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ABSTRACT

Despite major advances over the last two decades with the management of
patients with Zollinger-Ellison syndrome (ZES), unanswered questions remain
concerning the natural history of the disease, the impact of new diagnostics modalities on
cure rates, and the role of surgery in the era of modern medical therapies.

The aims of the thesis are to (i) analyse the database of 40 ZES patients treated at
Groote Schuur Hospital (GSH) over two decades, with special reference to the impact of
various surgical strategies on outcdme, (ii) investigate a possible correlation between
biological tissue marker expression and tumour behaviour, (iii) study the effect of
somatostatin receptor scintigraphy (SRS) on surgical cure rates, and (iv) assess the
efficacy and safety of a new proton pump inhibitor (pantoprazole) in controlling acid

hypersecretion.

GSH experience

Methods. The database consisted of 40 ZES patients managed at the GIT Clinic during
the 20-year period 1978 to 1998. The diagnosis was based on acid studies, serum gastrin
and secretin provocative tests. Tumour location was attempted by endoscopy, ult’fasound,
computerized tomography, angiography (in selected cases), and more recently SRS.
Medical treatment consisted of H2RA until 1990 and thereafter of proton pump
inhibitors.

Results, Follow-up data was obtained in 35 of 40 patients with a mean of 8.5 years
(range 1-18 yrs). 9 (43%) of the 21 patients who underwent formal debulking procedures
were cured. Patients with solitary lymph node gastrinoma (n=6) constituted the largest
group and cure was achieved in 4. All 6 pancreatic gastrinomas were associated with
lymph node metastases, with additional liver metastases in 3; only one of these patients
was cured. Three of 8 patients with duodenal/gastric wall tumours were disease-free after
debulking.

Of the 10 deaths only one patient succumbed from metastatic disease to the liver,
associated with a large pancreatic primary. 6 of the 7 patients with liver metastases are
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alive (mean follow-up 7.7 yrs), three with bilateral liver lobe metastases 10 and 14 years

after diagnosis.

Conclusion. The survival of ZES patients treated at GSH was favourable, including those
patients with liver metastases. A policy of tumour debulking yielded a cure rate
comparable to other studies and was most successful in patients with extrapancreatic

extraintestinal disease.

Biological tumour markers
Methods. Tissue samples of 24 gastrinomas from 19 patients were investigated for
tumour marker expression (p53, bel2, Mibl, Wafl, PCNA, and CD44). These were

correlated with tumour location, size, metastatic behaviour and cure rate.

Results. There was no difference in tumour marker expression with respect to the above
parameters nor were there differences in marker expression between the cured and non-
cured groups. The only exception was CD44, which showed stronger staining in patients

who were not cured.

Conclusion. Tumour markers provided no additional information with respect to tumour

behaviour and predicting outcome after surgery.

Somatostatin receptor scintigraphy (SRS)
Methods. SRS was investigated in 12 patients, 7 of whom had surgical debulking

operations.

Results. SRS was positive in 11 patients compared to only one with conventional
imaging. SRS failed to image gastrinomas smaller than 6 mm in size, and 3 additional
tumours were detected (2 during surgery and one at autopsy). Three patients were cured
after surgery but one developed recurrence after 2 years. The cure rate was no better
when compared to the pre-SRS era when 9 of 21 patients were disease-free after

debulking operations.
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Conclusion. While SRS is far superior to conventional imaging in detecting gastrinoma,
this advantage did not translate into an improved surgical cure rate mainly because of the

inability to detect small tumours.

Long-term PPI therapy (pantoprazole)

Methods. 10 ZES patients were included over a 2-year period. After a 14 day wash-out
phase, the dose requirement of pantoprazole was determined by repeated measurements
of basal acid output aimed at keeping BAO below 10meq/L. Gastric biopsies were taken

at frequent intervals to assess changes in ECL status.

Results. A standard dose of 40 mg was required to achieve a safe BAO output in 6
patients. One patient required 80 mg and three 160 mg daily. BAO output in the latter 3
patients was > 30 mEq/L. One patient developed endoscopic signs of peptic ulcer disease
during the trial despite a BAO of less than 5 mEq/h, and another required an upward dose
adjustment from 80 to 160 mg pantoprazole. Enterochromaffin-like cell (ECL)
hyperplasia was not observed in this study.

Conclusion:

The safety and efficacy of pantoprazole was demonstrated for the first time in patients
with ZES. While the majority of patients were controlled with a standard dosage, patients
with a BAO of > 30 mEq/L required quadrupled dosage to achieve a safe reduction of
BAO below 10 mEq/L.

Overall conclusions

The GSH data on which this thesis was based provided a unique opportunity to
investigate various important aspects of the management of ZES patients in the setting of
a third world country. The study confirmed the important role of surgery as the only
means of achieving a cure and that this is best achieved by formal debulking operations

on extrapancreatic extraintestinal tumours situated in the gastrinoma triangle. The
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importance of biological markers as a predictor of aggressive tumour behaviour has been
questioned, as was the role of SRS to improve the surgical cure rate.

The study confirmed the overall good prognosis of the ZES including those
patients with proven liver metastases. The safety and efficacy of long-term medical
therapy with a PPI has been confirmed and will remain the mainstay of treatment in

patients not cured by surgery and in those with the MEN I syndrome.
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Chapter 1

Introduction and literature review

1.1 Introduction

In 1955, Zollinger and Ellison first described a syndrome characterized by
fulminant peptic ulcer disease and marked hypersecretion of acid that was associated with
a non-f-cell tumour of the pancreas. Numerous publications have followed since this first
report, describing the clinical spectrum, pathological location and treatment of Zollinger-
Ellison syndrome (ZES).

One of the major limiting factors in improving the surgical cure rate, which has
remained unchanged at about 30%, is the failure to accurately detect all gastrinoma
tumours. Conventional imaging studies such as computerized tomography and ultrasound
are successful in only 30 to 50% of cases, but recent reports on somatostatin receptor
scintigraphy (SRS) have claimed substantially better results, purported to localize
tumours in 50 to 90% of cases. Only a few investigators have assessed the impact of SRS

on the actual surgical cure rate.

Determining the optimal surgical strategy remains one of the most difficult
aspects of the management of the ZES. In the majority of cases, total gastrectomy can be
avoided with the availability today of potent acid suppressing agents. The focus of
surgery has moved to tumour debulking, but even with this approach, the majority of
patients are not cured. The effective management of these patients is particularly
problematic in the context of Third World countries where lack of compliance, often for

geographic reasons, and limited resources may hamper optimum management.

With the current limitations in surgical cure rate, maintenance acid suppression
with a proton-pump inhibitor remains the comerstone of ZES management. Concern has
been expressed that life-long suppression of acid secretion at a level required to prevent

ulcer complications may lead to ECL hyperplasia and carcinoid tumours.
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1.2 AIMS OF THESIS
The purpose of the thesis was to utilize the GSH experience with 40 ZES patients as a
basis for evaluating the evolving treatment strategies of this rare endocrine tumour. The

emphasis of this thesis will be on:

1. The outcome of patients in terms of various surgical strategies in the context of
healthcare in a Third World country.

2. Assessing the value of various biological markers with respect to tumour
behaviour,
3. The accuracy of somatostatin receptor scintigraphy in localizing tumours, and the

effect on surgical cure rate.
4. Determining the efficacy and long-term safety of pantoprazole with the emphasis
on optimal therapeutic benefits.

5. Identifying aspects of the disease, which requires further research.

1.3 Literature review

1.3.1 1955 - The emergence of a clinical entity

On April 29, 1955, Robert M. Zollinger and Edwin H. Ellison presented their
observations to the American Surgical Association in Philadelphia on two young women
with fulminating peptic ulcer disease associated with jejunal ulceration and with non-
insulin-producing tumours of the pancreas. They postulated that glucagon was the
ulcerogenic humoral factor originating in pancreatic islet cells. This was the first time
that a link between hormonal overproduction and gastric hypersecretion associated with
severe ulcer diathesis had been proposed.

While gastric hypersecretion and fulminating peptic ulceration associated with an
islet cell tumour suggested a humoral cause, the nature of this stimulus eluded
investigators of that time. Insulin and glucagon were considered as candidates, but were
soon discarded (Marks 1961). The initial failure to establish the nature of the hormone

prompted some workers to question whether the syndrome existed as a clinical entity
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(Zubrod 1958). An alternative hypothesis was that endocrine lesions and the hypertrophy
of the gastric mucosa resulted from a genetic disorder, and that the marked gastric
hypersecretion was simply due to an increase in the number of parietal cells, similar to
what is seen in uncomplicated duodenal ulceration (Mackenzie 1959).

Eventually, Gregory (1960) extracted the polypeptide hormone gastrin first from
pig stomachs in 1959, and a year later from human gastrinoma tissue. From these
studies, he correctly identified gastrin as the humoral factor that mediates signalling
between the endocrine tumour and parietal cells producing acid hypersecretion. The first
case of a ZES patient at Groote Schuur Hospital was described by Marks (1961) in a 51-
year-old Bantu woman. In this patient he managed to demonstrate a gastrin-like
substance in the primary gastrinoma (2 4cm pancreatic tumour) and in the liver
metastases.

The name Zollinger-Ellison syndrome was proposed by Dr. Ben Eiseman (1956)
as an appropriate eponym one year after its first description by Zollinger and Ellison
(Zollinger, Ellison 1955). The heightened awareness of ZES led to an immense
accumulation of publications within a short time; six hundred cases had been reported in
the world literature by 1968 (Zollinger, Tomkins 1968), and over a thousand by 1972
(Friesen 1972). Zollinger and Ellison are credited with first proposing the correlation
between an islet cell tumour, its peptide product, and the resultant pathophysiology.
Their hypothesis, which was later proven to be correct, provided a scientific basis for
research in the field of gastrointestinal endocrinology.

Zollinger and Ellison, however, were not the first to describe patients with peptic
ulcer disease, acid hypersecretion, and an islet cell tumour of the pancreas (Stabile 1997).
Cases reported as early as in 1908 (Morse 1908) and 1927 (Wilder 1927) precluded
definitive diagnosis of gastrinoma due to incomplete documentation. The study by
Rabinovitch and Achs (1945) from the Jewish Hospital in Brooklyn, New York, provided
evidence for the first clear description of a gastrinoma. They reported that a 37-year old
female with a two-year history of epigastric pain and associated emesis had a gastric
analysis showing “marked hyperchlorhydria” and a clinical diagnosis of “perforating
duodenal ulcer”. Two weeks after a gastrojejunostomy, she had a radiological
examination, went into shock and died. Post-mortem examination found a 2.3 cm tumour

in the body of the pancreas, which, on histological evaluation, was shown to be a non-
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beta islet cell tumour of the pancreas. At the time, the islet-cell tumour was not

implicated as a cause of the fulminating ulcer disease in this patient.

1.3.2 Tumour biology

The primary distinctive feature of ZES is an elevation in serum gastrin levels, due
to a gastrin-producing neuroendocrine tumour in either the pancreas, the duodenal or
gastric wall, or in ectopic sites. )

Gastrin. Two major forms of gastrin are secreted (G-34 and G-17), although
smaller sizes exist. The predominant biologically active molecular form found in
gastrinomas is G17. The common feature of all gastrins is an amitated tetrépeptide at the
carboxyl terminus, which imparts full biological activity. The circulating half-life of
gastrin is affected by the size of the various molecular forms. The full physiologic
response is determined by the presence of the biologically active moiety and the time for
receptor interaction.

Gastrin is present in the G cells of the gastric antrum and duodenum, but small
amounts have also been found in the pituitary and certain fibers of the vagal nerve
(Jensen 1991). The release of gastrin is triggered in response to aromatic amino acids or
amines in the gastric lumen and also in response to cholinergic stimulation or gastrin
releasing hormone (GRP) secreted from post-ganglionic fibers of the vagus nerve.
Gastrin is also the major stimulatory peptide for the release of histamine from
enterochromaffin-like (ECL) cells. The secretion of gastrin by tumours, however, is not
governed by the normal acid-dependent feedback (Jensen 1991).

G cells. During embryonic development, G cells are derived from the neural crest
and migrate via the neuroectoderm into the foregut before reaching their final destination
in the intestinal tract. Histochemically, G cells are members of the APUD (4mine
Precusor Uptake and Decarboxylation) system (Pearse 1975). These cells share the
expression of various genes encoding certain markers and hormonal products. They have
an early omnipotence with regard to hormone secretion. During migration, they lose this
property in favour of a highly specific production of polypeptide hormones. Although not
all aspects of the APUD cell theory are widely accepted, this classification of cell types
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forms the basis of a useful unifying hypothesis for understanding syndromes including
MEN (Pearse 1968; 1969).

Origin of gastrinomas. The exact cell of origin of gastrinomas remains unclear
(Jensen, Gardner, 1993). Recent studies have suggested that duodenal and pancreatic
gastrinomas may originate from distinct cell types, due to the apparent differences in their
biology (Howard 1995). Howard proposed that, based on the different quantities of
pancreatic polypeptide (PP) expressed by these tumours, duodenal gastrinomas might
arise from the ventral pancreatic bud tissue and pancreatic body/tail gastrinomas from the
dorsal bud tissue. PP was found in 80% of gastrinomas located to the right but not to the
left of the superior mesenteric artery (Howard 1995).

MEN I syndrome. The observation that a number of ZES patients also suffer
from other endocrine disturbances led to the description of multiple endocrine neoplasia
type I (MEN 1I), first documented by Wermer (1954). MEN 1 is characterized by the
occurrence of primary hyperparathyroidism in combination with pancreatic/duodenal
endocrine and pituitary tumours. The association between MEN I and ZES is found in up
to 26% of gastrinoma patients (Ruszniewski 1993). Tumours in MEN 1 often occur in
multiple sites, while solitary gastrinomas are predominantly seen in the sporadic form of
the disease (Donow 1991). It remains controversial whether gastrinoma patients with
MEN 1 have a better prognosis than those with the sporadic form of ZES (Jensen 1999).

1.3.3 Pathological anatomy

Over the last four decades pathological observations have drawn attention to the
location of gastrinomas outside the pancreas, namely in the duodenum,
extrapancreatic/extra-intestinal, and, controversially as primaries in lymph nodes.

Earlier reports gave a ratio of intra- to extrapancreatic gastrinoma localization as
4:1 (Ellison, Wilson, 1964). Intrapancreatic tumours are found predominantly in the head
or tail of the pancreas. The head:body:tail ratio has been reported by Gerstein (1975) to
be 4:1:4.

Extrapancreatic gastrinomas are mainly found in the duodenum, often in the form
of microgastrinomas (Becker 1984; Delcore 1992). These tumours are distributed in a
decreasing gradient proceeding distally, with 71% in the first portion of the duodenum,
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21% in the second, 8% in the third, and 0% in the fourth (Thom 1991). More recently,
duodenal gastrinomas have been reported to occur in up to 77% of patients with the
sporadic form of the disease (Frucht 1988).

In 70 to 90% of cases, gastrinomas are found in the so called “gastrinoma
triangle”, which is bordered laterally by the duodenum, medially by the head and body of
the pancreas, cranially by the extrahepatic bile ducts, and inferiorly by the duodeno-
jejunal flexure (Stabile 1984, Passaro 1998). Of particular interest in one series, duodenal
gastrinomas occurred in all patients with ZES as a manifestation of MEN I syndrome
(Pipeleers-Marichal 1990). Gastrinomas have also been identified in the stomach and a
number of other sites, including extrapancreatic, extraintestinal, in peripancreatic lymph
nodes (without a demonstrable primary), in the liver, kidney, ovary, and the
retroperitoneal space (Bollen 1981; Sawicki 1990).

It remains controversial whether gastrinomas can arise in lymph nodes or whether
these represent metastases from occult primary tumours (Arnold 1994). The possibility
of lymph node primaries is supported by studies reporting cure after resection of a
solitary lymph node. In one study (Arnold 1994), cure was observed in 43% of patients
with so-called lymph node primaries with a mean follow-up period of 5.3 years.

Gastrinomas metastasise .primarily to lymph nodes and to the liver. In previous
reports 50 to 60% had metastasised to the liver (Ellison 1969; Friesen 1972; Creutzfeldt
1975; (McCarthy 1980; Zollinger 1984). In more recent studies the incidence is reported
to be about 30% probably due to the earlier detection of the disease (Jensen, Gardner
1993). The term “malignancy” in the context of gastrinoma has not yet been clearly
defined, since metastatic spread in ZES is not necessarily associated with poor prognosis.
Indeed, the prognosis does not appear to be affected by the presence of lymph nodes
metastases (Jensen 1999). It has been suggested by some (Hirschowitz 1995) that tumour
biology and growth patterns are the most important factors, which determine the

aggressiveness of the diseases.

1.3.4 Biological tissue markers

There is still a lack of accurate markers of malignant potential and prognosis of

gastrinomas. Morphological criteria alone (Lee 1996; Jensen 1997) are unreliable but a
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number of serum factors, including chromogranin A, pancreastatin, human chorionic
gonadotropin and forms of gastrin are currently being evaluated as potential prognostic
indicators. So far, the results have been inconclusive (Jensen, Gardner 1993), but
immunohistochemical indicators used for human cancers showed some promise (Bartek
1991, Hall 1995). Molecular tissue markers indicative of cell proliferation, cell adhesion
or cell death (apoptosis) have been investigated in a limited number of neuroendocrine
tumours. There is as yet no clear evidence whether these markers can be applied

specifically to gastrinomas (Solcia 1999).

1.3.5 Epidemiology

By far the most case reports on ZES come from the United States, where ZES is
estimated to occur with a yearly incidence of 0.1 to 3 cases per year per million people
(Hirschowitz 1997). Approximately 0.1% of patients diagnosed with duodenal ulcers
may suffer from ZES (Townsend 1985). It seems likely that many cases of ZES go
undiagnosed due to lack of screening. A variable incidence of ZES has been reported
from other countries: 0.5 patients per year per million people in Ireland, 1 to 3 patients
per year per million in Sweden, and 1.2 patient per year per million in Denmark
(Jacobson 1986). Official data reflecting the incidence in South Africa are not available.
In most series, ZES is slightly more prevalent in males with a male: female ratio of 3:2
(Ellison 1964; Friesen 1972). The tumour typically manifests itself between the third and
fifth decade of life, but there is no clear age prevalence (Zollinger 1987). The youngest
patients described so far have been two girls aged five and six years (Abe 1979; Stadil
1989; Wilson 1991).

Among neuroendocrine tumours, gastrinomas were originally thought to be less
common than insulinomas; however, some studies have shown that gastrinomas occur
with equal or even greater frequency (Tjon 1989). Gastrinomas are at least 0.5 to 1.5
times more common than non-functioning pancreatic neuroendocrine tumours and
pancreatic polypeptide-producing tumours; two to four times more frequent than
VIPomas (a neuroendocrine tumour of ‘the pancreas secreting vasoactive intestinal
polypeptide); and 8 to 15 times more common than either glucagenomas or

somatostatinomas (Jensen 1997)
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1.3.6 Clinical presentation

The devastating clinical course of ZES that was common in the 1960’s and 1970°s
has been greatly reduced by earlier diagnosis with serum gastrin and secretin stimulation
tests (Jensen, Doppman 1993), and importantly, effective medical treatments. Since the
mid seventies 95% percent of ZES patients experience ulcerations at some stage of their
disease (Ellison 1956; Zollinger 1986), of whom 10% develop multiple ulcers
(Hallenback 1968). These are found predominantly in the post-pyloric or post-bulbar
duodenum, with erosive duodenitis extending down into the second part of the
* duodenum. In25% of cases, ulcers develop in atypical locations, e.g. the oesophagus, the
gastric fundus, or the papilla of Vater (Miller 1990, 1992; Quatrini 1989) and proximal
jejunum.

In patients with gastrinomas and MEN-I syndrome, hypocalcaemia from
associated primary hyperparathyroidism is the most common clinical abnormality,
occurring in 95 to 98% of patients (Metz, Jensen 1994). Pancreatic endocrine tumours
develop in 80-100% of MEN I cases, with functional variants in 50 to 80% of cases. In
MEN-I patients, gastrinomas are the most common functional tumours (54%), followed
by insulinomas at 21%, glucagenomas at 3% and VIPomas at 1% (Metz, Jensen, 1994).

During the same 20-year period that we observed 40 patients with ZES, only one
patient was diagnosed with a VIPoma at GSH, described by Marks (1976).

Epidemiological data for ZES, associated with MEN I are not available, because
of the relatively low frequency of this condition. (Jensen, Doppman 1986). The clinical
presentation of the disease is dominated by the aggressive peptic ulcer diathesis and, for
most of the course of the disease, by the slow growing nature of the tumour. However,
even in the presence of a large tumour bulk including liver metastases, patients may
remain remarkably asymptomatic (Jensen, G'ardner, 1983).

Early on, peptic ulcer-induced pain is the most common symptom, frequently
accompanied by gastro-oesophageal reflux symptoms, or complications such as bleeding
(10%) or intestinal perforation (7%) (Waxman 1991). Diarrhoea, caused by acid
hypersecretion, is the second most common clinical feature, occurring as the main

presenting symptom in 9-20% of patients (Jensen, Gardner 1991).
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1.3.7 Diagnostic tests
1.3.7.1 Gastric acid studies

The availability of a reliable gastrin radioimmunoessay as developed by
McGuigan in 1968, has, to a large extent, superseded gastric acid studies in the diagnosis
of ZES. Previously, the diagnosis of ZES depended on the clinical history and acid
studies. The determination of basal acid output (BAO) was followed by maximal acid
output (MAO) measurements under conditions of maximal histamine stimulation
(Waddell 1959). A BAO/MAO ratio in excess of 60% was regarded as strongly
suggestive for the diagnosis of ZES (Marks 1961). According to a study by Aoyagi and
Summerskill (1966), a BAO equal or greater than 15 mEqg/h is highly suggestive of the
diagnosis. Basic acid output, however, may vary widely in ZES patients (Jensen,
Gardner 1993) and overlaps considerably with that of idiopathic duodenal ulcer patients.
Currently, a BAO greater than 31 mEqg/h is consideéred to have a 99% specificity and a
50% sensitivity for ZES diagnosis (Mignon 1995).

After surgery however, diagnostic criteria are even more difficult to determine
due to biliary and/or pancreatic reflux (Aoya{gi 1966). In these cases, a BAO equal or
greater than 5 mEq/h is considered to be suggestive of the diagnosis. The results of acid
studies alone may be inconclusive when not considered in relation to serum gastrin
levels, or vice versa (Modlin 1984). At present, BAO measurements are mainly used in
patients where serum gastrin levels and provocative secretin testing are equivocal (Jensen
1997), or where other causes of hypergastrinemia (e.g. achlorhydria) need to be excluded.
BAO is also used to monitor adequate acid reduction in patients while on maintenance
PPI therapy.

1.3.7.2 Biochemical studies

The first reliable radioimmunoassay for gastrin was developed in 1968 (Hansky
1968; Yalow 1970). In 1972, Isenberg (1972) reported that an intravenous infusion of
secretin paradoxically increased both gastric acid secretion and serum gastrin con-

centrations in patients with gastrinomas. This procedure has been developed as a
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diagnostic test, although the exact mechanism by which secretin mediates these effects is
unknown (McGuigan 1980).

For some time, the use of crude preparations of secretin, contaminated with either
bombesin or gastrin, produced false-positive results (Lamers 1981). The more eco-
nomical calcium infusion test has been shown to be equally effective as the secretin test,
but is rarely used because of its clinical side effects due to hypocalcaemia (Deveney
1977).

While secretin provocative testing is currently the most discriminating test to
distinguish ZES patients from those with duodenal ulcer with either basal acid
hypersecretion or raised basal serum gastrin, it should be noted that false-negative rates

have been reported in up to 15% of cases (Jensen 1997).

1.3.7.3 Imaging techniques

Reliable imaging of gastrinomas remains an unresolved issue even at a time
where sophisticated diagnostic technologies are available. Overall, successful tumour
location by imaging studies varies greatly from 10 to 65% of cases (Gibril, Reynolds
1996). Forty years ago, the pre-operative work-up for ZES patients consisted mainly of
barium contrast studies to document the sequealae of ZES: findings were coarse rugae of

mucosal folds and multiple duodenal ulcers in ectopic locations (Marks 1961).

1.3.7.3.1 Noninvasive techniques

Transabdominal ultrasonography (US) is generally unreliable in detecting the
primary tumour. In a recent study of 80 ZES patients, US detected extrahepatic disease
in only 9% of cases (Weber, Venzon 1995). US completely failed to detect primary
tumors less than 1 cm in size and detected only 15% of lesions 1 to 3 cm in size.
However, US proved to be equally effective to computerized tomography in detecting
metastases to the liver (46% versus 42%, respectively). Gibril (1996) showed that CT
has a slightly higher sensitivity for the detection of metastatic disease to the liver (38%)
than extrahepatic disease (31%). The size of the lesion remains a limiting factor even
when high resolution dynamic scanning is performed. Ei‘urrently, tumours less than 1 cm
cannot be detected, and only 30% of those ranging between 1-3 cm in size are

successfully imaged.
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Magnetic resonance imaging (MRI). In one series MRI and STIR (short-time
inversion-recovery) detected extrahepatic disease in 30% of cases, and in 45% when
hepatic disease was included (Gibril, Reynolds 1996). However, when comparing MRI
to conventional studies, the specificity of MRI has been slightly lower because a number
of small liver haemangiomas were interpreted as gastrinomas (Pisegna, Doppman 1993).

Somatostatin receptor scintigraphy (SRS). In 1987, Reubi (1987) demonstrated
that somatostatin receptors are expressed on gastrinomas using in vitro techniques.
Subsequently, ['*I]-labeled octreotide followed by ['''In]-labeled pentetreotide
radionucleotide scanning has been successfully used to identify gastrinomas. The true
sensitivity of SRS remains unclear. Whereas initial reports documented 100% yield
(Krenning, Kwekkeboom 1993), a more recent publication showed a more modest
detection rate of 53% (Kisker 1998).

1.3.7.3.2 Invasive techniques

Portal venous sampling, with gastrin estimations introduced by Ingemansson in
1977, was previously considered to be the localization procedure of choice with a varying
positive yield of 46% to 90% (Ingemansson 1977; Galiber 1988; Meko 1994, 1995).
This method, however, is difficult to perform and as such may be unreliable. In éddition,
the procedure carries an appreciable morbidity of 5% to 20% (Thom 1992; Norton 1994).

Angiography has been used with limited success because of difficulties in
discriminating between the relative vascularity of the lesion and the surrounding tissue.
Small tumours (less than 1 cm in size) or tumours that do not produce a distinct vascular
blush are frequently missed by angiography. A recent investigation by tlie National
Institutes of Health in 80 patients showed angiographic detection of gastrinoma in only
40% of cases (Weber, Venzon 1995).

Intra-arterial secretin stimulation with hepatic venous gastrin measurements has
also been described (Imamura 1987). In a study of 36 consecutive patients, this method
yielded a sensitivity rate of 89% (Thom 1992). However, because of its invasive nature,
this modality is mainly used in cases where other imaging techniques remain
inconclusive, or after previous failed surgery (Cohen 1997).

Endoscopic ultrasonography (EUS) has attracted considerable attention, because

repeated investigations have confirmed its high sensitivity, particularly in the localization
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of pancreatic neuroendocrine tumours (Roesch 1991). With high-frequency resolution,
EUS has successfully identified structures as small as 2 to 3 mm in size and Roesch and
co-workers (1992) have reported successful localization in 82% of cases. Unfortunately,
contrary to what was expected, EUS is of limited value in the detection of small duodenal
wall tumours. In one study (Ruszniewski 1995), EUS failed to detect 50% of these
tumours. In addition, the high expense of the equipment and long learning curve with

inevitable observer variation have limited its widespread application.

1.3.8 Past and current management strategies
1.3.8.1 Maedical treatment

The evolution of the medical treatment in ZES with regard to acid suppression is
characterized by two landmark developments: the introduction of histamine receptor 2
antagonists (H2RA) in 1974 and the advent of proton pump inhibitors (PPI) in 1980.
Prior to the availability of potent medical acid suppression, ulcer therapy consisted of a
diet of milk and cream, antacids, anticholinergics, supplemented by sedation or even
narcotics for pain (Zollinger, Ellison 1955). This regimen only partially controlled
symptoms, and did not prevent life threatening complications.

The introduction of H2RA revolutionized the treatment of gastrinomas (McCarthy
1978). Long-term use of these drugs, however, had disadvantages. A high number of
patients required very large doses (up to 9 grams per day) to control acid secretion
effectively. Others had to take the drug every 4 to 6 hours, or needed yearly dose
increases (McCarthy 1977). The complication rate of maintenance treatment remained
high; according to studies from the National Institutes of Health, up to 25% of patients
developed complications (bleeding, perforation) due to poor control with H2RAs
(McCarthy 1978).

The development of more potent, long-acting PPIs has greatly simplified the
medical management of ZES (McArthur 1985). These agents are given once or twice
daily and are effective in almost all ZES patients (Metz 1995). Omeprazole and
lansoprazole are currently the agents of choice for the long-term management of acid
hypersecretion (Maton, Gardner 1989). However, there are reports where dosages of

120mg and 360mg omeprazole did not provide adequate acid control (Lloyd-Davis 1988;
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Frucht 1991). Individuals with ZES complicated by severe gastrooesophageal reflux or
previous partial gastrectomies seem to fall into this category (Metz 1993).

Pantoprazole, a relatively new PPI is unique in that it targets the metabolic
pathway of the liver cytochrome P450 system to metabolise drugs (Hanauer, Graf 1991;
Kromer 1990; Steinijans 1994). Thus, pantoprozole has the theoretical advantage over
omeprazole in that it exhibits fewer interactions with other drugs (e.g. phenytoin,
warfarin, diazepam, and digoxin). While the efficacy of pantoprazole in peptic ulcer
disease has already been proven (Rendsburg 1992; Rehner 1993), there is currently no
data on its usefulness and safety in ZES patients.

1.3.8.2 Surgical procedures

Surgery for ZES has undergone major changes since Zollinger initially described
a series of operations performed on the first reported cases (Zollinger, Ellison 1955).
Medical therapies and standard ulcer operations available at that time were ineffective in
controlling acid hypersecretion, and soon total gastrectomy was adopted as the only
effective surgical treatment to prevent life-threatening complications of the aggressive
ulcer diathesis. Attempts to remove gastrointestinal tumours, which often included some
form of pancreatectomy, were also abandoned in favour of total gastrectomy. In rare
instances, total gastrectomy has resulted in a biochemical cure, presumably due to the
inadvertent removal of a gastrinoma in the stomach or first part of the duodenum.

Total gastrectomy remained the treatment of choice until H;RA was introduced in
1974. As these drugs dramatically reduced acid levels and provided excellent relief of
symptoms with prevention of ulcer recurrence and complications, a new era emerged of
conservative treatment of ZES. At that time some leaders in the field suggested that
surgery is no longer required other than for complications. This approach was supported
by the poor surgical cure rates. The trend would probably have continued if it were not
for the important work by Stabile and co-workers (1984) on the anatomical pathology of
gastrinoma. These researchers first described the "gastrinoma triangle" where up to 80%
of tumours are localized. In addition, they found that most tumours were located outside
the pancreas, thereby permitting excision and debulking procedures without resorting to

major resection procedures.



