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Pancreatic endocrine tumors are rare neoplasms 
accounting for less than 5% of pancreatic malignan-
cies. They are broadly classifi ed into either functioning 
tumors (insulinomas, gastrinomas, glucagonomas, 
VIPomas, and somatostatinomas) or nonfunction-
ing tumors. The diagnosis of these tumors is diffi cult 
and requires a careful history and examination com-
bined with laboratory tests and radiologic imaging. 
Signs and symptoms are usually related to hormone 
hypersecretion in the case of functioning tumors and 
to tumor size or metastases with nonfunctioning 
tumors. Surgical resection remains the treatment of 
choice even in the face of metastatic disease. Fur-
ther development of novel diagnostic and treatment 
modalities offers potential to greatly improve quality 
of life and prolong disease-free survival for patients 
with pancreatic endocrine tumors.

Introduction
In 1902, Nicholls [1] described a tumor originating from 
pancreatic islet cell lineage; this was the fi rst report of a 
pancreatic endocrine tumor (PET). PETs are an uncom-
mon neoplasm of the pancreas, accounting for less than 
5% of pancreatic malignancies [2]. The incidence in 
unselected autopsy studies is as high as 1.6% and rises to 
10% in autopsies at which the whole pancreas is examined 
both grossly and microscopically [3]. Pancreatic adeno-
carcinoma is much more common, with a ratio of 25:1. 
It is important to distinguish between the two, however, 
as the outcome for a PET is superior to that of a ductal 
carcinoma even in the presence of metastatic disease.

In the third month of fetal development, parenchy-
mal pancreatic cells begin to differentiate into the Islets 
of Langerhans; this process is usually complete by the 
fi fth month. The cell of origin for PETs is controversial. 
Many authors consider that neuroendocrine tumors 

originate from the pluripotent cells in the ductal epithe-
lium, which maintain their ability to differentiate toward 
the different hormone-producing neoplasms. PETs 
can be broadly divided into two groups: 1) functional 
PETs such as insulinoma, gastrinoma, glucagonoma, 
somatostatinoma, and VIPoma, which present with 
symptoms of hormonal hypersecretion; and 2) nonfunc-
tioning PETs, which present no clinical manifestations 
of hormonal hypersecretion. Although nonfunctioning 
PETs produce no clinical signs of hormonal excess, they 
may produce a precursor hormone that is functionally 
inert or occurs in amounts too small to be clinically 
relevant. These patients tend to present late, with symp-
toms due to mass effect or metastasis [4].

The pathologic diagnosis depends on the confi rma-
tion of the neuroendocrine nature of the tumor cells. 
Microscopic features can be heterogenous, and immuno-
histochemical staining with markers such as chromogranin 
A, synaptophysin, and neuron-specifi c enolase can con-
fi rm the origin of the PET. It is diffi cult to determine the 
biologic behavior of PETs. By assessing the site and extent 
of disease, histologic differentiation, mitotic rate, and 
proliferation, the World Health Organization attempts 
to classify the tumors into benign behavior, uncertain 
behavior, low-grade malignant, and high-grade malignant 
(Table 1). Others have attempted to simplify this classi-
fi cation by combining tumor size and the presence or 
absence of metastases with a simple grading system based 
on necrosis and mitotic rate [5•].

Insulinoma
The fi rst operative intervention for a suspected PET was 
described in 1927 [6]. The patient was an orthopaedic 
surgeon with an 18-month history of unpredictable hypo-
glycemia. Laparotomy revealed an unresectable mass with 
hepatic metastases, and the patient died not long after the 
operation. In 1929, a benign insulinoma was successfully 
resected [7]; this patient was thought to have survived for 
20 years after the initial operation.

Epidemiology
Insulinomas, which arise from the insulin-producing 
β islet cells, are the commonest form of functioning 
PET, with an annual incidence of 0.7 to 4.0 cases per 
million. They account for 30% to 45% of all PETs [8]. 
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They are usually solitary, occurring within the pancre-
atic parenchyma throughout the gland. Less than 5% 
will be located in ectopic sites such as the duodenum, 
splenic hilum, and gastrocolic ligament [9]. The median 
age of presentation is 47 years (range 8–82), with a 
slight female preponderance (female to male ratio of 
1.4:1) [10]. Most insulinomas are sporadic, but 5% to 
8% are associated with multiple endocrine neoplasia 
type 1 (MEN-1), an autosomal-dominant inherited con-
dition usually characterized by multiple tumors of the 
parathyroids, enteropancreatic endocrine tissues, and 
the anterior pituitary gland. The syndrome results from 
inactivation of the Menin gene, a tumor-suppressor gene 
located on chromosome 11q13. It is not unusual for mul-
tiple lesions to be identifi ed in these patients.

