metastases, and in <15% of those patients, the disease is limited, so
that surgical resection may be possible. Surgical short-term cure is
possible in 60% of all patients without MEN 1/ZES or liver metastases (40% of all patients) and in 30% of patients long term. In patients
with MEN 1/ZES, long-term surgical cure is rare because the tumors
are multiple, frequently with lymph node metastases. Surgical studies demonstrate that successful resection of the gastrinoma not
only decreases the chances of developing liver metastases but also
increases the disease-related survival rate. Therefore, all patients
with gastrinomas without MEN 1/ZES or a medical condition that
limits life expectancy should undergo surgery by a surgeon experienced in the treatment of these disorders.

insulinoma has been complicated by the introduction of specific insulin 569
assays that do not also interact with proinsulin, as do many of the older
radioimmunoassays (RIAs), and therefore give lower plasma insulin
levels. The increased use of these specific insulin assays has resulted in
increased numbers of patients with insulinomas having lower plasma
insulin values (<6 µU/mL) than levels proposed to be characteristic of
insulinomas by RIA. In these patients, the assessment of proinsulin and
C-peptide levels at the time of hypoglycemia is particularly helpful for
establishing the correct diagnosis. An elevated proinsulin level when
the fasting glucose level is <45 mg/dL is sensitive and specific.

INSULINOMAS
An insulinoma is an NET of the pancreas that is thought to be derived
from beta cells that ectopically secrete insulin, which results in hypoglycemia. The average age of occurrence is 40–50 years old. The most
common clinical symptoms are due to the effect of the hypoglycemia
on the CNS (neuroglycemic symptoms) and include confusion, headache, disorientation, visual difficulties, irrational behavior, and even
coma. Also, most patients have symptoms due to excess catecholamine
release secondary to the hypoglycemia, including sweating, tremor, and
palpitations. Characteristically, these attacks are associated with fasting.
Insulinomas are generally small (>90% are <2 cm) and usually not
multiple (90%); only 5–15% are malignant, and they almost invariably
occur only in the pancreas, distributed equally in the pancreatic head,
body, and tail.
Insulinomas should be suspected in all patients with hypoglycemia,
especially when there is a history suggesting that attacks are provoked by
fasting, or with a family history of MEN 1. Insulin is synthesized as proinsulin, which consists of a 21-amino-acid α chain and a 30-amino-acid
β chain connected by a 33-amino-acid connecting peptide (C peptide).
In insulinomas, in addition to elevated plasma insulin levels, elevated
plasma proinsulin levels are found, and C-peptide levels are elevated.

