. Although a pancreatic origin
of the metastases has been associated with a higher risk of recurrence (27% with a mean
follow-up of 15 months [188]) and poor prognosis in multivariate analysis [187], liver
transplantation was associated with acceptable outcomes in a systematic review of 89
patients (69 panNENs) reporting cumulative one-, three-, and five-year survival of 71%,
55%, and 44%, respectively [189]. Criteria for patients’ selection actually includes age <60,
grade G1–G2 with Ki-67 index <10%, and previous removal of primary tumor, metastatic
diffusion <50% of the total liver volume and stable disease to therapies for at least 6
months [16,190], with primary tumor site being drained by the portal veinous system also
being proposed by some authors [185,190].

Given multiple surgical possibilities, especially two-step procedures, allowing total
resection of disseminated metastases and increasing evidence that partial metastases clear-
ance could be sufficient to obtain acceptable outcomes, the place of liver transplantation in
the setting of panNENs metastasis is yet to be determined.

7. Conclusions

Surgery for panNENs is a therapeutic challenge. Because of their heterogeneity,
surgeons should be well aware of each tumor’s specificities, which not only drives surgical
indications but also surgical modalities. This is only possible with a multidisciplinary
approach, with an accurate surgical management also requiring a precise pretherapeutic
workup. Current controversies include the benefit of a “wait and see” strategy for small NF-
panNENs, which is accepted in the setting of MEN1, but an accurate size cut-off remains
to be established. The balance between the benefits and risks of parenchyma-sparring
procedures for large NF-panNENs, which could avoid pancreatic insufficiencies, also
deserve to be extensively studied. Moreover, the benefits of an aggressive surgery for locally
extended tumors, as well as the place and extension of liver metastases cytoreduction,
need to be clarified. Caution should be applied when interpreting the current data, as
they mostly result from observational studies. Controlled studies are strongly needed to
provide data with a higher level of evidence and help future recommendations to decipher
these controversial issues.
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