29

For a short period before ihe PPI era, vagotomy, either in the form of truncal
vagotomy and pyloroplasty or highly selective vagotomy, was revisited. The aim of
vagotomy was to augment acid reduction in those cases where insufficient acid reduction
was achieved with H2RA, particularly in cases where no tumour or residual tumour was
found at laparotomy. As pointed out by Richardson (1985), vagotomies reduced the mean
BAO by 41% and thereby also reduced the dose of antisecretory drugs required by 38%.
A similar observation was made by our group (Bornman 1987).

Vagotomy was soon abandoned with the introduction of PPIs, which in
combination with tumour debulking opened a new era in the management of ZES. The
concept of tumour debulking has been further supported by recent publications (Fraker

1994; Norton 1999) showing a possible reduction in the development of liver metastases.

1.3.8.3 Management of advanced disease

There is no clear evidence that chemotherapy, embolization, irradiation or
biotherapy increase survival in patients with widespread metastatic disease. Most
treatments have usually been reported in studies involving different types of
neuroendocrine tumours. Furthermore, criteria for assessing anti-tumour responses often
vary among different studies.

External radiation in neuroendocrine tumours is only effective to treat brain and
bone metastases. Embolization of the feeding hepatic artery by using Spongostan or Gel
foam resulted in a temporary response rate of 45%-70%, with a moderate impact on
tumour reduction, amelioration of symptoms and reduced circulating hormone levels
(Marlink 1990). Chemoembolization with cisplatin, mitomycin C, and 5-fluoruracil
showed no long-term effect on survival (Hajarizadeh 1991).

Chemotherapy in the form of streptozotocin combined with 5-flourouracil
generates a response rate of about 60% for the duration of 2 years and therefore remains
the most important treatment for progressive unresectable disease.

Biotherapy comprises treatment with somatostatin analogues and interferon-alpha
(Nold 1994; Arnold 1996). Somatostatin can exert antiproliferative effects on endocrine
tumours by various mechanisms. At the usual dose of 100-150 microgram given two or

three times a day somatostatin shows symptom relief in 35-50% of patients. Tumour
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shrinkage was observed in 12% at experimentally higher doses of 3000-18,000
microgram per day (Arnold 1993, 1996; Saltz 1993).

Interferon-alpha in combination with somatostatin analogues shows a 50%
biochemical response in various neuroendocrine tumours (Oeberg 1999), in 60% of
patients symptomatic improvement, and a 12%-15% tumour reduction (Pisegna, Slimak
1993; Eriksson 1986, 1995). The effects of these therapies are currently subject to further
investigations.

Gene therapy is conducted in phase I studies for various malignancies, but no
trials have been initiate;d for neuroendocrine tumours. A lack of knowledge of the tumour

biology prevents its use at this stage.

1.3.9 Postoperative outcome
1.3.9.1 Cure rates

The overall cure rate for resection of gastrinoma over the last 40 years with a
variable follow-up between 1 — 40 years ranges from 5% to 82% (Ellison EC 1995).
However, cure rates can only be determined by long-term follow-up since Norton and co-

workers (1992) found that 50% of initial cures recurred within five years.

1.3.9.2 Survival rates

A study from the National Institutes of Health (NIH) (1995) demonstrated that the
presence of liver metastases (LM) may be dependent on both the size and location of the
gastrinoma (Weber 1995). In their study of 185 ZES patients, 54% of pancreatic
gastrinomas had spread to the liver, versus 5% of duodenal tumours. Furthermore,
tumours larger than 3 cm in size were associated with increased hepatic metastases.
However, there were not enough large duodenal tumours and small pancreatic
gastrinomas in their series to establish statistically whether size and the primary tumour
location were independent determinants of metastatic potential to the liver (Weber 1995).

The presence of LM was found to be the most important determinant of survival. ‘
In patients without LM, the 10-year survival rate was 90% compared to 30% in those
with LM (p<0.0001). The significance of liver metastases on clinical outcome remains

controversial, as survival of 20 years and longer has been reported (Hirschowitz 1995).
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1.4 Conclusions

Three issues remain unresolved in our understanding of gastrinomas. These
include the natural history of the disease, the best diagnostic approach, and the most
effective management.

It is not yet clear to what extent the natural history of the disease is determined by
management or biological factors. In this thesis, the influence of management, which has
changed over the two decades, is studied by analysing data of 40 ZES patients from a 20-
year period collected at a single centre.

Biological markers are applied to gastrinoma specimens obtained during surgery
at GSH and compared to outcome. If such markers prove to be of prognostic value, they
could lead to an individual management approach according to the natural behaviour of
each tumour.

In the field of diagnostics, somatostatin receptor scintigraphy (SRS) has been
recently introduced and seems to be of advantage in localizing gastrinomas, since it
detects small tumours generally not imaged by conventional imaging modalities.
However, very little information is available with regard to its impact on surgery and
post-surgical outcome, since few -investigators have focused on whether the better
detection of gastrinomas translates into an improved cure rate. Depending on the yield
obtained by SRS, the importance of conventional imaging techniques within the
diagnostic algorithm needs to be re-established.

Previously, medical treatment of ZES consisted of treatment with the relatively
less potent H2RA for acid suppression. The current medical management is based on
acid control with the PPIs omeprazole and lansoprazole. However, these medications are
associated with potential disadvantages such as metabolic interference with other drugs
and the need of repeated dose adjustments. A third PPI, pantoprazole, has recently been
introduced. So far, pantoprazole was found to be highly effective in peptic ulcer disease,
but has not yet been investigated in ZES. Thus, our ZES patients at the Gastrointestinal
Clinic offer a unique setting to study prospectively the efficacy and safety of
pantoprazole in ZES.
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In summary, the goal of this thesis is to elaborate new aspects of the natural
history of ZES, its diagnosis, and its management. With the new information derived
from the GSH data enriched by results from prospective clinical studies, a new algorithm

for the diagnosis and management of ZES will be proposed
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Chapter 2
Clinical data from Groote Schuur Hospital 1978-1998

The combined medico-surgical clinic at Groote Schuur Hospital serves as a region
and national referral centre for patients with ZES. The management of these patients by a
dedicated team of surgeons and gastroenterologists has provided a large clinical database

from which treatment outcome and prognosis could be evaluated.

2.1 Methods
2.1.1 Patients

Between 1978 and 1998, 40 patients with ZES were managed at the Gastro-
Intestinal Clinic at Groote Schuur Hospital (GSH), and their data were prospectively
collected (see “Mastersheet of 40 ZES Patients”). Five of these patients (12.5%) had
MEN I syndrome. There were 26 men and 14 women with a mean age of 33.8 years at
the time of diagnosis, with six patients under the age of 16 when diagnosed with ZES
(Table Clinl). Patients were classified as children under the age of 12, and adolescents

when 13-16 years of age.

2.1.2 Diagnosis
2.1.2.1 Serum gastrin

Serum gastrin levels (normal range <115 pg/ml) were determined by
radioimmunoessay (Sorin, Inc, France), and all patients underwent secretin provocative
testing. Two units of secretin (Ferring, Malmo, Sweden) per kilogram body weight were
injected intravenously, and serum gastrin levels were measured at -10, 0, 2, 5, 10, 15 and
30 minutes after injection. A serum gastrin increase of more than 200 pg/ml was
considered to be diagnostic for ZES (Jensen 1983; Jensen 1991).
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2.1.2.2 Measurement of gastric acid output

Basal acid output (BAO) was analysed in all patients (Mee 1983; Bornman 1987).
Prior to the test, all acid-inhibitory agents were discontinued. When PPIs where taken,
they were stopped 7 days before the test and replaced by high dose H2RA. H2RA
therapy was discontinued 24 hours before BAO measurements, while hyperacidity was
controlled by sucralfate (1 gram twice a day). After this wash-out phase, a nasogastric
tube placed in the antrum and the stomach was emptied. Four consecutive samples of
gastric fluid were collected from each patient. Quadruplicate aliquots of each sample
were titrated to pH 7.0 with 0.2 N sodium hydroxide and the BAO determined with the
Radiometer Copenhagen TTT 85 Titrator (ABU 80 Autoburette).

The diagnostic criteria for ZES included a BAO >15 mEqg/h or >5 mEg/h in cases

where there was a history of previous acid-reducing gastric surgery.

2.1.2.3 Endoscopy

All patients had upper gastrointestinal endoscopy to determine the sequealae of
increased acid production. A standard technique was used under sedation with 2.5 mg
midazolam (Roche) using a forward viewing endoscope (GIF Q, Olympus Corporation).
All mucosal changes were documented (See ‘Pantoprazole study’ chapter 5.1.2 for details

of biopsies and histological evaluation).

2.1.3 Imaging studies for the localisation of gastrinomas

Abdominal ultrasonography was performed with a 5 mHz linear transducer and
computerized tomography (CT) using either a Siemens Somatom DR or an Elscint Ecel
2400. Continuous scans of 10-mm thickness were obtained through the abdominal cavity
from the dome of the liver to the pelvis. An oral contrast agent (gastrografin) was
administered two hours prior to the CT. A bolus injection of 150 ml of intravenous
contrast agent (omnipaque 300[lohexol] or ultravist 300 [lopramide]) was infused at a
rate of 1 ml/sec for liver scans. ‘

Selective angiography (Philips Diagnost ARC) was performed with Omnipaq;le
300 or Ultravist 300 contrasting agents to the splenic, superior mesenteric,
gastroduodenal, and hepatic arteries. This test was selectively performed in cases where

other imaging studies were negative or unequivocal. Endoscopic ultrasonography (EUS)
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and magnetic resonance imaging (MRI) were not available at GSH at the time of the
study. Portal venous sampling (PVS) was not performed, due to its invasive nature. SRS

was performed since the beginning of 1996 (see Chapter 4).

2.1.4 Treatment
2.1.4.1 Medical treatment

Medical treatment of ZES evolved considerably during the course of the
observation period of this study. Between 1984 and 1989 patients received HR2A, and
PPIs since 1990. The dose of the acid-reducing medication was adjusted to a safety level
of less than 10 mEg/h in patients without previous acid reducing surgery, and less than 5
mEg/h in those with. |

2.1.4.2 Surgical treatment

A policy of formal tumour debulking was adopted at GSH since the mid eighties.
The term “tumour debulking”, which is used throughout the thesis, means debulking of
all suspicious macroscopic tumours. Patients underwent an explorative laparotomy once
metastatic liver disease was excluded. A careful laparotomy was carried out with the
emphasis on the liver, pancreas, stomach, duodenum, and ‘gastrinoma triangle’. The
duodenum was mobilized (Kocher’s manoeuvre) and the pancreatic body dissected from
the bed to allow a bimanual palpation. All suspicious lymph node groups along the upper
and lower pancreatic border and the duodenum were resected for histological
investigation.

The type of tumour resection was determined by the specific location of each
tumour. For lesions within the duodenum, a full-thickness wall excision was performed.
Lesions located in the pancreas were treated by enucleation or distal pancreatectomy.
Tumours in the liver were removed by a wedge resection. Major resections, including a
Whipple resection, were not performed.

During the H2RA era (1984-1989), some patients underwent an additional
vagotomy (truncal or proximal gastric) in order to enhance the pharmacological
suppression of acid production. A total gastrectomy was performed on cases where

medical treatment was ineffective due to poor compliance or geographical factors.
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2.1.5 Surgical outcome after tumour debulking

The term “cure” has been defined as normal serum gastrin levels (<115 pg/ml),
and a negative secretin test (increase <200 pg/ml) at a given time. “Permanent cure” was
only claimed when serum gastrin levels and the secretin test remained normal after 5
years. However, to better characterize outcome of GSH gastrinoma patients, several
categories have been created. Surgical outcome was divided into 4 different categories:
(1) no cure, with persistent abnormal serum gastrin levels and a positive secretin test; (2)
temporary cure post-surgery with recurrence; (3) cured at time when lost for follow-up;

(4) cured at last follow-up with [a] less than 5 years and [b] more than 5 years.

2.1.6 Pathological tumour classification

In this study gastrinomas were classified as (a) pancreatic primaries; (b) ‘ectopic’
or extrapancreatic/extraintestinal/extralymphatic; (c¢) lymph node gastrinomas without
primaries, either solitary or multiple; (d) liver gastrinomas without primary, and (e)
duodenal and gastric wall tumours.

Gastrinomas in lymph nodes with surrounding follicular tissue were considered to
be ‘primary lymph node gastrinomas’ when no other primary tumour was identified.

Pancreatic gastrinomas were defined as those tumours, which were either located
within the pancreatic tissue, or showed a rim of pancreatic tissue around the tumour.
Tumours without evidence of pancreatic or lymphatic origin but located on the pancreatic
surface were classified as ‘ectopic’ (extrapancreatic, extraintestinal, extralymphatic)

gastrinomas.

2.2 Results

2.2.1 Patient characteristics

Table Clinl shows the overall data of the 40 ZES patients treated at Groote
Schuur Hospital between 1978 and 1998. The “Mastersheet of 40 patients treated at GSH
1978-1998” (see Appendix) provides information on each ZES patient.

The diagnosis of Zollinger Ellison Syndrome was mostly made at Groote Schuur
Hospital. Concerning demographics, fifteen patients came from outside Cape Town and
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the Western Cape region, which is the usual referral basis for patients treated at GSH.
Fourteen of the 15 patients referred from outside the Western Cape area came from rural
parts of the country. Nine of these 15 patients came from the Eastern Cape, which is a
referral region for GSH via two satellite hospital.

The most important clinical symptoms at the time of diagnosis were pain in 33
(82%), diarrhoea in 4 (10%), and oesophagitis in 3 (7.5%). Half of patients had
endoscopic signs of peptic ulcer disease at the time of diagnosis. Others presented with
complications of PUD, such as perforated duodenal ulcer (20%) and upper
gastrointestinal bleeding (18%). The remaining 12% had pain and/or diarrhoea without

endoscopic evidence for PUD.

2.2.2 Validation of diagnostic tests

Serum gastrin levels (normal <115 pg/ml) at the time of diagnosis were elevated
in all 40 patients (mean, 671.07 + 636 pg/ml; range 122-3582 pg/ml). A moderately
elevated level (115-500 pg/ml) was found in the majority of patients (21/40, 53%). In 10
cases (25%) it was 500-1000 pg/ml and in 9 (23%) gastrin levels were >1000 pg/ml.

Provocative testing with secretin was positive in 38/40 (95%). One patient with a
histological proven tumour had an increase of only 50 pg/ml. The other case with MEN I
had elevated basal/maximum acid outputs of 30/46 and 33/62.5 mEq/h, on two separate
occasions.

Basal acid output was markedly elevated (>15 mEq/h) in all but 6 patients; 4 of
the 6 had a partial gastrectomy prior to the ZES diagnosis, and a truncal vagotomy in the

remaining 2.

2.2.3 Imaging

A total of 105 conventional imaging procedures including abdominal
ultrasonography, computerized tomography, and angiography were performed in 31
patients who underwent gastrinoma resection (Table Clin2). The sensitivity of
ultrasonography was 17%, of computed tomography 15%, and of angiography 27%. The
sensitivity of all conventional studies combined was 18%.

The results of the recently introduced somatostatin receptor scintigraphy (SRS)

are outlined in chapter 5.2.
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2.2.4 Surgical therapy

2.24.1 Emergency procedures

14 emergency procedures were performed in 10 patients for complications of peptic ulcer
disease, all before the diagnosis of ZES was established (Table Clin3). 10 of them were
performed in the eighties, and the last one in 1995 (patient 38 of the “Mastersheet”).

2.24.2 Tumour debulking and acid reducing procedures

Table Clin3 gives an overview of the surgical procedures performed in 36
patients, including emergency procedures and gastrinoma resections. 4 of the 40 patients
had no surgery during the entire course of their disease: 2 (P23,32) had widespread
metastatic disease derived from a pancreatic primary gastrinoma, one (P30) refused
surgery, and the other (P21) had severe concomitant medical disease, which precluded

surgery.

36 ZES patients underwent a total of 77 surgical procedures; 36 procedures (47%)
were aimed at reducing gastric acid output, (18 before and 18 after the diagnosis of ZES).
Gastrinoma were removed during 31 operations; however, 21 procedures were
considered to be formal gastrinoma debulking operations (Table Clin6). In the remaining
ones, gastrinoma were removed incidentally with the gastric specimens during total
gastrectomies on four occasions before the policy of formal debulking was introduced at
GSH.

18 of 36 surgical patients (50%) had a vagotomy during the course of the disease;
in 11 before, and in 7 after the diagnosis of ZES (Clin4). The vagotomy was combined
with an antrectomy in 7 patients; all had this procedure done before the diagnosis of ZES
was established.

One patient (P14) who had a highly selective vagotomy after the diagnosis of ZES
continued to have peptic ulcer disease despite high doses of H2RA. A truncal vagotomy

was carried-out after a year. During a third operation, the removal of a retrogastric
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gastrinoma lymph node resulted in a cure. However, the patient was lost for follow-up
after two years.

Although post-vagotomy BAO was significantly lower (5.06 versus 28.6 mEq/h;
p<0.003), 16 of the 18 patients (89%) developed further acid related complications after
the vagotomy, which included recurrent duodenal ulcers, stomal ulcers and oesophagitis
with stricture formation. In 7 patients total gastrectomy was ultimately performed for

recurrent peptic ulceration due to poor acid control.

Partial gastrectomies were performed in 9 patients (P6,7,12,22,24, 28,35,36,37)
exclusively before the ZES diagnosis was established. Continued uncontrolled acid

related complications necessitated total gastrectomy in 3 (P6,24,28).

11 out of 40 patients (28%) had a total gastrectomy during the course of their
disease (Table Clin3), one (P25) of them before the diagnosis was established. All
gastrectomies except in P28 were performed before PPIs became available in 1990. The
total gastrectomy performed in 1994 was necessary in a patient (P28) from a rural area
who was cured after tumour debulking surgery but continued to have intractable
oesophagitis despite intensive PPI therapy. His initial operation was a vagotomy and
antrectomy.

Functional outcome after gastrectomy was based on conventional clinical
assessment at various stages during follow-up. All patients reported some weight loss and
minimal restrictions concerning food intake. However, serum albumin levels obtained
during follow-up remained within normal limits.

A total of 21 tumour debulking operations (Table Clin 5) were performed. The
majority of procedures were excisions of lymph nodes, either solitary (6) or multiple (2),
resections of duodenal and gastric wall gastrinomas (7), 6 of whom were associated with
regional lymph node metastases. Only one debulking procedure was performed on a
pancreatic gasfrinoma situated on the surface in the body region. Two debulking

procedures were performed on extrapancreatic/extraintestinal gastrinomas.

2.2.5 Results
Follow-up data are available in 35 (88%) of 40 patients, with a mean of 8.5 years;
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range 0-18 years (“Mastersheet”). One patient was lost to follow-up immediately after
surgery, and 4 after 4 years. In 14 patients follow-up is longer than 10 years, and in 9
more than 15 years.

Of the 9 patients who died during the study period only one death (P23) could be
attributed to advanced metastastic disease. One death was alcohol related, one died post-
operatively after septic complications, and another patient of homicide. In the remaining
6, the cause of death remains uncertain; 4 of these patients had a total gastrectomy. At
the time of their gastrectomy there were no signs of widespread metastatic disease.

Autopsies were not performed in these 6 patients.

2.2.5.1 Surgical results

When we exclude those 5 patients who had no formal debulking operation, the
cure rate was 9 of 21 (43%) patients (Table Clin5). 8 patients were cured for more than 5
years, (5 with biochemical confirmation) whereas the remaining éatient (p22) was lost to
follow-up after 27 months (Table Clin6). Two additional patients (P4,8) had normal post-

operative gastrin after surgery, but their disease recurred within 3 years.

4 of the 9 patients who were cured had solitary lymph node involvement by
gastrinoma, The remaining 5 were extra-intestinal /extra pancreatic (1), duodenal/ gastric
wall with lymph nodes (3) and pancreas with lymph node, (1). According to anatomical
sites the best results were obtained in patients with solitary lymph nodes where 4 out of 6

patients were cured (Table Clin5).

7 patients presented with liver metastases (Table Clin8); of whom 4 had
gastrinoma resections from the liver (P10,12,15,16). None of these patients were cured.
Only one patient (P23) died as a consequence of extensive metastatic liver disease. 3 with

bilateral liver disease survive now for more than 10 years, one of them 14 years.

2.2.6 Anatomical distribution of gastrinoma at surgery

There were 6 patients (P1,10,22,23,32,33) with a pancreatic tumour of whom 2
(23,32) did not have surgery (Clin7). One patient (p33) who had previously removal of 2
synchronous duodenal wall tumours had a pancreatic tumour detected at autopsy. 3 of the
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4 patients had metastatic disease to regional lymph nodes (P1,10,22) and to the liver (10).
Only one patient (22) was cured.

Of the conservatively treated patients, one (P23) died three years after the
diagnosis from extensive tumour bulk; the other (p32) is well after an 8-year follow-up.
None of these two patients had chemotherapy or embolization of the hepatic artery.

‘Ectopic’ gastrinomas were observed twice (P26,29), both were located on the
pancreas body outside the ‘gastrinoma triangle’. One of these patients (P26) was cured

after simple excision.

“Primary lymph node gastrinomas” were found in 11 patients, eight of them
were solitary (Table Clin7). Two of these patients did not have formal debulking
procedures and it is possible that a primary was missed. Two patients (P5,6) presented
with tumours on the pancreatic surface and the pancreatic upper border that could easily
be “shelled out”. They contained a ‘halo’ of lymphoid tissue, and were therefore

classified as “gastrinoma lymph nodes” since there was no evidence of a primary tumour.

The patient with resection of a gastric wall gastrinoma tumour (P18) with
metastasis to a regional lymph node was cured at 1 year but lost to follow-up thereafter.
7 patients had duodenal wall gastrinomas (Figure 6C). As mentioned earlier, one MEN
I patient (P33) had two synchronous duodenal wall lesions but a pancreatic tumour was
discovered later at post-mortem. 6 of the duodenal wall gastrinomas were associated with
regional lymph node metastases; and 2 were cured with debulking procedures.

Of the 57 gastrinomas resected (‘Mastersheet of 40 ZES Patients”), 30 (52.6%)
were located in the so-called ‘gastrinoma triangle’, and the remaining 27 on the left side
of the pancreas (left to the superior mesenteric vein; n= 15), the lesser curve of the

stomach (5), duodenojejunal flexure (1), and liver (6).

2.2.7 ZES associated with the MEN I syndrome

In 5 patients (12.5%) ZES was part of the MEN I syndrome (P1,6,20,25,33)
(Table Clinl1). All had documented hyperparathyroidism at some stage of their disease.
A parathyroidectomy was carried out in 4 of them (except P20). All but one (P1)
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presented with elevated prolactin levels at the time of MEN I diagnosis. However, only
one (P25) showed a left-sided pituitary tumour with erosion of the sella turcica on CT
scan. All patients with elevated prolactin levels were temporarily treated with

bromocryptine.

Two MEN 1 patients (P20,25) refused a laparotomy with potential gastrinoma
resection. Three (P1,6,33) had gastrinomas removed: 2 (P1,33) had pancreatic tumours,
and one (P33) two duodenal wall tumours removed during the first operation (see below).
In patient P6 a lymph node containing gastrinoma was incidentally removed with the
gastrectomy specimen. No patient was cured after gastrinoma resection. In 3 (P1,6,25), a
total gastrectomy was necessary to avoid recurrent complications of gastric acid

hypersecretion..

One patient (P33) also had other neuroendocrine lesions. During the first
operation, he had two duodenal wall gastrinomas and one insulinoma resected. Five
years later, he underwent recurrent exploration for a suspected insulinoma but instead a
somatostatinoma was removed next to the second part of the duodenum. Postoperatively,
the patient developed a jejunal perforation, complicated by peritonitis, which culminated

in multi-organ failure and death. A pancreatic tail gastrinoma was discovered at autopsy.

The mean follow-up in the 5 patients is 8.4 years (range 1-15 yrs). 2 patients died;
P1 in 1992 from unknown cause, and P33 post-operatively after septic complications.
One patient (P20) developed lung cancer and was lost to FU. The remaining 2 (P6,25) are
well, although one (P25) is known to have liver metastases since 1986, while the other
(P6) demonstrated two hot spots on SRS indicating possible liver metastases.

2.2.8 ZES in childhood and adolescence

Six patients (P6,8,15,16,18,31) were under the age of 16 years when the diagnosis
was made (range 11-16years). None of their parents had a history with ZES or MEN 1.
All patients in this group had at least one gastrinoma resection at some stage of their
disease. 2 (P6,16) were subjected to a total gastrectomy in the eighties before the
introduction of PPIs. Both had gastric outlet obstruction. Liver metastases were
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histologically confirmed in two (P15,16) adolescents. One (P15) had one liver metastasis
removed 6 years before he died from an unnatural cause (homicide). The second (P16)
had two liver metastases removed in 1986, a CT scan in 1996 revealed additional
metastases but he remained clinically well. A third patient (P6) with MEN I had a
positive lymph node removed during the total gastrectomy in 1982. At follow-up in 1996,
2 hot spots on SRS were shown in the right liver lobe indicating possible liver metastases.
His serum gastrin level was 296 pg/ml, and the secretin test was positive. |

The mean follow-up in the 6 patients was 11.2 years (range 8-15 years). 3
(P6,1$,31) had normal serum gastrin levels after gastrinoma resections; P6 had
recurrence after 35 months, P18 was lost to follow-up one year after surgery, and patient
(P31) was a long-term cure after resection of a solitary lymph node from the gastro-
hepatic ligament.
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2.3 Discussion

2.3.1 Introduction

Only few reports, mostly from multicenter study groups such as the National
Institutes of Health (NIH) in the United States and the Zollinger-Ellison Study Group in
France, have been able to incorporate large numbers of patients. While these large studies
have significantly improved our understanding of this rare and unique functional
endocrine tumour, the heterogeneous nature of the patient data accrued from many
participating centres has limited their value to some extent.

The 40 patients with ZES that form the basis of this thesis were managed and
prospectively studied over a 20-year period by a dedicated team of medical and surgical
gastroenterologists in the Gastrointestinal Clinic at Groote Schuur Hospital. Tﬁe data
reflects the evolving changes that occurred in the diagnostic and therapeutic approach to
the disease during the study period. Importantly, the long-term follow-up permits a
detailed analysis of the natural history of gastrinomas, the efficacy of various treatment

strategies and the prognosis.

2.3.2 Epidemiology

This series constitutes one of the largest single centre experiences with the ZES.
While the large numbers accrued in this series may be construed as representing a higher
incidence when compared to other countries we believe that a more likely explanation is
the tertiary referral pattern to our centre with a particular interest in the disease. While
most ZES patients were diagnosed at GSH, 15 came from outside Cape Town and the
Western Cape region. Fourteen of the 15 were referred from rural parts of the country, 9
of whom were from the Eastern Cape. Reliable epidemiological data are also not
available to determine the incidence of ZES in South Africa.

Compared to other series (Table Clin9) our patients were on the average 10-15
years younger, had proportionately more males and there were fewer patients with the
MEN 1 syndrome. Again, these differences may be explained on demographic variations

as most reports are based on multicenter studies.
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2.3.3 Surgical management
2.3.3.1 Intra-operative methods to localize gastrinoma

We investigated the role of intra-operative endoscopic trans-duodenal
illumination prospectively in the 5 patients who had surgery after somatostatin receptor
scintigraphy. No additional tumours were found in the duodenal wall in our series. Frucht
and co-workers (1990) reported an 83% sensitivity of this method for duodenal
gastrinomas although it remains unclear whether the duodenal gastrinomas were detected

either before or after duodenotomy.

2.3.3.2 The role of vagotomy

Richardson (1979, 1985, McArthur, Richardson 1996) and co-workers were the
first to introduce vagotomy to augment the acid suppression by H2RA. They showed in
1985 that the addition of a parietal cell vagotomy at the time of an exploratory
laparotomy could result in a 75% decrease in the basal acid output. It should be noted,
however, that tumour debulking was also carried out in 43% in their series, which makes
it difficult to distinguish the effect of tumour debulking from that of vagotomy.

There are other investigators who continue to use vagotomy in selected cases.
Jensen (1997) argues in favour of vagotomy when no tumour is found and when acid
hypersecretion is poorly controlled by PPIs. Indeed, 35% of his patients on long-term
PPIs became hypochlorhydric associated with vitamin B12 and iron deficiency (Dutta
1994). However, Kopp could not confirm a similar finding in his series (1992).

In our vagotomy series (Tables Clin3 and Clin4) 14 patients did not have
gastrinomas resected but a significant drop in BAO (from a mean of 30.8 mEq/h before to
6.35 mEqg/h after vagotomy; p<0.004) was achieved. A substantial decrease of BAO was
also noted after tumour debulking without vagotomy (Tables Clin4 and SRS3).

The rationale for vagotomies must be seen in the context of an era when potent
acid suppression was not available, where long-term H2RA showed substantial side
effects, and when surgical cure was achieved in few patients. With the advent of PPIs
vagotomy with the purpose to augment acid suppression is now no longer indicated and
in our practice total gastrectomy is a better option in the rare cases where acid

suppression is erratic with PPI therapy.
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2.3.3.3 Partial gastrectomy

All 9 partial gastrectomies with or without vagotomy were carried out before the
diagnosis of ZES was made. Our experience confirms the observation made by RM
Zollinger in 1985 that this operation increases the risk of complications despite much
improved medical therapy today. 4 of the 9 patients ultimately required a total

gastrectomy for complications, 2 of whom for intractable oesophagitis.

2.3.3.4 Total gastrectomy

Total gastrectomy is now rarely performed in first world countries (Brennan 1985,
Jensen, Gardner 1991). Most of our 11 patients had their total gastrectomies before PPIs
became available. Nevertheless, life-long maintenance on PPIs poses major fiscal and
compliance problems particularly in a population group such as ours who cannot afford
expensive drug therapy and where patients often live in remote places. In these patients a

total gastrectomy remains a viable, if not preferred, option.

Total gastrectomy unfortunately still carries a stigma of crippling sequealae, but
this has been associated mostly in patients with gastric cancer (Cuschieri 1996).
Malagelada (1983) reported side effects in 50% of cases that included oesophageal
reflux, early satiety, cramping and anastomotic strictures in 17% of patients. However,
our results mirror that of Thompson & Lewis (1983) and the experience by Wilson
(1991) in children showing few side effects with excellent functional results in 7 of our
11 patients. The 4 remaining patients died of unrelated disease.

The patients who came from rural area often did not have reliable supplies of
PPI’s from clinics, hence the decision to do a total gastrectomy in some of them.

We conclude that a gastrectomy may be considered as a last resort in cases that do
not respond adequately to acid inhibitory medication or in those who remain exposed to

life threatening complications because of unreliable supply of proton pump inhibitors.

2.3.3.5 Is more aggressive surgery indicated in ZES?
Explorative laparotomy with local gastrinoma resection is currently recommended
as the procedure of choice in patients without metastatic disease. Biochemical cure can be

expected in 20-30% of patients (Mignon 1995). However, this approach offers two
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benefits as outlined previously. First, reduction of the tumour burden decreases the risk of
metastatic spread to the liver with the potential of improving survival (Fraker 1994;
Ellison 1995), and secondly, it has the beneficial effect of significantly decreasing basal
acid output, which facilitates medical acid control (see SRS chapter 4.2.4).

Whether more aggressive surgical approaches will increase the cure rate remains
a point of debate. Oberhelman (1960) proposed the Whipple operation as early as 1960,
only 5 years after the first description of ZES. At that time, it failed to gain widespread
acceptance due to the procedure’s high morbidity and mortality. With the significant
reduction of operative mortality (Trede 1990) pancreatoduodenectomy has been strongly
advocated by some institutions, which report cure rates of 82% (Howard 1990) to 100%
(Delcore, Friesen 1992) in a small number of patients. Nevertheless, with the benign
nature of gastrinomas, the adoption of such a major procedure remains controversial
unless a subgroup of patients can be identified who will clearly benefit from this

approach.

