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ABSTRACT

The incidence of pancreatic neuroendocrine tumors is increasing and the ratio of non-functioning tumors is gradually increasing due
to progress in imaging technology. The definition of a non-functioning PNET is a tumor which presents without symptoms. These are
potentially malignant and treatment is recommended according to size. The first choice for the treatment of a non-functioning pancreatic
neuroendocrine tumor is resection. Localized, small, malignant non-functioning PNETSs should be aggressively resected, while for small
benign-appearing tumors the risks and the benefits of surgery should be carefully weighed. The surgical resection of liver metastases from
non-functioning PNETSs should be recommended if complete resection is possible. However, the benefit of surgical resection is limited

compared to intra-arterial therapy if the tumor burden is high.

INTRODUCTION

Pancreatic neuroendocrine tumors (PNETs) are
classified into several categories including functioning
or non-functioning, local or with distant disease, well
differentiated or poorly differentiated, and sporadic or
familial. Non-functioning PNETs constitute about half
of PNETs in recent epidemiological studies in the world
[1, 2]. A non-functioning PNET is defined as a tumor
without specific symptoms due to elevated hormone
levels. Although patients have no symptoms, most non-
functioning PNETSs pathologically express hormones such
as insulin or glucagon although the contribution of this
phenotype to the tumor character has not been elucidated.
In addition, non-functioning PNETs often secrete
chromogranin A, neuron specific enolase, pancreatic
polypeptide, calcitonin, neurotensin or other peptides
[3, 4, 5]. The biological characteristics of non-functioning
PNETs is quite different from functioning PNETs and the
surgical treatment should be considered according to
these characteristics. In this review, we discuss the surgical
treatment of non-functioning PNETs based on a number of
classifying features.

Localized PNETs
Indication for resection: Symptoms from non-

functioning PNETs often include abdominal fullness
or abdominal pain due to a large tumor at the time of
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presentation. However, recent advances in imaging have
led to an increase in incidentally identified small size non-
functioning PNETs. Epidemiologic studies have shown
that about half of all PNETs are non-functioning [1].
Non-functioning PNETs are considered to be potentially
malignant, therefore several guidelines, including those of
the NCCN, recommend resection [6]. However, resection of
tumors less than 2 cm in diameter is still controversial. For
example, Sadot et al. recommended observation in selected
situations such as small tumors, which are incidentally
discovered. The decision for further treatment should be
made based on estimated surgical risk, site of the tumor
and patient comorbidities [7]. In their study, case matched
patients with small PNETs were retrospectively analyzed
and they found no difference in overall survival between
the groups. The observation group demonstrated no
tumor growth or development of metastases during 44
months follow up. Although this study is a high-quality,
case matched analysis, this is potentially a retrospective
study and the median follow up is less than 5 years, lacking
information regarding long term survival.

At the present time, most recommendations suggest
that localized non-functioning PNETs should be resected
and patients with other life-limiting comorbidities, high
surgical risk, or widely metastatic disease should be
evaluated on an individual basis, reserving observation
only for select patients.

Resection of Non-Functioning PNETs

The extent of resection and lymphadenectomy should
be performed according to the tumor size (Table 1). Small
tumors, less than 2.0 cm diameter, are candidates for local
resection. Enucleation can be applied to small tumors in the
periphery of the pancreas only when the main pancreatic
ductisfar enough from the tumor. However, we have tonote
that local resections, including enucleation, tend to have
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Table 1. Extent of resection of PNETSs according to tumor size.

Tumor Size Resection

<10 mm local resection

10-20 mm (enucleation or middle pancreatectomy)
>20 mm typical pancreatectomy

high morbidity compared to a standard pancreatectomy [8,
9]. Negative margins cannot be obtained after enucleation,
although local resections are associated with a decreased
long-term endocrine and exocrine insufficiency when
compared to typical pancreatic resections. In determining
the optimal surgical resection for small tumors, we should
weigh the balance between the risks and the benefits of the
procedure. When performing lymphadenectomy, several
studies have shown that tumors with a diameter of 1.0 cm
to 2.0 cm have lymph node metastases in 6 to 33% of at
resection [10, 11, 12, 13]. This small but measurable risk
should be taken into account when considering resection
of the tumor.

Tumors more than 2 cm diameter should be resected
with negative margins including adjacent organs and
regional lymph nodes. Tumors of the head of the pancreas
are generally treated with pancreaticoduodenectomy,
while tumors of the body and tail are treated with
distal pancreatectomy. Distal pancreatectomy includes
splenectomy for complete lymphadenectomy, but the
appropriate extent of the lymphadenectomy has not been
elucidated [14]. Laparoscopic resection is recommended
as far as negative margin and adequate lymphadenectomy
can be guaranteed [15, 16].