Diagnosis
Patients with insulinoma usually present with symptoms 
related to episodic hypoglycemia. Common symptoms 
are neuroglycopenic (behavioral changes, blurred vision, 
fatigue, seizures, and coma) and neurogenic (hunger, sweat-
ing, anxiety, tremor, and palpitations due to activation of 

the autonomic nervous system) [11]. An insulinoma is an 
uncommon cause of hypoglycemia, however, so careful 
examination should be carried out to rule out other causes 
such as administration of exogenous insulin or antidiabetic 
drugs such as the sulphonylureases. A recent review of the 
Massachusetts General Hospital experience over a 25-year 
period identifi ed 61 patients with insulinoma who required 
surgery [12•]. MEN-1 syndrome was present in 7 patients 
(11%). The most common presenting complaints were con-
fusion (67%), visual disturbances (42%), and diaphoresis 
(30%). The median duration of symptoms before a diagno-
sis was made was 18 months. These fi ndings are similar to 
those reported by investigators at Memorial Sloan-Kettering 
Cancer Center, who noted that patients with nonfunction-
ing tumors had a signifi cantly shorter symptom duration 
prior to evaluation and treatment (90 days) than those with 
a functional tumor (365 days) [13]. 

When insulinoma is suspected, it is our practice to 
admit patients to hospital and conduct a supervised fast in 
which glucose, insulin, and C-peptide levels are measured 
every 6 hours or when symptoms occur. Blood glucose 
2.5 mmol/L or lower, insulin 41.7 pmol/L or higher, 

Table 1. World Health Organization classifi cation of gastroenteropancreatic neuroendocrine tumors

Well-differentiated 
endocrine tumor 
(benign behavior)

Well-differentiated 
endocrine tumor 
(uncertain behavior)

Well-differentiated 
endocrine carcinoma 
(low-grade malignant)

Poorly differentiated 
endocrine carcinoma 
(high-grade malignant)

Pancreas Confi ned to pancreas Confi ned to pancreas Well to moderately 
differentiated

Small cell carcinoma

< 2 cm ≥ 2 cm Gross local invasion and/
or metastases

Necrosis common

< 2 mitoses per 
10 HPF

> 2 mitoses per 
10 HPF

Mitotic rate often higher 
(2–10 per 10 HPF)

> 10 mitoses per HPF

< 2% Ki-67–positive 
cells; no vascular 
invasion

> 2% Ki-67–positive 
cells or vascular 
invasion

Ki-67 index > 5% > 15% Ki-67–positive cells; 
prominent vascular and/or 
perineural invasion

Stomach Confi ned to mucosa–
submucosa, ≤ 1 cm; 
no vascular invasion

Confi ned to mucosa–
submucosa, > 1 cm 
or vascular invasion

Well to moderately 
differentiated; invasion 
to muscularis propria or 
beyond, or metastases

Small cell carcinoma

Duodenum, 
upper jejunum

Confi ned to mucosa–
submucosa, ≤ 1 cm; 
no vascular invasion

Confi ned to mucosa–
submucosa, > 1 cm 
or vascular invasion

Well to moderately 
differentiated; invasion 
to muscularis propria or 
beyond, or metastases

Small cell carcinoma

Ileum, colon, 
rectum

Confi ned to mucosa–
submucosa, ≤ 1 cm 
(small intestine)

Confi ned to mucosa–
submucosa, > 1 cm 
(small intestine)

Well to moderately 
differentiated; invasion 
to muscularis propria or 
beyond, or metastases

Small cell carcinoma

≤ 2 cm (large intestine);
 no vascular invasion

> 2 cm (large intestine) 
or vascular invasion

Appendix Nonfunctioning, 
confi ned to appendi-
ceal wall

Enteroglucagon-pro-
ducing, confi ned to 
subserosa

Well to moderately 
differentiated; invasion 
to mesoappendix or 
beyond, or metastases

Small cell carcinoma

≤ 2 cm; no vascular 
invasion

> 2 cm or vascular 
invasion

HPF—high-power fi eld.
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C-peptide 0.2 nmol/L or higher, and a negative sulphonyl-
urea screen are diagnostic for insulinoma. Traditionally, 
a 72-hour fast has been recommended, but this is rarely 
necessary, as 30% of patients develop symptoms within 
12 hours, 80% within 24 hours, 90% within 48 hours, 
and almost 100% within 72 hours [14].

Localization
Modern radiologic imaging facilitates the localization 
of the tumor, avoiding the need for a “blind” pancre-
atic resection (Fig. 1). Multidetector CT is the imaging 
modality of choice. Thin-slice, dual-phase images from 
arterial and portal phases are used to image the pancreas 
and display the peripancreatic vasculature. Early arterial 
imaging enhances detection, but false negative results 
can occur when the tumor is close to a major vessel or is 
nonhyperattenuating. MRI has been reported to have a 
role in detecting small insulinomas. The use of fast spin-
echo, fat saturation, and contrast-enhanced techniques 
facilitates optimal tumor detection. PETs typically 
express low signal density on T1-weighted images and 
high signal density on T2-weighted images. Gadolinium 
as contrast offers greater sensitivity for vascular lesions 
than standard iodine agents [15]. This protocol identi-
fi ed 50% of lesions between 1 and 2 cm and 100% of 
tumors larger than 3 cm.

Somatostatin-receptor scintigraphy, which has 
a major role in imaging other PETs, is less useful in 
locating insulinomas, as they have a low density of 
somatostatin receptors and generally do not express 
the somatostatin subtype-2 cell-surface receptor. Early 
reports suggest that positron emission tomography using 
fl uorine-18-L-dihydroxyphenylalanine (18F-DOPA) may 

be useful in detecting insulin-secreting tumors, particu-
larly when conventional imaging such as CT or MRI is 
negative. However, further data are required before this 
type of imaging can be recommended. 