2.3.4 Surgery in ZES associated with MEN 1

The indication for gastrinoma resections in patients with ZES/MEN I remains
controversial. Those who argue against surgery point out that cure is rarely achieved in
MEN I patients due to the multicentricity of tumours (Pipeleeers-Marichal 1993; Norton

" 1999), and that the prognosis in gastrinomas associated with MEN I may even be better

than in sporadic gastrinomas (Mignon, Cadiot 1996). Cadiot observed that surgery had no
significant impact on survival when he compared 48 patients with surgery to 29 without
(Cadiot 1999). This is true particularly for patients without large pancreatic tumours.
However, his group concedes that resection is indicated for large gastrinomas because
there is a greater risk of developing liver metastases (Fraker 1994; Cadiot 1999).

Recent support for explorative laparotomy in MEN-I patients comes from the
NIH (Norton 1999) and a German group (Kisker 1998). They recommend tumour
debulking in all cases, provided that the tumour is located by pre-operative imaging
(Kisker, Fries 1997; Jensen 1997). However, in a recent report by the NIH group (Norton
1999) this strategy yielded no cure in 28 MEN I patients.
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As with other reports the majority of our MEN I patients had associated
hyperparathyroidism. A parathyroidectomy was the initial surgical procedure in 4 of §
patients. One patient had temporarily normalization of calcium and gastrin levels, which
is similar to the experience by Norton (1987). There was only one patient (p33) in this
series who presented with additional neuroendocrine tumours namely an insulinoma and

a somatostatinoma.

2.3.5 Outcome in accordance to tumour site

Pancreatic gastrinoma. 6 of our 40 patients (15%) had gastrinoma in the
pancreas; 2 of them were not operated upon because of extensive disease (Table Clin7).
This is a similar figure compared to the 17% reported by the NIH (Norton 1999). In
previous studies, 30-50% of gastrinomas were found to be present in the pancreas
(Deveney 1978; Bonfils 1981; Zollinger 1984). The decrease in proportionate number of
pancreatic gastrinoma in the last two decades could be attributed to the increasing
awareness of extrapancreatic tumours in the gastrinoma triangle (Stabile 1984) and, what
was previously thought to be pancreatic tumours, were in fact gastrinomas sitting on the
surface of the pancreas. In this respect we reclassified 2 gastrinomas located on the
surface of the pancreas (P5,6) as lymph node primaries when reviewing the histology;
both tumours were surrounded by a “halo” of lymphoid tissue.

All 6 pancreatic tumours were associated with lymph node metastases, 3 had
additional liver metastases. There was only one surgical cure (P22) in a patient where a
superficial tumour and a lymph node were removed; he was lost to follow-up after 27
months. In a series published by Kisker (1998), 12 of 24 pancreatic gastrinomas had
metastases of which 6 had liver metastases. However, in a more recent communication
from the NIH (Norton 1999) only 3 of 21 patients with pancreatic tumours were
associated with metastases. This raises the question whether differences in the
interpretation of anatomical location and histopathological classification could account

for the discrepancies between different centres.

Tumours located in the pancreas seem to have a more aggressive behaviour in

terms of liver metastases, and present a lesser chance of achieving surgical cure.
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Nevertheless, the prognosis in these patients in our series was still good. There was only
one tumour death in our series in a patient (p23) with a large primary in the pancreatic
head associated with liver metastases. The other deaths (P1,33) were not tumour related.
2 patients (P10,32) with associated liver metastases are alive at 6 and 13 years,

respectively.

‘Ectopic’ gastrinoma. 2 patients were identified with ‘ectopic’ gastrinomas
defined as extrapancreatic, extraduodenal. These tumours were located on the surface of
the pancreas. Wu (1997) in the NIH experience found ectopic gastrinomas in 5.6% of
patients but unlike ours located in the liver, common bile duct, omentum and jejunum.
These patients seem to have a favourable outcome with surgical excision. Norton and
Doppman (1992) reported a cure rate of 63% while in our small series of two one patient
was cured.

As in the case of ‘primary’ lymph node gastrinomas, the origin of these ‘ectopic’
tumours remains an enigma. While the duodenum and the stomach contain a large
number of gastrin-producing neuroendocrine G-cells, it remains difficult to explain the
origin of tumours in the pancreas apart from that these gastrinomas may derive from a
different cell line than those gastrinomas found at other locations.

Stabile and Passaro (1984) noted that gastrinomas lie predominantly
extrapancreatic in the anatomical area referred to as the “gastrinoma triangle”. In a more
recent publication (Passaro 1998) they hypothesize that gastrinomas within the triangle
arise from stem cells from the ventral pancreatic bud which become dispersed and
incorporated into lymphoid tissue and the duodenal wall during the ventral bud’s
embryogenic dorsal rotation within the described area.

Their hypothesis is based on the observation that gastrinomas within the triangle
express pancreatic polypeptide (PP), whereas tumours outside the area are PP-negative.
This observation, however, is based on a very small number of tumours (n=14),
furthermore, the theory does not explain the origin of sporadic gastrinomas in the
pancreatic body/tail area or in lymph nodes found outside the triangle (e.g. lesser curve of
stomach).

Chaudry (1994) favours another theory for the origin of gastrinomas. It is based

on the expression of the marker CD44. He found CD44 in gastrinomas and pancreatic
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duct cells, but not elsewhere in the pancreatic tissue. He concludes that the pancreatic
ductal cell positivity for CD44 strengthens the ductal origin concept of gastrinomas
(Chaudry 1994).

The question of where gastrinomas derive from remains highly speculative and
will require future studies, particularly on the genetical level, to shed more light on this
poorly understood process. This will hopefully improve treatment strategies, which may

ultimately be non-surgical.

Gastrinoma in lymph nodes without primary were found in 11 patients; 4 of
the 6 who had formal debulking operation were cured (Clin7). Interestingly, patients
with solitary lymph node gastrinoma constituted the largest group in our series, which is
different to the experience by the NIH series where only 14% of their gastrinomas fell
into this category. However, of their 15 patients, 12 remained disease-free at 5 years.
Other reports are anecdotal, with most of them reporting only one to 3 patienfs with short
follow-up (Wolfe 1982; Thompson 1985).

The use of the term ‘primary lymph node gastrinomas’ is debatable. Lymph node
gastrinomas should only be designated as ‘primary’ when follicular tissue is present
without a detectable primary tumour, and cure is achieved after resection. From a
pathological perspective it remains difficult to explain the phenomena of primary lymph
node gastrinoma and why many of these patients are cured with simple excision. These
tumours may arise from neuroendocrine cells in the lymph nodes but in a study from the
Mayo Clinic (Perrier 1995) this was a rare occurrence (less than 1% of 1026 investigated
lymph nodes). Other explanations are regression of an occult primary, resection of a
primary at the time of previous gastric surgery or inadequate follow-up (Perrier 1995). In
patients who were not cured and those who developed recurrence with long-term follow-
up, the primary was most likely occult in nature (analogous to the lateral aberrant thyroid
nodule) at the time of the initial operation. Most of these tumours are located in the

duodenal wall.

Liver metastases. The prognostic implications of liver metastases in ZES remain
a subject of debate. Sutliff and co-workers (1997) observed that a large proportion of
patients with LM (42%) experienced rapid growth with a high mortality rate (62%).



31

Kisker (1998) observed an actuarial 5-year survival of 28% in patients with LM,
compared to 100% in those without. However, the majority (Ellison 1987; Hirschowitz
1997) including our own series suggest a much more benign course. Ellison (1987)
reported a 15-20 year survival of patients with LM, and a similar experience was reported
by Hirschowitz (1997).

With the probability of cure in patients with liver gastrinomas, Moriura and others
recommend removal of secondaries (Moriura 1993; Goletti 1992). While local excision
of solitary or limited number of LM would seem reasonable, the role of surgical removal
in the presence of multiple liver metastases with or without other tumour bulk should be
questioned because of the good prognosis with conservative treatment. By the same token
chemotherapy would seem to be an unnecessary radical approach.

The present role of different adjuvant treatments for metastatic disease to the liver
remains unclear. There is no clear evidence that chemotherapy, embolization, irradiation
or biotherapy increase survival. Most treatments have usually been reported in studies
involving different types of neuroendocrine tumours. Furthermore, criteria for assessing

tumor response to chemotherapy vary considerable amongst different studies.

Duodenal Gastrinomas. The reported incidence of duodenal gastrinoma has
increased substantially in recent years. 6 of our 7 patients with duodenal wall gastrinomas
had metastatic spread to regional lymph nodes. This observation is similar to other
reports (Howard 1990; Arnold 1994), but not to the recent NIH series (Norton 1999),
where only 29% of duodenal tumours presented with regional LM metastases. 2 of our 6
patients with metastatic LN spread were long-term cures stressing again the importance
of regional LN resections.

The frequent spread to regional lymph nodes and the difficulties in detecting
small (and microscopic) duodenal wall tumours prompted some investigators to
recommend a Whipple procedure with the aim to increase the chance of a surgical cure
(Delcore 1992, 1994; Udelsman 1993; Stadil 1995). However, the indication for
aggressive resections remains controversial since clinical experience is limited, and the
specific subgroup of patients who benefit from such an approach has not yet been
identified (Delcore 1992; Fraker 1994). The strongest argument against aggressive

procedures is the good prognosis of ZES patients with local resections alone and the



52

increased morbidity and mortality associated with extended resections including
pancreaticoduodenectomy. However, an argument can be made to perform a
pancreaticoduodenectomy in the sporadic form for multifocal duodenal wall tumours

with or without lymph node metastases in the gastrinoma triangle.

2.3.6 Follow-up in ZES

10 (25%) patients died during the follow-up. There was only one death directly
related to tumour metastases. Other causes included cancer, alcohol intoxication, and
homicide. The ZES related mortality might well be slightly higher since 5 patients were
lost for follow-up.

Nevertheless, our results on survival are similar to the recently large series
published by the NIH (Norton 1999) on 151 ZES patients. The 10-year survival in
sporadic gastrinomas was 95%, and for MEN 1 patients, 88%. There is only one study
where 25% of ZES patients had a more progressive course leading ultimately to death
(Weber 1995). The disease was characterized by the rapid development of liver
metastases, large pancreatic tumours, higher serum gastrin levels, and occurring

predominantly in females.

The favourable outcome observed at Groote Schuur Hospital may be explained by
a policy of tumour debulking which was introduced since the early 80’s. Several studies
provided evidence that tumour debulking in ZES patients significantly decreases the
chance of developing hepatic metastases (p<0.003) and, improved survival (p<0.008)
(Fraker 1994; Ellison 1995). Thus the rationale for tumour debulking is not only based on

facilitating acid control but also improving the prognosis.

2.3.7 ZES in childhood and adolescence

The concern in young patients with ZES is the compliance and safety of life-long
medical treatment with proton-pump inhibitors on the one hand and the reluctance to
perform radical surgery on the other.

Reporting on a 25-year follow-up on 8 young ZES patients, Wilson (1982,1992)
preferred total gastrectomy to life-long medical management when surgical cure is not

achieved. Concerns have been expressed on the long-term safety of PPIs including the
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potential development of gastric carcinoids from enterochromaffin-like cell hyperplasia,
or bacterial overgrowth as a result of achlorhydria (see “Pantoprazole Trial” 5.3).
Colorectal adenocarcinoma has also been linked to hypergastrinemia. However, current
data suggest that PPIs are safe without side effects (Jensen 1996; Freston 1997). The
development of carcinoid tumours which has been observed in rat models after prolonged
hypergastrinemia has only been associated with ZES in the context of familial MEN I
(Freston 1992) but not in sporadic gastrinomas. The hypothesis of development of
gastrointestinal adenocarcinoma generated by hypergastrinemia is tenuous at best
(Freston 1991; Lechago 1993; Feston 1997). Although the number of patients is small,
none of these effects have been observed in this series during a mean follow-up period of

more than 11 years.

Wilson’s support for total gastrectomy in young ZES patient should thus be
questioned except for those who are not compliant, or where as in our situation,
geographical reasons may preclude a regular supply of medication. Young ZES patients
should otherwise be diagnosed and managed in every respect like adult gastrinoma

patients.

2.4 Summary and conclusions

While the Groote Schuur experience with the ZES mirrors to a large extent the
reports from multicenter studies (Norton 1999; Cadiot 1999), the study is unique in that it
is the largest reported series from a single centre.in a Third World setting. One of the
strengths of this experience is the long-term follow-up (mean of 8.5 yrs) with relatively
few patients defaulted from study.

While vagotomy was introduced to augment acid suppression during the H2RA era
with good effect, this approach was soon abandoned with the introduction of PPIs. From
an early stage (1980°s) the emphasis on surgical treatment has shifted to formal tumour
debulking procedures, supported by PPI therapy. The outcome of this approach has

yielded good results not only in terms of preventing life-threatening peptic ulcer related
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complications but also achieved a cure rate comparable to the large experience by the
NIH (Norton 1999) and the Paris ZES Study Group (Cadiét 1999). The prognostic
implications of tumour site have been highlighted in this series. This study has identified
a subgroup of patients who are most likely to be cured by debulking operations namely,
those with extrapancreatic extraintestinal gastrinoma in particular, and somewhat
surprisingly those with solitary lymph node gastrinomas. In this regard careful re-
examination of all pathological specimens has changed the spectrum of tumour
distribution in our series and highlights the pitfalls of classifying tumours in the
immediate region of the pancreas as pancreatic of origin, which seem less likely to be

cured by surgery.

This study also confirmed that MEN I patients are not cured by surgical debulking
nor those with multiple liver metastases. However, the prognosis was still excellent in
these patients and we can therefore not support the treatment of these patients with

potential harmful chemotherapeutic regimes.

Children and adolescents constituted a relatively large proportion of this series.
Although some of these young patients who were not cured by debulking operations
required total gastrectomy this was done mostly for reasons other than poor acid control.
While total gastrectomy is now less often performed in our practice this operation still
has a place for patients living in remote parts of the country where medical supplies are

unreliable.

The overall prognosis in the GSH series is excellent and compares favourably
with other reported series. We believe that the results achieved by a policy of formal
debulking operations in the sporadic form of the disease without overt liver metastases is

vindicated.
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Chapter 3

Biological tissue markers

There remains a lack of accurate markers of malignant potential and prognosis of
gastrinomas. Morphological criteria alone are unreliable, and results derived from serum
markers have been inconclusive. The availability of a large number of pathological
specimens has allowed a detailed assessment of the possible correlation between various
biological markers and tumour behaviour.

The tumour markers that have been used in this study had either been studied by
other investigators, providing inconclusive results (PCNA, CD44), or they were already
established as prognostic indicators in other tumours, but had not been tested in
gastrinomas (bcl-2, Mib1/K67, p21).

3.1 Methods

3.1.1 Tissue samples

This study was based on 24 specimens obtained from 19 patients who had
gastrinoma resections between 1981 and 1994. Table Biol summarizes the basic clinical
data of the patients. 8 of the 19 patients were cured, five are currently on long-term
medical treatment with proton-pump inhibitors, one was lost to follow-up, and 5 died.
Their deaths were not related to ZES (see ‘Mastersheet’).

The specimens consisted of 15 gastrinoma lymph nodes, 6 duodenal wall
tumours, and one wedge resection of a gastrinoma liver metastasis. The remaining 2
samples were pancreatic tumours “shelled out” from the pancreatic surface.

2 specimens were available in 3 patients, and 3 in one patient. All samples were
fixed in formalin and embedded in paraffin shortly after the resection.

3.1.2 Staining Techniques
All specimens had been fixed in paraformaldehyde immediately after surgery, and
embedded in paraffin. Only paraffin sections with the best-preserved tumour were

selected for the study. The sections were cut and mounted on APES-coated slides, then
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deparaffinized in xylenes and rehydrated with graded alcohols. Endogenous peroxidase
was blocked by incubating sections in 1% hydrogen peroxide in methanol for 15 minutes.
After washing in tap water, sections were subjected to antigen retrieval with 0.1% trypsin
in Tris buffer (1M, pH 7.8) at 37° C for S minutes. This was followed by incubation in
IM citric acid buffer (pH 6) that had been microwaved for 10 to 20 minutes. Slides were
then rinsed in phosphate buffered saline (PBS) at pH 7.6 and then sensitized with 10%
normal rabbit or swine serum for 10 minutes at room temperature.

The sources of primary antibodies and their dilutions are designated below.
Sections were incubated with primary antibodies (2-8 pl/ml depending on the antibody)
for 60 minutes at room temperature, except for p53 and Waf 1, which were incubated at
4° C overnight. Sections were then rinsed in PBS and incubated with biotinylated
secondary antibodies. Rabbit anti-mouse and swine anti-rabbit antibodies were applied
(concentrations 1/50 to 1/200 depending on the antibody) for 30 minutes at room
temperature, followed by a PBS wash and a 30-minute incubation with peroxidase
conjugated avidin at room temperature. The formation of antigen/antibody (Ag/Ab)
complexes was visualized with diaminobenzadine (DAB). Sections were washed in tap
water, and counterstained in Mayer’s hematoxylin, then dehydrated, cleared, and finally
mounted. Ag/Ab complexes stained dark brown with DAB,

Staining with p53, bel-2, p21 (Wafl/CIP1) was interpreted either positive or
negative. For PCNA, we interpreted the staining either being weak, moderate, or strong,
and for CD44 either weak or strong (according to Chaudry 1994). The percentage of
Mib1/K67 positive cells was determined twice in each sample with a microscope scoring
a minimum of 2000 tumour cells in areas of highest immunostaining (according to Pelosi
1992). All slides were interpreted by one experienced pathologist (P.K.) and the author.

Immunocytochemical detection was obtained with monoclonal anti-p53 (D07)
antibody (Dako A/S, Copenhagen), anti-Mib-1 antibody (Calibiochem, CA, USA), anti-
bel-2 antibody (Dako A/S, Copenhagen, Denmark), anti-p21 (Wafl/CIP1) antibody
(Novocastra, Newcastle-on-Tyne, England), and anti-CD 44 antibody (clone A3DS,
Whitehead Sc

The software used to evaluate the data was MINITAB (Version 12 from Minitab
Inc., State College, PA, USA). The Pearson product moment correlation coefficient was

used to measure the degree of linear relationship between two variables. A value of
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p<0.05 was considered to be statistically significant.

3.2 Results

Table Biol summarizes the staining results obtained in each tissue sample,
together with the corresponding clinical data.

All gastrinomas stained positive for gastrin, but only half of them for
somatostatin. Of the total of all 24 specimens, pS3 was positive in 29%, bcl-2 in 13%,
and p21 (Wafl/CIP1) in 21%. CD44, Mib-1, and PCNA were positive in all tumours,
although the staining intensities differed (Table Bio2).

p53 was positive in one third of the lymph nodes, and in 1/6 duodenal wall
gastrinomas. The marker was positive in about 30% in cured and non-cured patients
(Table Bio3). p53 was positive in 3/5 p2l-positive samples (correlation coefficient
r=0.348, p= 0.096), and in all three bcl-2-positive specimens (r= 0.589, p= 0.002).

No bcl-2 staining was found in duodenal tumours, with minimal staining in 2/15
lymph nodes. For bcl-2 there was also no difference among cured vs. non-cured patients.
However, all positive bcl-2 staining was strongly associated to PCNA staining (r=0.589,
p= 0.002).

The weakest staining for Mib1/K67 was found in duodenal wall gastrinomas,
whereas staining intensity was almost equally distributed when all 24 tumours were taken
together.

An equal distribution of staining intensity was found for PCNA, particularly in
lymph nodes, and CD44. The 2 pancreatic tumours showed strong PCNA, but weak
CD44 staining intensity. There was a strong association between p21 and PCNA staining
(r=0.574, p=0.003), and p21 and bcl-2 (r=0.427, p=0.038). When CD44 staining is
compared in cured versus non-cured patients, there is a trend of more tumours showing
weak staining in the cured, compared to stronger staining in the non-cured group (Table
Bio3). We also found an inverse correlation between positive bcl-2 and weak CD44
staining (r=-0.411, p=0.046).

Any other correlations between the different biological markers not mentioned
were statistically not significant.

Unfortunately, it was not possible to compare patients with single tumours and
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those who had multiple gastrinomas, because in 8/19 patients, not all tumours resected at
surgery were available for immunostaining.

3 patients (P5,14,31) had removal of solitary lymph nodes with subsequent cure.
We compared their staining patterns (a) to lymph nodes in patients who were not cured
(P4,19,17) and (b) to those that were associated with a primary (cured: P22,13,18; no
cure: P6,8,10,35,17,33). Staining in all groups was heterogeneous and did not allow
identifying a trend in either group.

Table Bio4 provides information about those patients who had a primary
gastrinoma and a lymph node removed either at the same time (in 3 pts) or on two
different occasions (1 pt). The gastrinomas in patient P8 resected in 1990 are the only
ones in our small series of 4 patients where the primary and a metastasis showed identical
staining pattern with all antibodies. This pattern, however, was different when compared
to the lymph node that was resected eight years earlier.

The mean size of pancreatic gastrinomas was 19 mm (range 18-20mm), lymph
nodes 13.1 (5-30 mm), and duodenal wall tumours 10.1 mm. Due to the small number of
pancreatic tumours a difference between pancreatic and duodenal tumour size could not

be determined statistically.

3.3 Discussion

There is a paucity of pathological criteria and tumour markers in determining the
malignant potential and aggressive behaviour of gastrinoma tumours (Jensen 1997).
Serum tumour products such as pancreastatin, alpha-human chorionic gonadotropin
(HCG) and B-HCG as well as various forms of gastrin (progastrin, amidated gastrin,
glycine extended forms) were correlated to the presence of malignancy, but their
usefulness remains unclear (Jensen, Gardner 1993).

The rationale for this study was the experience from other oncological areas
where biological tissue markers are increasingly used in clinical practice to guide
therapeutical decisions; particularly the cell cycle marker p53 has gained importance in
breast and colonic cancer (Zolota 1999; Turner 2000; Sinicrope 1999; Bukholm 2000).
Similar investigations in neuroendocrine tumours have been performed occasionally, with
inconclusive results (Pelosi 1992; Chaudhry 1994; Ruschhoff 1993; Imam 2000).
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pS3

Abnormalities of the gene p53 represent the most common alteration identified in
human malignancies (Chang 1993). The wild-type p53 is a regulator of cell cycle. It
prevents cells with abnormal DNA from entering mitosis (Jacks 1996). Should the
damage be irreparable, p53 targets the cell for self-inflicting death or apoptosis. While
normal p53 is not immunohistochemically detectable at a significant level, the mutated
protein is stabilized and thus presents at much higher levels that makes it easily
identifiable (Levine 1991).

Our study demonstrates that about one third of gastrinomas stained positive for
p53. A similar distribution of positive staining was found in the two groups, cured versus
non-cured patients. Tomita (1993) detected a slightly higher rate of 49% pS53-positive
gastrinomas, but no correlation to survival. In contrast, the Paris ZES Study Group (Jais
1998) detected circulating anti-p53 antibodies in sera of 16% of 44 ZES patients, and was
able to associate this finding to liver metastases (p=0.0017) and shorter survival

=0.012). In contrast, only 1 out of 7 p53 positive patients in our study had a single liver
metastases removed. The Paris study is the only investigation today where p53
expression, although in serum, has been positively linked to outcome.

It should be mentioned that p53 staining has been observed not only in pancreatic
gastrinoma tumour cells but in normal adjacent islets as well. The significance of this
finding is unknown at present (Tomita 1997).

Immunocytochemical tissue staining for p53 has to be interpreted carefully,
because it may not directly reflect genetic pS3 base changes (Louis 1993; Bartz 1996).
At this stage, overexpression of p53 in gastrinomas should still be considered with

caution when used as a marker for malignancy.

bel-2

The bel-2 family consists of both inducers and repressors of apoptosis (Boise
1993). One potential function of the proteins is to mediate/guard against alteration in
mitochondrial transmembrane potentials (Yang 1997).

There are currently no reports on gastrinoma staining with bcl-2. We found
positive staining in 13% of tumours. There was no difference between the two groups,

cured versus non-cured. If we take the benign nature of gastrinomas in our series into
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consideration, our findings do not correlate to bcl-2 staining results obtained in other
oncological areas. Zolota (1999) observed a near lack of staining particularly in
aggressive tumours of the breast; however, he found a correlation between pS3 and bcl-2,
as in our series (p= 0.002). In another study on colon carcinomas (Sinicrope 2000), bcl-2
overexpression was associated with more favourable outcome (p=0.04). With the limited
data available, we cannot explain the lack of bcl-2 staining, which is linked to a relatively

good prognosis in our gastrinomas.

Mib1/Ki-67

Proliferative activity can be estimated by immunohistochemical demonstration of
proteins expressed in cycling but not in resting cells. In the past, Ki-67 antigen has been
shown to be the most reliable marker of cell proliferation (Brown 1990). The Mib-1
antibody has replaced Ki-67 because it can be used in paraffin sections, which allows
investigations of archival material.

Mibl has not been investigated in gastrinomas yet. Whereas expression was
equally distributed among lymph nodes, minimal staining (<1%) was found in the
majority of duodenal gastrinomas. However, when we compared the two clinical groups
cured versus non-cured (Table Bio3), there was no pattern evident that would indicate a
staining preference of one group versus the other.

When staining for Mib1/K67 and PCNA was compared in neuroendocrine
tumours (Pelosi 1992), no significant differences were found. We made the same
observation except in duodenal gastrinomas, which showed minimal staining with
Mib1/K67 but stronger expression of PCNA.

p21 (Wafl/CIP1)

A more recently identified gene, Waf 1/Cipl, is activated by wild-type p53 (Jacks
1996). Its product is an inhibitor of cyclin-dependent kinases, which regulates.entry into
the DNA synthetic phase of the cell cycle. Although p53 independent induction of the
gene Waf 1 has also been shown, it has been suggested that p21 (Wafl/CIP1) protein
expression could reflect the functional status of p53 (Bukholm 1997). This marker has
been mainly investigated in different types of carcinomas but not in gastrinomas.

p21 (Wafl/CIP1) has not been studied in gastrinomas before. The marker was
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positive only in a small fraction of lymph nodes and duodenal gastrinomas, but in both
pancreatic tumours. It was more often positive in patients who were not cured, which is
contrary to findings in colon carcinomas, where the absence of p21 was strongly
associated with development of metastases and death (Bukholm 2000). The same author
observed a strong association between p53 and p21, which was not the case in our study

(p=0.096). A larger series could find evidence for the role of p21 in gastrinomas.

PCNA

Proliferating cell nuclear antigen (PCNA), is a nuclear polypeptide that is
associated with cell proliferation (Landberg 1990). It is an auxiliary protein to DNA
polymerase delta, and its presence appears to be necessary for DNA replication
(Jaskuselski 1988). PCNA is present in various degrees in all stages of the cell cycle
(Bravo 1987). The PCNA staining was found to reflect on the tumour growth fraction,
which may allow to distinguish local from advanced tumours and predict malignancy
(Imam 2000; Tomita 1997).

PCNA was positive in all our gastrinomas. Weak, moderate, and strong
expression was equally distributed in all locations, except for the 2 pancreatic tumours,
which both stained strongly positive. Our findings are in accordance to the investigation
by Tomita (1997) who also stained all gastrinomas with PCNA.

CD44
Intensive research on CD44 has been done in malignant melanomas and
neuroendocrine tumours of the lung. Dietrich (1997) reported that in melanoma patients
high levels of CD44 are associated with increased metastatic risk and reduced survival
(p<0.05). Coppola and co-workers (1996) investigated various splice variants of CD44 in
neuroendocrine tumours of the lung. Interestingly, they found that expression of the
standard form of CD44 and the v6 isoform of CD44 are inversely correlated with more
aggressive types of neuroendocrine tumours. In pulmonary carcinoids for example, the
loss of CD44v6 was associated with nodal metastases, but no difference was noted in
survival in CD44v6-positive and negative patients (Coppola 1996).
Chaudry (1994, 1997) belongs to the few investigators who reported on
the expression of CD44 in gastrinomas. Similar to our series, Chaudry detected CD44



62

expression in all gastrinomas, but not in other gastroenteropancreatic tumours except for
some non-functioning endocrine pancreatic tumours. Although CD44-positive tumours
seem to metastasise to regional lymph nodes, it had no significant impact on survival
(Chaudhry 1994). Our own investigation found CD44 expression in patients to be
stronger in those who were not cured compared to those who had a favourable outcome
after surgery (Table Bio3). In a recent publication by Imam (2000), CD44 expression
could be linked to a lack of metastases (p=0.001) in 26 endocrine pancreatic tumours,
including 5 gastrinomas.

Weak CD44 staining was observed in the 2 pancreatic tumours (one patient
cured), with all other tumours showing an almost equivalent distribution of weak and
strong staining. It is difficult to draw any conclusions from this limited observation.
CD44 may be useful to indicate higher malignancy in neuroendocrine tumours, as
indicated by others (Chaudhry 1994, Komminoth 1996), although metastatic spread to
lymph nodes may not necessarily translate into a poor prognosis.

CD44 expression has also been linked to the development of gastrinomas. Since
expression of CD44 is observed mainly in the pancreatic duct of some non-functioning
islet-cell tumours and in gastrinomas, a Swedish group from Uppsala hypothesized that
multipotent stem cells in the pancreatic duct might be the origin of gastrinomas
(Chaudhry 1994). This hypothesis awaits confirmation.

3.4 Conclusions

Our study demonstrated that gastrinomas from different locations did not show a
specific pattern of antigen expression (Table Bio2), and that the expression of each
marker did not differ in the cured versus the non-cured patients, except for CD44, which
showed slightly stronger staining in the non-cured group (Table Bio3). Identical staining
patterns of the primary and its metastases was found in only one out of 4 patients where
multiple specimens were obtained at the same time. However, this pattern was different
from a tumour resected 8 years earlier, suggesting that the biological tumour behaviour
may change over time.

We also could not find any staining differences when we compared solitary lymph

nodes of patients who were cured to lymph nodes that were associated with a primary in
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either cured or non-cured patients. However, there might be some interesting associations
between certain markers, although the significance of this finding cannot be fully
evaluated due to the small number of specimens studied.

It should be mentioned that the results of immunohistochemistry depend on
various fixation regimens, sensitivities and specifities of different antibodies, and the
detection systems employed. Efforts to standardise the immunohistochemical techniques
and interpretation, possibly by automation, quantitation and image analysis may help to
reduce the variation in data interpretation.

Besides the small number of samples, the fact that no patient died during the
observation period due to ZES limited the statistical evaluation of the study. The
relatively benign course of ZES found in our series was recently confirmed by a larger
study from the NIH, where only 3 out of 151 ZE patients died as a consequence of ZES
(Norton 1999). For these reasons, it was only possible to evaluate gastrinoma
aggressiveness, expressed by the tendency to metastasise. However, none of the markers
as defined by immunocytochemical analysis were useful predictors of aggressive tumour
behaviour, except for CD44, which may indicate an increased tendency of gastrinomas to
spread.

At this stage it seems that immunohistochemical markers have little or no role to

play in dictating treatment strategies.



Chapter 4
Somatostatin receptor scintigraphy (SRS)

The introduction of SRS at GSH in the 1990’s has allowed a critical appraisal of
whether this expensive imaging modality has improved the surgical cure rate when

compared to a period when only conventional imaging was available.