In the case of locally advanced PNETSs, aggressive
surgical resection is recommended [17]. Previous reports
showed the survival benefits of an aggressive resection of
PNETs when the tumor grade is G1 or G2 and no residual
macroscopic disease is left [18].

Treatment of Patients with Familial PNETs

About 10% of patients with PNETs have a genetic
background such as Multiple Endocrine Neoplasia type 1
(MEN1) or Von Hippel-Lindau syndrome (VHL) [2]. The
most common MEN1 neoplasm is parathyroid hyperplasia
(98% of patients), followed by islet cell tumors of the
pancreas (50%), and pituitary adenomas (35%) [19]. The
surgical management of patients with MEN1 is similar to
those with sporadic tumors, however, these patients tend
to have synchronous and metachronous multi-focal NETs
in the pancreas as well as duodenum resulting in the need
for a complex therapeutic strategy. There may be multiple
hyperplasia to adenoma of islets throughout the pancreas
[20, 21], and surgical resection should be carefully
decided. While only a minority of microadenomas acquire
the potential to grow, larger pancreatic lesions may be
genetically unstable, develop secondary mutations and
develop into clinically relevant lesions [22]. Therefore,
surgical resection is considered if the tumor larger than
1-2 cm in size, and/or if the tumor has a relatively rapid
rate of growth over 6 to 12 months.

Lymphadenectomy

sampling

Sampling with intensive examination of regional lymph node
standard

For patients with VHL, the life-limiting disease is usually
a cerebellar haemangioblastoma or renal cell carcinoma
[23]. Therefore, non-functioning PNETs in patients with
VHL should be closely observed in relation to other lesions
during progression of the VHL.

Treatment of Non-Functioning PNETs with Metastases

Surgical resection is generally proposed with curative
intent in all patients with operable metastases from well
differentiated PNETs. Most of the primary metastases
of PNET reside in the liver, which is the main target of
resection. There are two purposes for the resection. One
is for treating symptoms, and the other is for survival
Most metastases from non-functioning PNETs are
asymptomatic. However, some tumors secrete small but
measurable amounts of hormones from metastatic sites
and patients sometimes have symptoms due to these
hormones. While debulking surgery may be useful for
symptomatic metastases, only complete resection (RO
or R1) is associated with improved long-term survival,
survival rates of 60-80% at 5 years may be achieved [24,
25, 26]. The long-term survival rate is approximately 30%
when liver metastases are not resected [27, 28].

The extent of surgical resection is related to remnant
liver function, the number and location of liver metastases,
and the complexity of the liver resection (Figure 1). There
are no prospective randomized controlled trials so far
on this issue and bias in patient selection such as better
performance status and less advanced disease could affect
the reported outcomes. Mayo et al. performed a propensity
matched analysis examining the relative efficacy of
surgical management versus intra-arterial therapy (IAT)
to determine factors which predict survival [29]. They
observed that asymptomatic patients with a large (>25%)
burden of liver disease benefited least from surgical
managementand IAT may be amore appropriate treatment
strategy. Surgical management of liver metastases should
be reserved for patients with low-volume disease or for
those patients with symptomatic high-volume disease.
They also found that the existence of extrahepatic disease
in addition to liver metastases worsens overall survival,
even after liver resection. The recurrence of metastases
after resection is up to 100% with long-term follow-up [30,
31]. In this sense, resection of metastatic liver resection
should be considered for selected patients with adequate
performance status without life threatening comorbidities.

Recentadvances in targeted therapy such as everolimus
or sunitinib have prolonged progression free survival
for about 11 months [32, 33]. Until now, there has been
no randomized trial examining the appropriate category
for resection of non-functioning metastatic tumors in
comparison with such targeted drugs [34, 35].
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Figure 1. Proposed treatment approach for liver-only metastases from neuroendocrine tumors (adapted from Ref [34, 35]).

LITT laser-induced thermotherapy; LMs liver metastases; RE radioembolization; RFA radiofrequency ablation; TAE transarterial embolization; TACE

transarterial chemoembolization; 90Y yttrium-90

CONCLUSION

For non-functioning PNETSs, localized, small, malignant
tumors should be resected aggressively, while tumors smaller
than 2 cm should be considered according to the surgical risk-
benefit ratio. Surgical liver resection is generally proposed
with curative intent for all patients with operable metastases,
however, appropriate lymphadenectomy and the appropriate
extent of resection for metastatic disease compared to other
treatments are still to be elucidated.
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