Endoscopic ultrasound (EUS) allows a high-frequency 
ultrasound probe (7.5–10 mHz) to be placed endoscopi-
cally in close proximity to the pancreas [16,17]. The 
result is improved image resolution and sensitivity for 
the detection and localization of small tumors. The 
pancreatic head and duodenum are scanned with the 
probe positioned in the duodenum, and the body and 
tail are scanned through the stomach. This technique is 
particularly useful in demonstrating small tumors in the 
pancreatic head (which may be impalpable at surgery), 
lesions in the duodenal wall, and regional lymphadenop-
athy. However, EUS is technically challenging and is not 
widely available. Lesions in extrapancreatic locations 
and in the tail of the pancreas are diffi cult to demon-
strate, and the liver cannot be fully assessed. Despite 
these diffi culties, the technique is very successful in 
expert hands, with reported sensitivities as high as 79% 
to 100%. The Massachusetts General Hospital experi-
ence suggests that improvements in noninvasive imaging 
in combination with EUS have increased the sensitivity 
of preoperative tumor detection to 98% [12•]. 

Invasive investigations such as percutaneous trans-
hepatic portal venous sampling (PTPVS) and arterial 
stimulation with venous sampling (ASVS) may be used 
if all noninvasive localization tests are negative and 
an insulinoma is strongly suspected. PTPVS requires 
placing a catheter percutaneously in the portal system. 
Multiple samples are taken from the draining veins 
of the pancreas to localize the region of the tumor. 

Figure 1. Current algorithm for the diagnosis and treatment of pancreatic endocrine tumors. FNA—fi ne needle aspiration. (Adapted from 
O’Grady and Conlon [14], with permission from Elsevier.)
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False-positive results are low, but because of high 
operator dependency, sensitivity ranges from 63% to 
94%. ASVS using selective arteriographic injection of 
calcium while measuring hepatic venous insulin levels 
has yielded excellent tumor localization rates and is less 
operator-dependent; it is becoming the invasive local-
ization study of choice [18]. Roland and coworkers [19] 
reported on 16 patients who underwent selective arte-
rial cannulation and calcium stimulation with a success 
rate of 88%.

The gold standard of tumor localization remains 
a combination of imaging studies with intraoperative 
ultrasound and operator palpation. In the Massachusetts 
General Hospital study, a combination of palpation and 
intraoperative ultrasound scanning detected 92% of 
tumors [12•]. It is critical for the surgeon to completely 
mobilize the entire pancreas to facilitate bimanual palpa-
tion. Norton [20] reported that only one third of tumors 
in the head of the pancreas were palpable, but all were 
detected using intraoperative ultrasound. In the event 
that the tumor is not localized, blind pancreatic resection 
should not be performed. The surgical procedure should 
be terminated and the diagnosis confi rmed.

Treatment
Surgical resection offers the highest chance of cure. Open 
or laparoscopic techniques may be used. Enucleation 
is indicated for small, benign tumors at least 2 to 3 mm 
from the pancreatic duct. Intraoperative ultrasonog-
raphy helps to confi rm the anatomic relationship of the 
tumor to surrounding structures. Should the lesion be 
unsuitable for enucleation, resection by means of a pan-
creaticoduodenectomy, central pancreatic resection, or 
distal pancreatectomy (with or without splenic preserva-
tion) can be performed. Because patients undergoing a 
distal pancreatectomy with splenectomy have signifi cantly 
increased perioperative infective complications, a spleen-
preserving procedure is recommended [21]. Resection is 
associated with low mortality and morbidity and achieves 
long-term overall survival in 75% to 98% of patients, with 
prognosis dependent on the disease stage at presentation 
and whether a complete resection was achieved. 

Laparoscopic resection for insulinomas is achievable 
and safe. Multiple series of laparoscopic resection have 
been reported since 1996. As in open surgery, the size 
and relationship of the primary tumor to the pancreatic 
duct and major vessels is critical in determining whether 
local resection is feasible. Laparoscopic ultrasonography 
is essential for this determination, and in our experience 
it also aids in achieving adequate margins of resection by 
clearly demarcating the boundaries of the lesion. Studies 
have reported conversion rates to open surgery of 3% to 
40% and pancreatic fi stula rates of 2% to 20%. Recently, 
Fernández-Cruz and colleagues [22•] reported on their 
experience with laparoscopic resection. Over a 10-year 
period, 49 consecutive patients underwent laparoscopic 
resection at their institution in Barcelona. Of these, 20 

patients had sporadic insulinomas. The mean age was 
40 years and the mean tumor size was 1.4 cm. Laparo-
scopic enucleation was performed in 15 patients and a 
laparoscopic splenic-preserving distal pancreatectomy in 
4 patients. One patient was converted to open surgery 
because the tumor could not be found with laparoscopy. 
There was no mortality, and morbidity was comparable 
to that with open surgery. All patients appear disease-free 
at a mean follow-up of 36 months. The authors con-
cluded that the advantages of a minimal-access approach 
(decreased pain, reduced hospital stay, and enhanced post-
operative recovery) make it a viable option for selected 
patients with PETs. 

