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Figure 1 (Cover Page)

Electromicroscopic picture (x 20,200) of four adjacent
gastrinoma cells with different types eof secretory
granules: small electron dense granules and large
membraneous  sacs  containing  filamentous  material.
(Courtesy of Professor Wermer Creutzfeld, University of
Gottingen, West Germany)




HISTORY

Although a number of case reports describing the occurrence of peptic ulcer in
patients with islet cell tumor had been published earlier (1-4), it was
Zollinger and E1lison, in 1955, (5) that furnished the correct hypothesis that
pancreatic islet cell tumors may produce an ulcerogenic humoral factor. Thus,
they suggested a new clinical entity consisting of hypersecretion,
hyperacidity, and atypical peptic ulceration associated with
noninsulin-producing islet cell tumors of the pancreas.

Figure 2 represents the complicated surgical history of Case I reported by
Zollinger and Ellison (5). The patient had seven operations including
segmental jejunal resection; abdominal vagotomy, jejunal segmental resection
and gastrojejunostomy; subtotal gastrectomy; transthoracic vagotomy; excision
of a marginal ulcer; surgical exploration of gastroentero-cutaneous fistula;
and finally, total gastrectomy. The small pouch (Figure 2, Diagram 10) drained
up to 4750 ml/day of gastric juice through a gastric-cutaneous fistula.
Ultimately, the patient died of the complication of a duodenosophago-cutaneous
fistula including intraabdominal abscesses. Autopsy showed a pancreatic islet
cell adenoma (1 cm in diameter) in the central portion of the gland with
similar encapsulated smaller nodules surrounding the major adenoma (Figure 2,
Diagram 12).

The initial publication stimulated a wide interest in this syndrome, and many
cases were found in subsequent years (6).

In 1960, Gregory and coworkers extracted from such a tumor a stimulant of acid
secretion that behaved 1ike gastrin, both in terms of how it was extracted and
in terms of biological effects on acid secretion (7). The proof that the
stimulant was indeed gastrin came with demonstration by Gregory and coworkers
in 1969, that the amino acid composition of tumor gastrin and human antral
gastrin were indistinguishable (8). Gastrins isolated from tumor tissue had
different molecular weights. In addition to native gastrin, which has 17
amino acids, "minigastrins" and "big gastrins" were isolated (9,10).



Figure 2: Surgical history of Case 1 described by Zollinger and Ellison in
1966 (6). The patient had 7 operations (see text page 3) starting with
segmental resection of ulcerated jejunum and ending with total gastrectomy.
Death occurred from complications of a duodenoesophago-cutaneous fistula.
Autopsy (Diagram 12) showed pancreatic islet cell adenomas.



CASE REPORT

B.M. is a 34 year old Latin American female who was in good health until 1979,
when she began to develop epigastric pain, vomiting, and diarrhea. She was -
examined at her local hospital and found to have a normal sonogram. She did
fairly well on various symptomatic treatment regimens until February of 1983,
when, during the ninth month of her third pregnancy, she developed severe
nausea, vomiting, epigastric pain, diarrhea, and weight loss. A massive upper
GI hemorrhage occurred with blood pressure drop to 60 systolic and a drop in
hematocrit from 37 to 24%. On endoscopy (Dr. George Willeford, Austin, Texas)
she was found to have multiple duodenal and esophageal ulcers. She was
severely i1l and had a stillbirth in the 35th week of her pregnancy. Serum
gastrin was 2500 pg/ml (normal <200). She was started on cimetidine 600 mg
q.i.d. and Pro-Banthine 15 mg b.i.d. and referred to Dallas for further
investigation and treatment. The patient was admitted to the General Clinical
Research Center of The University of Texas Health Science Center at Dallas.

Gastric acid analysis showed a basal acid output of 67 meq/1 (normal <10) and
a peak acid output (following pentagastrin injection) of 59 meq/h. Abdominal
sonography was normal with well visualized pancreas. CT scan suggested a 2 cm
hemangioma of the anterior part of the caudate 1lobe of the Tliver. The
pancreas was normal.

Following intravenous secretin, serum gastrin rose from a basal level of 5670
pg/ml on that particular day to 52,500 pg/ml at five minutes following
injection (Tlaboratory of Dr. John Walsh, Los Angeles, California).

The patient underwent Tlaparotomy at Parkland Memorial Hospital (Drs. Robert
McClelland and Richard Thirlby). A 4 cm mass was seen in the caudate Tlobe
adjacent to the falciform ligament, and a wedge resection was performed.
Frozen section revealed metastatic carcinoma. There were two more small
patches in the left lobe 3 and 4 mm in diameter, and those were left since the
diagnosis of metastatic cancer appeared established.

The tail and the body of the pancreas were completely normal. However, there
was some diffuse nodularity in the head of the pancreas which appeared
abnormal. Resection would have entailed a pancreaticoduodenectomy, and this
was not considered prudent since the diagnosis of metastatic cancer had been
established. A proximal gastric vagotomy was performed. The final histology
report confirmed islet cell tumor and electron microscopy revealed tumor cells
with secretory granules consistent with gastrinoma (Dr. John Childers). Serum
gastrin fell from 2500 preoperatively to a normal Tevel of 95 pg/ml
postoperatively. One year after surgery, the patient is doing well and is
asymptomatic on ranitidine (150 mg t.i.d.). Her serum gastrin is elevated at
a level of 500 pg/ml.



GASTRIN

Gastrin was discovered in 1905 (secretin, the first hormone described, was

discovered in 1902). After several years of work on gastric physiology at a

time when Pavlov's dogma prevailed that digestive glands are controlled solely

?y ?erves, John Edkins reported to the Royal Society in London on May 18, 1905
11):

On the analogy of what has been held to be the mechanism at work in
the secretion of pancreatic juice by Bayliss and Starling, it is
probable that, in the process of absorption of digested food in the
stomach, a substance may be separated from the cells of the mucous
membrane which, passing into the blood or Llymph, later stimulates
secretory cells of the stomach to fumctional activity.

Edkins experiments were convincing. Only antral extracts stimulated acid
secretion when injected intravenously in anesthetized cats. Fundic extracts
and extracts of other tissue did not. Nevertheless, Edkins work was disputed
for decades, primarily due to the discovery. of histamine which confused
matters. Komarov (1938) (12) and Grossman et al (1948) (13) provided further
proof of a hormonal mechanism for gastric acid secretion. No significant
progress in purification of gastrin came until Gregory and Tracy began their
work in 1959 (14). Subsequently, gastrin was sequenced (15), and the
synthesis was described in 1964 (16).

Gastrin 1is synthesized and stored in endocrine cells of the antrum called
G-cells. The two most important molecular forms of gastrin are G17
(heptadecapeptide, "little gastrin") and G34 ("big gastrin"). Antral extracts
contain about 90% G17 and 10% G34. Both smaller fragments (G14, G4) -and
larger molecules ("big-big gastrin") have also been identified, but they seem
to have no major importance for gastric acid secretion (19-21). The most
important circulating form of gastrin appears to be Gl17, which is several fold
more potent than G34 as a stimulant of acid secretion. Gl17 is cleared from
the circulation several times more rapid than G34. (Half-lives 1in the
circulation are 5 min for G17 and 42 min for G34.) (22).

