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Surgical strategies for nonfunctioning neuroendocrine pancreatic
tumors and for other pancreatic neoplasms associated with multiple

endocrine neoplasia type 1
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Abstract

The most important step in the management of nonfunctioning neuroendocrine pancreatic tumors
(NEPTs) is the determination of the primary tumor location and the tumor extent. In patients with localized,
nonmetastatic disease, complete surgical resection of the primary tumor is the treatment of choice. For
locally advanced, unresectable tumors, the surgical indication remains problematic. It is difficult to indicate
palliative pancreatic resection due to the potential morbidity associated with debulking procedures and high
recurrence rates. In patients with clinically nonfunctioning NEPTs in multiple endocrine neoplasia type 1
(MEN-1), the role of surgery is controversial. Based on the characteristic multifocality of the tumors, some
have suggested that surgery should be limited to those larger than 2 cm in size (primary tumor size appears
to correlate with metastatic potential). For insulinoma MEN-1 patients, it seems that subtotal distal
pancreatectomy, preserving the spleen, combined with enucleation of any tumors identified in the pan-
creatic head, should be the standard operation. The role of surgery for MEN-1 Zollinger-Ellison syndrome
(ZES) patients is debatable. © 2007 Excerpta Medica Inc. All rights reserved.
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euroendocrine pancreatic tumors (NEPTs) are rare neo-
lasms with an annual incidence of 1 in 100,000 and rep-
esent 1% to 2% of all pancreatic neoplasms. These tumors
how no significant gender predilection and occur at all
ges, with a peak incidence between 30 and 60 years.
EPTs are described in relation to the hormone responsible

or the clinical syndrome. Tumors that cause such syn-
romes are classified as functional, while those without
bvious hypersecretion are classified as nonfunctional. Nev-
rtheless, nonfunctional tumors secrete various peptides and
roteins, including chromogranins, plasma levels of which
an be used as tumor markers.

Most NEPTs are sporadic, but a minority of patients with
EPTs have one of the inherited disorders producing tu-
ors at many sites: multiple endocrine neoplasia type 1

MEN-1), Von Hippel-Lindau disease, neurofibromatosis,
nd tuberous sclerosis. Sporadic NEPTs are usually solitary
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umors, in contrast to tumors in patients with MEN-1 in
hom NEPTs are characteristically multifocal.
The usual histological pattern of malignant neoplasms

nuclear pleomorphism, mitotic activity, and infiltration into
he surrounding tissue) is often unreliable. Only the pres-
nce of gross local invasion and/or metastasis is definitive in
etermining malignancy. Metastasis is most commonly
ound in the liver, less frequently in regional lymph nodes,
nd dissemination to other distant sites is unusual [1]. Overt
alignancy has been found in 5% to 10% of patients with

nsulinoma; in contrast, malignant features have been re-
orted in approximately 60% of patients with gastrinomas,
n 60% of patients with somatostatinomas, and in 50% to
0% of those with vipomas. Although the development of
etastatic disease in patients with MEN-1–related NEPTs is

ncommon before age 30, metastatic neuroendocrine carci-
oma is the major cause of disease-related mortality in
EN-1 [1].

urgical Treatment
The most important step in the management of NEPTs is
he determination of the primary tumor location and the

ed.
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umor extent. This information is essential both for patients
hose disease is amenable to surgical resection, and for the

linical management of patients with advanced disease.
urgery remains the only curative modality currently avail-
ble for resectable NEPTs. The surgical management varies
ith tumor type, location, and size; because of their biologic
eterogeneity, there is no standard surgical approach to the
anagement of NEPTs, creating unique challenges for sur-

eons. In addition, patients with NEPTs associated with
EN-1 need a different surgical approach than that required

or patients with sporadic NEPTs. NEPTs are identified in
0% to 80% of patients with MEN-1. Insulinomas, gastri-
omas, and nonfunctioning NEPTs are the most common
EPTs in patients with MEN-1 [2].

onfunctioning Endocrine Tumors
Nonfunctional NEPTs are located most commonly

�60%) in the pancreatic head but can be found anywhere
ithin the pancreas. The diagnosis is often delayed (�5
ears) and tumors become clinically apparent when already
noperable and/or metastatic. Most nonfunctioning NEPTs
re associated with increased serum levels of pancreatic
olypeptides (PP) and therefore are referred to as PPomas.
onfunctioning and PPomas do not appear to differ in
resentation or biologic behavior.