Laparoscopic resection is currently not indicated 
if malignancy is suspected. Lymphatic involvement is 
common, and an oncologic resection with en bloc lymphad-
enectomy is indicated for localized, nonmetastatic tumors.

An aggressive approach is warranted in patients who 
have insulinomas associated with MEN-1. Most have 
multiple pancreatic tumors and thus may require a distal 
pancreatectomy, enucleation of any palpable or ultrasono-
graphically detected lesions in the head of the gland, and 
regional lymphadenectomy. A pancreaticoduodenectomy 
is required for lesions in the pancreatic head that are not 
suitable for enucleation—those that are large or invasive, 
or that involve the pancreatic duct.

Gastrinoma
In 1955, Zollinger and Ellison [23] described a syndrome 
of upper jejunal ulceration, gastric acid hypersecretion, 
and non–β-cell tumors of the endocrine pancreas. This 
syndrome was described as recalcitrant to medical or sur-
gical therapy, persistent, and associated with signifi cant 
risk of mortality. Since that initial report, gastrin has 
been identifi ed as the agent responsible for the Zollinger-
Ellison syndrome (ZES).

Epidemiology
Gastrinomas are the second most common PET, occurring 
in 1% of patients with peptic ulcer disease. Most patients 
are diagnosed between the fi fth and sixth decade; there is 
a male to female preponderance of 2:1 [24]. In contrast to 
insulinomas, 16% to 35% of gastrinomas are associated 
with MEN-1. Up to half of these tumors are found to be 
malignant at diagnosis.

Diagnosis
The clinical presentation of gastrin hypersecretion includes 
abdominal pain and secondary gastric acid hypersecretion 
leading to peptic ulceration. Diarrhea is also a common 
symptom because of the large volume of acid secretion; 
the low intraluminal pH damages the walls of the intes-
tines, leading to malabsorption and steatorrhea. 

The diagnosis of a gastrinoma is based on an elevated 
fasting gastrin level, acid secretory studies, and the results 
of secretin and calcium provocative tests. Over 90% of 
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patients with ZES will have an elevated fasting gastrin 
level. This test should be repeated and gastric pH should 
be measured. If the pH is  higher than 2.5, ZES is unlikely 
to be the correct diagnosis. A full description of the other 
causes of hypochlorhydria or achlorhydria is outside the 
scope of this review. In a patient with no prior gastric 
surgical history, if the serum gastrin is greater than 1000 
pg/mL and the gastric pH is less than 2.5, the diagno-
sis of ZES is likely and no further biochemical tests are 
required. However, about 60% of patients will have an 
elevated gastrin level lower than 1000 pg/mL. For these 
patients, assessment of basal acid output and either a 
secretin or calcium provocative test is required [25].

Localization 
Once a biochemical diagnosis is confi rmed, a workup 
for localization and extent of disease is performed using 
upper gastrointestinal endoscopy, EUS, and conventional 
cross-sectional imaging, similar to other PETs. In addition, 
somatostatin-receptor scintigraphy using 111In-DTPA-
DPhe1 octreotide with whole-body views and single-photon 
emission computed tomography (SPECT) views are helpful. 
Most tumors will be identifi ed in the area referred to as the 
“Gastrinoma Triangle,” the junction of the pancreatic body 
and neck, the second and third portion of the duodenum, 
and the confl uence of the common hepatic and common 
bile ducts [26]. At presentation, up to one third of patients 
will have liver metastases, so cross-sectional imaging stud-
ies must include this area. Patients with pancreatic primary 
tumors are more likely to present with advanced disease 
and therefore are less likely to undergo surgical explora-
tion. Laparoscopy can prevent unnecessary exploration in 
this group of patients [27].

Treatment
Proton pump inhibitors can control the symptoms 
of acid hypersecretion in virtually all patients with 
ZES, so there is controversy about the role of surgery. 

As surgery offers the only potential for long-term dis-
ease-free survival, our practice is to offer resection to 
all patients with localized disease who are fi t for opera-
tive intervention. Norton and coworkers [28•] have 
demonstrated that surgical exploration with disease 
resection increases disease-specifi c survival and reduces 
the development of advanced disease. They compared 
160 patients undergoing surgery with 35 nonsurgical 
patients. In the surgical group, 94% of patients had 
their tumor resected. After 15 years, overall survival 
(72% vs 46%) and disease-related survival (98% vs 
74%) were signifi cantly improved in the operative 
group, and the development of liver metastases was 
also reduced in these patients. The authors concluded 
that surgery should be offered to all ZES patients with 
a resectable tumor and all MEN-1/ZES patients with a 
tumor larger than 2 to 2.5 cm. 

Glucagonoma
Glucagon is produced by the α cells of the pancreas. In 
1942, Becker and Kahn [29] were the fi rst to describe the 
symptoms. The association with a raised glucagon level 
was made by McGarvan in 1966 [30].