Another biological effect of gastrin is growth stimulation of gastrointestinal
mucosa, most prominently in the oxyntic gastric mucosa. It is difficult to
know whether gastrin normally regulates oxyntic gland growth. However,
hypergastrinemia such as is seen in gastrinoma syndrome leads to an increase
in parietal cell mass, and antral resection ("gastrin deficiency") may play a
role in mucosal atrophy commonly seen in the remnant stomach after surgery.

Gastrin release occurs 1in response to Tuminal, humoral, and neuronal-
mechanisms. The most potent stimulants for release are protein products and
amino acids in the lumen (23). Other stirmulants for gastrin release are
listed in Table 1.



TABLE 1

STIMULATION AND INHIBITION OF GASTRIN RELEASE FROM
ANTRAL MUCOSA (from 22,24)

Excitation Inhibition

Vagal Cholinergic Cholinergic
Noncholinergic?

Luminal Food Acid
Calcium Prostaglandin E1 analogues
Distension

Chemical Bombesin Secretin, glucagon
Epinephrine GIP, VIP
Calcium Calcitonin
Prednisolone Somatostatin

Inhibition of gastrin release occurs with Tow pH in the antrum. A pH of about
1 is required for maximal suppression, but evem at pH 2.5 gastrin release in
response to a test meal of amino acid is reduced by about 80% in normal
subjects (25).

Radioimmunoassay

The carboxyl-terminal portion of the molecule contains the biologically active
site. Antibody specificity is therefore directed against the C-terminus of
gastrin. Most antibodies wused in clinical Tlaborateries have a similar
affinity for both G17 and G34, and results are reported for total serum
gastrin. For research purposes antibodies are available that can detect each
of the two major molecular forms separately (22).

Normal basal serum gastrin is usually between 50 and 100 pg/ml with 200 pg/ml
as the upper Timit of normal.

Causes for hypergastrinemia are given in Table 2.



TABLE 2

CAUSES FOR HYPERGASTRINEMIA

GASTRINOMA

ATROPHIC GASTRITIS
(with or without pernicious anemia)

ANTRAL G-CELL HYPERPLASIA
RETAINED ANTRUM
PYLORIC STENOSIS
CHRONIC RENAL FAILURE
INTESTINAL RESECTION
VAGOTOMY

Atrophic Gastritis

In patients with atrophic gastritis but preserved antral mucosa, serum gastrin
values are usually increased, sometimes 3 or 4 times the upper Tlimit of
normal. Since these patients are hypo- or achlorhydric, acid, as the
physiological inhibitor of gastrin release,is absent. No pathophysiological
significance has been ascribed to this "appropriate" hypergastrinemia (22,26).

Antral G-cell Hyperplasia

This entity has mainly been described in the European literature (27-31) and
recognition in the United States followed later (22,32). Patients have peptic
ulcers, increased acid secretion, increased basal serum gastrin, and a
markedly exaggerated serum gastrin response to a meal. In response to
intravenous secretin,serum gastrin concentration remains unchanged or
decreases. Treatment consists of vagotomy and antrectomy or medical therapy
with inhibitors of acid secretion.

Retained Antrum

Retention of antral mucosa in the duodenal stump during Billroth II partial
gastrectomy was once an important cause of recurrent ulcer after surgery.
Advances in surgery have made this complication virtually extinct.
Hypergastrinemia is a result of absent acid inhibition of the isolated antral
G-cells. Secretin Ted to a fall in serum gastrin in two such patients
(22 3334 )
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ISLET CELL TUMORS

Islet cell tumors (Table 3) are uncommon, occurring in less than one per
100,000 population (35). Endocrine pancreatic tumors may arise from any type
of islet cell and produce insulin, glucagon, somatostatin, or pancreatic
polypeptide (entopic hormones). A second group of tumors produces peptides
that are not found in endocrine cells of the adult pancreas (ectopic
hormones): gastrin, VIP, PHI, calcitonin, neurotensin, and corticotropin
(36). Several attempts have been made to explain this ectopic peptide
production by pancreatic tumors. One 1is based on the APUD concept
(amine-precursor uptake and decarboxylation) (37) and another on
dedifferentiation of neoplastic cells (38,39).

TABLE 3

ISLET CELL TUMOR SYNDROMES

Ls Entopic Hormones

Insulinoma

Glucagonoma

Somatostatinoma

PPoma (Pancreatic Polypeptide)
(Pancreatic Carcinoid)

i1, Ectopic Hormones

Gastrinoma
VIPoma
Calcitoninoma
Neurotensinoma
Parathyrinoma
Corticotropinoma

ITI. "Candidate Tumor Syndromes" (not yet described)
Caused by Secretin, CCK, Motilin,
GIP, Bombesin, Enkaphalin, and PYY.




GASTRINOMA
I. PATHOPHYSIOLOGY

1 Gastric Hypersecretion

The fundamental abnormality resulting in clinical disease in this syndrome is

gastric acid hypersecretion as a result of continuous hypergastrinemia.
Although considerable overlap exists with common duodenal ulcer patients,
patients with gastrinoma often exceed a basal acid secretory rate of 10 meq/h,
and their ratio of basal to peak (in response to pentagastrin) acid.secretion
is often more than 60%. Due to the trophic effect of gastrin on the oxyntic
gland area, a true increase in parietal cell mass occurs (40).

2. Gastric Emptying

A. Dubois et al (41) have shown that patients with gastrinoma have an
increased rate of gastric emptying (Fig. 3) which appears to be independent of
acid hypersecretion and hypergastrinemia. The exact mechanism for this
enhanced emptying is not known.
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Figure 3: Percent of test meal remaining in the stomach. In gastrinoma
patients (ZES), the meal is emptied significantly faster when compared to

normals and normals whose acid secretion has been stimulated by pentagastrin
(PG) (from 41).
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s Diarrhea

One third of patients with gastrinoma have diarrhea and 7% present with
diarrhea alone (42,43). Diarrhea is of secretory nature (Table 4), i.e.,
stool electrolytes account for all of the osmolality of stool water (44,45).

TABLE 4
MAJOR CAUSES OF SECRETORY DIARRHEA (from 44)

Surreptitious Taxative ingestion

Pancreatic cholera syndrome

Medullary carcinoma of the thyroid

Ganglioneuroma, ganglioneuroblastoma, neurofibroma
Zollinger-El1ison syndrome

Malignant carcinoid syndrome

Idiopathic secretory diarrhea (pseudopancreatic cholera syndrome)
Congenital choloridorrhea (in some cases)

Lethal familial protracted diarrhea

Secreting villous adenoma of the rectum

Total villous atrophy of small bowel mucosa

Collagen vascular diseases (scleroderma, systemic lupus
erythematosus, mixed connective tissue disease)

Niacin deficiency

ITeocecal tuberculosis

Intestinal lymphoma

Giardiasis

Strongyloidiasis
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Multiple factors appear to be related to the diarrhea, and they are Tisted 1in
Table 5.

