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10.1 Introduction

The surgical management of pancreatic neuroendocrine neoplasm (PanNEN) is
often challenging due to the heterogeneous presentation and the different bio-
logical behavior of these neoplasms. Recent research advances have led to more
accurate recommendations for the management of these tumors [1-3].  This
chapter summarizes the state of the art concerning the indications for surgery
and the optimal surgical approach of sporadic tumors as well as PanNENs asso-
ciated with multiple endocrine neoplasm type 1 (MEN1) syndrome.

10.2 Sporadic Disease

Surgery of sporadic PanNENs should be tailored according to the stage of the
disease and the biological behavior of the tumor(s). 

10.2.1 Functioning PanNENs of Unknown Primary

When primary tumor cannot be assessed but the presence of a hormonal syn-
drome related to endocrine pancreatic tumor hypersecretion has been ascer-
tained, the main aim is to identify the lesion. Despite the widespread use of
high-quality imaging techniques, insulinomas and gastrinomas remain unde-
tected in 10-20% of cases [4, 5]. However, the absence of a preoperative local-



ization should not be considered a contraindication for surgery in patients with
proven functional disease.

In these cases, an exploratory laparotomy should include a careful abdom-
inal inspection of the liver, stomach, and mesentery. The pancreatic gland
should be well exposed according to the Kocher maneuver and its superior and
inferior margins accurately dissected. The entire pancreatic gland is then
accessible for a bi-digital manual examination and the parenchyma can be
thoroughly explored by intraoperative ultrasound (IOUS) with a 7.5- or 10-
MHz probe. Macroscopically, insulinomas appear as gray-reddish masses,
with a harder consistency than the surrounding parenchyma; the ultrasound
examination reveals a hypoechogeneic aspect. An intraoperative localization,
as determined by IOUS, can be achieved in 92–98% of the cases [4-6]. IOUS
can also assess the relationship of the tumor with the main pancreatic duct,
guiding the surgeon in an enucleation or a standard pancreatic resection. 

Whereas IOUS is able to identify nearly 91% of pancreatic gastrinomas, the
detection rate decreases to approximately 30% for duodenal gastrinomas. In this
setting, pancreatic exploration must be followed by a trans-illumination of the
duodenum and a 3-cm incision of the descending duodenum, in order to assess
the medial wall, where the majority of gastrinomas are found. The accuracy of
duodenotomy is indeed higher than either palpation alone or IOUS imaging asso-
ciated with trans-illumination [4, 5]. The surgical procedure should also include
a resection of the peri-pancreatic lymph nodes as well as a lymphadenectomy of
the celiac trunk and hepatic ligament, based on the risk of a primary lymph node
gastrinoma.

In all cases, a careful intraoperative examination of the specimen by the
pathologist is mandatory in order to confirm the presence of  the lesion. 

If this protocol fails, “blind” resections are discouraged and patients should
undergo strict follow-up while the hypersecretion symptom is controlled by
medical therapy [7].

10.2.2 Localized PanNENs

When a PanNEN is localized, surgery is the treatment of choice. Nevertheless
with the advent of high-resolution imaging techniques, small non-functioning
PanNENs are increasingly discovered, and it is now debated whether all small
and asymptomatic lesions should be routinely resected [8]. In this subgroup of
patients, non-operative management has been recently advocated for inciden-
tally discovered PanNENs < 2 cm [9]. Although data on the non-operative
management of these forms are still lacking, a strict yearly follow-up seems to
be a reasonable recommendation. Any significant increasing in the size of
these tumors should be promptly recognized and patients should be addressed
to surgery. 

The optimal surgical resection for localized PanNEN is still debated. Two
main surgical approaches are currently available: typical (i.e., pancreatico-
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duodenectomy or left pancreatectomy with or without spleen preservation) and
atypical (i.e., enucleation or middle pancreatectomy) resections. The surgical
choice is based on technical considerations (site, proximity to Wirsung duct,
etc.) and on the aggressiveness of the disease, which is mainly correlated with
the size of the lesion [8, 9] and with the invasion of nearby organs. A typical
pancreatic resection is always recommended in the presence of large PanNENs
(main diameter > 2 cm), organ invasion and/or clinical symptoms. Typical
pancreatic resections are associated with a high incidence of peri-operative
complications as well as exocrine and endocrine insufficiency. These compli-
cations along with the increasingly incidental recognition of small and asymp-
tomatic lesions have led to the increased use of parenchyma-sparing tech-
niques or atypical resections, such as enucleation and middle pancreatectomy.
Atypical resections have been proposed in the management of PanNENs, espe-
cially when they are well-demarcated and small in size [10]. In the absence of
others signs of malignancies, tumor size represents the main criteria in the
choice of the most appropriate surgical approach. Currently, a diameter of 2
cm seems to be reasonably safe for a limited resection [10]. A middle pancre-
atectomy can be appropriate for small tumors of the pancreatic body whereas
an enucleation should be considered only if the main pancreatic duct can be
safely preserved. Atypical resections reduce  the risk of long-term
endocrine/exocrine impairment as pancreatic parenchyma is spared by these
techniques [11, 12]. However, atypical resections are associated with a high
rate of pancreatic fistulas although the latter are mostly transient and with a
low clinical impact [11]. Second-look surgery for those tumors with high-
grade malignancy is mandatory after an atypical resection. Furthermore, the
most recent guidelines suggest that nodal sampling with intraoperative patho-
logical examination should be always performed [13]. 