Knowledge of the morphologic features of the nonfunc-
ioning tumor provides the information needed to ensure
orrect treatment. Several treatment strategies have been
roposed:

1. In patients with localized, nonmetastatic disease,
complete surgical resection of the primary tumor is
the treatment of choice; the median survival was re-
ported at 7.1 years [3]. Phan et al [4] have reported the
5-year survival rate following resection approximates
50%. However, only 48% of the patients with local-
ized, nonmetastatic disease who underwent resection
of the primary tumor were alive and without evidence
of recurrent disease at a median follow-up time of 2.7
years (range, 1 to 8 years) from diagnosis [3]. The
authors [3] emphasize that it is inappropriate to as-
sume that complete resection of the primary tumor in
the absence of metastatic disease corresponds to long-
term cure.

2. In patients with locally advanced, unresectable tu-
mors, the surgical indication remains problematic.
The median survival for these patients is approxi-
mately 5 years without surgery [5]. It is difficult to
indicate palliative pancreatic resection due to the po-
tential morbidity associated with debulking proce-
dures and high recurrence rates. In Bartsch=s series
[6], the price for such an aggressive approach was an
overall complication rate of 44% and mortality of
16.6%. In patients with biliary and gastric outlet ob-
struction, palliative surgery (surgical bypass) should
be recommended.

3. In patients with metastatic disease, resection of the
primary tumor should be based on the presence of
clinical symptoms and the location of the tumor [5].
In the absence of a symptomatic primary tumor, distal

pancreatectomy in the presence of unresectable ex- s
trapancreatic metastatic disease is probably not indi-
cated. However, patients with large tumors in the
pancreatic head who have low-volume hepatic metas-
tases are potentially at risk for gastrointestinal hem-
orrhage or biliary and gastric outlet obstruction; pan-
creaticoduodenectomy may provide relief from local
tumor-related symptoms. In selected patients with lo-
calized liver metastasis, a combined resection of the
primary tumor and liver metastasis should be at-
tempted [7–9]. The 5-year survival rate for patients
who were cleared of pancreatic and liver disease was
65% in a recent series [10]. However, tumor recur-
rences occurred in three quarters of patients who
underwent resection with curative intent, and most of
these recurrences were detected within 2 years. In an
attempt to identify which patients are most likely to
benefit from aggressive surgical resection of meta-
static neuroendocrine tumors, Chamberlain et al [11]
developed a prognostic scoring system based on func-
tional status of the primary tumor, presence of extra-
hepatic metastasis, extent of liver replacement with
tumor, and the presence of bilobar hepatic metastasis.
The presence of any two of these factors was associ-
ated with lower rates of both complete resectability
and survival. When hepatic resection is not possible
or other treatment options have failed, recent data
indicate that in otherwise healthy patients under the
age of 50 years, hepatic transplantation may prolong
symptom-free survival with acceptable operative
morbidity [12].

4. In patients with clinically nonfunctioning NEPTs in
MEN-1, the role of surgery is controversial. Based on
the characteristic multifocality of the tumors, some
have suggested that surgery should be limited to those
larger than 2 cm (primary tumor size appears to cor-
relate with metastatic potential) [5]. Bartsch et al [9]
have reported that no distant metastasis has yet been
described in nonfunctioning NEPTs less than 10 mm
in size. Thompson [13] advocates an aggressive sur-
gical approach to distal subtotal pancreatectomy, enu-
cleation of any identified lesions in the pancreatic
head or uncinate process, and regional lymphadenec-
tomy, although cure is rarely achieved since 73% of
patients developed new nonfunctioning NEPTs dur-
ing follow-up [14]. However, the goal of Thompson’s
procedure is to delay the need for total pancreatec-
tomy, despite the majority of patients developing
metachronous neoplasms in the remaining pancreas,
and therefore requiring completion of the total pan-
createctomy because of the resulting long-term com-
plications of insulin-dependent diabetes, especially in
young patients.

