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Zollinger-Ellison syndrome (ZES) is caused by a tumor that
secretes gastrin and is the most common of the malignant
islet cell tumors. ZES leads to hypergastrinemia, which, in
turn, causes an overproduction of gastric acid and results in
complications of peptic ulcer disease. Of all the islet cell
tumors, gastrinoma tumors have undergone the most
extensive study, providing a model of tumor management.
Increased awareness and improved biochemical and
radiologic techniques mean that these disorders are being
recognized in more patients. Advances in the management
of gastric acid secretion and new localization methods have
significantly reduced the morbidity and mortality associated
with ZES. The use of intravenous proton pump inhibitors
such as pantoprazole will make surgical and perioperative
management more favorable for patients. Radiologic and
nuclear medicine studies permit the detection of the
majority of islet cell tumors and improve the ability for
surgical resection. With the recent cloning of the gene for
multiple endocrine neoplasia type | (MEN-I) and the
recognition of tumor markers associated with the develop-
ment of islet cell tumors, early detection of these tumors
may someday be possible.

Introduction

Neuroendocrine tumors (NET) of the gastrointestinal tract
can be broadly divided into either carcinoid tumors or islet
cell tumors. NETs are a heterogeneous group of tumors
comprised of argentaffin cells possessing granules that
stain positive for chromogranins, synaptophysins, or neu-
rotensin [1,2]. The tumors are thought to arise from a com-
mon ancestral cell belonging to the amine precursor
uptake and decarboxylation (APUD), and under the light

microscope they are virtually indistinguishable. Histologi-
cally, the NETs are noted to contain monotonous sheets of

cells with small compact nuclei. By electron microscop

(EM), the cells can be seen to contain electron-dense gran-
ules that may have either biologically active amines or pep-
tides. In general, EM is not of clinical utility for
determining the specific hormone contained in the gran-
ules. A more useful evaluation is to perform immunohis-
tochemistry with specific antibody stains of the tumor.
These studies provide more definitive pathologic evalua-
tion. In general, a combination of a chromogranin A, neu-
ron specific enolase, and/or synaptophysin will lead to a
positive diagnosis of NET in the majority of cases. In addi-
tion to these studies, anti-gastrin, glucagon, somatostatin,
pancreatic polypeptide, and VIP (vasoactive intestinal
polypeptide) can be used for more definitive diagnosis of
tumors that secrete these hormones. In findings from one
study, a combination of these evaluations had a predictive
value of 92% [3].

The particular syndrome associated with NETs is identi-
fied by the class of hormone overproduction that deter-
mines the clinical syndrome. The majority of the tumors
secrete multiple hormones that may result in symptomes,
and some neither result in hormone hypersecretion nor a
clinical syndrome. These tumors therefore pose a signifi-
cant diagnostic challenge to clinicians because of the vari-
able clinical syndromes that are encountered. Because the
diagnosis is difficult and often delayed, a high index of sus-
picion is required. Following diagnosis, confirmation of
the hormone hypersecretory state is necessary by means of
serum and/or urine biochemical markers. In most
instances, because the tumors are small, localization with
standard radiologic studies is needed. Biopsy is not gener-
ally useful for their diagnosis.

With respect to overall prevalence, NETs are rare an
account for less than 1% of malignant tumors. The overall
prevalence of NETS in the population is approximately 10
persons per million [4]. The most common of the NETs in
the gastrointestinal tract are gastrinomas, excluding inuli-
nomas. Gastrinomas account for the extant ZES and are
malignant in the majority of cases, representing approxi-
mately 0.2 cases per 100,000-population (Table 1) [3].
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Table 1 Classification of Neuroendocrine Tumors

Name Hormone Syndrome Diagnosis

Gastrinoma Gastrin ZES Elevated fasting gastrin, gastric acid hypersecretion, secretin test
Glucagonoma Glucagon Glucagonoma Elevated serum glucagon, rash, diarrhea

VIPoma VIP VIPoma Profuse watery diarrhea, hypokalemia, elevated serum VIP
Carcinoid Serotonin Carcinoid Diarrhea, flushing, 24-hr 5-HIAA levels elevated

VIP—uvasoactive intestinal polypeptide; ZES—Zollinger-Ellison syndrome.