4.1 Methods
4.1.1 Patients

12 patients were studied prospectively (10 males, 2 females; mean age 46.3 years;
range 24 to 76 years; two with MEN-I syndrome). 7 of the 12 patients previously had

surgery; 5 had a gastrinoma resection without cure, and in 3, no tumours were detected.

4.1.2 Scintigraphic techniques
['!'In] pentetreotide (DTPA-Phe-1-octreotide; Octreoscan), a radiolabeled analog
of somatostatin, was obtained from Mallinckrodt Medical, Petten, Holland. SRS was

"1n] pentetreotide

performed after intravenous injection of a mean dose of 5.8 mCi [
(155-270 Mbq or 4.2-7.3 mCi). Patients were administered a laxative prior to the
injection to reduce accumulation of radioactivity in the intestines. Planar images were
taken of the abdomen and chest after 4 hr, 24 hr, and 48 hr, and a single photon emission
computer tomogram (SPECT) was obtained at 24 hours. Images were obtained using a
General Electric 400 ac large field of view gamma camera equipped with a medium
energy parallel-hole collimator with the pulse height windows centred over both.'"! In
photon peaks (172 keV and 245 keV). Anterior and posterior planar images of the chest,
upper abdomen, and lower abdomen were taken to 500,000 counts. The SPECT study of
the abdomen was taken from 64 projections at 60 seconds acquisition time per projection
on a 64 x 64 matrix. Positive SRS studies were defined by the occurrence of tracer in

areas not normally associated with its accumulation.
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4.1.3 Surgery

Seven patients without diffuse liver metastases were submitted to laparotomy with
the intent of removing all gastrinoma tumours. All 7 patients had intra-operative upper
GI endoscopy down to the ligament of Treitz with simultaneous transillumination after
Kocherization of the duodenum. Debulking procedures were performed as described
above (Chapter 2.1.4.2).

Postoperatively, serum gastrin and secretin tests were evaluated at regular
intervals. Biochemical cure after excision of the gastrinoma was defined as normalization
of the fasting serum gastrin concentrations (<115 pg/ml), and a negative secretin
provocative test result (i.e., < 200 pg/ml increase of serum gastrin). All patients were
followed as outpatients at the Gastrointestinal Clinic at Groote Schuur Hospital.

4.2 Results
4.2.1 Conventional imaging studies

12 patients participated in the study (Table SR1). Upper gastrointestinal
endoscopy was negative in all of them while ultrasound and computerized tomography
revealed 2 tumours in one patient. These 2 lesions were >3 c¢m in size on imaging and
confirmed by surgery.

Figure 7a demonstrates location of a periduodenal tumour in patient P29 on a CT
scan; the pancreatic gastrinoma, however, was only imaged by SRS (Figure 7b) and

confirmed by surgery.

422 SRS

A total of 17 scintigraphic studies were performed in the 12 patients. SRS was
repeated in 2 patients (P33,38) with a higher nucleotide dose because no lesion was
imaged on the initial scan (Table SR1). In one patient (P38) the scan turned positive, in
the other (P33), it remained negative despite an increase of the radiopharmaceutical from
160 Mbq to 240 Mbq. 3 SRS studies were done post-operatively (see below).

SRS identified 13 hot spots (including one false-positive spot in P8) in 11 out of
12 (92%) patients (Table SR1). SRS was the only positive pre-operative imaging
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technique in 10 out of 11 patients (91%), excluding the false-positive result in P8. 9 of 13
(69%) hot spots were located in the ‘gastrinoma triangle’, 3 in the liver, and one inferior
to the right kidney. It was not possible either by planar view or SPECT images to
accurately localize the anatomical site of the tumour when situated in the pancreatic head
or the second/third part of the duodenum.

SPECT studies were performed in all patients. They did not increase the number
of positive findings when compared to planar view images. The superimposition of CT
scan and SRS, as done in a single patient (P29), delineated the additional tumour in the
area of the pancreas (Figure 7).

Liver metastases. SRS identified hot spots in the liver in 2 patients (P6,37) who
were not operated upon. CT and US were negative in both of them. In one patient with
MEN-I (P6) who had a gastrectomy in 1982, the scinitigram showed two small liver foci
16 years thereafter. In a second patient (P37) with previous vagotomy and antrectomy,
SRS revealed a small scintigraphic spot in the left liver lobe, twelve years after surgery.

Both patients are currently well.

4.2.3 Correlation between operative findings and SRS

7 of the 12 study patients had a laparotomy shortly after SRS (Table SR2 and
SR3). The reasons for nonoperative treatment in the remaining 5 patients were
concomitant medical disease (P21,38), age-related reasons (P24,37), and one patient (P6)
with liver metastases.

In the 7 surgical patients, ultrasound and CT scans identified 2, SRS 7, and
surgical exploration 9 gastrinomas (Table SR2).

One surgeon (PCB) experienced in gastrinoma surgery performed the resections
in six of the seven patients. Two additional tumours in one patient were removed in the
gastrinoma triangle. These tumours were found in a lymph node located periduodenal and
in a second node on the surface of the pancreas (P27).

Number and area of hot spots matched with surgical findings in 3 patients
(P34,39,40). Post-operatively, serum gastrin levels and secretin provocative testing were
normal in these 3 patients.

Discrepancies between SRS and surgery were observed in one patient with MEN 1

syndrome (P33). He had surgery for recurrent life-threatening hypoglycaemic episodes,
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which were thought to be caused by a recurrent insulinoma. Planar and SPECT images
remained negative despite a dose increase of the radionucleotide from 160 to 240 Mbq. A
pre-operative secretin-stimulation angiogram, however, was positive for a gastrinoma in
the left pancreatic area. At surgery, no insulinoma was found, but a 15x10 mm (SRS
negative) somatostatinoma lateral to the 2™ part of the duodenum was removed. The
patient died post-operatively after developing a jejunal perforation and severe septic
shock. At autopsy, a 12 mm gastrinoma was found in the tail of the pancreas embedded in
the hilum of the spleen.

In another patient (P8) extensive surgical exploration could not detect a tumour in
the region where a hot spot was shown up adjacent to the right kidney by SRS.

Intraoperative transduodenal illumination did not detect any further duodenal wall

lesions.

Postoperative SRS studies. 3 patients (P8,29,39) had a postoperative scan. One
lesion not identified at surgery (P8) was again visualized at the same location near the
right kidney. SRS was negative in a second patient (P39), who was cured with surgery.
SRS turned negative in the third patient (P29) after removal of two lesions previously
diagnosed by SRS (Figure 5). Serum gastrin levels, however, remained elevated (319

ng/ml).

4.2.4 Outcome after surgery

Acid studies, secretin provocative testing and serum gastrin levels taken 3 weeks
and 3 months after surgery were normal in 3 (P30, 40, 34) patients (43%). However, one
patient (P34) living abroad at present developed a recurrent duodenal ulcer complicated
by bleeding one year after the resection of a lesser curve lymph node gastrinoma.
Although more detailed information with regard to serum gastrin could not be obtained it
must be assumed that this patient was not cured by surgery.

In the remaining 4 patients without biochemical cure, the removal of gastrinomas
resulted in a substantial drop of serum gastrin levels from a mean of 1424 pg/ml to 229
pg/ml (Table SR3), and the post-operative basal acid output dropped from a mean of 31.2
to 13.9 mEq/h. (Means were provided to illustrate the difference in gastrin levels before
and after surgery, although this may not be statistically appropriate because of the small
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number of cases). The dose of pantoprazole was also substantially reduced.

4.3. Discussion

Conventional imaging studies were positive in only a minority of our patients
studied compared to a positive SRS test in 92%. SRS was false negative in one patient
(demonstrated at autopsy), false positive in another, and detected less tumour than was
found at surgery. The cure rate (2/7) did not improve when compared to the results
obtained at GSH before the introduction of SRS, when 7/21 (33%) with formal debulking

procedures were cured (Table Clin6).

4.3.1 The yield of conventional imaging studies

Conventional imaging (computed tomography, abdominal ultrasound and
angiography) was positive in only one of the patients studied in this series, which is
comparable to the results achieved before SRS was introduced at GSH (13%) and in other
studies (Table SR4). Gibril (1996) found conventional techniques to be positive in 15-
35% of patients, detecting mainly in those lesions larger than 2 cm in diameter. If more
invasive techniques are employed the detection rate may increase to 62% of patients
(Termanini 1997; Kisker 1998). Endoscopic ultrasonography or portal venous sampling
provide a similar yield, but have the disadvantage of being expensive and associated with
morbidity, while endoscopic ultrasonography is investigator dependent (Wiedenmann
1998).

4.3.2 Results of SRS in surgical and non-surgical trials

Several studies have demonstrated that SRS is the single most sensitive imaging
modality for detecting the primary gastrinoma or hepatic metastases (Krenning 1993,
Gibril 1996; Lebtahi 1997; de Kerviler 1994). SRS was reported to visualize gastrinomas
in up to 100% of patients, although recent publications showed less impressive results
(Table SR4).

The true sensitivity of SRS remains controversial since some investigators
calculated the sensitivity per patient, and others per lesion. Alexander (1998) showed in

his series of 35 surgical ZES patients a 78% sensitivity per patient, and a slightly lower
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sensitivity of 67% when assessed per tumour.

To date there are few published series (Table SRS5) where the values of SRS was
evaluated in terms of improving surgical cure rates. As with other studies (Cadiot,
Lebthai 1996; Alexander 1998) we detected additional tumours to what was shown on
pre-operative SRS (Table SRS5). In a recent investigation by Kisker (1998), SRS was
positive in 53% of patients, but resections of gastrinémas were performed in 96%. The
difference of SRS sensitivity on the one hand, and surgical yield on the other emphasizes
the importance of not compromising on standard exploratory procedures for apparent
solitary gastrinomas. The chances to detect small lesions, which are currently not
detected on SRS, vindicate the performance of an explorative laparotomy in those
patients where pre-operative imaging studies including SRS are negative (Alexander
1998).

SRS has the potential advantage of identifying gastrinomas in areas that are not
part of the screening by conventional techniques, such as chest (Cadiot 1997), bones
(Termanini 1997), and ovaries (Maton 1989). However, SRS may also provide
misleading information. We could not identify the hot spot in one patient inferior to the
right kidney. Gibril (1999) found 12% of SRS examinations to be false positive in 146
patients.

The impact of SRS findings on treatment strategy has been documented in several
studies. In a protocol that included 122 ZES patients, Termanini and co-workers (1997)
observed changes in clinical management in 47% of patients. SRS clarified questionable
results of conventional imaging studies in more than one half of all the cases in which
SRS changed management. This was especially important where reoperations were
considered. Without positive imaging, these patients would not normally undergo repeat
surgical exploration at their institution. SRS also facilitated to distinguish liver metastases
from haemangiomas.

The ZES Study Group in Paris examined the impact of SRS on gastrointestinal
endocrine tumours including 78 ZES patients, 38 with carcinoids, and 44 with other types
of neuroendocrine tumours (Lebtahi 1997). With the additional information obtained
from SRS surgical strategies were changed in 25% of 160 cases.
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4.3.3 Cure rate before and after the advent of SRS

Despite the improvement in the preoperative gastrinoma localization, the overall
cure rate in ZES patients at GSH was not improved since the introduction of SRS. There
were only 2 (28.5%) definite cures in our series at 2 'z years, which was less than before
the introduction of SRS at GSH when the cure rate was 8 out of 21 patients (38%, with a
mean follow up of 10.2 years). Other investigators report a disease-free rate with SRS of
43% (Alexander 1998; mean FU 2.1 years), 44% (Kisker 1998; mean FU 5.2 years) and
63% (Cadiot 1996). However, most reports did not provide long-term cure rate data.
Follow-up periods were well short of the acceptable 5 years follow-up to assess cure rate
(Fishbeyn 1993). Data from the NIH (Alexander 1998) showed the disease-free status at
2 years of 38% before and 43% after introduction of SRS. Unfortunately, other recent
studies did not provide information concerning cure rates before and after the
introduction of SRS. The unsatisfactory cure rates may be primarily due to small (<§.
mm) “micro-gastrinomas” that escape scintigraphic and surgical detection.

Our study also highlights the limited role of SRS in patients who undergo re-
exploration after previously failed surgery. Among our seven surgical patients, three had
previously gastrinoma removed, but none was cured with the additional information
provided by SRS. Similarly, only 30% of patients studied at the NIH study were cured
after a re-exploration (Jaskowiac 1996). There are currently no established criteria to
identify a subgroup of patients most likely to benefit from further surgery when a positive
scan is obtained after previous failed surgery. However, even without cure, surgery is

beneficial in terms of lowering acid output and PPI dose requirements.

4.3.4 Limitations of SRS

The failure of SRS to identify gastrinomas may depend on a number of factors
(Table SR6). First, the tumour may express no or a paucity of somatostatin receptors, or,
the particular somatostatin receptor subtype expressed may not be identified by SRS.
John (1996) and co-workers found that all gastrinoma tissues they investigated expressed -
high affinity binding sites for octreotide and high levels of somatostatin receptor subtype

1 and 2 messengerRNA. He concluded that false negative scintigraphic results seem to be
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influenced by factors independent of the expression of specific somatostatin receptors,
such as tumour blood supply or down regulation of somatostatin binding sites by various
factors (for example, corticosteroids).

Perhaps more importantly, false-positive or negative SRS results may be
explained by neighbouring high-uptake areas, such as the spleen the gallbladder and the
kidneys as for example in our patient with MEN 1.

Tumour size, however, would seem to be the most important reason for failure to
detect gastrinoma. All additional tumours discovered at surgery in this series were
smaller than 6 mm in size except for the 12 mm gastrinoma located in the pancreatic tail.
Alexander (1998) found a significant correlation between median gastrinoma size and
tumour detection (r = 0.97, p = 0.01). The detection rate of tumours < 1.1 cm was 30%, in
those between 1.1 to 1.9 cm 64%, and when > 2 cm 96%. He speculated that the tumour
size may be an important variable with regard to the amount of radioactivity that needs to
be taken up to provide adequate resolution.

It has been suggested that the accuracy of SRS may be improved by three-
dimensional SPECT images (Krenning 1994). In recent series, SPECT detected up to
20% more tumours than planar images alone (Schirmer 1995; Zimmer 1996; Corletto
1996). However, in our series as well as in Cadiot’s experience (1996) in 21 ZES
patients, no additional tumours were detected by this method.

The use of CT images superimposed with those of transaxial SPECT studies using
computer-scanning techniques requires further evaluation before introducing this

expensive technology in the diagnostic workup of ZES patients.

4.4 Conclusions

While SRS simplifies the diagnostic approach to gastrinoma patients, this
expensive study has not clearly influenced our management of ZES patients in terms of
the decision to operate. It had no impact on improving our cure rate, and was also not
useful when re-explorations were done for recurrent disease. The main limiting factor
with the current technique is failure to detect small tumours. To this end new technology
such as hand-held or laparoscopic devices for the intraoperative detection of radiolabelled

somatostatin analogues may improve the detection of small gastrinomas.
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CHAPTER 5

Phase I1I drug trial: Safety and efficacy of pantoprazole

The Gastrointestinal Clinic participated in a prospective study on the efficacy and
safety of pantoprazole in ZES for the purpose of registering the drug for long-term use.

5.1 Methods
5.1.1 Patient selection

Ten patients with ZES were included in the study (8 males, 2 females; 1 patient
had MEN-I; mean age 48.9 years). 4 patients had previously gastric surgery, including a
vagotomy and antrectomy or a vagotomy and pyloroplasty. All patients had been treated
with other PPIs sometime between 6 months and 7 years prior to the pantoprazole study,
and none had active peptic ulcers on entry to the study. The diagnosis of ZES was
established by the criteria outlined above (see Chapter 2.1).

Patients with ZES were considered for the study if they were over 18 years of age.
Pregnant patients and those with a history of alcohol abuse were excluded from the study.
All patients gave written consent to a protocol approved by the Research Ethics
Committee of the University of Cape Town (May 5, 1995).

The initial evaluation included a comprehensive history, physical examination,
upper gastrointestinal endoscopy, serum gastrin levels, and haematologic, liver and renal
functions. A urine analysis was performed prior to the treatment with pantoprazole.
Females were also subjected to a pregnancy test.

6 patients had previous histologic confirmation of the gastrinoma by laparotomy
prior to the study. Another 4 (3 had negative laparotomies, 1 had no surgery) had

positive secretin stimulating tests.

5.1.2 Study design
This prospective, open label, dose-titration study was designed for the period of 3

years. All patients underwent a 14-day washout phase, which consisted of 11 days on
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high dose H2-receptor blockers (ranitidine) and 3 days antacid therapy, prior to the
assessment of the BAO. The individuals were instructed to discontinue the wash-out
period immediately if they experienced severe symptoms (e.g., heartburn, diarrhoea or
severe epigastric pain). On day 15, gastric acid secretion was determined after
radiological positioning of a nasogastric tube and collection of 4 consecutive 15-minutes
samples after emptying the stomach. The volume was documented and an aliquot of each
sample was titrated to pH 7.0 with 0.2 N sodium hydroxide, and the BAO determined as
described previously (Radiometer Copenhagen TTT 85 Titrator, ABU 80 Autoburette).

After the wash-out phase, patients received a single standard 40 mg enteric-coated
tablet of pantoprazole (Byk Gulden, Konstanz, Germany) per day as a minimum. The
dose titration study was carried out at days 5, 9, or 13 depending on the level of acid
suppression. Four-day intervals were selected because pantoprazole reaches a steady-
state acid secretory level for a specific dose after 4 daily doses. Adequate control was
defined as <10 mEq/h prior to the next dose of antisecretory drug in patients without and
<5 mEg/h in patients with previous acid reducing surgery (Jensen 1997). In patients in
whom a daily dose was not sufficient to obtain a BAO of less than 10 mEqg/h, a daily
dosage of 160 mg pantoprazole was administered (dosage instruction: 2 x 40 mg tablets
every morning before breakfast and 2 x 40 mg tablets every evening before dinner).
Because there was no experience with a dose as high as 160 mg, the protocol initially
restricted the maximum dose to a period of 3 months. In the meantime, further
measurements of BAO were taken. A temporary protocol extension was performed after
consultation with Byk Gulden Pharmaceuticals. Blood samples were taken once every 3
months during the trial period to evaluate hepatic and renal function. The fasting serum
gastrin values were determined by radioimmunoassay (Sorin, Inc., France).

Upper gastrointestinal endoscopy was performed every 3 months during the study
after sedation with midazolam (Dormicum, Roche). A careful visual assessment of the
oesophagus, stomach, and duodenum was made. Biopsies were taken from the antrum
(x2) to evaluate the presence of Helicobacter pylori and from the body of the stomach
and the greater curve (x4) to evaluate the oxyntic mucosa histologically. Tissue samples
were placed in formalin, embedded in paraffin, and stained with haematoxylin and eosin.
Giemsa stains for H.pylori and chromogranin staining (Dako-1/100 with microwave

antigen retrieval) for neuroendocrine cells were also performed.
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The interpretation of ECL-cell status was evaluated according to the
recommendation of Solcia (1995). The Sydney system was used for evaluation of the
degree of gastritis (Genta 1995). Parietal cell hypertrophy was assessed morphologically
without quantification, as described by Driman (1996). Briefly, fundic glands showing
serrated edges in cross section with bulging of the parietal cell cytoplasm into the lumen
of the glands (lingulate projections) were considered to represent parietal cell
hypertrophy. All histopathological material was reviewed and interpreted by a single
investigator without the prior knowledge of the status of acid-output studies or gastrin

levels.

5.1.3 Maintenance dose requirements

Following an initial dose of 40 mg, the pantoprazole dose regimen was
established by measuring BAO on day 5. This measurement was done at the last hour
prior to the next daily dose of pantoprazole. Safe control of the acid hypersecretory state
was considered to be at a BAO of less than 5 mEg/h in patients who had previous gastric
surgery and less than 10 mEg/h in those who did not. Individuals who failed to achieve
these criteria at 40 mg pantoprazole were titrated upwards in 40 mg increments, and BAO
measurements were repeated on days 9 and 13.

Following the initial evaluation and the establishment of the individually required
dose, each patient was re-evaluated on a monthly basis. Re-evaluation included a
complete clinical investigation to identify any possible adverse effects. Blood was
collected once every 3 months for determination of haematological, hepatic, and renal
parameters. In addition, all patients underwent a BAO measurement and upper
endoscopies at three-month intervals to assess the control of gastric acid secretion and the
mucosal status, respectively.

Inadequate control of gastric acid secretion was defined as: (1) previously
documented (BAO >10 mEq/h without or > 5 mEq/h with prior gastric surgery in the
hour prior to the next dose of pantoprazole); (2) endoscopic evidence of oesophagitis,
duodenitis, or peptic ulceration; or (3) the presence of peptic symptoms. If any of these
criteria were met, the pantoprazole dose was titrated upwards as during the initial
evaluation, until resolution of symptoms or decrease of BAO values to the required study

level definitions.



75

5.1.4 Statistics

The software used to evaluate the data was MINITAB (Version 12 from Minitab
Incorporation, State College, PA). The Student’s #-test was used for comparison of
benign and malignant gastrinomas and for comparison of duodenal and pancreatic
gastrinomas. A value of p<0.05 was considered to be statistically significant. The chi-
square test was used to determine the association between the various markers, the
clinicopathological variables, and survival. The Fisher exact test was used to compare

independent percentages.

5.2 Results
5.2.1 Patient characteristics

The characteristics of the 10 ZES patients who participated in the oral
pantoprazole trial are summarised in Table Pantl. The following data reflect preliminary
study results that were obtained during the first 2 years of the 3-year trial.

5.2.2 [Initial dose requirements

The standard daily dose of 40 mg pantoprazole reduced BAO to <10 mEqg/h in 6
of the 10 patients (Table Pant2 and Pant5). One patient (P39) initially required 80 mg
pantoprazole per day, and the remaining 3 (P27,33,40) 160 mg (80 mg twice daily).

The standard dose of pantoprazole (40 mg daily) resulted in the required level of
acid suppression for patients with an initial BAO of <20 mEqg/h, but patients who had an
initial BAO >35 mEq/h required at least twice the standard dose.

There was a strong relationship between BAQ and pantoprazole dose (r=0.806,
p<0.005) indicated by the Pearson correlation coefficient. However, the pantoprazole

dose did not correlate to fasting gastrin concentrations.

5.2.3 Long-term dose requirements

One of the 10 patients (P29) was removed from the study after 12 weeks because
of alcohol related problems that prevented him from adhering to the protocol. His BAO
was well controlled on 40 mg pantoprazole before he was excluded from the study (Table
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Pant2). At the time of writing, 2 patients (P21,40) had been on the study for 48 and 76
weeks, and 7 between 60-74 weeks. 2 patients (P37,38) required a temporary increase of
pantoprazole: one (P37) developed reflux symptoms not associated with overt
oesophagitis at endoscopy, and the other (P38) had duodenal erosions, which were
discovered at routine endoscopy. '

Both events occurred despite a BAO <5 mEq/h. Resolution occurred immediately
after the temporary increase of pantoprazole to 80 mg. One patient (P39) who was
controlled on 80 mg pantoprazole for 8 months subsequently required a dose increase to

160 mg (80 mg twice daily) to achieve the desired acid reduction (see below).

5.2.4 Endoscopy findings

At the end of the initial washout phase, all but one patient (P40) had endoscopic
signs of mucosal disease (Table Pant2) (duodenitis: n=8, gastritis: n=1, oesophagitis:
n=4, stomal erosions: n=1). After initiation of the trial, all mucosal abnormalities
resolved within 3 months. One patient (P38) on 40 mg pantoprazole remained
asymptomatic despite identification of multiple duodenal erosions at week 24. Endoscopy
returned to normal after increasing the dose to 80 mg pantoprazole daily for one month.

The patient continued the trial on 40 mg pantoprazole without a similar event.

5.2.5 Histology

Three patients (P8,21,29) were initially Helicobacter pylori positive and had
concomitant moderate to severe gastritis. They received eradication therapy during the
trial. Changes of gastrin levels after eradication of H.pylori were not observed. Four
other patients (P7,27,37,39) had mild chronic gastritis on at least 2 biopsies during the
study period but no evidence for H. pylori. Parietal cell hyperplasia was a consistent
finding in 6 patients (P21,27,29,33,39,40), but this did not change significantly during
the trial. ECL-cell hyperplasia was present in 8 patients at the initiation of the study
(Table Pant3). In 2 patients (P7,21), this was severe enough to diagnose endocrine cell
dysplasia, but without evidence for micro-infiltrative lesions. No morphological changes
could be detected in chief cells or mucous cells within the gastric pits. Antral biopsies
were also unremarkable except for those patients with a H.pylori gastritis.

Random biopsies from the greater curve obtained regularly for up to 76 weeks
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showed no microscopic evidence of carcinoid development, nor was there any trend

indicating increasing ECL-cell hyperplasia (Table Pant3).

5.2.6 Basal acid output and gastrin levels before and during the study

Basal acid output varied from 0.5 — 97.8 mEq/hr (mean 27 mEq/h, £ 30 mEqg/h)
(Table Pant2). 4 patients who had had a previous vagotomy had a much lower BAO (0.5
— 12.4, mean 6.7 mEqg/hr) than those without previous gastric surgery (3.7-97.8, mean
40.7 mEqg/hr; p<0.03). The patient (P21) without previous surgery but with a low BAO of
3.7 mEqg/hr showed severe H. pylori gastritis with atrophy of fundic glands.

Gastrin levels were all elevated and ranged from 152-4738 pg/ml. The mean
serum gastrin level before treatment was 1545 pg/ml (£ 1856), and during pantoprazole
treatment 1645 pg/ml (+ 1893). This was not a significant difference according to the
Student’s paired t-test (p= 0.697). Gastrin levels and BAO showed no correlation (r=-
0.418; p=0.229). ’

5.2.7 Haematological and biochemical studies

There were no effects on red blood cell count, red cell indices, total white cell
count, differential white cell count or platelet count that could be attributed to
pantoprazole. Hepatic biochemistry was unchanged during the trial. Two patients
(P37,38) had elevated liver enzymes at the start of the study and this did not change
during the trial. There were also no alterations of any haematological or biochemical
studies in 2 elderly patients (P7,37) both aged 74, or in a patient with alcohol-induced
impaired liver function (P40).

8 patients showed no significant increase in serum gastrin levels for the duration
of the study (Table Pant3). One patient (P21) showed an increase in serum gastrin levels
from 398 to 586 pg/ml (+47%). He subsequently underwent resection of a 2 c¢m
pancreatic body gastrinoma. His serum gastrin levels and BAO became normal
postoperatively and he was taken off the study. Another patient (P21) became
achlorhydric during the study (Table Pant2). His serum gastrin levels rose from 2776 to
4821 pg/ml (+73%).
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5.2.8 Adverse events

We did not observe severe adverse events attributable to pantoprazole. Adverse
reactions observed included dizziness (3 episodes), rash (2), diarrhoea (3), and headaches
(x4), which were transient and mild in nature, and not necessarily associated with the

drug. Furthermore, these adverse reactions were not dose related.

5.3 Discussion

The purpose of this study was to evaluate the potential usefulness of oral
pantoprazole in ZES patients by assessing its efficacy and safety during prolonged
administration. Pantoprazole was found to be safe in all patients, even when the
maximum dose of 160 mg/day was taken. However, in ZES patients with a high BAO of
30 mEg/h or more, a 25% higher dose than the officially recommended dose of 120 mg

per day was required to effectively reduce acid secretion.

5.3.1 Inclusions

The inclusion of ZES patients with previous gastric surgery in studies with proton
pump inhibitors remains controversial. It is challenged because of the difficulties in
obtaining reliable BAO measurements due to factors such as bile reflux, early gastric
emptying, and disturbances in motility, or delayed emptying due to anastomotic strictures
(Maton, Frucht 1988; Metz, Pisegna 1993). The reason for including 4 cases with
previous gastric surgery in this study was not so much to assess the efficacy of acid
suppression, particularly in the 2 cases with low acid output, but to analyse the long-term
safety record of pantoprazole. These patients were not cured, as assessed by gastrin levels
and secretin tests, and continued medical therapy was warranted to avoid potential
complications. There was concern that the acid output could have been falsely low as a
result of duodeno-gastric reflux.

Interestingly, all 4 patients with previous gastric surgery and those with a low
BAO (< 5 mEg/h) became symptomatic during the washout phase. Furthermore, they all
developed mucosal abnormalities at endoscopy. Both the symptoms and the mucosal

changes disappeared immediately after administration of pantoprazole. A similar
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observation was reported recently where complications such as bleeding and perforation
occurred in ZES patients with previous partial gastrectomies who had almost no
detectable basal acid output (Hirschowitz 1997). The mechanisms that cause mucosal

damage in the absence of acid secretion remain unclear.

5.3.2 Efficacy

The main finding of our study was that standard dosage of pantoprazole does not
suppress acid secretion sufficiently in ZES patients with high BAO. The officially
allowed maximum dose of 120 mg/day had to be temporarily increased to a dose of 160
mg after consultation with Byk Gulden Pharmaceuticals. The higher dose reduced BAO
to about 10-11 mEq/h. A similar relationship between BAO and drug dose was observed
in a study with omeprazole (Maton, Vinayek 1989), whereas no such relationship was
found in 20 ZES patients investigated with lansoprazole (Metz, Pisegna 1993). A larger
study of ZES patients is needed to assess the efficacy of pantoprazole in ZES patients
with a high BAO.

In this study our aim was to reduce acid secretion to <10 mEq/h. We based this on
a safety level, which was a consensus based on empirical data derived from several
studies (Jensen, Gardner 1993; Metz 1995). Some investigators, however, see the
necessity to reduce BAO to even lower levels. Hirschowitz and others (Hirschowitz 1992,
1997, Metz, Pisegna 1993; Sprenger 1997) recommend a BAO of <SmEg/h in
uncomplicated and <1-2 mEqg/h in complicated ZES or postgastrectomy cases. However,
this does not rule out the possibility that a higher BAO may be safe in some cases, such
as patient (P39) who required an upward dose adjustment during the course of the study.
After acid control (BAO 5.1 mEq/h) with 80 mg pantoprazole for 8 months, his BAO
suddenly increased to 27.8 mEqg/h within 4 weeks. BAO was reduced to 14.8 mEg/h on
120 mg pantoprazole and 11mEg/h on 160 mg pantoprazole. He remained clinically
asymptomatic with no mucosal disease on endoscopy. He was cured after resection of a
35 mm lymph node gastrinoma located on the pancreatic surface. The sudden rise of acid
secretion in this patient accompanied by a moderate increase of gastrin is difficult to
explain. Tumour growth may have played a role since tachyphylaxia has not been
described in connection with PPIs.

The present study suggests that once an effective dose of pantoprazole has been
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established in ZES patients, upward dose adjustments are not likely to be required during
prolonged therapy. Only 10% of the patients in this study required a dose increase, which
compares favourably to other studies on PPIs. Individuals treated on a long-term basis
with omeprazole required upward dose adjustments in 23% of cases, with another 20%
requiring varying dose adjustments (Maton, Vinayek 1989). Similar results were
obtained in studies with lansoprazole, where 25% of patients required dose adjustments
(Metz, Pisegna 1993).

Split dose pantoprazole regimens were required in 40% of patients, similar to the
20-60% of patients treated with omeprazole or lansoprazole in other studies (Maton
1989; Metz, Pisegna 1993).