TABLE 5

FACTORS THAT MAY CAUSE DIARRHEA IN GASTRINOMA

Acid hypersecretion

Altered morphology of intestinal mucosa

Inhibiticn of intestinal absorption by high Tevels
of circulating gastrin

4. Altered intestinal motility (rapid transit)
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Gastric acid hypersecretion appears to be the paramount factor because
diarrhea can be relieved by nasogastric suction, therapy with Hz-receptor
antagonists, and total gastrectomy. Acid-induced mucosal injury may~also play
a role, and alterations in small bowel morphology have been described (46).
These include abnormal shortening of villi, cellular infiltration of the
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lamina propria with plasma cells and polymorphonuclear leukocytes, edema of
the lamina propria and submucosa, epithelial microerosions, and gastric
metaplasia of the surface epithelium (47). Alterations of the brush border by
the abnormal acid milieu, not visible on 1light microscopy, has also been
suggested. Gastrin can, by itself, reduce intestinal water and ion absorption
(48,49), but this action of gastrin appears to be of no real clinical
importance since diarrhea disappears when gastrin remains high after total
gastrectomy (50). The large volume of acid delivered to the small bowel may
cause mechanical and chemical stimulation of motility with shortened transit
time (51). Pancreatic hypersecretion has also been reported in gastrinoma

syndrome (52). ’

Rambaud et al (53) studied intestinal function of four patients with
gastrinoma.
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Figure 4: Twenty-four hour water flow rates al the ligament of Treitz (open
columns), distal ileum (hatched bars), and feces (solid bars) in healthy
controls and four subjects with gastrinoma. Flow rates in the proximal small
bowel were abnormally high, but percentage decrease in the distal ileum was
similar to controls (from 53).

Using the slow-marker perfusion technique (54), they found flow rates in the
proximal small bowel between 15 and 24 Titers/24 hours and proportionally high
ileocecal transit volumes. They concluded that the high load of acidic fluid
was the most important cause of diarrhea in patients with gastrinoma.



Steatorrhea in gastrinoma patients (usually in the range of 10 to 25 g fat per
day) is thought to result from lipase inactivation due to the low luminal pH.
Furthermore, bile salts may not be able to form micelles at Tow pH (55).

Our Patient B.M. (case report, see page 5) had severe disabling diarrhea, and
while admitted to the GCRC, we were able to investigate intestinal water and
ion movement. The results are shown in Figure 5.

ZOLLINGER-ELLISON
SYNDROME

SERUM GASTRIN: 2,500pg/ml(< 200)

BASAL ACID OUTPUT:
67 meg/h in 500ml/h

BASAL FLOW RATE:
SIPHONAGE: 460ml/h
(=11 Liters/day)
pH 1.18

PERFUSION: 608ml/h
(= 14.6 Liters/day)

DIARRHEA:
ON REGULAR DIET: 1078 g/day
WHILE FASTING: 395 g/day

Cimetidine was an effective therapy in the patient
before tumor removal. After the tumor was
removed, however, diarrhea stopped completely.

Figure 5: Synopsis of findings pertaining to- the diarrhea in patient B.M.
(from 56). '

In normal subjects duodenal pH is above 7. Only in the ducdenal bulb pH drops
for short periods of time during gastric. emptying (57). In patient B.M., pH
in the proximal jejunum in the fasting state was 1.18. When Tuminal contents
at the ligament of Treitz were drained by siphonage 460 ml/h were obtained.
This calculated to a flow rate of 11 liters/day in the fasting state. When a
more accurate method was used to estimate flow (intestinal perfusion with
nonabsorbable volume marker) a flow rate of 608 ml/h was recorded (calculated
14.6 liters/day).
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Jejunal water and electrolyte absorption in patient B.M. was studied by using
the triple Tumen perfusion technique (58-60). When a plasma-Tike electrolyte
solution was perfused absorption rates for water and NaCl were normal in the
jejunal test segment. Glucose absorption was Tikewise normal. In the mixing
segment, pCO, was extremely high due to mixing of the bicarbonate-containing
perfusate wigh the acidic fluid coming from above.

Thus, the major abnormality in intestinal water and ion movement in gastrinoma
is an enormous influx of acidic fluid into the jejunum, in our patient close
to 15 Tliters a day in the fasting state. While absorption of neutral
solutions is not {impaired, absorption of acidic salt solutions is (61,62).
The high volume and the acidity of the fluid overwhelm absorptive capacity and
diarrhea ensues.

II. CLINICAL FEATURES

1. Incidence, Age, Sex

The incidence of gastrinoma is estimated to be 0.05% per 100,000 population
(or two new cases per year in DFW metroplex with a population of 4 million).
For comparison, the incidence of pancreatic cancer is 10 and of colon cancer
is 50 per 100,000 population.

In a review of 562 patients, Wilson (63) found 63% males and 37% females. In
the Dallas series of 20 patients, 14 are male and 6 are female (64). Onset of
the disease occurs at all ages but is most frequently seen in the fourth
decade of Tife (63).

Gastrinoma syndrome has also been diagnosed in one dog with vomiting and
weight loss (65). Endoscopy revealed duodenal ulcer. Gastric acid secretion
was high (BAO 15, PAO 20 meqg/h). Serum gastrin was 10 times the upper Timit
found 1in healthy dogs, and secretin stimulation was positive. Laparotomy
revealed a pancreatic islet cell tumor metastatic to the Tiver.

2. Symptoms

Like with other islet cell tumors, symptoms are often present for several
years prior to diagnosis. Zollinger (personal communication, 1984), in
reviewing his own 40 cases, states that symptoms had been present for 5 to 9
years in most patients diagnosed prior to the introduction of gastrin
radioimmunoassay. Wilson found symptoms present for a year or longer in 79%
and 5 years or longer in 28% (of 685 patients reviewed) (63). Symptoms are
those of peptic ulcer disease (pain, vomiting, hematemesis, melena, and
diarrhea).

3. Diagnosis

a. Barium Meal and Endoscopy (Table 6)

14



TABLE 6

TYPICAL X-RAY OR ENDOSCOPIC FINDINGS IN GASTRINOMA

Esophageal ulceration

Large gastric folds

Large amounts of fasting secretions (diluting barium )
Multiple duodenal ulcers

Ulcer distal to duodenal bulb and in jejunum

Widened duodenum

Large small bowel folds
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b. Other Imaging

In search for a pancreatic mass or liver metastases, such imaging procedures
as sonography, Tiver-spleen scan, CT scan, nuclear magnetic resonance, and
angiography may be employed. Selective venous sampling, although advocated by
some (66-68), 1is not recommended since the procedure is difficult and not
without complications. Moreover, aberrant venous drainage of pancreatic islet
cell tumors may lead to erroneous conclusions.

C. Serum Gastrin

The price for a serum gastrin determination is $42.00 (SMA-12 for comparison:‘

$28.00) (Dr. Robert Putnam, personal communication). Some  physicians
recommend serum gastrin analysis as a routine test in any patient with newly
diagnosed duodenal ulcer. Radioimmunoassay kits have made gastrin analysis
almost as readily available as thyroid function tests.

Fasting values of higher than 200 pg/ml require further investigation (for
other causes of hypergastrinemia, see Table 2, page 8). If serum gastrin is
elevated and gastrinoma syndrome is suspected, a provocation test s
indicated.