Figure 1. Depiction of the multiple neuronal
and hormonal factors influencing the

FACAP |’ ACH ) PACAP ar VIF regulation of gastric acid secretion.
P b — - ACH—acetylcholine; ECL—enterochromaffin-
) - i W like cells; H2—nhistamine 2 receptor;
eI Th 7 i i\ : ini ‘. i
-.—l,."b-":] E_ Bl -':'II i g, jium S M2—muscarinic receptor; PACAP—pituitary
Py Fi) e e O adenylate cyclase activating polypeptide;
i KL ,.-'I I.'.' | SST—somatostatin. VIP—vasoactive intestinal
x_el; i . el polypeptide.
[, -
if I“'J-\.-"'

Soanalvsialen

f,_f"

o G Y

4

Gastrin | ===>(CCKB)  Parietal cell

Acid secrelion ]

Zollinger-Ellison Syndrome (Gastrinoma)
Zollinger-Ellison syndrome was first described in 1955 by
two surgeons who proposed that the syndrome could be
accounted for by a tumor secreting gastrin. Following the
first description of the gastrin radioimmunoassay nearly a
decade later, the hormone causing this syndrome was con-
firmed. Since the discovery of ZES, it is now estimated that
the syndrome occurs in approximately one patient per mil-
lion in the United States. Thus, for a large metropolitan
area such as that of New York City, it can be estimated that
there will be seven to ten patients with ZES [5]. The mean
age at the time of ZES diagnosis is 50, and there is no pre-
dilection for males or females.

A diagnosis of ZES can be considered in any patient
who presents with severe duodenal ulcer disease associ-
ated with diarrhea and abdominal pain. The cause of
these symptoms is the high rate of gastric acid output b
the stomach caused by excessive gastrin secretion by the
gastrinoma tumor. Gastrin acts at the level of the parieta
cell to stimulate the H+-K+ATPase. As shown in Figure 1,
multiple hormone and receptor targets are located
within the gastric mucosa.

Multiple neuronal and hormonal factors influence the
regulation of gastric acid secretion (Fig. 1). Adrenergic
neurons (ADR) have effects at the level of the mast cell
that inhibit histamine-induced gastric acid secretion,
whereas ADR projections stimulate the D cell of the stom-
ach to release somatostatin. Histamine from enterochro-
maffin-like (ECL) cells stimulates the release of gastric

acid by acting directly at the histamine 2 (H2) receptor
expressed on the parietal cell. Acetylcholine (ACH) fro
vagal efferent nerves stimulates acid secretion by acting at
the muscarinic receptor (M2) expressed on the parietal
cell. The newly discovered receptor for pituitary adenylate
cyclase activating polypeptide (PACAP), named PAC1,
has been shown to be expressed on the surface of the ECL
cell and is now seen as an important neuropeptide that
regulates gastric acid secretion. PAC1 is expressed on gas-
tric ECL cells, and the receptor for VIP is expressed on the
D cells to regulate the release of both histamine and
somatostatin, respectively, to influence gastric acid secre-
tion. Gastrin, acting at the recently cloned CCKB receptor
on the surface of the ECL cell, stimulates release of hista-
mine, which acts in a paracrine manner at the H2 receptor
expressed on the parietal cell [6,7,8«

Diagnosis of Zollinger-Ellison syndrome

The diagnosis of Zollinger-Ellison syndrome is clinicall
made once it is determined that the patient has an elevated
level of fasting serum gastrin in the absence of achlorhy-
dria and either a positive secretin test or histologically
proven NET (Fig. 2). The physical examination is normal
in the majority of patients and is therefore not useful in the
diagnosis of ZES.

The diagnosis is made biochemically when the fasting
serum gastrin (>100 pg/mL) is found in the absence of
achlorhydria (Fig. 1). Patients with gastrinoma usually
have levels greater than 500 pg/mL, and a level greater than
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FES diagnosis

Figure 2. Diagnosis of Zollinger-Ellison
syndrome. BAO—basal acid output;
MAO—maximal acid output.
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1000 pg/mL is nearly diagnostic of ZES. With the recent use
of potent gastric acid antisecretory medications such as
omeprazole and lansoprazole over the past decade, it has
become increasingly clear that a large number of patients
without ZES have elevated fasting serum gastrin levels. In
order to overcome this problem, it is recommended that,
in patients being evaluated for ZES, the proton pump
inhibitor should be discontinued for at least 1 week and
the serum gastrin repeated. In practice, patients can gener-
ally be safely switched to a high dose of an H2 receptor
antagonist during this period of time in order to control
symptoms. The H2 receptor antagonist should be discon-
tinued for 36 hours before the serum gastrin is measured
under fasting conditions