Only 5–15% of insulinomas are malignant; therefore, after appropriate imaging (see below), surgery should be performed. In different
studies, 75–100% of patients are cured by surgery. Before surgery,
the hypoglycemia can be controlled by frequent small meals and
the use of diazoxide (150–800 mg/d). Diazoxide is a benzothiadiazide whose hyperglycemic effect is attributed to inhibition of insulin
release. Its side effects are sodium retention and GI symptoms such
as nausea. Approximately 50–60% of patients respond to diazoxide.
Other agents effective in some patients to control the hypoglycemia
include verapamil and diphenylhydantoin. Long-acting somatostatin
analogues such as octreotide and lanreotide are acutely effective in
40% of patients. However, octreotide must be used with care because
it inhibits growth hormone secretion and can alter plasma glucagon
levels; therefore, in some patients, it can worsen the hypoglycemia.
For the 5–15% of patients with malignant insulinomas, these
drugs or somatostatin analogues are used initially. In a small number of patients with insulinomas, some with malignant tumors,
mammalian target of rapamycin (mTOR) inhibitors (everolimus,
rapamycin) are reported to control the hypoglycemia. If they are
not effective, various antitumor treatments such as hepatic arterial
embolization, chemoembolization, chemotherapy, and peptide
receptor radiotherapy have been used (see below).
Insulinomas, which are usually benign (>90%) and intrapancreatic in location, are increasingly resected using a laparoscopic
approach, which has lower morbidity rates. This approach requires
that the insulinoma be localized on preoperative imaging studies.
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GLUCAGONOMAS
A glucagonoma is NET of the pancreas that secretes excessive amounts
of glucagon, which causes a distinct syndrome characterized by dermatitis, glucose intolerance or diabetes, and weight loss. Glucagonomas
principally occur between 45 and 70 years of age. The tumor is
clinically heralded by a characteristic dermatitis (migratory necrolytic
erythema) (67–90%), accompanied by glucose intolerance (40–90%),
weight loss (66–96%), anemia (33–85%), diarrhea (15–29%), and
thromboembolism (11–24%). The characteristic rash usually starts as
an annular erythema at intertriginous and periorificial sites, especially
in the groin or buttock. It subsequently becomes raised, and bullae
form; when the bullae rupture, eroded areas form. The lesions can wax
and wane. The development of a similar rash in patients receiving glucagon therapy suggests that the rash is a direct effect of the hyperglucagonemia. A characteristic laboratory finding is hypoaminoacidemia,
which occurs in 26–100% of patients.
Glucagonomas are generally large tumors at diagnosis (5–10 cm).
Some 50–80% occur in the pancreatic tail. From 50 to 82% have
evidence of metastatic spread at presentation, usually to the liver.
Glucagonomas are rarely extrapancreatic and usually occur singly.
Two new entities have been described that can also cause hyperglucagonemia and may mimic glucagonomas. Mahvah disease is due
to a homozygous P86S mutation of the human glucagon receptor. It
is associated with the development of α-cell hyperplasia, hyperglucagonemia, and the development of nonfunctioning pNETs. A second
disease called glucagon cell adenomatosis can mimic glucagonoma
syndrome clinically and is characterized by the presence of hyperplastic islets staining positive for glucagon instead of a single glucagonoma.
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Diagnosis The diagnosis of insulinoma requires the demonstration of
an elevated plasma insulin level at the time of hypoglycemia. A number of other conditions may cause fasting hypoglycemia, such as the
inadvertent or surreptitious use of insulin or oral hypoglycemic agents,
severe liver disease, alcoholism, poor nutrition, and other extrapancreatic tumors. Furthermore, postprandial hypoglycemia can be caused
by a number of conditions that confuse the diagnosis of insulinoma.
Particularly important here is the increased occurrence of hypoglycemia after gastric bypass surgery for obesity, which is now widely
performed. A new entity, insulinomatosis, was described that can cause
hypoglycemia and mimic insulinomas. It occurs in 10% of patients with
persistent hyperinsulinemic hypoglycemia and is characterized by the
occurrence of multiple macro-/microadenomas expressing insulin, and
it is not clear how to distinguish this entity from insulinoma preoperatively. The most reliable test to diagnose insulinoma is a fast up to 72 h
with serum glucose, C-peptide, proinsulin, and insulin measurements
every 4–8 h. If at any point the patient becomes symptomatic or glucose
levels are persistently below <2.2 mmol/L (40 mg/dL), the test should
be terminated, and repeat samples for the above studies should be
obtained before glucose is given. Some 70–80% of patients will develop
hypoglycemia during the first 24 h, and 98% by 48 h. In nonobese
normal subjects, serum insulin levels should decrease to <43 pmol/L
(<6 µU/mL) when blood glucose decreases to <2.2 mmol/L (<40 mg/
dL) and the ratio of insulin to glucose is <0.3 (in mg/dL). In addition
to having an insulin level >6 µU/mL when blood glucose is <40 mg/
dL, some investigators also require an elevated C-peptide and serum
proinsulin level, an insulin/glucose ratio >0.3, and a decreased plasma
β-hydroxybutyrate level for the diagnosis of insulinomas. Surreptitious
use of insulin or hypoglycemic agents may be difficult to distinguish
from insulinomas. The combination of proinsulin levels (normal in
exogenous insulin/hypoglycemic agent users), C-peptide levels (low in
exogenous insulin users), antibodies to insulin (positive in exogenous
insulin users), and measurement of sulfonylurea levels in serum or
plasma will allow the correct diagnosis to be made. The diagnosis of

treatment
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