Epidemiology
Glucagon-secreting tumors are very rare; the annual 
incidence is estimated to be less than 0.1 per million 
population. These tumors occur in the pancreas (pre-
dominantly in the body and tail of the gland) and appear 
to have an equal sex distribution. About 75% are malig-
nant, and they are rarely associated with the MEN-1 
syndrome. At presentation, they are generally large (> 4 
cm) and the radiologic diagnosis is commonly made with 
CT scanning.

Diagnosis
Patients often present with diabetes, weight loss, gener-
alized weakness, and a characteristic skin rash termed 
necrolytic migratory erythema (NME) (Fig. 2). This rash 
occurs in 70% of patients and consists of erythematous 
papules or plaques that classically appear on the perineum, 
legs, or face, with areas of blistering, crusting, or scaling 
that can be intensely pruritic and painful [31]. 

The syndrome is diagnosed by measuring the serum 
glucagon level. A level greater than 1000 pg/mL is usu-
ally suffi cient for a diagnosis. The differential diagnosis 
of hyperglucagonemia includes fasting, sepsis, pancreati-
tis, and renal or hepatic failure, although levels rarely 
exceed 500 pg/mL.

Localization
Tumors tend to be large, with CT scanning being the 
imaging modality of choice. Somatostatin-receptor 
scintigraphy is helpful in confi rming the diagnosis and 
excluding metastatic disease, which may be present in up 
to 50% of patients [32].

Figure 2. Necrolytic migratory erythema as seen in a patient with a 
metastatic glucagonoma.
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Treatment
Patients are at increased risk for developing a deep venous 
thrombosis. Therefore, prophylactic anticoagulation or 
placement of a vena caval fi lter should be considered. 

In patients with localized disease, surgical resec-
tion is the treatment of choice. As patients may be 
severely nutritionally depleted, nutritional supplemen-
tation should be considered. Additionally, somatostatin 
analogs should be considered in preoperative prepara-
tion, as they will reduce the glucagon levels and partly 
reverse the catabolic state. 

Extended survival can occur even in the presence 
of metastatic disease. To achieve palliation, an aggres-
sive approach may be appropriate, including resection 
of the primary tumor and metastatic lesions. For 
patients with unresectable hepatic metastases, selec-
tive hepatic artery chemoembolization has been shown 
to control the hormonal effects but not to increase 
survival. The use of somatostatin analogs can improve 
the symptoms of hormonal excess in patients who are 
not surgical candidates. Systemic chemotherapy with 
agents such as doxorubicin and streptozocin has had 
limited success.

VIPoma
In 1958, Verner and Morrison [33] described a syndrome 
of severe watery diarrhea, hypokalemia, and achlorhydria 
associated with a non–β-cell tumor of the pancreas. This 
syndrome is now known to be due to excess production 
by the tumor of vasoactive intestinal polypeptide (VIP). 
VIPomas are very rare tumors, with an estimated inci-
dence of 1 per 10,000,000 per year [33]. The pancreas 
is the most common site of origin. Extrapancreatic sites 
such as the adrenals, colon, bronchus, liver, and sympa-
thetic ganglia have been reported.

Diagnosis and localization 
The predominant presenting complaint is profuse watery 
diarrhea and dehydration. Patients can produce up to 10 
L per day of straw-colored stool, resulting in signifi cant 
hypokalemia and acidosis. The diarrhea is unresponsive 
to fasting. 

In many cases, the diagnosis is delayed while more 
common causes of diarrhea are excluded. A fasting 
serum VIP level greater than 200 pg/mL is diagnostic. 
Localization is achieved in most cases with CT scan-
ning. In addition, somatostatin-receptor scintigraphy 
is useful in confirming the location and identifying 
metastatic disease.

Treatment
Once the diagnosis is confi rmed, aggressive resuscitation is 
required to correct the electrolyte and fl uid derangements. 
The use of somatostatin analogs has greatly facilitated the 
correction of the hypokalemia and dehydration associated 
with these tumors. 

Complete surgical excision is the only curative option. 
Patients with localized disease who are fi t candidates for 
surgery should undergo exploration and an oncologic 
resection of the primary tumor and regional lymph nodes. 
For patients with locally advanced or metastatic disease, 
debulking of the primary tumor and resection of the met-
astatic disease should be considered, as this may result in 
signifi cant symptomatic palliation. Medical therapy with 
the somatostatin analog octreotide or chemotherapy with 
streptozocin has also been shown to achieve a limited pal-
liative response rate.

Somatostatinoma
Somatostatin-secreting tumors of the pancreas have been 
described but are exceedingly rare. They typically present 
in patients 40 to 50 years of age and have an equal sex 
distribution. About 30% occur outside the pancreas, with 
the commonest extrapancreatic sites being the duodenum, 
ampulla of Vater, and proximal small bowel.

Diagnosis and localization
In 1977, Ganda and colleagues [34] reported the case of a 
female patient with diabetes, cholelithiasis, and a pancreatic 
tumor who was noted to have elevated somatostatin levels. 

Patients generally present incidentally with diarrhea/
steatorrhea, diabetes, and gallstones. Diarrhea and ste-
atorrhea result from decreased secretion of pancreatic 
enzyme and bicarbonate. Somatostatin also inhibits 
cholecystokinin, decreasing gallbladder contractility 
and leading to the formation of gallstones. Inhibition 
of insulin results in mild hyperglycemia. Extrapancre-
atic somatostatinomas are often incidentally identifi ed 
or may present with obstructive symptoms due to their 
anatomic location.