Gastric analysis is an important part of the diagnosis
and management of patients with ZES. It is performed by
placement of a nasogastric tube in the dependent portion
of the stomach. Placement is achieved by the water recov-
ery method, by which more than 90% of instilled water is
recovered under suction. The basal acid output (BAO) is a
reflection of the basal secretion of acid, which is measured
following the collection of four 15-minute samples. Th
maximal acid output (MAO) is performed following th
administration of pentagastrin subcutaneously. The con-
centration of acid is measured by the titration method,
wherein 0.1 N NaOH is used to titrate the sample of gastric
juice to pH 7.0. Acid output is determined by the product
of the volume of titrant required and the volume of gastric
juice collected. For diagnosis of gastric acid hypersecretion,
the BAO is generally greater than 10 mEq/hr.

In patients with elevated gastrin values being evalu-
ated for ZES, a secretin provocative test has a diagnostic
sensitivity of 87% to 93% [9]. To perform this test, secre-
tin (2 units/kg) is administered intravenously followin
the collection of two basal serum gastrin measurements.
A positive test is defined by a rise in serum gastrin greate
than 200 pg/L within 15 minutes following the infusion.
In the past, a calcium infusion test was recommended for
confirmation, but it has been replaced by the secretin test
in clinical practice.

In general, ZES can be broadly divided into two major
groups of patients: sporadic and MEN-I-associated. This
classification is important because it underscores the major
differences in epidemiology and tumor biology and dic-

tates treatment. Patients with the sporadic form of the dis-
ease do not have specific genetic markers, and there is no
family history. This lack of familial transmission suggests
that the syndrome results from a spontaneous mutation in
this group of patients. Patients with the sporadic form of
ZES generally have pancreatic tumors that are larger at the
time of surgery and have a greater predisposition for the
development of metastatic disease compared with patients
who have ZES associated with MEN-I syndrome (Table 2).
Consequently, in those patients with the sporadic form of
ZES, a significant reduction is seen in 20-year survival.

Significantly, ZES is associated with MEN-I in approxi-
mately one third of patients [10]. This high association
emphasizes the importance of determining at initial evalu-
ation whether a positive family history is present for endo-
crinopathy, MEN-I, and nephrolithiasis. Although the
survival rate for patients with ZES associated with MEN-I is
high, because the tumors tend to be multifocal, surgical
resection almost never results in surgical cure.

Control of gastric acid secretion in patients with
Zollinger-Ellison syndrome

Following diagnosis of Zollinger-Ellison syndrome, the
control of gastric acid secretion is the next most important
step in management of these patients [L1]. Adequate con-
trol of gastric acid secretion will reduce the incidence of
PUD and its complications. In practice, this can be
achieved by maintaining the level of acid secretion at less
than 10 mEqg/hr. The majority of patients will require con-
tinued gastric acid antisecretory medications, even follow-
ing curative gastrinoma resection [12]. For patients with
MEN-I syndrome, GERD (gastroesophageal reflux disease),
or prior gastric acid—reducing surgery, the basal acid output
should be maintained at less than 1-2 mEg/hr [13]. Con-
trol of gastric acid secretion, especially for patients with
gastric hypersecretory disorders such as ZES, has been revo-
lutionized over the past decade by the development of the
substituted benzimidazoles (proton pump inhibitors) that
inhibit the activity of the H+-K+ATPase, the final step i
gastric acid production [14].

As shown in Table 3, the proton pump inhibitors are
more effective in the management of gastric acid hypersecre-
tion for patients with ZES. In general, the H2 receptor antago-
nists have a lower efficacy and shorter duration of action and
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Table 2 Table 2. Comparison of Sporadic ZES an
MEN-I-associated ZES

MEN-I-associated

Feature Sporadic ZES ZES

Genetic No Yes
predisposition

Tumor location Pancreatic> Duodenal>

duodenal pancreatic

Size of tumor Large (>2 cm) Small (<2 cm)

Metastatic High Low
potential

20-year survival <70% >90%

MEN—multiple endocrine neoplasia; ZES—Zollinger-Ellison syndrome.