While calcium infusion has been used with relatively good success (69,70), the
test of choice today entails serum gastrin measurements before and after
intravenous secretin (71-74). While secretin inhibits gastrin release in
normal subjects, secretin releases tumor gastrin and causes serum gastrin to
peak within a few minutes after injection (50). Doubling of serum gastrin or
a rise by = 200 pg/ml is considered diagnostic for gastrinoma (71) (Fig. 6).
Ea1§e positive results have been reported with the use of impure secretin
761 .
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Figure 6: Increase in serum gastrin after intravenous secretin in 6 patients
with remaining tumor after total gastrectomy (from 75).

Cs Acid Secretion

Approximately two thirds of patients with gastrinoma have unstimulated gastric
secretory rates that exceed 10 meq/h. Slightly more than half the patients
secrete more than 15 meq of gastric acid in the basal state (77).

Stimulation of gastric secretion (pentagastrin) in gastfinoma patients often
does not increase acid output much further. One half of patients with gastri-
noma will have a ratio of basal to peak acid output of 60 or more percent.

There are a few patients with peptic ulcers who have high basal acid secretion
but have a normal fasting serum gastrin concentration and a negative secretin
test (52). The underlying mechanism for basal hypersecretion in these
?at;ents is poorly understood, the cause may be neuronal or hormonal in nature
78] .

4. Gastrinoma as part of MEN I

Pancreatic endocrine tumors can be part of the multiple endocrine neoplasia
syndrome, type I (MEN I), in which there is an hereditary predisposition to
islet cell hyperplasia and “islet cell tumor formation. Any islet cell tumor
can occur in MEN; most commonly, however, tumors produce gastrin, VIP, and
pancreatic polypeptide (36).

The incidence of MEN I in gastrinoma patients is about 25%. These patients
should be considered as a separate group because they have better expectations
of survival than patients with sporadic gastrinoma (79-82). This is contrary
to what might be expected since the gastrinoma tends to be multiple throughout
the pancreas in this group of patients.

These patients with MEN I present a greater challenge because of the
multigland involvement and the tendency to develop additional endocrine tumors
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after treatment for gastrinoma has been commenced. Parathyroid tumors are
most commonly seen. In Zollinger's current series (1984, personal
communication), 13 out of 40 patients with gastrinoma had MEN I. Of these,
four had parathyroidectomy before operating for gastrinoma and 13 more
parathyroidectomies were performed during 28 years of follow up. This
includes patients with two to four recurrences of hyperparathyroidism and
suggests that three and one-half of the parathyroids should be routinely
removed at the initial operation.

Other tumors involve the pituitary and adrenals. Although pheochromocytomas
have, in the past, not been expected in MEN I, Zollinger (personal -
communication, 1984) indicates a 10% incidence of pheochromocytoma in
gastrinoma patients (83).

A "small endocrine screen" may include serum calcium and phosphorus,
parathyroid hormone, prolactin, and cortisol, and urinary metanephrines. A
"large endocrine screen" will also include serum pancreatic polypeptide,
somatostatin, calcitonin, VIP, PHI, GIP, insulin, glucagon and neurotensin.

D Variants of Gastrinoma Syndrome

The existence of a nongastrin gastric secretagogue released from an islet cell
tumor is illustrated by the following case report.

W.S. was a 54 year old :Swiss missionary who, while in Bolivia., developed
severe hematemesis. A Billroth II subtotal gastrectomy was performed. Six
months Tlater hematemesis recurred, and in 1973 he vreturned to Zurich,
Switzerland, for further investigation. Barium meal study revealed a large
marginal ulcer. Acid secretion in the small gastric remnant revealed BAO of
12 and PA0 of 13 meq/h. Serum gastrin Tlevels (basal and during calcium
infusion) were normal (measured by Dr. G. Feuerle, University of Gottingen,
West Germany). When the patient's serum was used in a bicassay (rats with
gastric fistula), the result was positive (laboratory of Dr. F. Halter, Berne,
Switzerland). Hypoglycemia was also noted. First it occurred only during
prolonged fasting for diagnostic tests, later it was continuous, requiring
intravenous glucose infusion. Later, 10% glucose had to be given by central
Tine. Interruption of the infusion for 4-5 minutes would result in
hypoglycemic seizures. Serum insulin was not elevated (laboratory of Dr. E.
R. Frisch, Zurich, Switzerland). Angiography revealed metastatic tumor in the
Tiver which on percutaneous biopsy showed features of islet cell  carcinoma.
Thus, this tumor produced a peptide which caused gastric hypersecretion with
severe peptic ulcer disease and hypoglycemia. However, the peptide was
neither immunoreactive gastrin nor insulin. Unfortunately, the methods of
peptide chemistry available at the time did not allow identification of the
agent released by the tumor. The patient first showed a good response to
chemotherapy with streptozotocin and was discharged. A year later he died of
complications related to tumor mass.

Chey and coworkers (84) have recently observed two similar cases. Pancreatic
islet cell tumors were associated with recurrent ulceration and hypersecreticn
of acid without hypergastrinemia. Tumor extracts caused acid secretion in a
bioassay. It is anticipated that the rapid progress in peptide chemistry will
soon allow identification of the peptide(s) responsible for hypersecretion in
such patients.



6. Mixed Tumors

Radioimmunoassay and immunocytochemical techniques have demonstrated that more
than half of all pancreatic islet cell tumors produce more than cne peptide
(85). Clinically, most patients with mixed pancreatic endocrine tumors
present with symptoms characteristic of excess of only one hormone (86). Some
of these mixed tumors are "clinically silent," or may only produce symptoms
related to tumor mass and malignancy in general (anemia, weight loss). . When
symptoms are present, the immunocytochemical predominance of a certain cell
type may not always correspond to the clinical picture. For instance, when
gastrin-secreting cells constitute only 10% of the cell population in a tumor,
the secretion of gastrin may, nevertheless, be sufficient to induce the
Zollinger-E1lison syndrome (87). Sometimes the clinical syndrome may change
during prolonged observation or following chemotherapy. In one case,
transition from gastrinoma to insulinoma syndrome was noted without detectable
ultrastructural changes within the tumor itself (88). In one patient symptoms
of gastrinoma preceded those of a glucagonoma by seven years (89). In the
patient in whom we described the somatostatinoma syndrome, symptoms of severe
peptic ulcer disease with recurrent hematemesis were present for several years
prior to detection of the somatostatinoma. However, during our investications
no abnormality related to gastrin was found (90).

7. IsTet Cell Hyperplasia

Although a controversial subject, some endocrine syndromes vrelated to
pancreatic tumors have also been recognized in the setting of islet cell
hyperplasia (rather than islet cell adenoma or carcinoma). For instance, the
watery diarrhea hypokalemia hypochlorhydria syndrome has been associated with
islet cell hyperplasia (91). PP cell and GIP cell hyperplasia have also been
described (92,93).

In 20% of patients with clinical and laboratory evidence of gastrinoma, no
tumor is found at surgery. Zollinger, Malagelada, and others (79,80) have
emphasized the improved survival rate in these patients. Whether islet cell
hyperplasia or a tumor tco small'to recognize is present in these patients is
unresolved. It is conceivable that islet cell hyperplasia is a premalignant
condition. This is at Teast suggested from follow-up studies in patients with
MEN I where islet cell hyperplasia may precede development of an 1s]et cell
tumor (94,95).