5.3.3 Safety profile

Our study suggests that the use of pantoprazole in patients with ZES is free of
severe adverse effects and causes neither short- nor long-term haematological or
biochemical changes. Mild adverse events (headaches, dizziness, rash or diarrhoea) were
infrequent and comparable to those seen when using other proton pump inhibitors (Frucht
1991). In particular, patients who presented with abnormally high serum transaminases at
the beginning of the study showed no further increase while taking pantoprazole.

A relapse of mucosal disease, despite successful control of acid secretion, was
observed in one of our patients. This phenomenon has also been observed in patients
treated with other PPIs such as omeprazole and lansoprazole (Maton 1989; Hirschowitz
1996). In those cases the BAO was less than 5 mEq/h and the patients were H.pylori
negative. Hirschowitz (1996) observed mucosal relapses in 6 of his 26 (23%) patients
treated with lansoprazole. The mechanism that causes mucosal damage in low acid
conditions remains unknown. Hirschowitz ( 1995) therefore recommends frequent
periodic evaluations with endoscopy, gastric analysis and clinical assessments 2 to 4

" times a year during the first year of therapy, and twice a year thereafter.

5.3.4 Effects of elevated serum gastrin levels during treatment
It has been suggested that long-term administration of proton-pump inhibitors,
may be associated with an increase in serum gastrin levels and that the trophic effect of

this hormone on gastrointestinal organs could lead to ECL hyperplasia and carcinoid
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tumour.

We observed additional increase in elevated serum gastrin twice in 2 of the 10
patients in our study but without a trophic effect on ECL cells. In one patient the rise of
gastrin was probably due to tumour progression, whereas in the other achlorhydria may
have been responsible. Studies with omeprazole showed conflicting results. Maton (1989)
could not demonstrate any increase of gastrin levels in his long-term study of 40 ZES
patients, whereas Cadiot (1994) observed a serum gastrin increase of up to 374% in some
of his patients. The reason for this discrepancy is not clear but it is possible that Cadiot’s
patients had advanced disease. Patients with ZES are unlikely to develop increases in
serum gastrin concentrations on the basis of acid reducing affect of PPL.

The trophic effect of gastrin on the development of carcinoid tumour remains
controversial (Berkowitz 1991). In experimental settings, gastrin induces hyperplasia and
hypertrophy of surface epithelial cells, stem cells, and the endocrine, enterochromaffin-
like (ECL) cells (Modlin 1998). In rats, hypergastrinemia can lead to progressive
argyrophil cell hyperplasia with the development of carcinoid tumours particularly when
the antisecretory agents cause achlorhydria (Frucht 1991; Cadiot 1993). The rat ECL cell
response to secretory inhibition, however, does not reflect that of humans (Sachs 1994).

The administration of PPI had no effects on gastric morphology in our series or in
other investigations (Maton 1990). In the sporadic form of ZES, the development of
gastric carcinoids has not been observed despite the fact that gastrin levels in gastrinoma
patients tend to be much higher than those observed during PPI treatment (Cadiot 1993).
ZES patients develop gastric carcinoids exclusively where the syndrome is associated
with MEN I, indicating an additional genetic defect as a prerequisite for this type of
tumour formation (Lehy 1989; Frucht 1991; Hirschowitz 1992; Solcia 1995; Bordi 1995).

Some investigators have associated elevated gastrin levels with an increased
incidence of gastrointestinal adenocarcinoma (Sobhani 1993; Modlin 1998). However,
the induction of specific types, such as colonic cancer, by the trophic effect of gastrin
remains a topic of speculation. Rectal cell proliferation defects have been found in
association with high serum gastrin levels similar to those observed in patients at high
risk for colon cancer (Renga 1997). Conversely, an increase in colon cancer could not be

documented by Orbuch and co-workers (1996) in an 11-year study of 97 ZES patients
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with extremely high gastrin levels. In conclusion, the risks of epithelial and endocrine
cell neoplasia in hypergastrinemic patients receiving powerful antisecretory agents are
not yet completely known, but should not be dismissed until more long-term follow-up

studies are available.

Other side effects of long-term acid suppressive therapy, such as a decrease of
vitamin B12 levels, have been described elsewhere but were not investigated in our trial.
Termanini (1998) observed a significant decrease of serum vitamin B12 levels, but not of
folate levels, in 6% of 111 ZES patients observed over a mean of 4.5 years on
omeprazole. The B12 deficiency occurred mainly in patients with omeprazole-induced
hyposecretion or complete achlorhydria. Therefore, he suggested that serum vitamin B12
levels should be monitored in ZES patients on long-term treatment with H+/K+-ATPase
inhibitors.

5.4 Conclusions

We have shown that pantoprazole is a safe and effective proton pump inhibitor in
the medium to long-term treatment of patients with the Zollinger-Ellison syndrome. Most
patients required standard dosage of pantoprazole and prolonged increase in dosage
requirement over the observation period was only necessarily in one. There appears to be
a correlation between the level of BAO and dosage requirement to achieve safe control of
the acid hypersecretory state. While regular clinical and endoscopic surveillance is
necessary to avoid peptic ulcer related complications, the need for repeated BAO

measurements to assess treatment efficacy remains uncertain.
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Chapter 6

6.1 Contemporary management algorithm (Figures 8 and 9)

6.1.1 Diagnosis

The initial diagnosis is biochemical. Serum gastrin level is the first step in patients
with suspected ZES. Unless gastrin is in the diagnostic range of >1000 pg/ml, a secretin
provocative test is mandatory to exclude other conditions mimicking the disease. Acid
output studies are not readily available anymore as a diagnostic test but remdins desirable
to optimise medical therapy. All patients should be screened for the MEN I syndrome by
measuring serum calcium and prolactin levels for hyperparathyroidism and a pituitary
tumour.

6.1.2 Imaging

Abdominal US and spiral CT are routinely performed but the use of more
sophisticated imaging will be determined by their availability at a given centre. Currently
SRS is the most widely recommended test but endoscopic US in expert hands is a good
substitute except for detecting tumours in ectopic sites. Arteriography with secretin
stimulation and hepatic vein sampling is reserved mainly when the above tests are

negative particularly when re-exploration is contemplated.

6.1.3 Treatment

Control of acid hypersecretion by a PPI is priority and a safe dose requirement
needs to be determined. Since gastric acid secretion tests are no longer readily available,
optimising acid suppression is now assessed by symptomatic control and endoscopic
surveillance.

Patients with extensive disease (e.g. multiple liver metastases) and those with
MEN 1 (after parathyroidectomy) should be treated conservatively. All other patients
should undergo surgical exploration, including those where imaging procedures remain

negative.
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The emphasis of surgical therapy is on tumour debulking without resorting to
major pancreatic and or liver resections. Patients who are cured by surgery should be
monitored at 6 to 12 month intervals with serum gastrin estimations. Those who are not
cured should continue with PP therapy with regular follow-up to ensure adequate acid
control (preferably with BAO monitoring). Patients who are poorly controlled on high
dose PPI therapy should be considered for re-exploration. Repeat exploration should be
considered prior to surgery to identify ectopic tumours.

Further surgical strategy will depend on the tumour status at surgery; if no tumour
is localized total gastrectomy should be considered when there is poor compliance such
as experienced in third world countries. Some investigators may argue in favour of a
vagotomy in this situation. In cases of residual disease, a further debulking procedure is
indicated but there may be a place for a pancreatico-duodenectomy with regional

lymphadenectomy when the tumour bulk is located in the gastrinoma triangle.
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6.2. Final conclusions

The GSH data on which this thesis was based has provided an unique opportunity
to critically review the evolving treatment strategies in 40 patients with the ZES over a 20
years period. This study has vindicated the policy of debulking procedures in patients
with the sporadic form of the disease and showed that the best results were achieved in
those patients with solitary extrapancreatic extraintestinal gastrinoma while few patients
with pancreatic primaries and those who were re-explored were cured. However, those
patients who were not cured by debulking operations still benefited in terms of easier
control of acid hypersecretion with PPI therapy. While the data has not allowed
assessment of the effect of debulking operations on prognosis, the excellent long-term
survival in the series without the development of overt liver metastases would seem to
support this benefit claimed by other studies. This study also showed that total
gastrectomy still has an important role to play in third world countries where close

monitoring and reliable medical supplies may not be available.

The failure of pre-operative SRS to improve surgical cure rate despite a
significantly improved detection rate of gastrinoma was disappointing. Indeed, some of
the limitations of this test were exposed, in particular the failure to detect small and
ectopic lying tumours. In the light of these findings, the role of this expensive test
requires further evaluation before incorporating this as part of the routine pre-operative

diagnostic work-up.

The medium to long-term study with pantoprazole confirmed the efficacy and
safety of PPI therapy in the ZES. The study highlighted the correlation between the level
of acid output and PPI dosage requirement which was appreciably higher in those
patients with a BAO of >30 mEq/L.
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6.3. Recommendations for further research

While PPIs have simplified the management of patients who are not cured by
surgery, life-long maintenance treatment in a disease with an excellent prognosis remains
problematic, particularly in third world countries. Future research should focus on
improving the pre- and intra-operative methods of detecting small and multiple tumours
by more sophisticated targeted imaging techniques. The ultimate goal should be to use
this technology for target therapy particularly in cases with multiple and metastatic
disease including those patients with the MEN I syndrome. In the meantime the role of a
more aggressive surgical approach in the form of a pancreatico-duodenectomy with
regional lymphadectomy should be evaluated in selected patients with multifocal disease

with or without regional lymph node metastases localized in the gastrinoma triangle.



“Mastersheet” of the 40 patients with
Zollinger-Ellison syndrome

treated at Groote Schuur Hospital
1980 - 1998



No | Patient| Year |Age Surgery Surgery after ZES Diagnosis Status Follow-
ZES before ZES up
diag. Diagnosis years

1 PR 1978 29 |1976 vagotomy 1978 parathyroidectomy 16
MEN | 1978 1 pancreatic gastrinoma; distal 1892 died, cause unknown
pancreatectomy, 2 LN next to pancreas
_ 1983 TG, 1 pos LN in specimen
2 FT 1978 39 1978 TG, 1 pos LN removed with specimen 1896 well 18
3 PB 1980 61 1980 truncal vagotomy, pyloroplasty 1998 died, carcinoma of the lung 18
4 PE 1980 36 1981 truncal vagotomy 1995 died, alcohol intoxication 14
1981 1 periduodenal LN primary removed cured for 27 mths, had then recurrence
was on Losec 40 mg per day until 1985
5 MV 1981 27 1981 1 gastrinoma LN on pancreas removed . 1998 cured (in 1998 recurrent 17
DUs, resolved after H.pylori eradication)
6 JP 1981 13 1980 polya gastr 1981 diagnostic laparotomy negative 15
MEN | 1980 re-gastr 1981 parathyroidectmy 1997 well; two hot spots on SRS
truncal vagotomy [1982 TG (for peptic gastric outlet stenosis) {eft liver lobe
1 pos LN upper border of the pancreas US and CT negative
7 HJ 1982 61 |recurr PUD no surgery (no gastrinoma localization) 1998 well on 30 mg lansoprazole 16
1974 vagotomy
1982 rev gastr
8 SA 1982 14 |1981 perfor DU 1983 1 pos LN at duodenojejunal flexure was cured for 35 mo, then recurrence 16
PGV 1 pos LN peri-duodenal
1990 1 duodenal wall tumor and 1998 well on 30 mg lanzoprazole
1 pos LN on pancreas removed SRS with hot spot next to right kidney
1996 neg explorative laparotomy {false-positive?)
9 FR 1989 61 |1983 trunc.vagot./ no surgery since diagnosis made 1998 caecal resection for carcinoma 15
anter. Serotomy
10 CK 1983 45 1983 1 pancreas tumor, distal pancreatectomy 1998 well, multiple liver metastases 15

1984 TG, 1 pos LN in specimen, liver
metastases




No | Patlent | Year Age Surgery SURGERY after ZES Diagnosis Status Follow-
ZES before up
diag. ZES Diag. years
11 ME 1984 35 {1984 perfor DU 1984 vagotomy, 1 ducdenal wall gastrinoma 1989 died, not ZES related 5
resection duod. + 2 pos. LN near head of pancreas
wall tumor 1889 TG (after choledocho-jejunal fistula)
12 CB 1985 21 |1982 polya gastr 1985 2 liver metastases removed 1985 Lost for FU (moved out of town) -
13 KD 1985 38 1985 1 duodenal wall gastrinoma removed with 1995 cured, normal gastrin 10
2 peripancreatic lymph nodes
14 SJ 1986 28 1986 perfor DU 1987 highly selective vagotomy 1989 normal gastrin for 19 months 9
1987 truncal vagotomy 1985 clinically well
1987 1 retrogastric LN removed
15 PS 1986 13 1989 vagotomy and pyloroplasty: 1995 died (homicide) 9
1 pos LN lesser curve was on Losec 20 mg until 1995
1 pos LN along left gastric artery
1 liver metastasis
16 JS 1986 11 |1986 perfor DU 1986 2 liver metastases removed 1996 well, developed additional liver 10
1 TG (peptic duodenal stenosis) metastases as shown on CT scan
17 RA 1986 49 (1984 perf DU 1989 TG, including removal of
1986 bleed DU 1 LN retroduodenal 1991 died, not ZES related 5
truncal vagot 1 LN retropancreatic
18 zz 1987 15 1987 1 gastric wall gastrinoma and 1988 cured 8
2 pos LN in the omentum removed 1995 clinicalty well
19 RL 1988 48 1989 TG. 1 pos LN in specimen 1993 died, obviously not ZES related 5
20 GD 1988 45 1983 perfor DU refused surgery 1989 on ranitidine; developed lung 11
MEN | cancer in 1989 (died?)
21 MP 1988 46 no surgery due to severe comcomitant medical 1999 well on 30 mg lansoprazole 11

disease (liver cirrhosis)

SRS: one hot spot in duodenal area




No | Patient | Year | Age Surgery SURGERY after ZES Diagnosis Status Follow-
ZES before up
diag. ZES Diag. years
22 BS 1989 21 |bleeding DU 1989 truncal vagotomy; 1 pancreatic tumor 3
1987 polya gastr shelled out (containing pancreatic tissue) 1992 lost to follow-up, normal gastrin
1988 perfororated 1 pos LN from hepato-duodenal ligament for 27 mo until lost for FU
stomal uicer
23 FD 1989 46 no surgery due to metastatic disease to the 1992 died from ZES 3
liver derived from a pancreatic primary
24 GR 1989 53 | 1984 polya gastr 1989 TG (for 'geographical' reasons) 1997 well, on SRS one hot spot in the 8
1986 truncal vag duodenal area
1987 revisio gastr US and CT negative
25 NV 1989 47 |1973 TG no further surgery, liver metastases known 1996 well 7
MEN | 1975 parathyroid since 1986
26 DD 1990 51 1990 1 pancreatic surface gastrinoma resected 1995 cured, nommal gastrin 5
(extrapancreatic/extraintestinal/extralymphatic) lost for follow-up
27 SD 1990 39 1993 1 duodenal wall gastrinoma resected 1998 well on 120 mg lanzoprazole 5
1996 3 pos LN (2 periduodenal, 1 on pancreas)
28 DM 1990 49 | 1988 perfor DU 1990 2 duodenal wall gastrinoma and 1998 cured 5
1989 V&A 1 pos LN periduodenal removed
1991 TG (for severe esophagitis)
29 PL 1990 38 1992 negative explorative laparotomy 1998 well on 40 mg pantoprazole 8
1996 1extraintestinal/extrapancreatic tumour
on pancreatic body removed + 1 pos LN
periduodenal
30 KP 1991 43 refused surgery (no tumour localized) 998 well, on Losec 40 mg per day 7
31 PV 1991 16 1991 1 pos LN from gastrohepatic lig removed 1997 cured for 4 yrs until lost for FU 6
32 TA 1991 45 no surgery, larger gastrinoma head of pancreas 1997 well, dose of Mx not known 6

with liver metastases

(living abroad)




No | Patient | Year | Age Surgery SURGERY after ZES Diagnosis Status Follow-
ZES before up
diag. ZES Diag. years

33 CP 1991 52 |1984 perfor DU 1991 parathyroidectomy 5

MEN I 1990 perfor DU 2 duodenal wall gastrinomas removed 1996 died postoperatively after
with one insulinoma septic complications
1996 one somatostatinoma next to 2nd part of
duodenum removed. Pancreatic tail
gastrinoma not detected

34 PW 1992 32 1997 1 pos LN along lesser curve 1999 well on Mx, dosis not known 7

patient is living abroad

35 KR 1994 49 11992 V&A 1994 1 duodenal wall gastrinoma and 1998 well on 30 mg lanzoprazole 4

2 pos LN peripancreatic removed
1994 TG for esophagitis
36 MV 1995 40 |1995 V&A no surgery (no tumour localized) 1995 died, unlikeley ZES related 0
37 JO 1995 74 11985 VEA no surgery 1999 well on 30 mg lansoprazole
1995 hot spots on SRS in liver area

CT and ultrasound negative

38 PW 1995 48 1992 perfor DU no surgery 1999 well on 30 mg lansoprazole 4
1995 perfor DU 1995 hot midline spot on SRS

CT and ultrasound negative
39 RM 1995 58 1997 1 pos LN on surface of pancreatic body 1999 cured 2
40 RW 1996 56 |1994 perfor DU 1997 1 duodenal wall tumour removed 1999 elevated gastrin, on PPIs 3




Legend to “Mastersheet of 40 ZES patients treated at Groote Schuur Hospital 1980-1998”

The “Mastersheet of 40 ZES patients”™ contains the relevant clinical information of all the ZES patients that were
treated at the GIT Clinic.

The year numbers in the two columns “Surgery before ZES diagnosis™ and “Surgery after ZES diagnosis” indicate
one surgical procedure each.

Gastr gastrectomy

PUD peptic ulcer disease

TG total gastrectomy

LN lymph node

Rev gastr revision gastrectomy

SRS somatostatin receptor scintigraphy
PGV proximal gastric vagotomy

BAO basal acid output

MEN I Mutltiple Endocrine Neoplasia type 1
V&A vagotomy and antrectomy

DU duodenal ulcer



TABLES



Table Clinl. Characteristics of the 40 patients with Zollinger-

Ellison syndrome treated at Groote Schuur Hospital

Total no of ZES patients 40
Study period 1980 - 1998
Patients with MEN I syndrome 5/40 12.5%
Male sex 30/40 75%
Age at onset of symptoms (mean, yrs) 34.8 range 11-62
Age at diagnosis of ZES (mean, yrs) 389 range 13-62
ZES patients under age of 16 6/40 15%
Duration of symptoms before diagnosis (yrs) 3.8 range 0.2-22
Total number operated* : 36/40 90%
Resection of gastrinomas 27 68%
Tumour debulking 9/21 43%
Cured < § years** 5
Cured > 5 years#** 4
Cure rate in total series 9/40 23%

* Includes emergency surgery for complications of peptic ulcer disease and gastrinoma
resections

»x Refers to patients P14,18,39,22 and 31 of the “Mastersheet”

w** Refers to P5,13,26 and 28 of the “Mastersheet of 40 ZE Patients”

¥ Cure includes normal serum gastrin levels (<115 pg/ml) and a negative secretin test
(increase of serum gastrin <200 pg/ml)



Table Clin2. Results of conventional imaging studies for the
localisation of gastrinomas

Test results

Test No of No of false- true- false-positive Sensitivity
tests pat. negative positive of each
performed* test*
Ultrasound 47 40 39 8 - 17%
CT-scan 46 36 38 7 1 15%
Angiography 11 10 6 3 2 27%
Angiography with 1 1 0 1 - 100%

secretin injection

Overall 105 82 19 3 18%

* The table shows results per test, not per patient.

The somatostatin receptor scintigraphy was performed in a subgroup of 12 patients. See

results on tables SR1-SR6.



Table Clin3. Types of surgical procedures performed before and after ZES diagnosis

BEFORE ZES DIAGNOSIS Number of procedures AFTER ZES DIAGNOSIS
/ n= 77 (in 36PtS) \
32 (20 pts) 451 (30 pts)
14 (1opzs\ 18 (14pts) Acid reducing procedures 18 (16 pts)-/ \
31** (27pts)
emergency procedures Total of 36 procedures in 30 patients local excision of
gastrinoma
A | kK
vagotomy 7 (7 pts) 8 (7 pts) vagotomy & pyloroplasty
revision gastrectomy 3 (3pts)
polya gastrectomy 4 (4 pts)
vagotomy/antrectomy 4 (4 pts)
total gastrectomy 1 (Ipt) 10 (10 pts)  total gastrectomy

Since most patients had several procedures during the course of their disease, they are listed repeatedly under different categories.
*One patient had a revision gastrectomy and a vagotomy at the same time, which increases the total number of operations to 19.
** Number includes also 4 total gastrectomies where a gastrinoma was resected incidentally with the gastrectomy specimen.

*** One patient had a vagotomy twice, another a vagotomy, followed by a total gastrectomy at a later stage. 1 Some patients had
both, a local gastrinoma resection combined with a vagotomy.



Table Clin4. Acid output and follow-u!) in 18 ZE patients with vagotomy

Noin Procedure Vagotomyt Gastrinoma  BAO* pre- BAO* post- Outcome Medical/Surgical
Mastersheet before/after diag. Resection vagotomy vagotomy post-vagotomy treatment

1)1 Vagotomy/pyloroplasty** before - N/A 32 DU TG (H2RA)
2)6 V/A before - N/A 23 Stomal ulcerations TG (H2RA)
3)7 V/A before - 15 2.8 Stomal erosions Rx

4)8  HSV before - 39 6.8 Recurrent DU Rx
5)16 Truncal vagotomy before - N/A 23 Duodenal erosions Rx
6.)17 Truncal vagotomy before - N/A 20 DU, oesophagitis TG (H2RA)
7)24 V/A before - 435 N/A Stomal ulcerations TG (PPI)
8)28 V/A before - 33 5.0 3° Oesophagitis TG (H2RA)
9.)35 V/A before - N/A N/A Oesophagitis, stricture TG (H2RA)
10)36 V/A before - N/A N/A DU Rx
11.)37 V/A before - N/A 10.4 - Rx
12) 3 Vagotomy/pyloroplasty  after - 47 14 Duodenal erosions Rx
13) 4 Truncal vagotomy after - 37 29 DU Rx
14) 9  Truncal vagotomy after - 14 6.6 Recurrent DU Rx
15.) 11 Vagotomy/pyloroplasty  after + 57 24 Duodenal fistula TG (H2RA)
16.) 14 HSV after +* 134 1.0 Recurrent DU Truncal vagot.
17.) 15  Vagotomy/pyloroplasty  after + 22 8.3 Diarrhoea Rx
18.) 22 Truncal vagotomy after + 8.6 0.8 - Lost for FU

Mean 28.6 (SD16.4) 5.06 (SD 4.0; p=0.001)

The patient numbers refer to the “Mastersheet of 40 ZES Patients”. N/A, data not available; * BAO in mEq/h; H2RA, histamine receptor 2
antagonist; PPI, proton pump inhibitor. H2RA and PPI indicate the medication the patient was on when he had the total gastrectomy. ** not
performed at Groote Schuur Hospital; HSV, highly selective vagotomy; DU, duodenal ulcer; §, vagotomy before or after the ZES diagnosis was
made. Mean, standard deviation and significance (paired t-test) includes only cases with pre-and postoperative basal acid output. * This patient
had additional surgery the same year after the two vagotomies with resection of a gastrinoma lymph node (see “Mastersheet”). Rx, medication,
either H2RA or PPIs.




Table ClinS. Results of debulking operations according to
anatomical location

Patient no in Number of Cure status’
“Mastersheet” operations
1.) Pancreas (superficial) 22 1 1 (3)
with lymph node
2.) Extrapancreatic/extraintestinal
- no metastases 26 2 1(1)
- lymph node metastases 29 1
3.) Lymph nodes
- solitary 4,5,14,31 6 4(1,2,1
34,39 2)
- multiple 17 1 -
- plus liver metastases 15 1 -
4.) Liver metastases, no primaries 16 1 -
5.) Duodenal and gastric wall*
- without LN metastases 40 1 -
- with LN metastases 8,11,13,18, 7 3(1,2,
27,28,35 1
Total 21 9 (43%)
Note: solitary lymph nodes and extrapancreatic/ 8 5 (62.5%)

extraintestinal gastrinomas combined

Cure status: 1 = > Syears; 2 =<5 years; 3 = cure but lost for follow-up; 4 = cure with
recurrence.

Excluded were patients (a) who had surgery before a policy of debulking operation was
adopted (2,6,10,19); (b) those with MEN I; (c) when only incomplete information was
available (12,34,40).

Numbers in bold indicate patients who were cured after surgery.



Table Clin6. OUTCOME OF SURGICAL DEBULKING (I)

A. Cure>5years - Clinical & normal gastrin and/or secretin test

No Name Age Tumour site Total FU Normal Gastrin Clinically Treatment
' Yrs Years Years

5 VM 27 SLN 17 17 yrs well No Rx

13 DK 38 DW +2LN 10 6 yrs well No Rx

26 DD 51 extraintest/expancr. 5 5 yrs well No Rx

28 DM 49 2DW+1LN 8 5 yrs well No Rx, TG

31 PV 16 SLN 4 4 yrs well No Rx

B. Cure Gastrin < § yrs, Clinical > 5 yrs

14 JS 28 SLN 9 lyr 5 mo well No Rx

18 ZZ 15 1 gastric + 2 LN 8 1yr well No Rx

39 RM 58 SLN 5 4yrs well No Rx

C. Cure <S5 years, Lost to follov;r-up <5 years

22 SB 21 Pancreas + 1LN 2yrs3mo 2yrs3mo 2yrs3mo  No Rx, lost



OUTCOME OF SURGICAL DEBULKING (II)

D. Initial cure with recurrence

No Name Age Tumour site Interval to Total Follow up Treatment
’ recurrence
Yrs years years
8 SA 14 1°2x LN/ 2°2LN 3 yrs (35 mo) 16 Lanzor 30 mg/day
4 EP 36 SLN 2 yrs (27 mo) 15 Died alcohol related
E. Uncertain outcome/ incomplete data
No Name Age Tumour site Total FU Gastrin Treatment
Yrs Years
12 BC 21 2 liver metastases  lost Lost Lost
34 PW 32 SLN 3 Normal BAO post-op Recurrent DUs
. No gastrin value ’
40 RW 56 1 DW 3 Normal postop gastrin PPI for heartburn

186 ng/ml at 3 yrs



OUTCOME OF SURGICAL DEBULKING (III)

No Name Age (yrs) Tumour site Total FU (yrs)
F. No cure after debulking procedure
11 EM 35 DW +2 LN 5
15 PS 15 2IN,1 LM 9
16 SJ 11 2LM 10
17 RA 49 2LN 5
27 SD 39 1 DW,2LN 8
29 PL 38 1 extraintest, 1 LN 8
35 KR 49 1 DW,2LN 4
G. No cure, no formal debulking procedure
1 RP (MEN) 29 Pancreas, LN, TG = - 1
33 CpP 52 Pancreas, 2 DW 5
6 JP (MEN) 13 1 LN, TG 15
10 CK 45 Pancreas, LM, LN, TG 15
2 FT 39 1 LN 18
19 LR 48 1LN 5

Additional
treatment

V+P
V+P
TG
TG

TG

TG

TG
TG
TG
TG

Follow-up

died, not ZES related
died - homicide

well

death not ZES related
well 120 lanzoprazole
well 40 mg pantoloc
well

died, cause unknown
died post-operatively
well

well

well

died (unrelated)

TG, total gastrectomy; DW, duodenal wall tumor; LN, lymph node; SLN; solitary lymph node; yrs, years; mo, month(s); no Rx, no
treatment; PPI, proton pump inhibitor.



Table Clin7. Gastrinoma location in 40 ZES patients treated
at Groote-Schuur Hospital from 1978 to 1998

Number of ZE patients
Tumour site Pat No on total cured %
“Mastersheet”?
Surgical exploration:
Pancreatic primary gastrinomas 4 1
with lymph node metastases 22
with LN and liver metastases (10)
MENI 1,33
Extrapancreatic/extraintestinal 2 1
without metastases 26
with LN metastases 29
Lymph nodes (without primary)
solitary 5,14,31,39 8 4 50%*
4,34,(2),(19)
multiple 17 1
plus liver metastases 15 1
MEN I (6) 1
Liver gastrinoma/metastases, no primary 12,16, 2
MEN I 25 1
Duodenal (7) and gastric wall (1*) 8 3 38
without LN metastases 40
with LN metastases 18%,8,11,13,
27,28,35
No location at surgery
before diagnosis of ZES 9,37,38 3
no attempt at location 24 |
attempted at location 3 1
Location by imaging (no surgery)
No tumour found 7,20,21,30,36 5
Pancreas and liver metastases 23,32 2
Total 40 9 23%

The patient numbers refer to the “Mastersheet of 40 ZES Patients”
1 Patient numbers in bold indicate patients that were cured after surgical gastrinoma removal

() Patients had no formal debulking operations

** or 4/6 (67%) if patients 2 and 19 are not considered



Table Clin8. Clinical data including outcome in ZES patients with liver metastases

Liver tumours/metastases Total Patient No Surgery Outcome
associated with n in (vears after the diagnosis of LM)
‘“ Mastersheet”
1.) Pancreatic primary 3 10 pancreatic tail tumour resection | well 14 yrs, multiple LM during FU
23 none died from ZES, multiple LM
32 none well 6 yrs
12 2 LM removed lost for FU same year
2.) No primary 3 16 2 LM removed, TG well 10 yrs, more LM
25* TG well 10 years with LM
3.) No primary, but 6* LN upper border pancreas two hot spots on SRS left liver lobe
positive lymph nodes 3 15 two gastric LN removed died of homicide after 6 yrs FU
37 V&A two liver spots on SRS

All metastases were confirmed histologically except the two cases that had hot spots on SRS. The follow-up started at the time of the
diagnosis of the liver metastases, not at the time of the ZES diagnosis. The patient numbers refer to the “Mastersheet of 40 ZES
patients”. LM, liver metastasis; yrs, years; TG, total gastrectomy; V& A, vagotomy and antrectomy; SRS, somatostatin receptor
scintigraphy; LN, lymph node; FU, follow-up. * Patient with MEN I syndrome. More follow-up data are presented in the

“Mastersheet of 40 ZE patients”.



Table Clin9. Clinical features of ZES patients
— A literature review -

Patients and features Study
Ellison& Cameron& Regang Mignon Jensen& Bornman&
Wilson Hoffman Malagelada et al. Gardner Radebold
1964 1974 1978 1986 1991 1998
Total patients 260 26 40 144 165 40
MEN type I, % 21 18 23 24 18 13
Duration of symptoms
before diagnosis, years 14 5.8 6.5 ND 6.4 38
Initial symptoms, %
Abdominal pain 93 73 98 26 24 82
Pain & diarrhoea 30 19 28 49 55 22
Diarrhoea only 7 27 2 15 18 10
Mean age at onset, years ND 50 50 47 45 34
Sex, % male 60 50 60 68 8 75




Table Clin10. Cure rates after gastrinoma resection 1986-1998
— A literature review -

References* Year No. of Length of No. of Patients
of Patients Follow-up " Cured (%)
publication (years)
Waddell 1968 3 0.5-5 3 100
Oberhelman 1972 4 0.1-11 4 100
Deveney 1978 52 1-10 6 12
Zollinger 1980 40 5-25 3 7.5
Bonfils 1981 92 1-6 5 5
Wilson SD 1982 28 3-21 5 18
Friessen 1982 23 3-10 10 43
Wolfe 1982 18 3-11 5 28
Malagelada 1983 53 3-10 7 13
Stabile 1985 65 1.5-10 6 9
Norton 1986 52 0.5-4 7 13
Vogel 1987 22 0.6-15 8 36
Kaplan 1990 27 0.7-16 6 22
Farley 1992 90 N/A 10 11
Norton 1992 56 1-12 41 73
Ellison EC 1995 34 5-14 6 17
Norton 1999 151 8-12 52 34
Own series 1998 40 1-20 9 23*

Modified from Anderson (1989) and Ellison (1995). Most authors did not distinguish in
their publications between cure <5 or >5 years. * Refers to ‘References’ section.
* 43% in patients who had tumour debulking.