Diagnosis of somatostatinomas is often delayed 
because of their rarity. The diagnosis can be confi rmed 
by elevated fasting serum somatostatin levels: a value 
greater than 100 pg/mL is considered diagnostic. The 
tumors are usually solitary and are predominantly 
situated in the head of the pancreas. Standard imaging 
modalities such as CT, MRI, and EUS are useful for 
localization and staging.

Treatment
Surgical resection for localized tumors offers the potential 
for long-term survival, but most patients have metastatic 
disease at presentation. Surgical debulking of the meta-
static deposits has been shown to palliate symptoms and 
prolong disease-specifi c survival [35]. Overall, prognosis is 
poor due to the disease status at presentation.

Rare Functional Tumors
Islet cell tumors have been described that produce adreno-
corticotropin, corticotrophin-releasing hormone, growth 
hormone–releasing factor, neurotensin, or parathyroid 



Neuroendocrine Tumors of the Pancreas  I  Davies and Conlon  I  125

hormone–related protein. These tumors are exceedingly 
uncommon and present with symptoms related to the 
specifi c hormone excess. In all cases, resection may be 
curative if the disease is localized. If metastatic disease is 
present, limited palliation may be achieved with somato-
statin analogs such as octreotide.

Nonfunctioning Tumors
Nonfunctioning PETs are pancreatic tumors with endo-
crine differentiation but without clinical evidence of 
hormonal excess. Some actually do produce increased 
serum levels of hormone but remain clinically inert for 
various reasons: the hormone secreted, even in excess, 
causes no specifi c clinical signs; the hormone is produced 
in quantities too small to cause signifi cant symptoms; or 
the hormone produced is functionally inert.

Epidemiology
The proportion of nonfunctional tumors varies in indi-
vidual series. A recent Japanese review classifi ed 48% 
of PETs as nonfunctional [36], whereas Kazanjian and 
coworkers from the University of California, Los Ange-
les [37], reporting on a series of 70 consecutive patients 
undergoing pancreatic resection for PET, classifi ed 71% 
as nonfunctional. The explanation for this variation is 
complex and includes referral bias, improved diagnostic 
imaging resulting in increased identifi cation of occult 
lesions, differing defi nitions of “nonfunctional” PET, and 
increased awareness of PETs.

Diagnosis
Most lesions are located in the head of the gland [13]. 
Clinical presentation relates to the anatomic site of the 
lesion. Predominant symptoms are abdominal pain, 
weight loss, and jaundice [14]. Tumors are generally large 
and the presence of metastatic disease at presentation is 
not uncommon.

As the presenting symptoms are similar to those of 
other pancreatic tumors, the major concern is distin-
guishing these tumors from other lesions, particularly 
the more common pancreatic ductal adenocarcinoma. 
Multidetector CT is the imaging modality of choice. 
The differences between a nonfunctioning PET and 
adenocarcinoma of the pancreas may be subtle. PETs 
generally are hypervascular and may enhance in the 
early arterial phase of the CT scan. Additionally, pan-
creatic duct obstruction is usually absent even though 
the lesion is quite large. Necrosis and dystrophic cal-
cifi cation may be present. Metastases may be present 
in regional nodes and the liver. MRI and EUS are also 
useful, particularly in problematic cases. Laparoscopic 
exploration with or without liver biopsy has been shown 
to have added value, obviating unnecessary exploration 
in patients with metastatic disease [28•]. 

Tumor markers for nonfunctioning PETs have low 
sensitivity and specifi city, but a number are used in clini-
cal practice. These include serum pancreatic polypeptide 
[38] and chromogranin A, which is elevated in 72% to 
100% of patients, particularly those with a large tumor 
burden or metastatic disease [39,40].

Treatment
As mentioned, the natural history for nonfunctioning PETs 
remains unclear. Classifi cation using the World Health 
Organization system helps determine therapy [5•]. For 
well-differentiated, localized tumors in patients fi t for sur-
gery, resection with curative intent offers the best option for 
long-term disease-free survival. Whether a pancreaticoduo-
denectomy, central pancreatectomy, or distal pancreatectomy 
is required depends on the site of the tumor.

The treatment of patients with hepatic metastases 
is somewhat controversial. For asymptomatic patients 
with well-differentiated metastatic disease, in whom 
the natural history may be prolonged, many would sug-
gest a conservative approach, waiting until the disease 
progresses or symptoms occur before initiating thera-
pies such as systemic chemotherapy, hormonal therapy, 
radiofrequency ablation, or selective transcutaneous 
arterial chemoembolization (TACE) or transplantation 
[32,41,42]. Others advocate a more aggressive surgical 
approach, suggesting that complete surgical resection of 
hepatic metastases is associated with prolonged overall 
and disease-free survival [43,44].