8. Duodenal Wall Gastrinoma

When so]1tary gastrinomas are outside the pancreas the prognosis may be
favorable since their removal is easily accomplished (see below, PROGNOSIS).
Seven (15%) of Zollinger's 40 cases had duodenal wall gastrinomas. The ZES
registry shows 103 such tumors of 800 gastrinoma patients (13%) (96).
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PROGNOSIS

Therapy (see below) provides for cure in about 20% of patients, 10% die of
complications of peptic ulcer disease, 50% die due to malignant progression of
the tumor, and 20%, while having the syndrome, die for other reasons. In all
gastrinoma patients together, Zollinger finds a 63% five-year survival and a
50% 10-year survival (79).

Factors that influence survival favorably are: 1) gastrinoma in the setting
of MEN I, 2) inability to find a tumor at surgery, and 3) the presence of a
duodenal wall (rather than pancreatic) tumor. Survival at 10 years is around
60% 1in. these three subgroups. Unfavorable factors are the presence of
metastases at surgery, however, the 10-year survival is still relatively high
with 25%.

TREATMENT

The choice of therapy in gastrinoma patients is currently the most
controversial subject pertaining to the whole syndrome. Three different
schools can be recognized: "Aggressive Surgery," "Conservative Therapy," and
an "Intermediate School." (Table 7). ’
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TABLE 7

DIFFERENT TREATMENT PLANS IN PATIENTS WITH GASTRINOMA

Typical
School Representatives Method Ref
Aggressive Surgery R. Zollinger, Total gastrectomy,- Personal
J. Thompson - Tumor resection Communication,
if feasible 97
Conservative Therapy D. McCarthy H,-receptor 98
b%ockers
Intermediate School C. T. Richardson Vagotomy, 64
& Colleagues Tumor resection

if feasible,
H,-receptor
b%ockers




"Conservative Therapy"

Medical therapy with H,-receptor antagonists has been shown to relieve
symptoms in many but not~all patients with gastrinoma. The mean failure rate
(Table 8) is about 35% (80,99-102). Ranitidine and cimetidine have recently
been compared in the treatment of gastrinoma patients. Ranitidine was three
times more potent than cimetidine and caused less side effects (103). When
H,-receptor antagonists are given, suppression of acid secretion and clinical
r%su]ts can be improved by combination with an anticholinergic such as
pirenzepine (104).
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TABLE 8
TREATMENT FAILURES ON MEDICAL THERAPY

Total Average Rx

Patients duration

Treated Failed (mo) Reference
13 5 - 99
16 10 12 100
26 6 - 101
20 10 36 102
18 2 22 80

Total 93 33 (35%)

Cmeprazole is & new antisecretory drug that inhibits hydrogen - potassium -
ATPase, an enzyme located at the acid secretory surface of the parietal cell
and involved in the final step of proton secretion (105). Omeprazole has now
been used in seven gastrinoma patients who were cimetidine and/or ranitidine
failures (106). On omeprazole, symptoms resolved in all patients. Their
ulcers were healed at endoscopy, and gastric secretion remained inhibited by
therapy during an average follow up of 14 months. Omeprazole is still an
investigational drug and long-term safety has not been established.

Thus, since 35% of gastrinoma patients turn out to be treatment failures on
medical therapy, we should not consider drug therapy alone as a satisfactory
long-term treatment regimen.

"Aggressive Surgery"

Total gastrectomy represents the classical and traditional therapy for
gastrinoma. This approach was designed at a time when the diagnosis was made
late because a gastrin radioimmunoassay was not available, and Hz-receptor
antagonists were not avialable as temporary or additional treatment.



Total gastrectomy may be associated with serious or incapacitating
complications in 10-20% of patients (esophageal stricture, recurrent vomiting,
blind 1loop, dumping, malnurishment, bone disease) (68,80). Operative
mortality Ties between 2 and 15% (107,108).

"Intermediate School"

Richardson and coworkers have designed a treatment compromise (Table 7) that
entails proximal gastric vagotomy, tumor vresection if feasible, and
postoperative H,-receptor therapy as needed. They have studied twenty
patients in a cafeful and prospective manner (64). Tumors were found in eight
patients and all visible tumors were removed from five of the eight. Fasting
serum gastrin concentrations and serum gastrin responses to intravenous
secretin were normal six weeks after surgery in four of these five patients
and remain normal in two patients, two and one-half and four years after
surgery. Follow up has ranged from six months to 19 years (median, two and a
half years). Acid secretion was reduced after vagotomy in each patient, even
when tumors were not found and serum gastrin concentrations remained elevated.
The inhibitory effect of H,-receptor antagonists on acid secretion was also
enhanced by vagotomy. Dosgg of cimetidine or ranitidine have been reduced,
compared to preoperative doses, in 18 patients, five of whom are taking no
antisecretory drugs. Only three patients have had symptoms of ulcer disease.
Complications such as bleeding, perforation or obstruction have not occurred
in any patient. Endoscopy was performed in all patients and an ulcer was
present in only one patient.

Based on these results, I would give my preference to the "Intermediate
School." They have shown that laparotomy, vagotomy, and medical therapy with
H,-receptor antagonists is an effective treatment for patients with
Zgl1inger-E11ison syndrome. The question that remains at this point concerns
the aggressiveness with which visible or suspected tumor should be removed.
For instance, should the pancreas be resected when a portion of it appears
nodular without localized mass? Should a duodenopancreatectomy be performed
in the presence of a single metastasis to a lymph node or to the liver?

Chemotherapy

If tumor mass becomes a problem in patients with advanced disease,
chemotherapy with streptozotocin is effective in many but not all patients
(109,110). The use of streptozotocin, which has nephrotoxicity is not
indicated in localized but nonresectable tumors that cause no complications by
compression or encroachment of adjacent organs. Streptozotocin therapy is
given as palliative not curative therapy.
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SUMMARY

Thirty years ago Zollinger and Ellison described a syndrome consisting of
gastric acid hypersecretion and severe peptic ulcer disease associated with
pancreatic islet cell neoplasia. Subsequent to the recognition of gastrin as
the secretagogue released by the tumor, the pathophysiology of the syndrome
has been elucidated.

Diagnosis is relatively easy due to the general availability of a
radioimmunoassay for serum gastrin. Debate continues about the optional
therapy for these patients. While total gastrectomy used to be the procedure
of choice, recent data suggests that preference should now be given to a
treatment approach combining vagotomy, tumor resection if feasible, and
postoperative drug treatment with Hz—receptor antagonists.

22



REFERENCES

1.

10.
11+
12,

15

14.

Seiler S, Zinninger MM. Massive islet cell tumor of pancreas without
hypoglycemia. Surg Gynec & Obst 82:301, 1946.

. Brown CH, Neville WE, Hazard JB. Islet cell adenoma without hypoglycemia

causing duodenal obstruction. Surgery 27:616, 1950.

. Howard JM, Moss NH, Rhoads JE. Collective review: Hyperinsulinism and

islet cell tumors of pancreas with 398 recorded tumors. Surg, Gynec &
Obst 90:417, 1950.