Others believe that tumor size is not a reliable predictor
f malignant behavior, and an aggressive surgical approach
s indicated if peptide levels increase in the absence of
adiographic evidence of a pancreatic neoplasm [15].

nsulinomas
Insulinomas represent up to 70% to 80% of clinically
ymptomatic NEPTs and occur in all age groups. Most are
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olitary lesions, but 10% are multiple. Most insulinomas
re sporadic in origin with only 7.6% associated with MEN-1.
poradic insulinomas and insulinomas in patients with
EN-1 may arise at different times [16]. Insulinomas occur
ore often in MEN-1 patients who are younger than 40

ears and may arise in individuals before the age of 20
ears. In non–MEN-1 patients, insulinomas generally occur
n those older than 40 years. Insulinomas may be the first
anifestation of MEN-1 in 10% of patients, and approxi-
ately 4% of patients presenting with insulinomas will have
EN-1. By 1991, Demeure et al [17] had collected and

eviewed data on 60 patients in the English literature. These
uthors suggested that patients with insulinomas associated
ith MEN-1 need a different surgical approach than that

equired for patients with sporadic insulinomas.
Most insulinomas are benign; only 10% have any evi-

ence of malignancy. The lesions are small with a diameter
f less than 2 cm in 90% of patients, and less than 1.3 cm
n 50% of patients. They are distributed equally within the
ead, body, and tail of the pancreas. Therefore, an insuli-
oma may be occult and difficult to localize both before and
uring surgery. Notwithstanding recent refinements in im-
ging techniques for patients with insulinoma, preoperative
iagnostic studies still have the same limitations when as-
essing the number and exact location of the tumors. Endo-
copic ultrasound (EUS) is the most sensitive modality for
etecting insulinomas, with preoperative detection rates of
6% to 93%. In recent years, spiral computed tomography
CT) scanning has become more successful in localizing
nsulinoma and may also provide additional information
egarding suspected malignancy [18,19]. The combination
f biphasic thin-section helical CT and EUS resulted in an
verall diagnostic sensitivity of 100%.

Surgical resection is the treatment of choice and offers
he only chance of cure. The surgical strategy in patients
ith sporadic insulinoma should be restricted to removing

he solitary tumor in about 90% of patients [16,18,19]. The
se of enucleation or resection will depend on the localiza-
ion of the tumor in the pancreas and the findings from
ntraoperative ultrasonography. The clear indications for
umor enucleation are tumors located at the periphery of the
land and tumors on the surface of the parenchyma totally
r partially covered by a thin layer of pancreatic tissue.
owever, when the tumor is located in the distal part of the

ail of the pancreas, it may be more convenient to remove
hat part of the gland containing the adenoma. Also, when
he tumor is in close proximity to the Wirsung duct or lying
n the splenic vein, resection is indicated to avoid pancre-
tic fistula or profuse bleeding. There is no question that
umors that are hard cause puckering of surrounding soft
issue and appear to be infiltrating, or they cause distal
ilatation of the pancreatic duct and raise serious suspicions
f malignancy, and resection rather than enucleation must
e chosen. Overall cure rates of 75% to 98% are reported
fter surgery [16]. Recently, Grant [19] has reported the
ayo Clinic experience including 242 patients (216 pri-
ary and 31 reoperations on 233 sporadic and 14 MEN-1

atients). The tumors were enucleated in 59%, whereas
istal pancreatic resection was necessary in 36% and only 8
atients (4%) required a Whipple procedure. Cure was

chieved in 98% of patients. u
With advances in laparoscopic techniques, both laparo-
copic enucleation and resection of pancreatic insulinoma
ave been performed successfully. Using the criteria of
ushieri et al [20], the probable benefit of minimally inva-

ive surgery over conventional open surgery depends on the
atio of access trauma to procedural trauma. Enucleation or
imited pancreatic resection for solitary, small, benign insu-
inomas is better achieved using the laparoscopic approach
n terms of parietal damage of the abdomen. The reported
uccess for laparoscopic resection of insulinoma ranges
rom 60% to 100% [18,21–28]. We have recently reported
he guidelines for the laparoscopic surgical strategies in the
anagement of insulinomas [29]. It seems that the inci-