Conclusions
PETs present many problems in diagnosis, classifi cation, 
therapy, and follow-up. Improved understanding of the 
natural history of these uncommon tumors permits a 
more rational approach to therapy. Complete surgical 
resection of the primary disease remains the mainstay of 
therapy, but the outlook for patients with metastatic dis-
ease has been improved by advances in medical therapy, 
radio-labelled somatostatin therapy, TACE, radiofre-
quency ablation, and selective use of hepatic resection. 
Further understanding of the biology of these lesions 
and the development of specifi c targeted therapies will 
offer further improvements in quality of life and disease-
specifi c survival to patients with this group of tumors.

Acknowledgment
The authors are grateful to Alison Barlow for her help in 
preparing this manuscript.

Disclosure
No potential confl icts of interest relevant to this article 
were reported.



126  I  Pancreas

References and Recommended Reading
Papers of particular interest, published recently, 
have been highlighted as:
• Of importance
•• Of major importance

1. Nicholls AG: Simple adenoma of the pancreas arising from 
an island of Langerhans. J Med Res 1902, 8:385.

2. Moldow RE, Connelly RR: Epidemiology of pancreatic can-
cer in Connecticut. Gastroenterology 1968, 55:677–686.

3. Kimura W, Kuroda A, Morioka Y: Clinical pathology of endo-
crine tumors of the pancreas. Dig Dis Sci 1991, 36:933–942.

4. Klöppel G, Heitz PU: Pancreatic endocrine tumours. Pathol 
Res Pract 1988, 183:155–168.

5.• Ferrone CR, Tang LH, Tomlinson J, et al.: Determining 
prognosis in patients with pancreatic endocrine neoplasms: 
Can the WHO classifi cation be simplifi ed? J Clin Oncol 
2007, 25:5609–5615.

Pancreatic endocrine neoplasms exhibit a spectrum of biologic 
behavior. Accurate prognostic information can be obtained by 
combining tumor size and the presence or absence of metastases 
with grading information based on necrosis and mitotic rate.
6. Wilder RM, Allan FN, Power MH, Robertson HE: Carci-

noma of the islands of the pancreas: hyperinsulinism and 
hypoglycemia. J Am Med Assoc 1927, 89:348.

7. Howland G, Campbell WR, Malthby EJ: Dysinsulinism: 
convulsions and coma due to islet cell tumor of pancreas, 
with operation and cure. J Am Med Assoc 1929, 93:674.

8. Halfdanarson TR, Rubin J, Farnell MB, et al.: Pancreatic 
endocrine neoplasms: epidemiology and prognosis of 
pancreatic endocrine tumors. Endocr Relat Cancer 2008, 
15:409–427.

9. Mozell E, Stenzel P, Woltering EA, et al.: Functional endo-
crine tumors of the pancreas: clinical presentation, diagnosis 
and treatment. Curr Probl Surg 1990, 27:301–386.

10. Service FJ, McMahon MM, O’Brien PC, Ballard DJ: Func-
tioning insulinoma—incidence, recurrence and longterm 
survival of patients: a 60-year study. Mayo Clin Proc 1991, 
66:711–719.

11. Dizon AM, Kowalyk S, Hoogwerf BJ: Neuroglycopenic and 
other symptoms in patients with insulinomas. Am J Med 
1999, 106:307–310.

12.• Nikfarjam M, Warshaw AL, Axelrod L, et al.: Improved 
contemporary surgical management of insulinomas: a 
25-year experience at the Massachusetts General Hospital. 
Ann Surg 2008, 247:165–172.

This study emphasizes that modern perioperative imaging enables 
accurate localization of pancreatic insulinomas. Surgical resection 
can be performed with low mortality and morbidity and achieves 
long-term disease-free survival.
13. Hochwald SN, Zee S, Conlon KC, et al.: Prognostic factors 

in pancreatic endocrine neoplasms: an analysis of 136 
cases with a proposal for low-grade and intermediate grade 
groups. J Clin Oncol 2002, 20:2633–2642.

14. O’Grady HL, Conlon KC: Pancreatic neuroendocrine 
tumours. Eur Jour Surg Onc 2008, 34:324–332.

15. Smelka RC, Cumming MJ, Shoenut JP, et al.: Islet cell 
tumors: comparison of dynamic contrast enhanced CT and 
MR imaging with dynamic gadolinium enhancement and 
fat suppression. Radiology 1993, 186:799–802.

16. Rosch T, Lightdale CJ, Botet JF, et al.: Localization of 
pancreatic endocrine tumors by endoscopic ultrasonography. 
N Engl J Med 1992, 326:1721–1726.

17. Gouya H, Vignaux O, Augui J, et al.: CT, endoscopic 
ultrasound, and a combined protocol for preoperative 
evaluation of pancreatic insulinomas. Am J Roentgenol 
2003, 181:987–992.

18. Böttger TC, Junginger T: Is preoperative radiographic 
localization of islet cell tumors in patients with insulinoma 
necessary? World J Surg 1993, 17:427–432..

19. Roland CL, Lo CY, Miller BS, et al.: Surgical approach and 
perioperative complications determine short-term outcomes 
in patients with insulinoma: results of a bi-institutional 
study. Ann Surg Oncol 2008, 15:3532–3537.

20. Norton JA: Intraoperative methods to stage and localize 
pancreatic and duodenal tumors. Ann Oncol 1999, 
10:182–184.