. Forty R, Barrett GM. Peptic ulceration of third part of duodenum

associated with islet cell tumors. Brit J Surg 40:60, 1952.

. Zollinger RM, Ellison EH. Primary peptic ulceration of the Jjejunum

associated with islet cell tumors of the pancreas. Ann Surg 142:709-728,
1985,

. ElTison EH, Wilson SD. The Zollinger-Ellison syndrome: Reappraisal and

evaluation of 260 registered cases. Ann Surg 160:512-530, 1964.

. Gregory RA, Tracy HJ, French JM, Sircus W. Extraction of a gastrin-like

substance from a pancreatic tumor in a case of Zollinger-Ellison
syndrome. Lancet 1:1045, 1960.

. Gregory RA, Tracy HJ, Aganwal KL & Gorman MT. Amino acid constitution of

two gastrins isolated from Zollinger-Ellison tumor tissue. Gut
10:603-608, 1969.

. Gregory RA, Tracy HJ. Isolation of two "big gastrins" from

Zollinger-E1Tlison tumour tissue. Lancet ii:797-799, 1972,

Gregory RA, Tracy HJ. Isolation of two minigastrins from
Zollinger-E11ison tumour tissue. Gut 15:683-685, 1974.

Edkins JS. On the chemical mechanism of gastrin secretion. Proc R Soc
Lond (Biol) 76:376, 1905.

Komarov SA. Gastrin. Proc Soc Exp Biol Med 38:514-516, 1938.

Grossman MI, Robertson CR, Ivy AC. Proof of a hormonal mechanism for
gastric secretion - the hormonal transmission of the distention stimulus.
Am J Physiol 153:1-9, 1948,

Gregory RA, Tracy HJ. The preparation and properties of gastrin.
Proceedings of the Physiological Society, 6-7 November, 1959. J Physiol
149:70-71, 1959.

23



15.

16.

b

18,

18

20,

21.

22.

éd.

24,
25.

26.

27

8.

29.

30.

Gregory H, Hardy PM, Jones DS, Kenner GW, Sheppard RC. Structure of
gastrin. Nature 204:931-933, 1964.

Anderson JC, Barton MA, Gregory RA, Hardy PM, Kenner GW, MaclLeod JK,
Preston J, Sheppard RC. Synthesis of gastrin. Nature 204:933-944, 1964.

Yalow RS, Berson SA., Size and change distinctions between endogenous
human plasma gastrin in peripheral blood and heptadeco peptide gastrins.
Gastroenterology 58:609, 1970.

Rehfeld JF, Stadil F, Vikelsoe J. Immunoreactive gastrin components in
human serum. Gut 15:102, 1974.

Walsh JH. Gastrointestinal hormones and peptides. In: Johnson, L.R.
(ed.). Physiology of the Tastrointestinal Tract. New York, Raven Press,
1981, pp 59-144.

Gregory R. A review of some recent developments in the chemistry of the
gastrins. Bioorg Chem 8:497, 1979.

Pauwels, S, Dockray GJ. Identification of NHz—terminal fragments of big
gastrin in plasma. Gastroenterology 82:56-61, 1981.

Walsh JH, Lam SK. Physiology and pathophysiology of gastrin. Clin
Gastroneterol 9:567-591, 1980.

Richardson CT, Walsh JH, Hicks MI, Fordtran JS. Studies on the
mechanisms of food-stimulated gastrin acid secretion in normal human
subjects. J Clin Invest 58:623, 1976.

Walsh JH, Grossman MI. Gastrin. N Engl J Med 292:1324, 1975.

Walsh JH, Richardson CT, Fordtran JS. pH dependence of acid secretion
and gastrin release in normal and ulcer subjects. J Clin Invest 55:462,
1975.

Trudeau WL, McGuigan JE. Relations between serum gastrin levels and
rates of gastric hydrochloric acid secretion. N Engl J Med 284:408-412,
1964.

Friesen SR, Schimke RN, Pearse AGE. Genetic aspects of the
Zollinger-Ellison syndrome: Prospective studies in two kindred; antral
G-cell hyperplasia. Ann Surg 176:370-383, 1972.

Polak JM, Stagg B, Pearse AGE. Two types of Zollinger-Ellison syndrome.
Gut 13:501-512, 1972.

Ganguli PC, Polak JM, Pearse AGE, et al. Antral G-cell hyperplasia in
peptic ulcer djsease. Lancet 1:583-586, 1974.

Russell RCG, Bloom SR, Davies WA, et al. Hypergastrenemia in a peptic
ulcer patient with antral gastrin cell hyperplasia. Br Med J 4:441,
1975.

24



31.

32.

34,

35,

36.

37.

8.

40.

41.

4z2.

43.

44,

45,

Lamers CBH, Ruland CM, Toosten HJM, et al. Hypergastrinemia of antral
origin in duodenal ulcer. Am J Dig Dis 23:998-1002, 1978.

Patel HD, Parathasarathy TK. Antral G-cell hyperplasia. Am J Proctol
Gastroenterol Colon Rectal Surg 11-30, 1983.

. Korman MG, Scott DF, Hansky J, Wilson H. Hypergastrinaemia due to an

excluded gastric antrum: A proposed method for differentiation from the
Zollinger-El1ison syndrome. Aust NZ J Med 2:266-271, 1972.

Webster MW, Barnes EL, Stremple JF. Serum gastrin levels in the
differential diagnosis of recurrent peptic ulceration due to retained
antrum. Am J Surg 135:248-252, 1978.

Khandekar JD. Islet cell tumors of the pancreas: Clinicobiochemical
correlations. Ann Clin Lab Sci 9:212-218, 1979.

Krejs GJ. In: Williams Textbook of Endocrinology, W. B. Saunders,
Philadelphia, London, Toronto. Edited by D. W. Foster and J. D. Wilson,
Seventh Edition. 1984. 1In press.

Pearse AGE. The diffuse neuroendocrine system and the APUD concept:
related "endocrine" peptides in brain, intestine, pituitary, placenta,
and anuran cutaneous glands. Med Biol 55:115-125, 1977.

Baylin SB, Mendelsohn G. Ectopic (inappropriate) hormone production by
tumors: mechanisms involved and the biological and clinical
implications. Endocr Rev 1:45-77, 1980.

. Friesen SR. Tumors of the endocrine pancreas. N Engl J Med 306:580-590,

1982.

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

Dubois A, Eerdewegh PV, Gardner JD. Gastric emptying and secretion in
Zollinger-E1Tlison syndrome. J Clin Invest 59:255, 1977.

Bonfils S, Bernades P. Zollinger-Ellison syndrome: Natural history and
diagnosis. Clin Gastroenterol 3:539-557, 1974.

Stadil FL. Gastrinomas. In: Gastrointestinal Hormones. Raven Press,
New York. Edited by George B. Jerzy Glass. 1980, pp 729-739.

Kreis GJ, Fordtran JS. Diarrhea. In: Gastrointestinal Disease,
Saunders Philadelphia, London, Toronto. Edited by M. Sleisenger and J.
S. Fordtran, Third Edition. 1983. p 257-280.