Table 3 Median Dose of Antisecretory Agents
Used in Gastrinoma Patients

Agent Median dose (range)

H+-K+ ATPase inhibitor

Omeprazole 60 mg/d (20-60 mg bid)

Lansoprazole 60 mg/d (30-60 mg bid)
H2 blockers

Cimetidine 3.6 g/d (1.2-12.6)

Ranitidine 1.2 g/d (0.45-6)

Famotidine 0.25 g/d (0.05-0.8)

require high doses to be administered for the adequate con-
trol of gastric acid secretion. For example, the median dose of
ranitidine required to fully control gastric acid secretion is
approximately 1.2 g/d in four divided doses. At present, in
patients with ZES who are pregnant, ranitidine has been
shown to be safe [15<]. Another instance in which H2 antag-
onists are useful is in their intravenous administration for
acute control of gastric acid secretion. In these situations, for
example, during the perioperative period, in acute gastrointes-
tinal hemorrhage, or during chemotherapy, ranitidine infu
sion at a dose of 1 mg/kg/hr effectively controls acid secretion
in the majority of patients [16]. More recently, an intravenous
formulation of another substituted benzimidazole, pantopra-
zole, has been under investigation for the management of gas-
tric acid hypersecretion in ZES. Intravenous pantoprazole has
been shown to rapidly (<30 min) and effectively control gas-
tric acid secretion in patients with ZES (BAO<10 mEg/hr) for
up to 16 hours following a single 40-mg infusion (Fig. 3
[17+=,18]. The use of an intravenous pantoprazole in the clin-
ical setting of ZES will provide significant advantages over the
currently available intravenous H2 receptor antagonists.

Diagnostic imaging of gastrinoma tumors

After the diagnosis of Zollinger-Ellison syndrome is estab-

lished (sporadic vs MEN-I) and management of the gastric

acid hypersecretion is initiated, localization of the gastri-
noma tumor is required (Fig. 4). Recent development of
both radiologic and nuclear medicine studies has increased

the capability for determining tumor locale in the majority

of patients with ZES. Localization permits the evaluation of
tumor extent and provides guidance in intraoperative resec-
tion of the gastrinoma. Therefore, it is critical that every
effort be made prior to surgical resection to identify the site
of tumor involvement. In addition, should evidence of met-
astatic disease be determined, chemotherapy and hormonal
or radiologic intervention should be considered.

In one study, magnetic resonance imaging (MRI) had the
highest detection rate for hepatic metastases compared with
computerized tomography (CT) and angiography (Angio).
For the detection of primary tumors, however, the angiogram
has proven more sensitive [19]. More recently, endoscopic
ultrasonography (EUS) has replaced the angiogram as the
most sensitive imaging modality. By EUS, the tumors gener-
ally are identified as round, homogeneous, and slightl
hypoechoic. Because nearly half of gastrinomas occur in the
duodenal wall and these tend to be small (<1 cm), EUS may
prove to be an important imaging modality for their detec-
tion. Similarly, Octreoscan (somatostatin receptor scintigra-
phy; manufactured by Mallincrkrodt Med., St. Louis, MO
has shown an improved sensitivity for detection of hepatic
and extrahepatic gastrinomas. Spiral CT is preferred over
standard CT and may have a sensitivity for detecting hepatic
metastases that is similar to those of MRI and Octreoscan;
however, no studies have yet compared the sensitivity of
these imaging modalities with others for the detection of islet
cell tumors (Table 4)

Surgical management of

Zollinger-Ellison syndrome

The most definitive treatment of the gastrinoma tumor that
causes sporadic Zollinger-Ellison syndrome is by surgical
resection. Following adequate control with gastric acid
hypersecretion and tumor localization studies, surgical resec-
tion is recommended for any patient with the sporadic form

of the disease. Surgical management should be directed at
complete tumor resection for these patients. A successful sur-
gical resection will result in cure and prevent the develop-
ment of metastases [20]. It should be emphasized therefore
that all patients with sporadic ZES undergo surgical explora-
tion and resection after the appropriate imaging studies are

performed [21e]. For patients with ZES and MEN-I, how-
ever, surgical resection almost never results in cure [22]. In
our series of 10 patients with ZES and MEN-I, only one
patient had a short-term cure lasting 3 months as determined

by serum gastrin levels (Unpublished data)