ence of postoperative complications is similar for open
urgery and laparoscopic surgery. However, the use of lapa-
oscopic resection minimizes parietal damage, the hospital
tay is relatively short, and an early return to previous activities
as observed in most patients [18].
According to Gauger and Thompson [30], the surgical

pproach is based on the premise that patients with MEN-1
nd neuroendocrine disease of the pancreas can potentially
e cured of their syndrome or nonfunctioning tumors, pro-
ided the tumor has not metastasized to the liver and the
peration is sufficiently extensive to excise all sites of
isease. In most reports, enucleation or limited resection did
ot result in the development of recurrent hyperinsulinism
or up to 15 years [31]. However, others reported recurrence
ates of 40% at 10 years after enucleation. Enucleation alone
f an insulinoma in patients with MEN-1 would likely lead
o missed tumors and failed operations. More than 75% of
atients with insulinoma and MEN-1 had multiple pancre-
tic tumors [32]. It seems that subtotal distal pancreatec-
omy, preserving the spleen, combined with enucleation of
ny tumors identified in the pancreatic head, should be the
tandard operation [30]. We believe that patients with
EN-1 insulinomas may benefit from the choice of the

aparoscopic approach according to the principles devel-
ped during the past 20 years on use of the standard open
pproach. During the operation, intraoperative laparoscopic
ltrasound (LapUS) may recognize other tumors not seen in
reoperative localization studies. In addition, laparoscopic
ltrasound identifies the demarcation between the normal
ancreas and macroscopic disease pancreas and is useful for
etermining the optimal site of transaction [18,24].

astrinoma
Gastrinoma, as other NEPTs, may occur sporadically and

s part of MEN-1. Gastrinomas are more common in men
han in women; the mean age of diagnosis is 45 to 50 years
nd approximately 20% have MEN-1. Gastrinomas and
onfunctioning tumors are the most common malignant
EPTs. Approximately 65% to 90% of all gastrinomas

ound at surgery occur in the pancreatic head–duodenal
egion [33]. The surgical management is directed towards
dentification and resection of the primary tumor and re-
ional metastasis to lymph nodes or liver to prevent malig-
ant progression of disease.

The percentage of gastrinomas that behave in a benign or
alignant fashion is not well established; malignancy is
sually diagnosed by the presence of metastasis. Liver me-



t
d
i
t
W
a
c
p
c
n
a
Z
a
q
c
t
d

a
h
b
t
p
t
p
w

q
t
t
K
h
l
n
b
d
d
[
m
s
a
o
t
n
t
m
m
p
f
s
2
d
g
l
d
t
t
r
l
p
c

t
l
p
a
(
h
p
t
r
[
t
t
a
p
a
f
r
w
a
p
t
t
r
c
y
n
s
p
s
l
w
9

A

d
i
s
e

R

S146 L. Fernández-Cruz et al. / The American Journal of Surgery 194 (Suppl to October 2007) S143–S147
astasis occurred in 4% of gastrinomas smaller than 1 cm in
iameter, in 28% of tumors 1.1 to 2.9 cm in diameter, and
n 60% of tumors larger than 3 cm [33–36]. In addition to
umor size, tumor location appears to predict malignancy.

eber et al [37] have reported 90 patients who had pancre-
tic or duodenal gastrinomas. Lymph node metastasis oc-
urred in 48% and 47%, respectively; however, only 5% of
atients who had duodenal gastrinomas had liver metastasis
ompared with 52% of patients who had pancreatic gastri-
omas. Surgical treatment results in an excellent prognosis
nd should be offered for good-risk candidates who have
ollinger-Ellison syndrome (ZES). However, the surgical
pproach is a challenge to surgeons; gastrinomas are fre-
uently multiple and can be extrapancreatic. Surgical suc-
ess depends on the ability to accurately identify not only
he primary tumor but also the presence of metastatic
isease.