Table Clinl1. Overview on ZES/MEN I patients treated at GSH

No | Patient No in Parathyroid Pituitary Pancreatic endocrine Status
“Mastersheet” gland involvement tumours tumours
1 1 1978 parathyroidectomy 1983 CCT normal | 1978 pancreatic gastrinoma 1992 died,
+2LN cause unknown
1983 TG, 1 LN in specimen
2 6 1981 parathyroidectomy 1981 prolactin up 1982 TG, removal gastrinoma | 1997 well, on
CCT abnormal sella| LN upper border pancreas SRS 2 hot liver
spots
3 20 1983 hyperparathyroidism | 1983 prolactin up refused surgery despite PUD 1989 died,
no surgery 1983 BAO 30 mEqg/h, lung cancer (?)
MAOQO 46 mEqg/h
4 25 1975 parathyroidectomy 1988 CCT with left | 1973 TG, liver metastases 1996 well

pituitary tumour 1988 gastrin 1000 pg/ml
prolactin up, no Sx

5 33 1991 parathyroidectomy 1984 prolactin up 1991 2 duodenal wall tumours+ 1996 died postop.
destruction of sella | insulinoma removed after septic
1996 1 somatostatinoma complications
1 pancreatic gastrinoma found
at autopsy

TG, total gastrectomy; PUD, peptic ulcer disease; BAO, basal acid output; MAQO, maximal acid output; SRS, somatostatin receptor
scintigraphy; LN, lymph node; CCT, cranial computerized tomography.



Table Biol. Clinical data and results of staining for biological markers

No Noin Year of Gastrinoma Size Outcome p53 bel2 Mibl/ p21 PCNA CD44
“ Mastersheet” surgery location mm K67 (wafl/CIP1)
1 22 1989 pancreas 18  cured - - 1.1 + strong weak
LN 10 - - 1.0 - mod strong
2 8 1983 LN 15  temp.norm.| - - 0.5 - weak strong
1990 duodenum 10 gastrin - - 23 - mod strong
LN 25  not cured - - 2.5 - mod strong
3 26 1990 pancreas 20  cured + + 24 + strong weak
4 12 1985 liver 5 lost for FU | - - 1 - strong strong
5 27 1993 duodenum 15  not cured - - 0.6 - strong strong
6 13 1985 duodenum 10  cured - - 0.5 - mod strong
LN 10 - - 0.8 - weak weak
7 18 1987 LN 8 cured - - 29 - weak weak
8 31 1991 LN 30  cured - - 1.1 - weak strong
9 14 1987 LN 10  cured + - 1.1 - weak strong
10 15 1989 LN 14  died, notrel.| + + 1.6 + strong weak




No Noin Year of Gastrinoma Size Outcome pS3  bcl2 Mibl/ p21 PCNA CD44
“Mastersheet” surgery location mm K67 (Wafl/CIP1)
11 19 1988 LN 10 died, notrel.| - - 0.5 - weak weak
12 17 1986 LN 5 died, notrel.| + + 04 - strong weak
13 4 1981 LN 10 died, norrel.| + - 1 - mod strong
14 5 1981 LN 30 cured - - 1 - strong weak
15 28 1991 duvodenum 7 cured + - 0.3 - strong weak
16 35 1994 duodenum 9 not cured - - 0.2 - mod strong
LN 12 + - 13 + strong strong
17 10 1984 LN 15 not cured - - 1 - mod strong
18 6 (MENI) 1982 LN 10 not cured - - 1.4 - weak weak
19 33(MENI) 1991 duvodenum 10 died, notrel.| - - 0.3 + weak weak
lymph nodes 15 cured 8 The staining results are summarized in Table Bio2
pancreas 2 onMx §
duodenal 6 lost 1
liver 1

+, positive staining; -, negative staining; LN, lymph node; temp, temporarily; not rel., not related to ZES; FU, follow-up; Mx,

medication.



Table Bio2. Gastrinoma location and corresponding marker expression

p53 positive | bcl-2 positive] Mib1/Ké67 p21 PCNA CD44
positive cells (Wafl/CIP1) | staining intensity |staining Intensity
n n (%) | n (%) n % n (%) n % n %
Lymph nodes 15 5 33) |2 13) [ <1% 4 27 2 (13) | weak 7 47 |weak 7 47
1-2% 9 60 mod. 4 27 |strong 8 53
>2% 2 13 strong 4 27
Pancreas 2 1 50y |1 50 | 1-2% 1 50 2 (100)| strong 2 100 ([weak 2 100
>2% 1 50
Duodenum 6 1 a7 ©) <1% S5 83 1 (17) | weak 1 17 |[weak 2 33
>2% 1 17 mod. 3 50 |strong4 67
strong 2 33
Liver 1 ) O [<1% 1 100 (0) |strong 1 100 |strong 1 100
TOTAL 24 7 29 |3 (13) |<1% 10 42 |5 (21)| weak 8 33 | weak 11 46
1-2% 10 42 mod. 7 29 | strong 13 54
>2% 4 16 strong 9 37




Table Bio3. Expression of biological markers in cured versus non-cured ZES patients

p53 bel-2 Mib1/Ki67 p21 PCNA CD44

positive positive positive cells positive

n %* n % n % n % n % n %
Cured 3 30 1 10 <1% 3 30 1 10 weak 4 40 weak 6 60
8 patients 1-2% 5 50 mod 2 20 strong 4 40
10 specimens >2% 2 20 strong 4 40
Not cured 4 29 2 14 <% 7 50 4 28 weak 4 28 weak 5 36
11 patients 1-2% 5 36 mod S5 36 strong 9 64
14 specimens >2% 2 14 strong 5 36

* n and percentages refer to specimens, not to the number of patients.



Table Bio4. Status of biological markers in ZES patients with
multiple gastrinomas

Gastrinoma p53  bel-2 Mib1/Ki67 Wafl PCNA CD44
location % positive cells Staining % of positive
Intensity cells

Patl  Pancreas- - 1.1 + strong weak
(22) LN - - 1.0 - moderate strong
Patll Duodenal wall - - 0.5 - moderate >10
(13) LN - - 0.8 - weak 5-10
PatIll Duodenal wall - - 0.2 - moderate strong
(35) LN + - 1.3 + strong weak
PatIV LN (1982) - - 0.5 - weak strong
®

Duodenal wall - - 23 - moderate strong

LN (both 1990) - - 2.5 - moderate strong

Patterns of marker expression in 4 ZE patients who had a primary gastrinoma and a
lymph node removed at the same time, or as in patient IV, on two different occasions.
LN, lymph node

(), patient number refers to the “Mastersheet of 40 ZES Patients”



Table SR1. Results of conventional imaging studies and somatostatin receptor scintigraphy in

12 ZES patients
Patient no in Conventional Number of SRS Location of
“Mastersheet” Imaging studies hot spots hot spots
(Number of lesions)

1) 39 neg 1 Pancreas body region

2) 33 Angiography** false-negative

3) 8 neg false positive! Inferior to right kidney

4) 27 neg 1 Duodenal area

5) 40 neg 1 Duodenal area

6.) 29 CT(HUSQ) 2 Pancreatic body & duodenal area
7) 34 neg 1 Upper pancreatic border

8) 21 neg 1 4" part of duodenum

9) 37 neg 1 Focus left lobe of the liver

10.) 38 neg 1* Hot spot mid abdominal region
11.) 24 neg 1 2™ part of duodenum/ pancreatic head
12) 6 neg 2 Hot spots over left liver lobe

Comparison of conventional imaging studies (CT scan, transabdominal ultrasound, and occasionally angiography) and somatostatin
receptor scintigraphy SRS). The first seven patients underwent surgery (further details next table SR2), the remaining five were
managed with proton pump inhibitors.

CT, computerized tomography; US, transabdominal ultrasound.

® The first scan with 165 Mbq was negative, whereas the second, with an increased dose of 270 Mbq, became positive.

** SRS remained negative despite a dose increase of the radiopharmaceutical from 160 Mbq to 240 Mbq. A selective angiography
with secretin stimulation and portal venous sampling revealed a tumour in the pancreatic body/tail region.



Table SR2. Results of conventional imaging studies, somatostatin receptor scintigraphy, and surgery in

seven ZES patients

Patient Previous Conventional Number of Number of Tumour Size Post-operative
“Master gastrinoma  imaging studies SRS hot spots resected Localization* (mm) cure (Months)
Sheet” resection (Number of lesions) tumours
1) 39 - neg 1 1 Surface pancreas 20 yes (30)
2) 33 DW Angiography** false-negative 1 Tail of pancreas 12 no
3) 8 LNs;DW neg false positive! - Not located - no
4) 27 DW neg 1 3 LN 2nd part duodenum 12 no

LN 3rd part duodenum 4

LN Surface pancreas 6
5) 40 - neg 1 1 Duodenum 15 yes (30)
6) 29  Neg. Explo. CT(Hus 1) 2 2 Pancreas; duodenum 15;35 no
7) 34 - neg i 1 Lesser curve 12 yes (12)* **

2/7 positive 7 9 14 mm (mean) 3/7 (43%)

Comparison of conventional imaging studies (CT scan, transabdominal ultrasound, and angiography), somatostatin receptor scintigraphy, and
surgical findings in the 7 ZES patients. The overview also includes the data of previous surgery for gastrinoma resection. All hot spots
corresponded to the tumours found at surgery.

SRS, somatostatin receptor scintigraphy; CT: computerized tomography; US: transabdominal ultrasound; DW, duodenal wall; LN,
gastrinoma containing lymph node; Neg. Explo, negative exploration. 1 an atypical hot spot on SRS inferior to the right kidney could not be
detected at surgery; MEN I: multiple endocrine neoplasia type I; LN: lymph node; L: left; R: right; * Italic, site and size of tumours

detected at surgery but not imaged by SRS. **Angiography with secretin injection and consecutive gastrin measurements in the hepatic

vein. *** presumably recurrent disease after 12 months.



Tab SR3. Comparison of pre- and postoperative serum gastrin levels, basal acid output, and
dose regimen of proton-pump inhibitors in ZES patients diagnosed by SRS

Patient No Gastrin levels (pg/ml) Basal Acid Output (mEq/h) Dose of PPI (mg)
in
“Mastersheet” preop  postop preop postop preop postop
" With 39 586 58 43.5 3.5 160 Panto -
surgical
cure 40 448 107 36.5 0.7 160 Panto -
(post-op)
34 156 55 55.2 1.0 40 Losec -
Without 33 233 187 97.8 ND 160 Panto *
surgical
cure 27 551 244 43.5 14.3 160 Panto 80 Panto
29 4726 319 19 134 80 Losec 40 Panto

PPI, proton-pump inhibitor; panto, pantoprazole; ND, not done; gastrin levels were measured in the fasting state. The preoperative
basal acid output was measured after a wash-out phase of 10 days, the postoperative in patients with surgical cure after one week
from cessation of medication and in those not cured after 24 hours off proton-pump inhibitors. 20 mg of losec were considered to be
of an equivalent of 40 mg pantoprazole (personal information from Byk Gulden, Konstanz, Germany). * The patient died post-
operatively due to septic complications. The one patient (P8) whose tumour was not found at surgery is not listed above.



Table SR4. Results of conventional imaging studies and SRS in ZES patients
- Review of the literature 1993 to 1998 -

Reference Year UsS Computerized SRS pesitive of total Sensitivity
tomography number of patients of SRS
%* Y%* investigated %
Kisker, Bastian 1998 44 56 9/17 53
Alexander 1998 16 51 29/37 78
Termanini, Gibril 1997 - 62% combined' > 75/122 61
Cadiot, Bonnaud 1997 ke *x 62/85 73
Meko, Doharty 1996 13 33 6/8 67
Gibril, Reynolds 1996 - 32% combined! - 56/80 70
Krenning, Kwekkeboom 1994 23 50 61/79 77
de Kervellier, Cadiot 1994 21 47 39/48 81

SRS, somatostatin receptor scintigraphy. US, transabdominal ultrasonography. * the sensitivity of ultrasound and
computerized tomography was calculated on a per patient basis. ** the tests had been performed, but the results were not
mentioned in the publication. T the authors did not distinguish between the two tests in their results section. * including MRI,
selective angiography, and bone scan.



Table SRS. Sensitivity of somatostatin receptor scintigraphy in ZES patients compared to
surgical findings
- Review of the literature -

Author Year

Sensitivity of SRS Resections in | Hot spots imaged Gastrinomas Post-operative
in ZES patients" patients by SRS resected cure rate

n % n % n n %
Kisker 1998 9/17 53 24/25 96 9 24 44
Alexander, Fraker 1998 3535 100 35/35 100 47 74 59*
Cadiot, Lebthai 1996 1221 57 19721 90 17 27 63%*
Zimmer, Stoelzl 1996 8/10 80 9/10 90 12 14 50**
Schirmer, Melvin 1995 8/9 89 9/9 100 21 23 N/A
Our series 1998 6/7 86 6/7 86 7 9 43%%*

N/A, not available. SRS, somatostatin receptor scintigraphy. ZES, Zollinger-Ellison syndrome
2 Results are based on a per patient, not per lesion basis
*The cure rate at 2 years decreased to 41%.
** No follow-up data available

*** 29% at two years’



Table SR6. Possible causes for false negative results after somatostatin
receptor scintigraphy

A.) Technical 1.) Insufficient dose of radioactivity
2.) No SPECT images obtained
3.) One-headed camera used instead
of two-headed one

B.) Anatomical 1.) Hot spot obscured by physiological
uptake of neighbouring structures
(i.e. area tail of pancreas, gallbladder)
2.) Small tumour size (<3-5 mm)

¢.) Biological 1.) Low density of somatostatin receptors
2.) Low affinity of somatostatin receptors
3.) Locally high concentration of
.somatostatin
4.) Impaired tumour blood supply
5.) Down-regulation of binding sites
by corticosteroids
6.) Receptor subtypes for octreotide not
expressed




Table Pantl. Characteristics of ZES patients who participated
in the pantoprazole trial

Patients (n) 10

Mean age (yr) 48.9 (range 28-74)
Male/female ratio 8/2

ZES associated with MEN I (n) |

Mean BAO (mEqg/h) 27.1 (range 0.5-97.8)
Mean fasting serum gastrin (pg/ml) 1554 (range 136-4762)
Previous gastric surgery (n) . 4

BAO, basal acid output; MEN I, multiple endocrine neoplasia, type 1;



Table Pant2. Clinical and biochemical data of pantoprazole trial patients

Wash-out phase Maintenance
Gastric ZES

Pat* Age Surgery History Gastrin Endos- Parietal cell BAO BAO  Dose

ors) ors) (pg/ml) copy hyperplasia (mEq/h) (mg)
1) 33 58 - 4 152 D yes 97.8 51 160
2) 27 46 - 7 1135 G,D yes 433 10m 160
3) 29 45 - 3 4762 E,D yes 19.2 49 40
4) 37 74 V/A 1 236 D no 10.4 3.8 40
5) 38 50 V/P 1 366 ED no 12.4 39 40
6) 8 29 V/P 13 443 G,D no 35 0.5 40
7.) 7 74 V/A 13 4738 SE,E no 0.5 0.3 40

8) 39 61 - 1 398 ED yes 435 5.1 80**
9) 21 55 - 8 2776 D yes 3.7 0 40
10) 40 57 - 1 448 - yes 36.5 39 160

Patient data giving age, previous gastric surgery, initial serum gastrin, endoscopy findings and basal acid output before and during
treatment with pantoprazole. All pathological findings on endoscopy were resolved after 3 months. V/A, vagotomy and antrectomy;
V/P, vagotomy and pyloroplasty; BAO, basal acid output; D, duodenitis; SE, stomal erosions; E, esophagitis; G, gastritis. * The
second row of patient numbers refers to the “Mastersheet of 40 ZES Patients”. 1BAO with 120 mg pantoprazole was repeatedly 18
mEg/h. " BAO was 18 mEq/h with 120 mg pantoprazole. **BAOQ increased in this patient (probably due to tumour growth) to 14.8
mEq/h under 120 mg pantoprazole/day and finally 11 mEq/h with 160 mg pantoprazole/day.



Table Pant3. ECL-cell status and serum levels before and
during the treatment with pantoprazole

Pre-Treatment During Treatment
(wash-out phase) (after at least 1 year)
Serum Serum
Pat.* ECL-Cell Status Gastrin (pg/ml) ECL-Cell status  Gastrin (pg/ml)
1.) 33 normal 152 normal 170
2)) 27 nodular 1135 nodular 1241
3) 29 nodular 4762 linear 3585
4) 37 normal 236 normal 212
5.) 38 linear 366 linear 389
6.) 8 nodular 443 nodular 422
7.) 7 dysplasia 4738 dysplasia 4550
8.) 39 linear 398 linear 586
9) 21 dysplasia 2776 dysplasia 4821
10.)40 linear 448 linear 478

The mean treatment time with pantoprazole was 61.5 weeks (range 13-76 weeks; + 26.15
weeks). *The second row of patient numbers refers to the “Mastersheet of 40 ZES
patients”. The categorisation of the enterochromaffin-like (ECL) cell status was
performed by one pathologist (PK) according to the classification provided by Solcia
(1995).

The mean serum gastrin level before treatment was 1545 pg/ml (+ 1856), and during the
treatment 1645 pg/ml (= 1893), which was not significantly different, as assessed by the
Student’s paired t-test (p= 0.697).



Table Pant4. Basal acid output before and during the
pantoprazole trial at different doses of pantoprazole in 10 ZES

patients
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The graph reflects the initial basal acid output during the washout phase and the effect of
different doses of oral pantoprazole (40-160mg) on acid secretion in 10 patients with
ZES. The basal acid output (BAO) was determined after a washout phase of 10 days. The
dotted line represents an acid output of 10 mEq/h, the accepted level of control in
patients without previous gastric surgery.



FIGURES



Figure 1. Biographical data of Zollinger and Ellison

Robert M. Zollinger

Robert M. Zollinger was born on 4 September 1903, 1in
Millersport, Ohio. He graduated from Medical School in Ohio
in 1927. After his surgical training he was appointed
assistant professor at Harvard Medical School. During World
War II, he served overseas in the Medical Corps of the
Army. In 1947 he became professor and chairman of the
Department of Surgery, Ohio State University, and occupied
this post until he retired with emeritus status in 1974. He
has published more than 340 articles, covering not only
different surgical topics (gallstone disease, breast and
colonic cancer) but wrote also articles of historical
interest (Doctor Loyal Davies, William Beaumont). Since
1957 he has been editor-in-chief of the American Journal of
Surgery.

Edwin H. Ellison

Edwin Ellison was born in Dayton, Ohio, on 4 September 1918
and graduated in medicine with distinction from Ohic State
University. He performed postgraduate studies in
biochemistry prior to his residency training in surgery. In
1948, he joined the faculty of the Ohio State University,
were he pioneered the use of the flame photometer in
determining electrolyte 1levels in surgical patients. By
investigating surgical procedures in peptic ulcer disease,
he noticed recurrent surgical failures in one patient, who
later proved to be one of the two making up the original
report later in 1955. In 1958, he was appointed as
professor and chairman of surgery, Marquette School of
Medicine. Amongst various scientific activities, Ellison
developed together with a medical artist an atlas for
surgical procedures of the stomach. He died 1970 in
Milwaukee, Wisconsin, at the age of 52.

(References: Beighton 1986; Zollinger 1970)



Figure 2. Historical landmarks in the evolution of diagnosis

and treatment of ZES
Date, year Description

1955 Original description of ZES

1958 Oberhelman excises duodenal gastrinomas
Cure rates of 2-5 percent reported

1960 Identification of gastrin as the secretory product
of the islet-cell tumor by Gregory

1960 A gastrin-like substance derived from a pancreatic
primary and liver metastases at GSH

1968 Gastrin radioimmunoassay

1976 H2 receptor antagonists shift focus to the medical
Management of patients with ZES

1977 Portal venous gastrin sampling

1980 Duodenal gastrinomas identified intraoperatively

1982 Biologic differences identified in gastrinomas
from different locations

1984 Proton pump inhibition (omeprazole) introduced

1984 Gastrinoma triangle defined
Augmented localization of duodenal tumors

1988 Selective intra-arterial secretin injection test

1988 Gene responsible for MEN I mapped to
chromosome 11q13

1990 Intraoperative endoscopic transillumination

1992 Cure rates of 30-82% percent are reported

1994 Somatostatin receptor scintigraphy

1997 Successful cloning of the MEN I gene

1997 Intravenous proton pump inhibitor (pantoprazole)

(Modified after Modlin, Lawton 1994; the references are mentioned in the text)



Figure 3. Surgical procedures and their effect on acid
secretion in the first ZES patient reported by Zollinger and
Ellison 1955

fatal Frew M imiEg) L

Schematic representation of Zollinger and Ellison’s first case from their original
presentation, including the operative procedures until total gastrectomy (above), and the-
effects on gastric acid output (below).



Figure 4 A. Immunohistochemical staining for neuroendocrine
tumours (including gastrinomas)




Figure 4 B. Gastrinoma tissue staining for biological markers

PCNA (20 x) PCNA (40 x)

Mibl (20x) Mibl (40x)



Figure 4 C. Gastrinoma tissue staining for biological markers

. ;";‘ :

p33 (Magnification 40x)

bel-2 (40x)

The figures show staining for neuroendocrine tumours including gastrinoma (4 A), and
the expression of various biological markers in a gastrinoma lymph node (4 B and C).
Figure 4 A shows examples of gastrin (upper) and somatostatin (middle) staining of
gastrinoma tumour cells, whereas the lower picture reflects positive chromogranin A
staining of gastrinoma cells (dark). |

Figure 4 B. upper picture, gives an example of intense CD44 membrane staining
of gastrinoma tumor cells. CD44 may play a role in the regulation of cell substrate
interactions as well as cell migration. The picture in the middle reflects staining for
PCNA. the lower for Mib-1. Wafl is regulated by the cell cycle marker p53 (4 C).
Staining for p53 (4C) was weak and occurred in less than a third of the tumours. The
lower picture demonstrates staining for bel-2.



Figure 5. Example of pre- and postoperative scintigrams in a
ZES patient

A. This preoperative scan, taken at 4 hours after injection of the radionuchide, shows two

hot spots in patient 29 from “Mastersheet of 40 ZES Patients”. The bigger one (arrow) is

located in the area of the duodenum. the smaller one (arrowhead) in the pancreatic region.
Additional physiologic uptake 1s seen in the spleen (S) and the kidneys (K).

B. A scan of the same region of the patient in A.. two weeks after resection of a
paraduodenal lymph node gastrinoma and a pancreatic tumour, The two lumour-related
hot spots no longer appear. Only the physiologic uptake over both kidneys (K) is
detected. Despite the negative scan, this patient remained hypergastrinemic (serum
gastrin 239 pg/ml) with a positive secretin lest. probably due to remaiming microscopic
gastrinoma tissue,



Figure 6. Intraoperative tumour locations

ltmor

b,

A, Location of the periduodenal gastrinoma in patient 29 (from “Mastersheet™). B, the
same tumour excised and bivalved. Note the cystic pattern of the gastrinoma. C. the
duodenal wall tumor in P40 (from *Mastersheet™) before removal.



Figure 7. Fusion of computed tomography and SRS for
localization of gastrinomas

Image A. A C1 scan showing a 3cm lesion (arrow) next to the duodenum. The body of
the pancreas looks normal,

= B =
» -

Image B. Somatostatin receptor scintigraphy using SPECT imaging (transaxial view),
same layer as CT scan in Image A. The left arrow indicates the known lesion in the
pancreatic head/duodenal area: the right arrow reveals an additional smaller tumour in the
body region of the pancreas.

Image C. Computerized fusion of the same layer of the CT scan and the SPECT image to
delineate the anatomical position of the two lesions (arrows).



Figure 8. Algorithm for the diagnosis of ZES

Clinical Symptoms

- Complicated duodenal ulcer
- Atypical ulcer site
- Diarrhoea

Biochemical Diagnosis

- Serum gastrin
- Secretin provocative test
- Basal acid output

Exclude MEN I Syndrome

- Hypocalcaemia
- Pituitary Abnormalities
- Other neuroendocrine tumours

/\

ZES (sporadic) ZES with MEN |

\/

Topographical Localization

MEN I, multiple endocrine neoplasia type I; NET, neuroendocrine tumor



Figure 9. Contemporary management algorithm in the
Zollinger-Ellison syndrome

Diagnosis confirmed
Serum-gastrin/secretin test
MEN 1 screen

Imaging
US, CT, SRS

MEN I
Multiple liver metastases

N\

Conservative therapy
PPI

Formal debulking

_—
oy 3

Assgess

PPI dosage J
Reguirement BAO < 10 mEg/h

Laparotomy

No tumour

Cured
6-12 months serum
gastrin

e

Mot cured

Continue medication

Poorly controlled

SRS
Re-exploration
Vagotomy/ total
Gastrectomy




REFERENCES



Abe K, Nikawa N, Sasaki H. Zollinger-Ellison syndrome with Marder-Walkter
syndrome. Association of two rare diseases in a 5-year old girl. Ann J Dis Child, 733:
735-738, 1979.

Alexander HR, Fraker DL, Norton JA, et al. Prospective study of somatostatin receptor
scintigraphy and its effect on operative outcome in patients with Zollinger-Ellison
syndrome. Ann Surg, 228: 228-238, 1998.

Andersen DK. Current diagnosis and management of Zollinger-Ellison syndrome. Ann
Surg, 210: 685-703, 1989.

Andreola S, Lombardi L, Audisio RA, et al. A clinicopathological study of primary
hepatic carcinoid tumors. Cancer, 65: 1211-1216, 1990.

Aoyagi T, Summerskill WH. Gastric secretion with ulcerogenic islet cell tumor.
Importance of basal acid output. Arch Intern Med, 117: 667-672, 1966.

Amold R, Neuhaus C, Benning R, et al. Somatostatin analogue sandostatin and inhibition
of tumor growth in patients with metastatic endocrine gastroenteropancreatic tumors.
World J Surg, 17: 511-519, 1993.

Amold R, Frank M, Kadjan U. Management of gastroenteropancreatic endocrine tumors:
the place of somatostatin analogues. Digestion, 55: 107-113, 1994.

Armold R, Frank M. Control of growth in neuroendocrine gastro-enteropancreatic tumors.
Digestion, 57: 69-71, 1996.

Armold R, Trautmann ME, Creutzfeldt W, et al. Somatostatin analogue octreotide and
inhibition of tumor growth in metastatic endocrine gastroenteropancreatic tumors. Gut,
38: 430-438, 1996.

Armold WS, Fraker DL, Alexander HR, et al. Apparent lymph node primary gastrinoma.
Surgery, 116: 1123-1130, 1994.

Bakker WH, Albert R, Bruns C, et al. (111In-DTPA-D-Phe)-octreotide, a potential
radiopharmaceutical for imaging of somatostatin receptor positive tumors. Life Sci, 49:
1583-1591, 1991.

Bank S, Marks IN, Groll A. gastric acid secretion in pancreatic disease. Gastroenterology
51(5):649-655, 1966.

Bank S, Marks IN, Louw JH, Tigler-Wybrandi N. Stimulation of gastric-acid secretion by
histamine, pentagastrin, and pentagastrin-propenthaline after vagotomy in man. Lancet,
8;2: 67-69, 1967. -



Bardram L. Progastrin in serum from Zollinger-Ellison patients: an indicator of
malignancy? Gastroentereology, 98: 1420-1426, 1990.

Bartek J, Bartkova J, Vojetsek B, et al. Aberrant expression of the p53 oncoprotein is a
common feature of a wide spectrum of human malignancies. Oncogene, 6. 1699-1703,
1991.

Barton JC, Hirschowitz BI, Maton PN, Jensen RT. Bone metastases in malignant
gastrinoma. Gastroenterology, 9/: 1179-1185, 1986.

Bartz C, Ziske C, Wiedenmann B, et al. p53 tumor suppressor gene expression in
pancreatic neuroendocrine tumor cells. Gut, 38: 403-409, 1996.

Basso N, Pessaro E. Calcium-stimulated gastric secretion in the Zollinger-Ellison
syndrome. Arch Surg, 101: 399, 1970.

Becker HD. Zollinger-Ellison syndrome. Wien Klin Wschr, /7: 138-144, 1984,

Beighton P, Beighton G. Zollinger, Ellison. /n: G. Beighton P (ed.), The man behind the
syndrome, pp. 210, 232. Berlin, Heidelberg: Springer-Verlag, 1986.

Bell GI, Yasuda K, Kong H, et al. Molecular biology of somatostatin receptors. Ciba
Foundation Symposium, 790: 65-79, 1995.

Benya RV, Metz DC, Hijazi YM, et al. Fine needle aspiration cytology of submucosal
nodules in patients with Zollinger-Ellison syndrome. Am J Gastroenterol, 88: 258-265,
1993.

Berkowitz I, Marks IN, Modlin IM. Case report: Low acid, high gastrin - a signal
sequence for gastric endocrine neoplasia? Euro J Gastroenterol Hepatol, 3. 189-191,
1991.

Blalock JB. History and evolution of peptic ulcer surgery. Am J Surg, /141: 317-322,
1981,

Bliesath H, Huber R, Hartmann M, et al. Dose linearity of the pharmococinetics of the
new H+/K+-ATPase inhibitor pantoprazole after single intravenous administration. Int J
Clin Pharmacol Ther, 32: 44-50, 1994,

Bollen ECM, Lamers CB, Jansen JB, et al. Zollinger-Ellison syndrome due to a gastrin-
producing ovarian cystadenocarcinoma. Br J Surg, 68: 776-777, 1981.

Bonfils S, Landor JH, Mignon M, Hervoir P. Results of surgical management in 92
consecutive patients with Zollinger-Ellison syndrome. Ann Surg, 194: 692-697, 1981.

Booth CC. What has technology done to gastroenterology? Gut, 26: 1088-1094, 1985.



Bordi C, D'Adda T, Azzoni C, Pilato FP, Caruana P. Hypergastrinemia and gastric
enterochromaffin-like cells. Am J Surg Pathol, 19 (suppll): S8-19, 1995.

Bornman PC, Marks IN, Mee AS, Price S. Favourable response to conservative surgery
for extrapancreatic gastrinoma with lymph node metastases. Br J Surg, 74: 198-201,
1987.

Bornman PC, Krige J, Terblanche J, Rode H, de Villiers JC. Surgery in Africa. Arch
Surg, 131: 6-12, 1996.

Bravo R, Macdonald-Bravo H. Existence of two populations of cyclin/proliferating cell
nuclear antigen during the cell cycle: association with DNA replication sites. J Cell Biol,
105: 1549-1554, 1987.

Brennan MF, Sloan AP, Friesen SR, et al. Is total gastrectomy still acceptable in the
treatment of the Zollinger-Ellison syndrome? Langenbeck's Arch Chir, 367 215-221,
1986.