Surgical exploration should include a duodenotomy and
transillumination of the duodenum to identify tumor in
this region [23]. Approximately 50% of gastrinoma tumors
identified at the time of surgery will be localized to the wall
of the duodenum. The majority of these tumors will be sub-
mucosal, making endoscopic extirpation dangerous because
of the risk for perforation [24]. If presurgical endoscopic or
EUS examination suggests that a duodenal nodule may be a
gastrinoma, performance of a fine needle aspiration is rec-
ommended rather than attempted removal of the nodule
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Table 4 Localization of Hepatic Metastases

Diagnostic study Sensitivity

Magnetic resonance imaging 83%
Endoscopic ultrasonography 50%
Computed tomography 56%
Angiography 61%

[25]. The other 50% of the identified gastrinomas occur
either in the pancreas or in the peripancreatic lymph nodes.
Intraoperative ultrasonography is suggested to identify gas-
trinoma tumor in the pancreatic parenchyma, but this
modality may not be useful in extrapancreatic sites [23].
Total gastrectomy should be considered only in patients
whose ulcer disease is refractory to medical therapy and who
are unable to undergo resection of the tumor.

For patients presenting with sporadic ZES in whom there
is evidence of metastatic involvement of the liver, resection
should be considered for limited disease. More recently,
with the development of cryosurgical techniques, a number

of patients with metastatic NET have undergone cryosurgical
resections, but no large case—control studies have been
undertaken comparing their efficacy with that of medical
therapy or liver transplantation. Ultimately, liver transplan-
tation should be considered in those patients who have
undergone complete resection of the primary tumors.

Nonsurgical management of

metastatic gastrinoma tumors

Radiation therapy

The role of radiation therapy is in the relief of bony pain
associated with metastatic tumor. In general, bone
metastases occur in the setting of more advanced disease
and result in significant debilitation. In patients with these
symptoms, radiation therapy results in adequate symptom
control but does not significantly alter the natural history
of the disease [26].

Chemotherapy and hormone therapy
The types of medical therapy used for management of the
metastases that occur in more advanced stages of Zollinger-
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Ellison syndrome include chemotherapy, hormonal ther-
apy, immunomodulating agents, and high-dose radioactive
octreotide therapy. These agents have undergone extensive
study in patients with metastatic gastrinoma, and some
general recommendations can be made. Although these
agents may cause a reduction in hormone levels (gastrin),
in the majority of cases they either have a transient effect
on tumor regression or prevent growth for a short time
period. Thus, no single agent has a reproducible effect in
preventing tumor progression. In general, it is best to begin
with the agent with the least side effects and proceed t
chemotherapy for those tumors that have a limited
response to these less toxic agents.

The somatostatin analogue Sandostatin (Sandoz,
Hanover, NJ) has only minimal response when used alone.
More recently this agent has been reformulated into a
long-acting form (Sandostatin LAR) that can be adminis-
tered on a monthly basis. Somatostatin reduces gastric acid
secretion directly by its inhibitory effects on parietal cells
and indirectly by inhibiting gastrin release. Although San-
dostatin is effective for symptomatic treatment of the inap-
propriately released hormones in patients with NETSs, it is
not yet approved for the management of metastatic dis-
ease. Recent studies have demonstrated that pancreatic islet
cell tumors express somatostatin receptors, suggesting that
somatostatin analogues may have a role in inhibiting
tumor growth. A reduction in tumor growth has been dem-
onstrated in vitro and in animal studies [27,28]. Moreover,
two large phase Il trials demonstrated that octreotide sig-
nificantly inhibits tumor growth in 37% to 50% of patients
with advanced islet cell tumors, but this effect is short last-
ing [29,30]. The emerging use of radiolabeled somatosta-
tin for therapeutic benefit is currently under investigation.

Interferons are a family of naturally occurring proteins
that have been shown, in vitro and in vivo, to bind to spe-
cific membrane receptors and activate human T lympho-
cytes with a Th-1 pattern of cytokine production. These
cells are known to be the effectors of immune response
directed against intracellular parasites, such as viruses and
tumoral cells. Human recombinant interferon-a has been
reported to be effective in patients with NETs, but the
responses have been variable[31]. In one study (N=22),
77% of the patients had an objective tumor response,
including three of the four patients with metastatic gastri-
noma as defined by greater than 50% reduction in tumor
mass or greater than 50% reduction in serum hormone or
tumor marker levels [32]. In contrast, another study
showed only a minimal response to the administration of
interferon-« alone [33].