Preoperative imaging modality will determine the surgical
pproach. CT scanning usually detects metastatic liver disease;
owever, its ability to detect primary tumors has been shown to
e directly related to tumor size. Somatostatin receptor scin-
igraphy is one of the most sensitive methods for localizing
rimary disease (60%) and detects more than 90% of pa-
ients who have metastatic liver disease [33]. EUS is re-
orted to localize 75% of primary gastrinomas, particularly
ithin the pancreatic parenchyma [38].
The following guidelines will help us perform an ade-

uate operation: (1) The abdominal cavity should be sys-
ematically explored for evidence of disease by examining
he liver, pelvis, small intestine, and large intestine. (2) A
ocher maneuver will allow examination of the pancreatic
ead, duodenum and periportal lymph nodes, celiac axis
ymph nodes, and peripancreatic and periduodenal lymph
odes. The lesser sac is opened to examine the pancreatic
ody and tail. (3) Palpation alone can identify 65% of
uodenal gastrinomas; 71% are in the first part of the duo-
enum, 21% in the second part, and 8% in the third part
36]. (4) When palpation fails in localizing duodenal tu-
ors, endoscopic transillumination and intraoperative ultra-

onography may identify the tumor. (5) When gastrinomas
re not localized by preoperative localization studies and by
perative methods, a 3-cm longitudinal duodenotomy cen-
ered on the anterolateral surface of the descending duode-
um should be performed [39]. If a primary tumor is not on
he medial duodenal wall, it is elliptically excised with a
argin of 2 to 3 mm. If the primary tumor is located on the
edial duodenal wall, a separate submucosal excision is

erformed through the duodenotomy. The rationale to per-
orm a longitudinal duodenotomy are: (a) the frequency of
poradic gastrinomas arising in the duodenum, occurring in
5% to 50% of patients operated on for ZES; and (b) that
uodenal gastrinomas tend to be smaller than pancreatic
astrinomas and are often occult (�1 cm). (6) Suspicious
ymph nodes are removed and sent to pathology. Although
uodenal gastrinomas are often small, 50% to 67% of pa-
ients with duodenal primaries can have lymph node metas-
asis found at operation [33,40,41]. Zogakis et al [39] have
eported that patients who had primary duodenal tumors
ocated above the ampulla of Vater, in general, harbored
ositive lymph nodes in the superior periduodenal area,

eliac axis, or periportal area. Those with primary tumors in
he third or fourth position of the duodenum had positive
ymph nodes in the superior mesenteric artery or inferior
eriduodenal nodes. Lymph nodes have not been shown to
dversely affect survival after resection with curative intent.
7) Enucleation is recommended in tumors in the pancreatic
ead and in tumors in the body-tail of the pancreas. Distal
ancreatectomy or Whipple resection is performed if mul-
iple tumors are present in the left or right pancreas. (8) The
ole of surgery for MEN-1 ZES patients is debatable
2,33,42,43]. In patients who have MEN-1 with ZES, 70%
o 95% of primary tumors arise in the duodenum and 30%
o 25% in the pancreas. Akerstrom and Hessman [2] have
dvocated excision of duodenal gastrinomas, enucleation of
ossible tumors in the head of the pancreas, regional lymph-
denectomy, and distal pancreatic resection (to remove non-
unctioning tumors and thereby reduce the risk of recur-
ence). However, Cadiot et al [43] have reported in patients
ho had MEN-1 and ZES, the only independent factor

ssociated with the development of liver metastasis was a
ancreatic primary tumor larger than 3 cm. According to
hese results, surgery should be performed in patients with
umors greater than 3 cm or when gastric excess could be
egionalized. The reason for this discrepancy is that bio-
hemical relapse occurs in more than 95% of patients 3 to 5
ears after surgery but is associated with an excellent prog-
osis [42]. Several reports have shown a 62% to 87% 5-year
urvival rate and a 47% to 77% 10-year survival rate for all
atients who had ZES [33,44]. Among patients who had
poradic gastrinoma, 34% were biochemically and radio-
ogically free of disease at 10 years compared with none
ho had MEN-1 and ZES; the survival rate, however, was
4% [42].
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