Krejs GJ, Hendler RS, Fordtran JS. Diagnostic and pathophysiologic
studies in patients with chronic diarrhea. In: Secretory Diarrhea.
American Physiological Society. Bethesda, Maryland. Edited by Michael
Field, 1980, p 141-151.



46.

48.

49.

50.

54,

o0

56.

97

7.

89,

Fang M, Ginsberg AL, Glassman L, McCarthy DM, Cohen P, Geelhoed GW,
Dobbins W.0., III. Zollinger-Ellison syndrome with diarrhea as the
predominant clinical feature. Gastroenterology 76:378-387, 1979.

. Mansbach CM, Wilkins RM, Dobbins WO. Intestinal mucosal function and

structure in the steatorrhea of Zollinger-Ellison syndrome. Arch Intern
Med 121:487-494, 1968.

Bynum TE, Jacobson ED, Johnson LR. Gastrin idinhibition of intestinal
absorption in dogs. Gastrocenterology 61:858-862, 1971.

Wright HK, Hersh Theodore, Floch MH, Weinstein LD. Impaired absorption
in the Zollinger-Ellison syndrome independent of gastric hypersecretion.
Am J Surg 119:250-253, 1970.

Isenberg JI, Walsh JH, Grossman MI. Zol1linger-E1Tison syndrome.
Gastroenterology 65:140-165, 1973.

. Soergel KH. Mechanism of diarrhea in the Zollinger-Elliscn syndrome.

Non-Insulin Producing Tumours of the Pancreas. Modern Aspects on the
Zollinger-E1Tison Syndrome and Gastrin. Georg Thieme: Stuttgart. Edited
by L. Demling and R. Ottenjan. 1969, pp 152-164.

. Dyck WP. Pancreatic hypersecretion in the Zollinger-Ellison syndrome.

Case report. Gastroenterology 60:50-95, 1971.

. Rambaud J-C, Modigliani R, Emonts P, Matuchansky C, Vidon N, de Recherche

M, Besterman H, Bernier J-J. Fluid secretion in the duodenum and
intestinal handling of water and electrolytes in Zollinger-Ellison
syndrome. Dig Dis 23:1089-1097, 1978.

Soergel KH. Flow measurements of test meals and fasting contents in the
human small intestine. Gastrointestinal Motility. Georg Thieme:
Stuttgart. Edited by L. Demling and R. Ottenjan. 1971, pp 81-92.

Shimoda SS, Saunders DR, Rubin CE. The Zollinger-El1lison syndrome with
steatorrhea. II. The mechanism of fat and vitamin 812 malabsorption.
Gastroenterology 55:705-723, 1968. '

Krejs GJ. Tumor Associated Diarrhea. Symposium: The Pathophysiology of
Diarrhea (Chairman: H. J. Binder), Washington, D.C., May 22, 1983.
Symposium Highlights, 1983, 6-7.

Hannibal S, Rune SJ. Duodenal bulb pH in normal subjects. Eur J Clin
Invest 36:455, 1983,

Cooper H, Levitan, Fordtran JS, Ingelfinger F.J. A method for studying
absorption of water and solute from the human small dintestine.
Gastroenterology 50:1-7, 1966.

Krejs GJ, Walsh JH, Morawski SG, Fordtran JS. Intractable diarrhea.
Intestinal perfusion studies and plasma VIP concentrations in patients
with pancreatic cholera syndrome and surreptitious ingestion of laxatives
and diuretics. Am J Dig Dis 22:280-292, 1977

26



60.

61.

62.

63,

64.

65.

66.

67.

68.

69.
70.
4l s

T2

13.

74.

Krejs GJ, Fordtran JS, Bloom SR, Fahrenkrug J, Schaffalitzky de Muckadell
OB, Fischer JE, Humphrey CS, 0'Dorisio TM, Said SI, Walsh JH, Shulkes AA.
Effect of VIP infusion on water and ion transport in the human jejunum.
Gastroenterology 78:722-727, 1980.

Wormsley KG. Reactions to acid in the intestine in health and disease.
Gut 12:67-84, 1971.

Winship DH, Robinson JE. Acid loss in the human duodenum.
Gastroenterology 66:181-188, 1974.

Wilson SD. Ulcerogenic tumors of the pancreas: The Zollinger-Ellison
Syndrome in the Pancreas. C. V. Mosby Co, St. Louis, MO. Edited by L.
C. Carey, 1973.

Richardson CT, Peters MN, Feldman M, McClelland RN, Cooper K, Willeford
G, Dickerman RM, Fordtran JS. Treatment of Zollinger-Ellison syndrome
with vagotomy, exploratory Tlaparotomy, and Hz-receptor antagonists.
Submitted for publication.

Straus E, Johnson GF, Yalow RS. Canine Zollinger-Ellison syndrome.
Gastroenterology 72:380-381, 1977.

Kingham JGC, Dick R, Bloom SR, Frankel RJ. VIPoma: Localization by
percutaneous transhepatic portal venous sampling. Br Med J 2:1682-1683,
1978.

Burcharth F, Stage JG, Stadil F, Jensen LI, Fischermann K. Localization
of gastrinomas by transhepatic portal catheterization and gastrin assay.
Gastroenterology 77:444, 1979.

Feurle GE, Helmstddter, Hoevels J, Wenzel-Herzer G, Klempa I. Wandel von
Diagnose und Therapie beim Zollinger-Ellison Syndrom. Dtsch med Wschr
107:697-704, 1982.

Passaro E, Basso NA, Walsh JH. Calcium challenge in the

Zollinger-E1lison syndrome. Surgery 72:60-67, 1972.

Trudeau WL, McGuigan JE. Effects of calcium on serum gastrin levels in
the Zollinger-Ellison syndrome. N Engl J Med 281:862-866., 1969.

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

Isenberg JI, Walsh JH, Passaro E, et al. Unusual effect of secrétin on
serum gastrin, serum calcium and gastrin acid secretion of a patient with

suspected ZolTinger-Ellison syndrome. Gastroenterology 62:626-631, 1972.

Bradley EL, Galambos JT. Diagnosis of gastrinoma by the secretin
suppression test. Surg Gynecol Obstet 143:784-788, 1976.

Ippoliti AF, Rotenberg JS, Walsh JH, et al. Fasting and
secretin-stimulated gastrin 1in patients with proven and possible
gastrinoma, and hyperparathyroidism. Gastroenterology 70:896, 1976.



78.

76.

Fif

78,

19.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

Thompson JC, Reeder DD, Bunchman HH, et al. Effect of secretin on
circulating gastrin. Ann Surg 176:384-393, 1972.

Brady CE, Johnson RC, Williams JR, et al. False-positive serum gastrin
stimulation due to impure secretin. Gastroenterology 76:1106, 1979.

McGuigan JE. The Zollinger-E1Tlison syndrome. In  Gastrointestinal
Disease. W. B. Saunders, Philadelphia. Edited by M.H. Sleisenger and J.
S. Fordtran, third edition. 1983, p 693-707.

Bugat R, Walsh JH, Ippoliti A, Elashoff J, Grossman MI. Detection of a
circulating gastric secretagogue in plasma extracts from normogastrinemic
patients with acid hypersecretion. Gastroenterology 71:1114, 1976.