21. Shoup M, Brennan MF, McWhite K, et al.: The value of 
splenic preservation with distal pancreatectomy. Arch Surg 
2002, 137:164–168.

22.• Fernández-Cruz L, Blanco L, Cosa R, Rendón H: Is laparo-
scopic resection adequate for patients with neuroendocrine 
pancreatic tumours? World J Surg 2008, 32:904–917.

Laparoscopic resection is safe and effective in selected patients with 
pancreatic endocrine neoplasms.
23. Zollinger R, Ellison E: Primary peptic ulceration of the 

jejunum associated with islet cell tumors of the pancreas. 
Ann Surg 1955, 142:709–723.

24. Donow C, Pipeleers-Marichal M, Schroder S, et al.: Surgical 
pathology of gastrinoma. Site, size, multicentricity, association 
with multiple endocrine neoplasia type 1, and malignancy. 
Cancer 1991, 68:1329–1334.

25. Jensen RT: Zollinger-Ellison syndrome. In Surgical Endo-
crinology. Edited by Doherty GM, Skogseid B. Philadelphia: 
Lippincott Williams & Wilkins; 2001:291–343.

26. Howard TJ, Stabile BE, Zinner MJ, et al.: Anatomic distri-
bution of pancreatic endocrine tumors. Am J Surg 1990, 
159:258–264.

27. Hochwald SN, Weiser MR, Colleoni R, et al.: Laparoscopy 
predicts metastatic disease and spares laparotomy in 
selected patients with pancreatic non-functioning islet cell 
tumors. Ann Surg Oncol 2001, 8:249–253.

28.• Norton JA, Fraker DL, Alexander HR, et al.: Surgery 
increases survival in patients with gastrinoma. Ann Surg 
2006, 244:410–419.

This study reported on 160 patients after surgery for gastrinoma 
and concluded that surgery increases disease-related survival 
and decreases the development of advanced disease. The authors 
recommend that surgical exploration should be performed for 
patients with ZES.
29. Becker SW, Kahn D: Cutaneous manifestations of internal 

malignant tumors. Arch Dermatol Syphilol 1942, 
45:1069–1080.

30. Werners RA, Fatourechi V, Wynne AG, et al.: The gluca-
gonoma syndrome. Clinical and pathological features in 21 
patients. Medicine 1996, 75:53–63.

31. Pelley RJ, Bukowski RM: Recent advances in systemic 
therapy for gastrointestinal neuroendocrine tumors. Curr 
Opin Oncol 1999, 11:32–37.

32. Friesen SR: Update on the diagnosis and treatment of rare neu-
roendocrine tumors. Surg Clin North Am 1987, 67:379–393.

33. Verner JV, Morrison AB: Islet cell tumor and a syndrome 
of refractory watery diarrhea and hypokalemia. Am J Med 
1958, 25:374–380.

34. Ganda OP, Weir GC, Soeldner JS, et al.: “Somatostati-
noma”: a somatostatin-containing tumor of the endocrine 
pancreas. N Engl J Med 1977, 296:963–967.

35. Phan GQ, Yeo CJ, Hruban RH, et al.: Surgical experience 
with pancreatic and peripancreatic neuroendocrine tumors: 
review of 125 patients. J Gastrointest Surg 1998, 2:473–482.

36. Ito T, Tanaka M, Sasano H, et al.: Preliminary results of a 
Japanese nationwide survey of neuroendocrine gastrointes-
tinal tumors. J Gastroenterol 2007, 42:497–500.

37. Kazanjian KK, Reber HA, Hines OJ: Resection of pancre-
atic neuroendocrine tumors. Results of 70 cases. Arch Surg 
2006, 141:765–770.

38. Strodel WE, Vinik AL, Lloyd RV, et al.: Pancreatic polypep-
tide producing tumors. Arch Surg 1984, 119:508–514.

39. O’Connor DT, Deftos LJ: Secretion of chromogranin A 
by peptide-producing endocrine neoplasms. N Engl J Med 
1986, 314:1145–1151.



Neuroendocrine Tumors of the Pancreas  I  Davies and Conlon  I  127

40. Nobels FR, Kwekkeboom DJ, Coopmans W, et al.: Chro-
mogranin A as serum marker for neuroendocrine neoplasia: 
comparison with neuron-specifi c enolase and the alpha-
subunit of glycoprotein hormones. J Clin Endocrinol Metab 
1997, 82:2622–2628.

41. Berber E, Flesher N, Siperstein AE: Laparoscopic radiofre-
quency ablation of neuroendocrine liver metastases. World 
J Surg 2002, 26:985–990.

42. Lehnert T: Liver transplantation for metastatic neuroendo-
crine carcinoma: an analysis of 103 patients. Transplantation 
1998, 66:1307–1312.

43. House MG, Cameron JL, Lillemoe KD, et al.: Differences 
in survival for patients with resectable versus unresectable 
metastases from pancreatic islet cell cancer. J Gastrointest 
Surg 2006, 10:138–145.

44. Schurr PG, Strate T, Rese K, et al.: Aggressive surgery 
improves long-term survival in neuroendocrine pancreatic 
tumors. An institutional experience. Ann Surg 2007, 
245:273–278.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 150
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ENU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