Brown DC, Gatter KC. Monoclonal antibody Ki-67: its use in histopathology.
Histopathology, /7: 489-503, 1990.

Bruns C, Weckbecker G, Raulf F, et al. Chararcterization of somatostatin receptor
subtypes. Ciba Foundation Symposium, /90: 89-101, 1995.

Buchanan KD, Johnston CF, O'Hare M, et al. Neuroendocrine tumors: a European view.
Am J Med, 81: 14-27, 1986.

Bukholm IK, Nesland JM, Karesen R. Relationship between abnormal p53 and failure to
express p21 protein in human breast carcinomas. J Pathol, /81: 140-145, 1997,

Bukholm IK, Nesland JM. Protein expression of p53, p21(Waf1/CIP1), bcl-2, Bax, cyclin
D1 and pRb in human colon carcinomas. Virchows Arch 436:224-228, 2000.

Buscail L, Delesque N, Esteve JP, et al. Stimulation of tyrosine phosphatase and
inhibition of cell proliferation by somatostatin analogues: mediation by human
somatostatin receptor subtypes SSTR1 and SSTR2. Proc Natl Acad Sci USA, 91 2315-
2319, 1994. '

Buscail L, Esteve JP, Daint-Laurent N, et al. Inhibition of cell proliferation by the
somatostatin analogue RC-160 is mediated by somatostatin receptor subtypes SSTR2 and
SSTRS through different mechanisms. Proc Natl Acad Sci USA, 92: 1580-1584, 1994,

Bystrom C, Larsson C, Blomber C, et al. Localization of the MEN I gene to a small
region within chromosome 11q13 by deletion mapping in tumors. Proc Natl Acad SCI
USA, 87: 1968-1972, 1990.



Cadiot G, Levy T, Ruszniewski P, Bonfils S, Mignon M. Gastric endocrine cell evolution
in patients with Zollinger-Ellison syndrome - influence of gastrinoma growth and long-
term omeprazole treatment. Dig Dis Scien, 38: 1307-1317, 1993.

Cadiot G, Vuagnat A, Doukhan I, et al. Prognostic factors in patients with Zollinger-
Ellison syndrome and multiple endocrine neoplasia type 1. Gastroenterology /16;286-
293, 1999.

Cadiot G, Lehy T, Mignon M. Comparative behavior of gastric endocrine cells and serum
gastrin levels in Zollinger-Ellison (ZE) patients during long-term treatment with
omeprazole or H2-receptor antagonists. Gastroenterology, 94: A56, 1994.

Cadiot G, Lebthai R, Sarda L, et al. Preoperative detection of duodenal gastrinomas and
peripancreatic lymph nodes by somatostatin receptor scintigraphy. Gastroenterology,
111: 845-854, 1997.

Chandrasekharappa SC, Guru SC, Manickam P, et al. Positional cloning of the gene for
multiple endocrine neoplasia-type 1. Science, 276: 404-407, 1997.

Chang F, Syrjanen S, Tervahanta A, et al. Tumorigenesis associated with the p53 tumor
suppressor gene. Br J Cancer, 68: 653-661, 1993.

Chaudhry A, Oeberg K, Wilander E. A study of biological behavior based on the
expression of a proliferating antigen in neuroendocrine tumors of the digestive system.
Tumor Biol, 13: 2735, 1992.

Chaudhry A, Gobl A, Skogseid B, Oberg K. Different slice variants of CD44 are
expressed in gastrinomas but not in other subtypes of endocrine pancreatic tumors.
Cancer Res, 54: 981-986, 1994.

Chaudhry A, Oeberg K. Expression of growth factor peptides and adhesion molecules in
endocrine pancreatic tumors. /n: Mignon M and Jensen RT (eds.), Endocrine tumors of
the pancreas 23, pp. 132-146. Basel: Karger, 1995.

Chiang HCV, O'Dorisio TM, Huang SC, et.al. Multiple hormone elevations in Zollinger-
Ellison syndrome. Gastroenterology, 99: 1565-1575, 1990.

Chui AK, Jayasundra MV, Haghighi KS, et al. Octreotide scintigraphy: a prerequisite for
liver transplantation for metastatic gastrinoma. Aus & New Zea J Surgery, 68: 458-460,
1998.

Clouse ME, Perry L, Stuart K, et al. Hepatic arterial chemoembolization for métastatic
neuroendocrine tumors. Digestion, 55: 92-97, 1994.



Cohen MS, Picus D, Lairmore TC, et al. Prospective study of provocative angiograms to
localize functional islet cell tumors of the pancreas. Surgery, 122: 1091-1100, 1997.

Cooper K, Haffajee Z. bcl-2 immunohistochemistry disting'uishes follicular lymphoma
from follicular hyperplasia in formalin-fixed tissue with microwave antigen retrieval. J
Cell Pathol, 1: 52-56, 1996.

Coppola D, Clarke M, Landreneau R, et al. bcl-2, p53, and CD44v6 isoform expression
in neuroendocrine tumors of the lung. Mod Pathol, 9: 484-490, 1996.

Corleto VD, Scopinaro F, Angeletti S, et al. Somatostatin receptor localization of
pancreatic endocrine tumors. World J Surg, 20: 241-244, 1996.

Coy DH, Rossowski WJ. Somatostatin analogues and multiple receptors: possible
physiological roles. Ciba Foundation Symposium, /90: 240-252, 1995.

Creutzfeldt W, Arnold R, Creutzfeldt C. Pathomorphological, biochemical and
diagnostic aspects of gastrinomas (Zollinger-Ellison syndrome). Human Pathology, 6:
47-76, 1975.

Critchley M. Octreotide scanning for carcinoid tumors. Postgrad Med J, 73 399-402,
1997.

Curtiss SI, Mor E, Schwartz ME, et al. A rational approach to the use of hepatic
transplantation in the treatment of metastatic neuroendocrine tumors. J Am Coll Surg,
180: 184-187, 1995.

Cuschieri A, Fayers P, Fielding J, et al. Postoperative morbidity and mortality after D1
and D2 resections for gastric cancer: preliminary results of the MRC randomized
controlled surgical trial. Lancet 347:995-999, 1996.

de Jong M, Bakker WH, Krenning EP, et al. Yttrium-90 and indium-111 labeling, a
receptor binding and biodistribution of [DOTA, D-Phe, Tyr]-octreotide, a promising
somatostatin analogue for radionucleotide therapy. Euro J Nucl Med, 24: 368-371, 1997.

de Jong M, Breeman AP, Bakker WH, et al. Comparison of 111-In-labeled somatostatin
analogues for tumor scintigraphy and radionucleotide therapy. Cancer Res, 58: 437-441,
1998.

de Kerviler E, Cadiot G, Lebthai R, et al. Somatostatin receptor scintigraphy in forty-
eight patients with the Zollinger-Ellison syndrome. Euro J Nuc Med, 27: 1191-1197,
1994.

Debas HT, Carvajal SH. Vagal secretion of acid secretion and gastrin release. Yale J Biol
Med, 67: 145-151, 1994.



Delcore R, Cheung LY, Friesen SR. Outcome of lymph node involvement in patients
with Zollinger-Ellison syndrome. Ann. Surg, 208: 291-296, 1988.

Delcore R, Friesen SR. Zollinger-Ellison syndrome. A new look at regression of
gastrinomas. Arch Surg, 126: 556-558, 1991.

Delcore R, Friesen SR. Role of pancreatoduodenectomy in the management of primary
duodenal wall gastrinomas in patients with Zollinger-Ellison syndrome. Surgery, 112:
1016-1023, 1992.

Delcore R, Friesen SR. The place of curative surgical procedures in the treatment of
sporadic and familial Zollinger-Ellison syndrome. Curr Opin Gen Surg: 69-76, 1994.

Deveney CW, Deveney KS, Jaffe BM, et.al. Use of calcium infusion and secretin in the
diagnosis of gastrinoma. Ann Intern Med, 87: 680-686, 1977.

Deveney CW, Deveney KS, Way LW. The Zollinger-Ellison syndrome - 23 years later.
Ann Surg, 188: 384-393, 1978.

Dietrich A, Tanczos E, Vanscheidt W, et al. High CD44 surface expression on primary
tumors of malignant melanoma correlates with increased metastatic risk and reduced
survival. Eur J Cancer, 33: 926-930, 1997.

Dockray GD. Gastrin and gastric epithelial physiology. J Physiol, 578: 315-324, 1999.

Donavan DC, Dureza R, Jain U. Gastrinoma of the duodenum: diagnosis by endoscopy.
NY State J Med, 11: 1766-1768, 1979.

Donow P, Pipeleers-Marichal M, Schroeder S, et al. Surgical pathology of gastrinomas.
Site, size, multicentricity, association with multiple endocrine neoplasia type 1, and
malignancy. Cancer, 68. 1329-1334, 1991.

Doppman JL. Pancreatic endocrine tumors: the search goes on. N Engl J Med, 326 1770-
1772,1992.

Drapkin S, Warner RRP. Serum chromogranin-A differentiates gastrinoma from non-
neoplastic causes of hypergastrinemia. Gastroenterology, 114: G2402, 1998.

Driman DK, Wright C, Tougas G, et al. Omeprazole produces parietal cell hypertrophy
and hyperplasia in humans. Digst Dis Sci, 41: 2039-2047,1996.

Dunnick NR, Doppman JL, Mills SR, McCarthy DM. Computed tomographic detection
of non-beta pancreatic islet cell tumors. Radiology, /35: 117-120, 1980.

Dutta SK. Vitamin B12 malabsorption and omeprazole therapy. J] Am Coll Nutr, /3. 544-
545, 1994,



Eberle F, Grun R. Multiple endocrine neoplasia, type I (MEN-I). Ergeb Inn Kinderheil,
46: 75-79, 1981.

Eijck CHJ, de Jong M, Breeman, et al. Somatostatin receptor imaging and therapy of
pancreatic endocrine tumors. Ann Oncol, 70: S177-S181, 1999.

Eiseman B. Discussion of an ulcerogenic tumour of the pancreas. Surgery, 40: 147-151,
1956.

Eliyahu D, Michalovitz D, Eliyahu S, et al. Wild-type p53 can inhibit oncogene-mediated
focus formation. Proc Natl Acad Sci USA, 86: 8763-8767, 1989.

Ellison EC, Carey LC, Sparks J, et al. Early surgical treatment of gastrinoma. Am J Med,
82: 17-24, 1987.

Ellison EC. Forty years appraisal of gastrinoma- back to the future. Ann Surg, 222: 511-
524, 1995.

Ellison EH. The ulcerogenic tumor of the pancreas. Surg, 40: 147-153, 1956.

Ellison EH, Wilson SD. The Zollinger-Ellison syndrome: re-appraisal and evaluation of
260 registered cases. Ann Surg, 160: 512-530, 1964.

Ellison EH, Wilson SD. The Zollinger-Ellison syndrome. Ann Surg, 160: 750-758, 1969.

Eriksson B, Oberg K, Alm G, et al. Treatment of malignant endocrine pancreatic tumors
with human leucocyte interferon. Lancet, 2: 1307-1309, 1986.

Eriksson B, Oberg K. Interferon therapy of malignant endocrine pancreatic tumors. /n:
Mignon M and Jensen RT (eds.), Endocrine tumors of the pancreas: recent advances in
research and management 23, pp. 451-460. Basel, Switzerland: S. Karger, 1995.

Eubanks PJ, Sawicki MP, Samara GJ, et al. Putative tumor-suppressor gene on
chromosome 11 is important in sporadic endocrine tumor formation. Am J Surg, 167:
180-185, 1994. .

Evers BM, Radv PL, Sandoval K, et al. Gastrinomas demonstrate amplification of the
HER-2/neu proto oncogene. Ann Surg, 279: 596-604, 1994.

Fabri PJ, Johnson JA, Ellison CE. Prediction of progressive disease in Zollinger-Ellison
syndrome - comparison of available preoperative tests. J Surg Res, 37: 93-97, 1981.

Faiss S, Scheruebl H, Riecken EQ, et al. Drug therapy in metastatic neuroendocrine
tumors of the gastroenteropancreatic system. Res Results Cancer Res, /42: 193-207,
1996.



Farley DR, van Heerden JA, Grant CS. The Zollinger-Ellison syndrome: a collective
experience. Ann Surg, 2/5: 561-570, 1992,

Fiddian-Green RG, Banks S, Marks IN, Louw JH. Maximum acid output and position of
peptic ulcers. Lancet, 2(8000): 1370-1373, 1976.

Fishbeyn VA, Norton JA, et al. Assessment and prediction of long-term cure in patients
with the Zollinger-Ellison syndrome: the best approach. Ann Intern Med, 719: 199-206,
1993.

Fraker DL, Norton JA. Localization and resection of insulinomas and gastrinomas.
JAMA, 259: 3601-3605, 1988.

Freston JW. Clinical significance of hypergastrinemia: relevance to gastrin monitoring
during omeprazole therapy. Digestion, 5/ (supp! 1): 102-114, 1991.

Freston JW. Long-term acid control and proton pump inhibitors: interactions and safety
issues in perspective. Am J Gastroenterol, 92: 51S-578S, 1997.

Friesen SR. Zollinger-Ellison syndrome, Current problems in surgery. Chicago: Year
Book Inc, 1972.

Friesen SR. Are "aberrant nodal gastrinomas” pathogenetically similar to "lateral aberrant
thyroid" nodules? Surgery, /07: 236-238, 1990.

Friessen SR. Treatment of the Zollinger-Ellison syndrome: a twenty-five year
assessment. Am J Surg, /43 331-338, 1982.

Frucht H, Norton JA, Maton PN, et al. Intraoperative endoscopy detects a high frequency
of duodenal gastrinomas in patients with Zollinger-Ellison syndrome. Gastroenterology,
94: 137-146, 1988.

Frucht H, Norton JA, L. J., Vinayek R, Doppman JL, et al. Detection of duodenal
gastrinomas by operative endoscopic transillumination. Gastroenterology, 99: 1622-1627,
1990.

Frucht H, Maton PN, Jensen RT. Use of omeprazole in patients with Zollinger-Ellison
syndrome. Dig Dis Scien, 63: 394-404, 1991.

Galiber AK, Reading CC, Charboneau JW, et al. Localization of pancreatic insulinoma:
comparison of pre- and intraoperative US with CT and angiography. Radiology, 7988
405-408, 1988.

Genta RM, Dixon MF. The Sidney System revisited. The Houston International Gastritis
Workshop. Am J Gastroenterol, 90: 1039-1041, 1995.



Gerstein JD, Muir RW. Zollinger-Ellison syndrome: a review. Ann Surg, 41: 230-239,
1975.

Gibril F, Reynolds JC, Doppman JL, et al. Somatostatin receptor scintigraphy: its
sensitivity compared with that of other imaging methods in detecting primary and
metastatic gastrinomas. Ann Intern med, 725 26-34, 1996.

Gibril F, Jensen RT. Somatostatin receptor scintigraphy in the Zollinger-Ellison
syndrome. Ann Int Med, 126: 741-742, 1997.

Goebel SU, Gibril F, Yu F, et al. Serum chromogranin A as a marker of disease presence,
extent or activity in patients with gastrinoma. Gastroenterology, /74: G4689, 1998.

Goletti O, M, C., Tortora A, et al. Resection of liver gastrinoma leading to eugastrinemia.
Eur J Surg, 158: 55-7, 1992.

Gregory RA, Tracy JH, French JM, et al. Extraction of a gastrin-like substance from the
pancreatic tumor in a case of Zollinger-Ellison syndrome. Lancet, /: 1045-1048, 1960.

Grossman MI, Tracy HJ, Gregory RA. Zollinger-Ellison syndrome in a Bantu woman
with isolation of a gastrin-like substance from the primary and secondary tumors, II.
Extraction of gastrin-like activity from tumors. Gastroenterology, 4/ 87-91, 1961.

Gugler R, Jensen RT. Omeprazole inhibits oxidative drug metabolism. Gastroenterology,
89: 1235-1241, 1985.

Hajarizadeh H, Ivancev K, et al. Effective palliative treatment of metastatic carcinoid
tumours with intra-arterial chemotherapy/chemoembolization combined with octreotide
acetate. Am J Surg, /63: 479-483, 1992.

Hall PA, Lane DP. p53 in tumor pathology: can we trust immunochistochemistry? -
Revisited. J Pathol, /72: 1-4, 1994,

Hanauer G, Graf U, Meissner T. In vivo cytochrome P450 interaction of the newly
developed H+,K+-ATPase inhibitor pantoprazole (BY 1023/SKF966022) compared to
other anti-ulcer drugs. Meth Find Exp Clin Pharmacol, /3: 63-67, 1991.

Hansky J, Cain MD. Radioimmunoessay of gastrin in human serum. Lancet, 2: 1388-
1390, 1968.

Helander HF, Mattson H, Elm G, et al. Structure and function of rat parietal cells during
treatment with omeprazole, SCH 28080,SCH 32651, or ranitidine. Scand J Gastroenterol,
25:799-809, 1990.



Hirschowitz BI. Endoscopic examination of the stomach and duodenal cap with a
fiberscope. Lancet, /: 1074-1078, 1961.

Hirschowitz Bl. Pathobiology and management of hypergastrinemia and the Zollinger-
Ellison syndrome. Yale J Biol Med, 65: 659-676, 1992.

Hirschowitz B], Keeling D, Lewin M, Okabe S, et al. Pharmacological aspects of acid
secretion. Dig Dis Sci, 40(suppl): 3S-238S, 1995.

Hirschowitz Bl. Clinical course of non-surgically treated Zollinger-Ellison syndrome. In:
Mignon M (ed.), Endocrine tumors of the pancreas, Frontiers of gastrointestinal research
23, pp. 360-371. Basel, Freiburg: Karger, 1995.

Hirschowitz BI, Mohnen J, Shaw S. Long-term treatment with lanzoprazole for patients
with Zollinger-Ellison syndrome. Aliment Pharmacol Ther, /0: 507-522, 1996.

Hirschowitz BI. Zollinger-Ellison syndrome: pathogenesis, diagnosis, and management.
Am J Gastroenterol, 92: 44S-50S, 1997.

Hoefnagel CA, den Hartog Jager FCA. The role of I-131-MIBG in diagnosis and therapy
of carcinoids. Eur J Nucl Med, 73: 187-191, 1987.

Hoffman JD, Fox PS, Wilson SD. Duodenal wall tumors and Zollinger-Ellison syndrome.
Arch Surg, /07: 334-339, 1973.

Hofland LJ, Lamberts SW. Somatostatin receptors and disease: role of receptor subtypes.
Baillieres Clin Endocrinol Metabol, 7/0: 163-176, 1996.

Howard TJ, Passaro E. Gastrinoma. New medical and surgical approaches. Surg Clin
North Am, 69: 667-681, 1989.

Howard TJ, Zimmer MJ, Stabile BE, et al. Gastrinoma excision for cure: a prospective
analysis. Ann Surg, 21/: 9-14, 1990.

Howard TJ, Sawicki M, Lewin KJ, Steel B, et al. Pancreatic polypeptide
immunoreactivity in sporadic gastrinomas: relationship to intraabdominal location.
Pancreas, /1: 350-356, 1995.

Hoyer D, Bell GI, Berelowitz M, et al. Classification and nomenclature of somatostatin
receptors. Trends in Pharmacol Stud, /6: 86-88, 1995.

Huber R, Hartmann M, Bliesath H, Luehmann R, et al. Pharmacokinetics of pantoprazole
in man. Int J Clin Pharmacol Ther, 34 185-194, 1996.

Hurst RD, Modlin IM. The use of radiolabeled somatostatin analogs in the identification
and treatment of somatostatin receptor-bearing tumors. Digestion, 54: 88-91, 1993.



Imam H, Eriksson B, Oberg K. Expression of CD44 variant isoforms and association to
the benign form of endocrine pancreatic tumors. Ann Oncol 77:295-300, 2000.

Imamura M, Takahashi AR, Adachi K, et al. Usefulness of selective arterial secretin
injection test for localization of gastrinoma in the Zollinger-Ellison syndrome. Ann Surg,
205: 230-239, 1987.

Ingemasson S, Karsson 1, Lunderquist A, et al. Pancreatic vein catheterization with
gastrin assay in normal patients and in patients with the Zollinger-Ellison syndrome. Am
J Surg, 134: 558-563, 1977.

Isenberg JI, Passaro E, Moore EW, Grossman MI. Unusual effect of secretin on serum
gastrin, serum calcium and gastric acid secretion in a patient with suspected Zollinger-
Ellison syndrome. Gastroenterology, 62: 626-631, 1972.

Ishida H, Irie K, Itoh T, Furukawa T, et al. The prognostic significance of p53 and bcl-2
expression in lung adenocarcinoma and its correlation with Ki-67 growth fraction.
Cancer, 80: 1034-1045, 1997.

Jacks T, Weinberg RA. Cell-cycle control and its watchman. Nature, 381 643-644, 1996.

Jaffe BM. Current issues in the management of Zollinger-Ellison syndrome. Surgery,
111:241-243, 1992.

Jais P, Vuagnat A, Terris B, Houillier AM, et al. Association of serum antibodies against -
p53 protein with poor survival in patients with Zollinger-Ellison syndrome.
Gastroenterology /14:37-43, 1998.

Jansen JBMJ, Lundborg P, Baak L.C, et al. Effect of single and repeated dose of
omeprazole on pentagastrin stimulated gastric acid secretion and pharmacokinetics in
man. Gut, 29: 75-80, 1988.

Jascowiak NT, Fraker DL, Alexander R, et al. Is reoperation for gastrinoma indicated in
Zollinger-Ellison syndrome? Surgery, /20: 1056-1063, 1996.

Jaskulski D, deRiel JK, Mercer WE, Calabretta B, Baserga R. Inhibition of cellular
proliferation by antisense oligodeoxynucleotides to PCNA cyclin. Science, 240: 1544-
1546, 1988.

Jensen RT, Collen MJ, Allende HD, et al. Cimetedine-induced impotence and breast
changes in patients with hypersecretory states. N Engl J Med, 308: 883-887, 1983.

Jensen RT, Gardner JD, Kaufmann JP, et al. Zollinger-Ellison syndrome: current
concepts and management. Ann Intern Med, 98 59-75, 1983.



Jensen RT, Doppman JL, Gardner JD. Gastrinoma. /n: B. F. Go VLW, DiMagno EP,
Gardner JD, Lebenthal, Scheele GA (ed.), The exocrine pancreas: biology, pathobiology
and disease, pp. 727-742. New York: Raven Press, 1986.

Jensen RT. Zollinger-Ellison syndrome. In: K. D. Gustavsson S, Graham D (ed.). The
Stomach, pp. 341-374. London: Churchill Livingstone, 1991.

Jensen RT, Gardner JD. Clinical presentation, pathology, diagnosis and treatment. In: Z.
D. Dannenberg A (ed.), Peptic ulcer and other acid-related diseases, pp. 117-211. New
York: Spectrum, 1991.

Jensen RT, Doppmann J1, Gardner JD. Gastrinoma. In: G. J. Go VLW, Brooks FP,
Dimagno EP, Lebenthal E, Scheele GA (ed.), The exocrine pancreas: biology,
pathobiology and diseases 2, pp. 931-978. New York: Raven Press, 1993.

Jensen RT, Fraker DL. Zollinger-Ellison syndrome: Advances in treatment of the
hypersecretion of the syndrome. JAMA, 271: 1-7, 1994.

Jensen RT. Should the 1996 citation for Zollinger-Ellison syndrome read: "Acid-reducing
surgery in, aggressive resection out"? Am J Gastroenterol, 91 1067-1070, 1996.

Jensen RT. Gastrin-producing tumors. Endocrine neoplasms. Boston, Dordrecht, London:
Kluwer Academic Publishers, 1997.

Jensen RT. Gastrin-producing tumors. Cancer Treatment & Research, 89: 293-334, 1997.

Jensen RT. Pancreatic endocrine tumors: recent advances. Ann Oncol, 10: 170-176,
1999.

John M, Meyerhof W, Richter D, et al. Positive somatostatin receptor scintigraphy
correlates with the presence of somatostatin receptor subtype 2. Gut, 38: 33-39, 1996.

Jonas S, John M, Boese-Landgraf J, et al. Somatostatin receptor subtypes in
neuroendocrine tumor cell lines and tumor tissues. Langenbecks Arch Chir, 380: 90-95,
1995.

Kamel OW, LeBrun DP, Davis RE, et al. Growth fraction estimation of malignant
lymphomas in formalin-fixed paraffin-embedded tissue using anti-PCNA/cyclin 19A2,
Am J Pathol, 138: 1471-1477, 1991.

Kanakia RR, Sawant PD, Nanivadekar SA, et al. Primary gastrinoma of the liver. Pediatr
Surg, 37: 1137-1140, 1994.

Kaplan EL, Horvath K, Vdeki A, et al. Gastrinomas: a 42-year experience. World J Surg,
14: 365-376, 1990.



Kenny BD, Sloan JM, Hamilton PW, et al. The role of morphometry in predicting
prognosis in pancreatic islet cell tumors. Cancer, 64: 460-465, 1989.

Kisker O, Bartsch D, Weinel RJ, et al. The value of somatostatin receptor scintigraphy in
newly diagnosed endocrine gastroenteropancreatic tumors. J Am Coll Surg, /84 487-
492, 1997.

Kisker O, Bastion D, Bartsch D, et al. Localization, malignant potential, and surgical
management of gastrinomas. World J Surg, 22: 651-658, 1998.

Kisker O, Nies C, Rothmund M. Chirurgische Therapie der Gastrinome. Chir
Gastroenterol, 73 313-317, 1997.

Kitagawa M, Hayakawa T, Kondo T, Shibata T, et al. Gastrinoma in mesenteric lymph
node. Am J Gastroenterol, 84: 660-662, 1989.

Kloppel G, Schroder S, Heitz PU. Histopathology and immunopathology of pancreatic
endocrine tumors. /n: J. R. Mignon M (ed.), Endocrine tumors of the pancreas: recent
advances in research and management. 23, pp. 99-120. Basel, Switzerland: S. Karger,
1995.

Komminoth P, Seelentag WK, Saremaslani P, et al. CD44 isoform expression in the
diffuse neuroendocrine system. II. Benign and malignant tumors. Histochem Cell Biol,
106: 551-562, 1996.

Koop H, Bachem MG. Serum iron, ferritin, and vitamin B12 during prolonged
omeprazole therapy. J Clin Gastroenterol, /4 288-292, 1992,

Kopin AS, Lee YM, McBride EW, et al. Expression, cloning and characterization of the
canine parietal cell gastrin receptor. Proc Natl Acad Sci USA, 89: 3605-3609, 1992.

Korsmeyer SJ. bel-2 initiates a new category of oncogenes: regulators of cell death.
Blood, 80: 879-886, 1992.

Krausz Y, Bar-Ziv J, de Jong RB, et al. Somatostatin-receptor scintigraphy in the
management of gastroenteropancreatic tumors. Am J Gastroenterol, 93: 66-70, 1998.

Krenning EP, Breeman WAP, Kooi PM, et al. Localization of endocrine-related tumors
with a radioiodinated analogue of somatostatin. Lancet, Febr 4: 242-244, 1989.

Krenning EP, Kwekkeboom DJ, Reubi JC, et al. 111-In-Octreotide scintigraphy in
oncology. Digestion, 54(suppl): 84-87, 1993.

Krenning EP, Kwekkeboom DJ, Bakker WH, et al. Somatostatin receptor scintigraphy
with [111In-DTPA-D-Phe]- and [123I-Tyr-3]-octreotide: the Rotterdam experience with
more than 1000 patients. Eur J Nucl Med, 20: 716-731, 1993.



Krenning EP, Kwekkeboom DJ, Oei HY, et al. Somatostatin receptor scintigraphy in
carcinoids, gastrinomas and Cushing's syndrome. Digestion, 55 (suppl 3): 54-59, 1994.

Krenning EP, de Jong M, Kooij PPM, et al. Radiolabelled somatostatin analogue(s) for
peptide receptor scintigraphy and radionuclide therapy. Ann Oncol, /0: S23-S29, 1999.

Kromer W, Postius S, Riedel R. BYK 1023/SKF96022 INN: Pantoprazole, a proton
pump inhibitor, potently inhibits acid secretion but lacks relevant cytochrome P450
interactions. J Pharmacol Exp Ther, 254 129-135, 1990.

Krulich L, Dhariwal APS, McCann SM. Stimulatory and inhibitory effects of purified
hypothalamic extracts on growth hormone release from rat pituitary in vitro.
Endocrinology, 83: 783-790, 1968.

Kwekkeboom DJ, Lamberts SW, Habbema JD, et al. Cost-effectiveness analysis of
somatostatin receptor scintigraphy. J Nucl Med, 37: 886-892, 1996.

Lamberts STW, van der Lely AJ, de Herder WW, et al. Octreotide. New Engl J Med,
334: 246-254, 1996.

Lamberts SW, de Herder WW, van Koetsveld PM, et al. Somatostatin receptors: clinical
implications for endocrinology and oncology. Ciba Foundation Symposium, /90: 236-
239, 1995.

Lamberts SWJ, Krenning EP, Reubi J. The role of somatostatin and its analogue in the
diagnosis and treatment of tumors. Endocr Rev, /2: 450-582, 1991.

Lamers CB. Clinical usefulness of the secretin provocation test. J Clin Gastroenterol, 3:
255-259, 1981.

Landberg G, Tan EM, Roos G. Flow cytometric multiparameter analysis of proliferating
cell nuclear antigen/cyclin and Ki-67 antigen: a new view of the cell cycle. Exp Cell Res,
187: 111-118, 1990.

Larriva-Sahd, Angeles-Angeles A, et al. Ultrastructural and immuno-cytochemical study
of a primary gastrinoma of the liver. Ultrastrct Pathol, /6. 667-672, 1992.

Larsson C, Skogseid B, Oberg K, et al. Multiple endocrine neoplasia type I gene maps to
chromosome 11 and is lost in insulinoma. Nature, 332: 85-87, 1988.

Lebtahi R, Cadiot G, Sarda L, et al. Clinical impact of somatostatin receptor scintigraphy
in the management of patients with neuroendocrine gastroenteropancreatic tumors. J Nucl
Med, 38: 853-858, 1997.



Lebtahi R, Cadiot G, Mignon M, et al. Somatostatin receptor scintigraphy: a first-line
imaging modality for gastroenteropancreatic neuroendocrine tumors. Gastroenterology,
115:1025-1027, 1998.

Lechago J, Correa P. Prolonged achlorhydria and gastric neoplasia: is there a causal
relationship? Gastroenterology, 104: 1554-1557, 1993.

Lee SC. Lack of p53 immunoreactivity in pancreatic endocrine tumors. Pathology, 28:
139-141, 1996.

Lehy T, Mignon M, Cadiot G, et.al. Gastric endocrine cell behavior in Zollinger-Ellison
patients upon long-term potent antisecretory treatment. Gastroenterology, 96: 1029-1040,
1989.

Levine AJ, Momand J, Finlay CA. The tumor suppressor gene. Nature, 35/ 453-456,
1991.

Lloyd-Davis KA, Rutgerson K, Solvell L. Omeprazole in the treatment of Zollinger-
Ellison syndrome: a 4-year international study. Aliment Pharmacol Ther, 2: 13-32, 1988.

Londong W. Effect of pantoprazole on 24-h intragastric pH and serum gastrin in humans.
Aliment Pharmacol Ther, 8: 39-46, 1994.