10.2.3 Locally Advanced PanNENs

When a PanNEN is locally advanced and a potentially curative resection is
feasible (R0–R1), a more aggressive surgical approach is justified. Several
authors have demonstrated the benefit in terms of survival after pancreatic
resection of locally advanced PanNENs when no residual macroscopic disease
is present along the surgical margins [14].  

Surgery always includes a typical pancreatic resection with standard lym-
phadenectomy, associated, if necessary, with nearby organ resection or vascu-
lar resection. Splenectomy is routinely performed in distal pancreatectomy.
During this procedure, the adrenal gland, retroperitoneal tissue, and left kid-
ney can be easily removed, if infiltrated. Tumors of the pancreatic head that
involve the stomach can be removed by a Whipple procedure, while those
infiltrating the colon require standard or segmental colon resection. When the
entire pancreatic gland is involved, total pancreatectomy should  be consid-
ered. A portal or superior mesenteric vein infiltration can occasionally occur;
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in these cases, the surgeon can achieve negative resection margins by perform-
ing segmental resection of the superior mesenteric vein or splenomesenteric
portal vein confluence. By contrast, an arterial resection is rarely performed
when the mesenteric-celiac arterial axis is completely involved. The presence
of celiac trunk invasion is not an absolute limitation for distal pancreatectomy,
as prior reports have described efficacious dissection of the central-axis arter-
ies or graft substitution; however, these procedures can be associated with
severe diarrhea due to denervation of the intestinal plexa. The role of lym-
phadenectomy in these tumors is still a matter of debate, but a regional lymph
node dissection along the hepatoduodenal ligament, celiac trunk, and superior
mesenteric artery should be a standardized technique for invasive PanNENs.

When locally advanced pancreatic carcinomas present with massive local
infiltration and resection would be incomplete, leaving macroscopic residual
disease, there is no support for cytoreductive surgery (R2). A partial resection
would, in fact, expose the patient to a high risk of bleeding and to the possible
spread of tumor cells in the peritoneum. Recurrence, moreover, is the rule,
with no guarantee of there being any advantage in terms of survival.

10.2.4 Metastatic PanNENs

Surgery also plays an important role in metastatic disease, although the pres-
ence of extra-abdominal disease should always be ruled out preoperatively.
Hepatic surgery might require a wide range of different types of resections
according to the number of liver metastases, their locations, and the hepatic
reserve [15-17].  The operation can be performed as a one- or two-step proce-
dure and always requires an accurate IOUS evaluation. Complete resection is
associated with a 5-year survival rate of 60–80% compared with 30% in unre-
sected patients [18-21]. However, due to the high incidence of multifocal and
bilateral metastases, with liver involvement frequently exceeding 75%, a rad-
ical liver resection is possible in < 20% of patients [18].  However, recurrence
is the rule, with a median time to progression of 16–20 months and a 5-year
survival of 50–60% [22].

Debulking resections (R2) might be alternatively offered with palliative
intent to all patients in whom 90% of the tumor burden can be safely removed,
as part of a multimodal approach (combined or followed by other ablative
therapy, peptide receptor radionuclide therapy, bio- and chemotherapy) [17].
Metastatic disease also can be treated by other interventional procedures [17,
23], mainly trans-arterial embolization (TAE), trans-arterial chemo-emboliza-
tion (TACE), and radiofrequency ablation (RFA). Such procedures can be used
as loco-regional ablative therapy per se or as an adjunct to palliative surgery.
TAE or TACE are endovascular interventional radiology procedure that may
be used to treat multiple or large liver metastases. Data regarding survival
after TACE for metastatic PanNENs are still lacking although the procedure
has been demonstrated as effective in reducing tumor size [24, 25].  RFA may
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be performed either intraoperatively or via a percutaneous approach, with a
low morbidity rate in either case, although its role is still limited to selected
patients [26]. 