Zollinger RM, Sparks J, Ayres HP. Gastrinoma: Factors influencing
prognosis. Submitted for publication, 1984.

Malagelada J-R, Edis AJ, Adson MA, ven Heerden JA, Go VLW. Medical and
surgical options in the management of patients with gastrinoma.
Gastroenterology 84:1524-1532, 1983.

Friesen SR. Treatment of the Zollinger-Ellison syndrome: A twenty-five
year assessment. Ann Surg 143:331-358, 1982.

Thompson JC, Lewis BG, Weener I, Townsend CM. The role of surgery in the
Zol1linger-E11ison syndrome. Ann Surg 197:594, 1982.

Zeller JR, Kauffman M, Komorowski RA, Dilliskovitz H. Bilateral
pheochromocytoma and islet cell adenoma of the pancreas. Arch Surg
117:827, 1982. '

Chey W, Park H, Lee K, Chang T, Escoffery R, Shah A. A non-gastrin
secretagogue in pancreatic apudoma of patients with recurrent ulcerations
and acid hypersecretion. Regulatory Peptides (Suppl. 2):5S138, 1983.

Owyant C, GO VL. Multiple hormone-secreting tumors of the
gastrointestinal tract. In: Gastrointestinal Hormones. Raven Press,
New York. Edited by G.B.J. Glass. 1980, p 741-748,

Belchetz PE, Brown CL, Makin HLJ, Trafford DJH, Stuartmason A, Bloom SR,
Ratcliffe JC. ACTH, glucagon, and gastrin production by a pancreatic.

islet cell carcinoma and its treatment. Clin Endocrinol 2:307-316, 1973.

Feurle GE, Helmstaedter V, Tischbirek K, Carraway R, Forssman W-G, Grube
D, Roher HD. A multihormoan tumor of the pancreas producing neurotensin.
Dig Dis Sci 26:1125-1133, 1981.

Hammar S, Sale G. Multiple-hormone-producing islet cell carcinomas of
the pancreas. Hum Pathol 6:349-362, 1975.

Dawson J, Bloom SR, Cockel R. A uhique apudoma producing the glucagonoma
and gastrinoma syndromes. Postgrad Med J 59:315-316, 1983.

28



90.

9l.

B2

93,

94.

95.

96.

97 «

98.

99.

100.

101.

102.

Krejs, G.J., Orci, L., Conlon, J.M., Ravazzola, M., Davis, G.R., Raskin,
P., Collins, S.M., McCarthy, D.M., Baetens, S.D., Rubenstein, A., Aldor,
T.A.M,, and Unger, R.H. Somatostatinoma Syndrome: Biochemical,
morphologic and clinical features. N. Engl. J. Med. 301:285-292, 1979.

Verner JV, Morrison AB. Endocrine pancreatic islet disease with
diarrhea: Report of a case due to diffuse hyperplasia of nonbeta islet
tissue with a vreview of 54 additional cases. Arch Interan Med
133:492-500, 1974.

Tomita T, Kimmel JR, Friesen SR, Mantz FA, Jr. Pancreatic polypeptide
cell hyperplasia with and without watery diarrhea syndrome. J Sur Oncol
14:11-20, 1980.

Kidd GS, Donowitz M, 0'Dorisio T, Cataland S, Newman F. Mild chronic
watery diarrhea-hypokalemia syndrome associated with pancreatic islet
cell hyperplasia. Am J Med 66:883-888, 1979.

Friesen SR, Tomita T, Kimmel JR. Pancreatic polypeptide update: Its
role in detection of the trait for multiple endocrine adenopathy
syndrome, type I and pancreatic polypeptide-secreting tumors. Surgery
94:1028-1026, 1983.

Tomita T, Friesen SR, Kimmel JR, Doull V, Pollock HG. Pancreatic

polypeptide-secreting islet-cell tumors. A study of three cases. Am J

Pathol 113:134-142, 1983.

Passare E, Jr., Stabile BE. Of gastrinomas and their management.
Gastroenterology 84:1621-1623, 1983,

Thompson JC, Lewis BG, Weiner I, Townsend CM. The role of surgery in the
Zollinger-ET11ison syndrome. Ann Aurg 197:594-607, 1983.

McCarthy DM. The report on the United States experience with cimetidine
in  Zollinger-E1Tison syndrome and other hypersecretory states.
Gastroenterology 74:453-458, 1978.

Bonfils S, Mignon M. Gratton J. Cimetidine treatment of acute and
chronic Zollinger-Ellison syndrome. World J Surg 3:597-604, 1979.

Stein S, Devaney CW, Way LW. Cimetidine as primary treatment for
gastrinoma: Long-term followup (abstr). Pacific Coast Surgical Society
Program, 1983.

Brennan MF, Jensen RT, Wesley RA, Doppman JL, McCarthy DM. The role of
surgery 1in patients with Zollinger-Ellison syndrome (ZES) managed
medically. Ann Surg 196:239-245, 1982.

Stabile BE, Ippoliti AF, Walsh JH, Passaro E, Jr. Failure of histamine
H,-receptor antagonist therapy in Zollinger-Ellison syndrome. Am J Surg
145:17-23, 1983.

29



103.

104.

105.

106.

107.

108.

109.

1109,

Collen MJ, Howard JM, McArthur KE, Raufman J-P, Cornelius MJ, Ciarleglio
CA, Gardner JD, Jensen RT. Comparison of ranitidine and cimetidine in
the treatment of gastric hypersecretion. Ann Int Med 100:52-58, 1984.

Mignon M, Vallot T, Galmiche JP, Dupas JL, Bonfils S. Combined
antisecretory treatment, cimetidine and pirenzepin in the management of
severe forms of Zollinger-El1lison syndrome. Digestion 20:56, 1980.

Fellenius E, Berglindh T, Sachs G, et al. Substituted benzimidazoles
inhibit gastr1c acid secret1on by blocking (H + K') ATPase. Nature
290:159-161, 1981.

Lamers, CBHW, Lind T, Moberg S, Jansen JBMJ, Olbe L. Omeprazole in
Zollinger-El1lison syndrome. N Engl J Med 310:758-761, 1984.

Fox PS, Hofmann JW, Wilson SD, DeCosse JJ. Surgical management of the
Zollinger-E1Tison syndrome. Surg Clin North Am 54:395-407, 1974.

Zollinger RM, Ellison EC, Fabri PJ, Johnson J, Sparks J, Carey LC.
Primary peptic ulcerations of the jejunum associated with islet cell
tumors. Twenty-five year appraisal. Ann Surg 192:422, 1980.

Carter SK, Broder LE. The cytostatic therapy of hormon secreting tumours
of the GI tract. Clin in Gastroent 3:733, 1974.

Arnold R, Fuchs K, Siewert R, Peiper H-J, Creutzfeldt W. Zur
Morphologie, Klinik, Diagnostik wund Therapie des Zollinger-Ellison
Syndroms. Dtsch med Wschr 99:1, 1974.

30

THE-OMA GRAN!

OF DR.G.J KREJS

1979 SOMATOSTATINOMA
1981 CALCITONINOMA
1982 VIPOMA

1984 GASTRINOMA
1986 open*

D ROUNDS

*FOR SUGGESTIONS CALL (2/4) 688 2/86