Mackenzie WC, Norvell ST, Mathews BL et al. Islet cell tumors and peptic ulcers. CanJ
Surg, 2: 6-10, 1959.

Maini CL, Tofani A, Sciuto R, et al. Somatostatin receptors in meningeomas: a
scintigraphic study using 111 In-DTPA-D-Phe-1-octreotide. Nucl Med Commun, /4.
550-558, 1993.

Malagelada JR, Edis AJ, Adson MA, et al. Medical and surgical options in the
management of patients with gastrinoma. Gastroenterology, 84 1524-1532, 1983.

Marcuard SP, Albernaz L, Khazanie PG. Omeprazole therapy causes malabsorption of
cyanocobalamin (Vitamin B12). Ann Intern Med, 120: 211-215, 1994.

Marks IN, Selzer G, Louw JH, Bank S. Zollinger—Ellison syndrome in a Bantu woman,
with isolation of a gastrin-like substance from the pnmary and secondary tumors.
Gastroenterology, 4/ 626-631, 1961.

Marks IN, Bank S, Moshal MG, Louw JH. The augmented histamine test. A review of
615 cases of gastroduodenal disease. S Afr J Surg /:53-59, 1963.

Marks IN, Bank S, Louw JH. Islet cell tumor of the pancreas with reversible watery
diarrhea and achlorhydria. Gastroenterology, 52(4): 695-708, 1967.



Marks IN. Gastrointestinal disease in southern Africa. J Clin Gastrenterol, /: 189-190,
1979.

Marks IN, Louw JA, Young GO. Acid secretion, 1932-92: advances, adaptations, and
paradoxes. Scand J Gastroenterol, 27(Suppl 193):7-13, 1992.

Marlink RG, Lokich JJ, Robims JR, et al. Hepatic arterial embolization for metastatic
hormone-secreting tumors. Cancer, 65: 2227-2231, 1990.

Maton PN, Gardner JD, Jensen RT. Cushing’s syndrome in patients with the Zollinger-
Ellison syndrome. N Engl J Med, 315: 1-5, 1986.

Maton PN, Frucht H, Vinayek R, et al. Medical management of patients with Zollinger-
Ellison syndrome who have had previous surgery: a prospective study. Gastroenterology,
94:294-299, 1988.

Maton PN, Vinayek R, Frucht H. Long-term efficacy and safety of omeprazole in patients
with Zollinger-Ellison syndrome: a prospective study. Gastroenterology, 97: 827-836,
1989.

Maton PN, Gardner JD, Jensen RT. Recent advances in the management of gastric acid
hypersecretion in patients with Zollinger-Ellison syndrome. Med Clin North Am, /8:
847-863, 1989.

Maton PN, Lack EE, Collen MJ, et al. The effect of Zollinger-Ellison syndrome and
omeprazole therapy on gastric oxyntic encocrine cells. Gastroenterology, 99: 953-950,
1990. -

McArthur KE, Collen MJ, Maton PN, et al. Omeprazole: effective convenient therapy for
Zollinger-Ellison syndrome. Gastroenterology, 88: 939-944, 1985.

McArthur KE, Richardson CT, Barnett CC, et al. Laparotomy and proximal gastric
vagotomy in Zollinger-Ellison syndrome: results of a 16-year prospective study. Am J
Gastroenterol, 97: 1104-1111, 1996.

McCarthy DM, Olinger EJ, May RJ, et al. H2-histamine receptor blocking agents in the
Zollinger-Ellison syndrome. Ann Intern Med, 87: 668-675, 1977.

McCarthy DM. Report on the United States experience with cimetidine in Zollinger-
Ellison syndrome and other hypersecretory states. Gastroenterology, 74: 453-458, 1978.

McCarthy DM. The place of surgery in the Zollinger-Ellison syndrome. New Eng J Med,
24: 1344-1347, 1980.

McCarthy DM, Hyman PE. Effect of isopropamide on response to oral cimetidine in
patients with Zollinger-Ellison syndrome. Dig Dis Sci, 27: 353-359, 1982.



McGuigan, Wolfe MM. Secretin injection test in the diagnosis of gastrinoma.
Gastroenterology, 79: 1324-1331, 1980.

McGuigan JE, Trudeau WL. Immunochemical measurement of elevated levels of gastrin
in the serum of patients with pancreatic tumors of the Zollinger-Ellison syndrome. N
Engl J Med, 278: 1308-1313, 1968.

McGuigan JE Immunochemical studies with synthetic human gastrin. Gastroenterology,
54:1005-11,1968.

Mee AS, Ismail S, Bornman PC, Marks IN. Changing concepts in the presentation,
diagnosis and management of the Zollinger-Ellison syndrome. Q J Med, 52(206): 256-
267, 1983.

Mee AS, Bornman PC, Marks IN. Conservative surgery in the Zollinger-Ellison
syndrome. Br J Surg, 71: 423-424, 1984.

Meko JB, Doherty GM, Siegel BA, et al. Evaluation of somatostatin-receptor
scintigraphy for detecting neuroendocrine tumors. Surgery, /120: 975-984, 1996.

Metz DC, Strader DB, Orbuch M, et al. Use of omeprazole in Zollinger-Ellison
syndrome: A prospective nine-year study of efficacy and safety. Aliment Pharmacol
Ther, 7: 597-610, 1993.

Metz DC, Pisegna JR, Ringham GL, et al. Prospective study of efficacy and safety of
lansoprazole in Zollinger-Ellison syndrome. Dig. Dis. Sci, 38: 245-256, 1993.

Metz DC, Kuchinio M, Fraker DL, et al. Flow cytometry and Zollinger-Ellison
syndrome: relationship to clinical course. Gastroenterology, 105: 799-813, 1993.

Metz DC, Pisegna MD, Fishbeyn VA, et al. Control of gastric acid hypersecretion in the
management of patients with Zollinger-Ellson syndrome. World J Surg, /7: 468-480,
1993.

Metz DC, Jensen RT, Bale AE, et al. Multiple endocrine neoplasia type I: clinical
features and management. /n: L. M. Bilezekian JP, Marcus R (ed.), The Parathyroids, pp.
591-646. New York: Raven Press, 1994.

Metz DC, Jensen RT. Advances in gastric antisecretory therapy in Zollinger-Ellison
syndrome. /n: Mignon M (ed.), Endocrine tumors of the pancreas. Frontiers of
Gastrointestinal Research 23, pp. 240-257. Basel: S Karger, 1995.

Metz DC, Lew E, Forsmark CE, Bochenek W, et al. Intravenous (IV) pantoprazole
(Panto) rapidly and effectively controls acid output (QA) in patients with Zollinger-
Ellison syndrome. Gastroenterology, //4: G0926, 1998.



Mignon M, Ruszniewski P, Podevin P, et al. Current approach to the management of
gastrinoma and insulinoma in adult patients with multiple endocrine neoplasia type 1
(MEN-1). World J Surg, 17: 489-497, 1993.

Mignon M, Jais P, Cadiot G, et al. Clinical features and advances in biological diagnostic
criteria for Zollinger-Ellison syndrome. In: M. Mignon, Jensen RT (ed.), Endocrine
tumors of the pancreas 23, pp. 223-239. Basel: Karger, 1995.

Mignon M, Cadiot G, Marmuse JP, Lewin MJM. Is gastrinoma a medical disease? Yale J
Biol Med, 69: 289-300, 1996.

Miller DL. Zollinger-Ellison syndrome: technique, results and complications of portal
venous sampling. Radiology, /182: 235-241, 1992.

Miller LS, Vinayek R, Frucht H, et al. Reflux esophagitis in patients with Zollinger-
Ellison syndrome. Gastrenterology, 98: 341-346, 1990.

Miller TA. Zollinger-Ellison syndrome: surgery should still play an important role in its
management. Gastroenterology, /08: 1600-1602, 1995.

Miller W, Butters M, Bittner R. Surgical and drug therapy of metastatic gastrinoma.
Successful palliation over the course of 2 1/2 years. Chirurg, 66: 541-544, 1995.

Modlin IM, Brennan MF. The diagnosis and management of gastrinoma. Surg Gyn
Obstet, 158: 97-104, 1984.

Modlin IM, Lawton GP. Editorial: duodenal gastrinoma: the solution to the pancreatic
paradox. J Clin Gastroenterol, /9: 184-188, 1994.

Modlin IM, Lawton GP. Evolution of an operative strategy for diagnosis and
management of duodenal gastrinomas. J Am Coll Surg, 179: 611-625, 1994.

Modlin IM, Cornelius E, Lawton GP. Use of an isotopic somatostatin receptor probe to
image gut neuroendocrine tumors. Arch Surg, 130 367-374, 1995.

Modlin IM, G, S. Acid related diseases. Konstanz: Schnetztor-Verlag, 1998.

Moertel CG, Kvols LK, O'Conell MJ, et al. Treatment of neuroendocrine carcinoma with
combined etoposide and cisplatin. Evidence of major therapeutic activity in the anaplastic
variants of these neoplasms. Cancer, 68 227-232, 1991.

Moriura S, Ikeda S, Hirai M, et al. Hepatic gastrinoma. Cancer, 72: 1547-1550, 1993.

Morse ME. Two adenomata of the islands of Langerhans. JAMA, 51: 1075-1076, 1908.



Mueller P, Simon B, Khalil H, et al. Dose-range finding study with the proton pump
inhibitor pantoprazole in acute duodenal ulcer patients. Z Gastroenterol, 30: 771-775,
1992,

Mukai K, Greider MH, Grotting JC, et al. Retrospective study of 77 pancreatic endocrine
tumors using the immuno-peroxidase method. Am J Surg Path, 6: 387-399, 1982.

Muscarella P, Melvin WS, Fisher WE, et al. Genetic alterations in gastrinomas and
nonfunctioning pancreatic neuroendocrine tumors: an analysis of pl6/MTS1 tumor
suppressor gene inactivation. Cancer Res, 58: 237-240, 1998.

Neuburger P, Lewin M, Bonfils S. Parietal and chief cell populations in four cases of
Zollinger-Ellison syndrome. Gastroenterology, 63: 937-942, 1972.

Nold R, Frank M, Kajdan U, et al. Combined treatment of metastatic endocrine tumors of
the gastrointestinal tract with octreotide and interferon-alpha. Zeitschrift fuer
Gastroenterologie, 32: 193-197, 1994.

Norton JA, Sugarbaker PN, Doppman JL, et al. Aggressive resection of metastatic
disease in selected patients with malignant gastrinoma. Ann Surg, 203: 352-359, 1986.

Norton JA, Cornelius MJ, Doppman JL, et al. Effect of parathyroidectomy in patients
with hyperparathyroidism, Zollinger-Ellison syndrome, and multiple endocrine neoplasia
type 1: a prospective study. Surgery, 102: 958-966, 1987.

Norton JA, Doppman JL, Jensen RT. Curative resection in Zollinger-Ellison syndrome.
Ann Surg, 215: 8-18, 1992.

Norton JA. Endocrine tumors of the pancreas. World J Surg, 17: 425-426, 1993.

Norton JA. Neuroendocrine tumors of the pancreas and duodenum. Curr Probl Surg, 31:
79-129, 1994.

Norton JA. Advances in management of Zollinger-Ellison syndrome. Adv Surg, 27: 129-
159, 1994.

Norton JA. Intraoperative methods to stage and localize pancreatic and duodenal tumors.
Ann Oncol, /0: S182-S184, 1999.

Norton JA, Fraker DL, Alexander HR, et al. Surgery to cure the Zollinger-Ellison
syndrome. N Engl J Med. 26: 635-644, 1999.

Novis BH, Marks IN, Bank S, Sloan AW. The relation between gastric acid secretion and
body habitus, blood groups, smoking, and the subsequent development of dyspepsia and
duodenal ulcer. Gut, 14:107-112, 1973,



Oberhelman HA, Neslon TS, Dragstedt LR. Peptic ulcer associated with tumors of the
pancreas. Arch Surg, 77: 402-415, 1958,

Oberhelman HA, Nelsen TS, Johnson AN, Dragstedt LR, Ulcerogenic tumors of the
duodenum. Ann Surg, /53: 214-227, 1961.

Oberhelman HA. Excisional therapy for ulcerogenic tumors of the duodenum: long-term
results, Arch Surg, 104: 447-453, 1972.

Oeberg K. Biological aspects of neuroendocrine gastro-enteropancreatic tumors.
Digestion, 57: 42-44, 1996.

Oeberg K. Advances in chemotherapy and biotherapy of endocrine tumors. Current
Opinion in Oncology, 10: 58-65, 1998.

Oeberg K. Neuroendocrine gastrointestinal tumors - a condensed overview of diagnosis
and treatment. Ann Oncology, 10: S3-S8, 1999.

Oehrvall U, Westlin JE, Nilsson S, et al. Intraoperative gamma detection reveals
abdominal endocrine tumors more efficiently than somatostatin receptor scintigraphy.
Cancer Suppl., 80: 2490-2494, 1997.

Olsen JO, Pozderac RV, Hinkle G, et al. Somatostatin receptor imaging of
neuroendocrine tumors with indium-111 pentetreotide (Octreoscan). Sem in Nucl Med,
25:251-261, 1995.

Orbuch M, Venzon DJ, Lubensky IA, et al. Prolonged hypergastrinemia does not increase
the frequency of colonic neoplasia in patients with Zollinger-Ellison syndrome. Dig Dis
Sci, 41: 604-613, 1996.

Otte A, Jermann E, M, B, et al. DOTATOC: a powerful new tool for receptor-mediated
radionucleotide therapy. Eur J Nucl Med, 24: 792-795, 1997.

Otte A, Mueller-Brand J, Nitzsche EU, et al. Yttium-90-labelled somtatostatin-analogue
for cancer treatment. The Lancet, 351: 417-418, 1998.

Panetta R, Patel YC. Expression of mRNA for all five human somatostatin receptors
(hSSTR1-5) in pituitary tumors. Life Scien, 56: 333-342, 1995.

Passaro E, Howard TJ, Sawicki MP, et al. The origin of sporadic gastrinomas within the
gastrinoma triangle. Arch Surg, 133: 13-16, 1998.

Pazzaglia M, Vezzadini P, Tomassetti P, et al. Ranitidine in the treatment of Zollinger-
Ellison syndrome. Scand J Gastroenterol, /7(Suppl78): 254, 1982.



Pearse AGE. Neurocristopathy, neuroendocrine pathology, and the APUD concept. Z.
Krebsforsch., 84: 1, 1975.

Pearse AGE. Peptides in brain and intestine. Nature, 262: 92-94, 1976.

Pearse AGE. Common cytochemical and ultrastructural characteristics of cells producing
polypeptide hormones (the APUD series) and their relevance to thyroid and
ultimobranchial C cells and calcitonin. Proc R Soc 7170:71-80, 1968.

Pearse AGE. The cytochemistry and ultrastructure of polypeptide hormone-producing
cells of the APUD series and the embryologic, physiologic, and pathologic implications
of the concept. J Histochem Cytochem 77:303-313, 1969.

Pelosi G, Zamboni G, Doglio C, et al. Immunodetection of proliferating cell nuclear
antigen assesses the growth fraction in endocrine tumors of the pancreas. Am J Surg Path,
16: 1215-1225, 1992.

Perrier ND, Baits KP, Thompson GB, et al. An immunohistochemical survey for
neuroendocrine cells in regional pancreatic lymph nodes: a plausible explanation for
primary nodal gastrinomas? Surgery, 118: 957-966, 1995.

Pfeiffer A. Coexistence of two different neuroendocrine tumors of the upper
gastrointestinal tract and pancreas. Dtsch Med Wochenschr, 124: 712-713, 1999.

Pipeleers-Marichal M, Somers G, Willems G, et al. Gastrinomas in the duodenum of
patients with multiple endocrine neoplasia and the Zollinger-Ellison syndrome. N Engl J
Med, 322: 723-727, 1990.

Pisegna JR, Norton JA, Slimak GG, et al. Effects of curative resection on gastric
secretory function and antisecretory drug requirement in the Zollinger-Ellison syndrome.
Gastroenterology, 102: 767-778, 1992.

Pisegna JR, Doppman JL, Norton JA, et al. Prospective comparative study of ability of
MR imaging and other imaging modalities to localize tumors in patients with Zollinger-
Ellison syndrome. Dig Dis Scien, 38: 1318-1328, 1993.

Pisegna JR, Slimak GG, Doppman JL. An evaluation of human recombinant alpha
interferon in patients with metastatic gastrinoma. Gastroenterology, 705: 1179-1183,
1993.

Pospai D, Cadiot G, Forestier S, et al, Effectiveness and safety of lanzoprazole in the
treatment of Zollinger-Ellison syndrome. First six months of treatment. Gastroenterol
Clin Biol, 22(10): 801-808, 1998.

Prinz RA. Localization of gastrinomas. Int J Pancreatol, 19: 79-91, 1996.



Quatrini M, Neri NC, Antoniotti N, et al. Effect of omeprazole in patients with Zollinger-
Ellison syndrome resistent to ranitidine. Gastroenterology, 96: A402, 1989.

Rabinowitch J, Achs S. Tumors of the islands of Langerhans. Arch Pathol, 40: 74-77,
1945.

Rehfeld JF, van Solinge WW. The tumor biology of gastrin and cholecystokinin. Cancer
Res, 63: 295-347, 1993.

Rehfeld JF, Bardram L. Prohormone processing and pancreatic endocrine tumors. In:
Mignon M (ed.), Endocrine tumors of the pancreas, Frontiers of gastrointestinal research
23, pp. 84-98. Basel: Karger, 1995.

Rehner M, Schneider A, Luehmann R, et al. Double-blind comparison of pantoprazole in
the treatment of acute duodenal ulceration - German multicenter study, II. United
Gastroenterology Week, pp. A67. Barcelona, 1993.

Reichlin S. Somatostatin. N Engl J Med, 309: 1495-1501, 1556-1563, 1983.

Reisine T, and Bell GI. Molecular biology of somatostatin receptors. Endocrine Reviews,
16: 427-442, 1995.

Reisine T. Somatostatin receptors. Am J Physiol, 269: G813-820, 1995.

Rendsburg van CJ, Eden PJ van, Marks IN, et al. Clinical efficacy and tolerability of
pantoprazole vs. ranitidine in duodenal ulcer healing - a multi-center study. S Afr Med J,
82: A2, 1992.

Renga M, Brandi G, Paganelli GM, et al. Rectal cell proliferation and colon cancer risk in
patients with hypergastrinemia. Gut, 4. 330-332, 1997.

Rens-Domaino S, Law SF, Yamada Y, et al. Pharmacological properties of two cloned
somatostatin receptors. Molec Pharmacol, 42: 28-34, 1992,

Rens-Domiano S, Reisine T. Biochemical and functional properties of somatostatin
receptors. J Neurochem, 58: 1987-1996, 1992.

Reubi JC, Maurer R, von Werder K, et al. Somatostatin receptors in human endocrine
tumors. Cancer Res, 47: 551-558, 1987.

Reubi JC, Haecki WH, Lamberts SWJ. Hormone-producing gastrointestinal tumors
contain a high density of somatostatin receptors. J Clin Endocrinol Metab, 65: 1127-
1134, 1987.



Reubi JC, and Landolt AM. The growth hormone responses to octreotide in acromegaly
correlate with adenoma somatostatin receptor status. J Clin Endocrinol Metabol, 68: 844-
850, 1989.

Reubi JC, Krenning E, Lamberts SW, et al. In vitro detection of somatostatin receptors in
human tumors. Digestion, 54: 76-83, 1993.

Reubi JC, Kappeler A, Waser B, et al. Inmunohistochemical localization of somatostatin
receptors sstr2 in human tumors. Am Soc Investig Pathol, /53 233-245, 1998.

Reuter E, Semler P, et. al. Detection of a small gastrinoma by combined radiologic and
scintigraphic techniques. Clin Nucl Med, 22: 714-716, 1997.

Richardson CT, Feldman M, McClelland RN, et al. Effect of vagotomy in Zollinger-
Ellison syndrome. Gastroenterology, 77: 682-686, 1979.

Richardson CT, Peters MN, Feldman M, et al. Treatment of Zollinger-Ellison syndrome
with exploratory laparotomy, proximal gastric vagotomy, and H2-receptor antagonists. A
prospective study. Gastroenterology, 89: 357-367, 1985.

Rosch T, Lorenz R, Braig C. Endoscopic ultrasound in pancreatic tumor diagnosis.
Gastrointest Endose, 37: 347-352, 1991.

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

Rossowski WJ, Coy DH. Specific inhibition of rat pancreatic insulin or glucagon release
by receptor-selective somatostatin analogs. Biochem Biophys Res Commun, 2035: 341-
346, 1994.

Ruschoff J, Willemer S, Brunzel M, et al. Nucleolar organizer regions and glycoprotein-
hormone alpha-chaon reaction as markers of malignancy in endocrine tumors of the
pancreas. Histopathology, 22: 51-57, 1993.

Ruszniewski P, Podevin P, Cadiot G. Clinical, anatomical and evolutive features of
patients with the Zollinger-Ellison syndrome combined with type 1 multiple endocrine
neoplasia. Pancreas, 8: 295-304, 1993.

Ruszniewski P, Amouyal P, Amouyal G, et al. Localization of gastrinomas by endoscopic
ultrasonography in patients with Zollinger-Ellison syndrome. Surgery, 117: 629-635,
1995.

Sachs G, Shin JM, Besancon M, et al. The continuing development of gastric acid pump
inhibitors. Aliment Phamacol Ther, 7: 4-12, 1989.



Sachs G. The safety of omeprazole: true or false? Gastroenterology, /06: 1400-1401,
1994,

Sachs G, Prinz C, Loo D, and et al. Gastric acid secretion: activation and inhibition. Yale
J Biol Med, 67: 81-95, 1994,

Sachs G, Shin JM, Briving C, et al. The pharmacology of the gastric acid pump: the
H+K+-ATPase. Annu Rev Pharmcol Toxicol, 35: 277-305, 1995.

Sachs G. Proton pump inhibitors and acid-related diseases. Pharmacotherapy, /7: 22-37,
1997.

Saeed ZA, Norton JA, Frank W, et al. Parenteral antisecretory drug therapy in patients
with Zollinger-Ellison syndrome. Gastroenterology, 96: 1393-1402, 1989.

Saeguso M, Takano Y, Kamata Y, et al. Bcl-2 expression and allelic loss of the p53 gene
in gastric carcinomas. J Canc Res Clin Oncol, 122: 427-432, 1996.

Saltz L, Trochanowski B, Buckley M, et al. Octreotide as an anti-neoplastic agent in the
treatment of functional and nonfunctional neuroendocrine tumors. Cancer, 72: 244-248,
1993.

Sawicki MP, Howard TJ, Dalton M, et al. The dichotonomous distribution of
gastrinomas, Arch Surg, /25: 1584-1587, 1990.

Schepp W, Rehner M, Witzel L. A review of treatment of duodenal and gastric ulcers -
pantoprazole vs. omeprazole. Aliment Pharmacol Ther, 8: 53-57, 1994.

Scheruebl H, Baeder M, Fett U, et al. Somatostatin receptor imaging of neuroendocrine
gastroenteropancreatic tumors. Gastroenterology, 105: 1705-1709, 1993.

Schirmer WJ, Melvin SM, et al. Indium-111-pentetreotide scanning versus conventional
imaging techniques for the localization of gastrinoma. Surgery, //8: 1105-1114, 1995.

Schonbrunn A, Lee AB, Brown PJ. Characterization of a biotinylated somatostatin
analogue as a receptor probe. Endocrinology, /132 146-154, 1993,

Schonbrunn A, Gu YZ. Function and regulation of somatostatin receptor subtypes. Ciba
Foundation Symposium, /90: 204-217, 1995.

Schonbrunn A. Somatostatin receptors: present knowledge and future directions. Ann
Oncol, 10: S17-821, 1999,

Schroeder W, Hoelscher AH, Beckurts KT, et al. Surgical therapy of gastrinoma with
associated Zollinger-Ellison syndrome. Z Gastroenterol, 34: 465-472, 1996.



Scopinaro F, Schillaci O, Delle Fave G, et al. 111-In-pentetreotide detection of
gastrinoma before and after surgery. Anticancer Research, 17: 1757-1769, 1997.

Sharma BK, RP, W, Pounder RP, Gomes RE, et al. Optimal dose of oral pantoprazole for
maximal 24-hour decrease of intragastric acidity. Gut, 25: 957-964, 1984.

Shimon I, Melmed S. Structure and function of somatostatin receptors in growth hormone
control. J Endocrinol, 155: S3-S6, 1997.

Sinicrope FA, Hart J, Hsu HA, et al. Apoptopic and mitotic indices predict survival rates
in lymph node-negative colon carcinomas. Clin Cancer Res 5(7): 1793-1804, 1999.

Sobhani I, Lehy T, Laurent-Puig P, et al. Chronic endogenous hypergastrinemia in
humans: evidence for a mitogenic effect on the colonic mucosa. Gastroenterology, 105:
22-30, 1993.

Soga J, Yakuwa Y. The gastrinoma/Zollinger-Ellison syndrome: statistical evaluation of
a Japanese series of 359 cases. J Hepatobiliary Pancreat Surg, 5¢1): 77-85, 1998.

Solcia E, Fiocca R, Villani L, et al. Hyperplastic, dysplastic and neoplastic entero-
chromaffin-like cell proliferations of the gastric mucosa. Am J Surg Pathol, 79: 1-7,
1995.

Soybel DI, Modlin IM. Sustained suppression of gastric secretion and the risk of
neoplasia in the gastric mucosa. Am J Clin Gastroenterol, 86: 1713-1719, 1991.

Sprenger A, Frank M, Wied M, Amold R. Therapie neuroendokriner Tumoren des
Gastrointestinaltraktes. Chir Gastroenterol, /3. 308-312, 1997.

Stabile BE, Morrow DJ, Passaro E. The gastrinoma triangle: operative implications. Am J
Surg, 7147: 25-31, 1984.

Stabile BE, Pessaro E. Benign and malignant gastrinoma. Am J Surg, /49: 144-150,
1985.

Stabile BE. Gastrinoma before Zollinger and Ellison. Am J Surg, 174: 232-236, 1997.
Stadil F. Gastrinomas. Clinical syndromes. Acta Oncologica, 20: 379-381, 1989.

Stadil F. Treatment of gastrinomas with pancreatoduodenectomy. /n: Mignon M (ed),
Endocrine tumors of the pancreas: recent advances in research and management, pp. 333-

341. Basel, Switzerland: S.Karger, 1995.

Steinijans VW, Huber R, Hartmann M, et al. Lack of pantoprazole in drug interactions in
man. Inter J Clin Pharmacol Therap, 32: 385-399, 1994.




Wermer P. Multiple endocrine adenomatosis: multiple hormone producing tumors. A
familial syndrome. Clin Gastroenterol, 3: 671-684, 1974.

Westlin JE, Ahlstroem H, Oeberg, et al. Three-dimensional octreoscanl11 SPECT of
abdominal manifestation of neuroendocrine tumors. Acta Oncologica, 32: 171-176, 1993.

White K, Grether ME, Abrams JM, et al. Genetic control of programmed cell death in
Drosphila. Science, 264: 677-683, 1994.

Wilder RM, Allan FM, Power MH, Roberston HE. Carcinoma of the islands of the
pancreas. JAMA, 89: 348-355, 1927.

Wilson ED. Zollinger-Ellison syndrome in children: a 25-year follow-up. Surgery, 110:
696-702, 1991.

Wilson SD. The role of surgery in children with Zollinger-Ellison syndrome. Surgery,
92: 682-692, 1982.

Witzel L, Gutz HJ, Fischer R, et al. Pantoprazole vs. omeprazole in benign gastric ulcer -
a German multi-center study. II United European Gastroenterology Week, pp. A67.
Barcelona, 1993.

Wolfe MM, Elexander RW, McGuigan JE. Extrapancreatic extra-intestinal gastrinoma
treated by surgery. N Engl J Med, 306: 1533-1536, 1982,

Wolfe MM, Jensen RT. Zollinger-Ellison syndrome. N Engl J Med, 3/7: 12001209,
1987.

Wu PC, Alexander HR, Bartlett DL. A prospective analysis of the frequency, location,
and curability of ectopic (nonpancreaticoduodenal, nonnodal) gastrinoma. Surgery, 122:
1176-1182, 1997.

Yalow RS, Berson SA. Radioimmunoessay of gastrin. Gastroenterology, 58: 1-14, 1970.

Yu F, Venzon DJ, Serrano J, et al. Prospective study of the clinical course, prognostic
factors, causes of death, and survival in patients with long-standing Zollinger-Ellison
syndrome. J Clin Oncol, 17(2): 615-630, 1999.

Zdon MJ, Lewis JJ, Adrian TE, Modlin IM. Decreased parietal cell secretory capacity
following vagotomy and pyloroplasty. J Surg Res, 46: 490-495, 1989.

Zhuang Z, Vortmeyer A, Pack A, et al. MEN1 gene alterations in sporadic gastrinomas
and insulinomas. 89th Annual Meeting of the American Association for Cancer Research
39, pp. Abstract 232. New Orleans, 1998.



Zimmer T, Ziegler K, Baeder M, et al. Localization of neuroendocrine tumors of the
upper gastrointestinal tract. Gut, 35: 471-475, 1994.

Zimmer T, Stoelzl U, Koppenhagen K, et al. Endoscopic ultrasonography and
somatostatin receptor scintigraphy in the preoperative localization of insulinomas and
gastrinomas. Gut, 39: 562-568, 1996.

Zollinger RM. In memoriam - Edwin H. Ellison, M.D. Gastroenterology, 59: 938-939,
1970.

Zollinger RM, Ellison EH. Primary peptic ulcerations of the jejunum associated with islet
cell tumors of the pancreas. Ann Surg, /42: 709-723, 1955.

Zollinger RM, Tomkins RK, Amerson GL, et al. Identification of the diarrhoegenic
hormone associated with non-beta islet cell tumors of the pancreas. Ann Surg, /68: 502,
1968.

Zollinger RM, Coleman DW. The influence of pancreatic tumors on the stomach. In: C.
C. Thomas (ed.). Springfield, 1974.

Zollinger RM. Gastrointestinal surgery for intractable ulcer. Surg Clin North Am, 58:
937-943, 1978.

Zollinger RM, Ellison EC, Fabri PJ, et al. Primary peptic ulceration of the jejunum with
islet cell tumors of the pancreas: twenty five year appraisal. Ann Surg, 192: 422-430,
1980.

Zollinger RM, Ellison EC, O'Dorisio TM, Sparks J. Thirty years experience with
gastrinoma. World J Surg, 8: 427-432, 1984.

Zollinger RM. Gastrinoma: factors influencing prognosis. Surgery, 97: 45-54, 1985.

Zollinger RM, Ayres HP. The Zollinger-Ellison syndrome. In: Nyhus LM, Donahue PE
(eds), Surgery of the esophagus, stomach and small intestine. 4th ed, pp. 491-513, 1987.

Zolota V, Gerokosta A, Melachrinou M. Microvessel density, proliferating activity, p53
and bcl-2 expression in in situ ductal carcinoma of the breast. Anticancer research
19:3269-74, 1999.

Zubrod CG, Pieper W, Hilbish TH, et al. Acromegaly, jejunal ulcers and hypersecretion
of gastric juice. Ann Internal Med, 49: 1389-1392, 1958.

Zylberberg H, Cadranel JF, Bousquet JC, et al. Minute liver calcification symptomatic of
malignant gastrinoma-induced hepatic metastases. J Clin Gastroenterol, /8: 169-170,
1994,