Although somatostatin and interferon have shown
some efficacy when used as monotherapy, they have even
greater efficacy when used in combination. In small open
studies, treatment with the combination of Sandostatin
and interferon-a had a synergistic antiproliferative effect in
patients unresponsive to Sandostatin alone [34,35]. In one

European study,21 patients with metastatic islet cell tumor
were treated with a combination of Sandostatin (2009 1U
three times daily) and human recombinant interferonu
Intron A (Schering, Kenilworth, NJ) at a dose of 5 million
IU three times weekly; inhibition of tumor growth was
observed in 14 patients (67%), and complete regressio

was seen in one patient that lasted for up to 52 month

[36]. The regimen was generally well tolerated, and side
effects included fever, weight loss, and diarrhea.

The role of chemotherapy and hormonal therapy has
been extensively studied in patients with metastatic gastri-
noma and should be used for patients with advanced dis-
ease or in those patients who are unresponsive to hormonal
therapy. The most effective of these agents are streptozocin,
5-fluorouracil, and doxorubicin (Adriamycin; Pharmaci
and Upjohn, Kalamazoo, MI) [37]. Combination of these
three agents results in a response rate that is short-lasting
and is associated with significant toxicity [38].

Conclusions

Since the discovery of Zollinger-Ellison syndrome, the man-
agement of the disease has focused on preoperative localiza-
tion followed by attempts at surgical care. We now kno
that, for patients with sporadic ZES, every effort should be
directed at surgical resection, whereas for patients with
MEN-I, there is almost no role for surgical resection. Despite
the successes in surgical cure afforded to sporadic ZES
patients, little success has been achieved in the management
of metastatic disease. One study with promising results sug-
gests that interferon, when used in combination with oct-
reotide, may prevent metastatic tumor growth. The future
management of metastatic disease therefore deserves further
attention. Newer potent proton pump inhibitors that can be
administered intravenously, such as pantoprazole, provide a
significant improvement in the acute management of gastric
acid hypersecretion, especially in the perioperative period,
and should reduce morbidity associated with surgery in
these patients.
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	Zollinger-Ellison syndrome (ZES) is caused by a tumor that secretes gastrin and is the most commo...
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	Gastrinoma
	Gastrin
	ZES
	Elevated fasting gastrin, gastric acid hypersecretion, secretin test

	<TABLE ROW>
	Glucagonoma
	Glucagon
	Glucagonoma
	Elevated serum glucagon, rash, diarrhea

	<TABLE ROW>
	VIPoma
	VIP
	VIPoma
	Profuse watery diarrhea, hypokalemia, elevated serum VIP

	<TABLE ROW>
	Carcinoid
	Serotonin
	Carcinoid
	Diarrhea, flushing, 24-hr 5-HIAA levels elevated
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	VIP—vasoactive intestinal polypeptide; ZES—Zollinger-Ellison syndrome.
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	Figure 2.� Diagnosis of Zollinger-Ellison syndrome. BAO—basal acid output; MAO—maximal acid output.
	Figure 2.� Diagnosis of Zollinger-Ellison syndrome. BAO—basal acid output; MAO—maximal acid output.




	The diagnosis is made biochemically when the fasting serum gastrin (>100 pg/mL) is found in the a...
	Gastric analysis is an important part of the diagnosis and management of patients with ZES. It is...
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	Sporadic ZES
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	Genetic predisposition
	No
	Yes
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	Tumor location
	Pancreatic> duodenal
	Duodenal> pancreatic
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	Metastatic potential
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	Low
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	60 mg/d (30–60 mg bid)
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	H2 blockers
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	Cimetidine
	3.6 g/d (1.2–12.6)
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	Ranitidine
	1.2 g/d (0.45–6)
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	Famotidine
	0.25 g/d (0.05–0.8)
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	Magnetic resonance imaging
	83%
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	Endoscopic ultrasonography
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	Computed tomography
	56%
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	Angiography
	61%



	Surgical exploration should include a duodenotomy and transillumination of the duodenum to identi...
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