Cytoreductive surgery limited to the primary tumor in patients with unre-
sectable metastases is proposed in selected cases to alleviate mass-related
symptoms by reducing tumor burden. Moreover, the analysis of retrospective
series has demonstrated a measurable advantage in terms of survival after
debulking [27] . 

Liver transplantation is limited to 1% of patients. The main criteria for this
approach include the presence of multiple metastases not amenable of other
invasive procedures, the absence of extra-abdominal disease, a low Ki-67
value, and stable disease 1 year after diagnosis. Nevertheless, outcomes after
transplantation for PanNEN liver metastases are heterogeneous and the effica-
cy of this strategy is still unclear [3]. 

10.2.5 Laparoscopic Approach for PanNENs

Both distal pancreatectomy and enucleation can be safely performed laparo-
scopically. The advantages of minimally invasive surgery are less postopera-
tive pain, a better cosmetic result, a reduced length of hospital stay, and a
faster postoperative recovery; the rate of pancreatic fistula formation is com-
parable to that observed after open surgery. It has been demonstrated that
laparoscopic resections are safe and feasible in patients with presumed benign
PanNENs whilst they are still a controversial procedure for those with malig-
nancies. Whereas the laparoscopic approach is optimal for insulinomas and
small non-functioning tumors, the role of laparoscopic surgery for gastrinomas
is probably limited [28, 29]. 

10.3 PanNEN in Multiple Endocrine Neoplasia Type 1 (MEN1)
Syndrome 

Patients with MEN1 usually develop synchronous or metachronous PanNENs
of various types: gastrinomas (54%), insulinomas (18%), and non-functional
tumors (80–100%). The association of PanNENs with hereditary diseases such
as MEN1 changes the surgical strategy due to the tendency towards disease
multicentricity and the high rate of recurrence. To date, whereas surgery
remains mandatory in case of tumor-related symptoms and a functioning
tumor (e.g., insulinoma), the role of surgical treatment in small (< 2 cm) non-
functioning PanNENs or gastrinomas is still unclear [30-32]. Small non-func-
tioning PanNENs are commonly asymptomatic and their incidence is increas-
ing due to better detection following the widespread use of modern cross-sec-
tional imaging techniques. In MEN1 patients, only a few small tumors devel-
op liver metastases or influence survival. Most recent studies suggests the
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active follow-up of small lesions and to operate only in the event of larger
tumors (> 2 cm) and/or tumors growing or metastasizing during follow-up
[32]. Similarly, since patients with small gastrinomas have excellent long-term
survival also without surgical treatment and Zollinger–Ellison syndrome is
easily controlled with medical treatment, surgery is commonly recommended
only for lesion > 2 cm.

When surgery is indicated, the procedure ranges from enucleation to total
pancreatectomy [6, 30]. The latter, although effective, is not generally recom-
mended; instead, total pancreatectomy should be limited only to those patients
in with multicentric lesions and a familial history of high mortality due to the
disease. Enucleation is rarely the only needed procedure, mostly in small non-
functioning PanNENs or benign functioning tumors such as insulinomas. Due to
the high rate of multi-centric lesions, IOUS is always mandatory and it often
leads to the decision to perform a subtotal distal pancreatectomy, with enucle-
ation of those tumors located in the head of the pancreas or in the duodenal sub-
mucosa. When associated with an appropriate lymphadenectomy and duodeno-
tomy for patients with suspected gastrinomas, the procedure is commonly called
“Thompson’s procedure.” When a gastrinoma is associated, a pancreatico-duo-
denectomy generally results in a higher rate of cure (77–100%), although expe-
rience is poor since the procedure is rarely recommended [30, 33]. The associ-
ated high postoperative and long-term morbidity is commonly compared to the
increasing evidence of good long-term survival (100% at 15 years) of patients
with gastrinomas < 2 cm treated conservatively [31]. Pancreatico-duodenectomy
may be advisable in patients with large tumors in the pancreatic head or duode-
nal tumor and in the presence of lymphadenopathy.

10.4 Conclusions

Despite recent advances in our understanding of neuroendocrine tumors, the
appropriate surgical  treatment of PanNENs remains challenging [34]. The
optimal surgical strategy should be always tailored to the tumor's characteris-
tics as well as the patient's symptoms, comorbidities, and life expectancy.
Accordingly, these patients should be referred to highly experience centers in
order to optimize the surgical indications and reduce operative morbidity.
Moreover, proper communication with the patient and a multidisciplinary
decision-making process are key elements in disease management, especially
in advanced disease.
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