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ASTRIC carcinoid tumors are rare tumors

that originate from gastric enterochromaf-

fin-like cells in the oxyntic mucosa.! There
are three types of gastric carcinoid tumors: type I is
associated with chronic atrophic gastritis, type II de-
velops in patients with combined multiple endocrine
neoplasia type 1 and the Zollinger—Ellison syndrome,
and type III is sporadic.! Although the pathogenesis
of these tumors is not completely understood, hyper-
gastrinemia has an important role in the development
of types I and II.2 The multiple endocrine neoplasia
type 1 gene locus may be involved in type II gastric
carcinoid tumors.3#

All three types are usually removed surgically or
endoscopically, depending on the size of the tumors.>¢
Octreotide can control the hypergastrinemia and re-
lated growth of enterochromaffin-like cells in pa-
tients with hypergastrinemic atrophic gastritis.” More-
over, regression of a type III gastric carcinoid tumor
after octreotide treatment has been reported.8 Prompt-
ed by these findings, we treated three patients who
had type II gastric carcinoid tumors with somato-
statin analogues. The tumors regressed in all three
patients.

CASE REPORTS
Patient 1

Patient 1 was a 50-year-old man with a family history of mul-
tiple endocrine neoplasia type 1 who was first seen by us in 1987
for a symptomatic duodenal ulcer (Table 1). On examination after
an overnight fast, he had basal hypersecretion of gastric acid (rate
of secretion, 37.4 mEq per hour; normal rate, <10) and hyper-
gastrinemia (serum gastrin level, 720 pg per milliliter; normal
range, 20 to 100). He also had a positive secretin test, indicating
the presence of the Zollinger—Ellison syndrome; hyperparathy-
roidism; and renal stones. The ulcer was successfully treated with
omeprazole. In 1993, a left-sided pancreatectomy was performed
because of a nonfunctioning endocrine tumor of the pancreas.
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TABLE 1. CHRONOLOGIC ORDER OF THE CLINICAL FEATURES
AND PROCEDURES IN THE THREE PATIENTS.

PATIENT 3,
A 63-YEAR-OLD WoOMAN

PATIENT 1,
A 50-YEAR-OLD MAN

PATIENT 2,
A 43-YEAR-OLD WOMAN

Zollinger—Ellison
syndrome

Zollinger—Ellison
syndrome

Hyperparathyroidism
Zollinger—Ellison
syndrome

Hyperparathyroidism Duodenal gastrinomas

Nonfunctioning
endocrine tumor
of the pancreas

Parathyroidectomy Hyperparathyroidism

Duodenal gastrinomas  Parathyroidectomy
Nonfunctioning endo-
crine tumor of the

pancreas

Nonfunctioning endo-
crine tumors of the
pancreas

Left-sided pancrea-

tectomy
Duodenal gastrinomas Gastric carcinoid

tumors

Gastric carcinoid
Gastric carcinoid tumors

tumors

One year later, duodenal gastrinomas were diagnosed on the basis
of endoscopic findings and histologic examination of multiple bi-
opsy specimens, including immunocytochemical staining with anti-
bodies against gastrin. Gastric carcinoid tumors were diagnosed
in 1996 on the basis of endoscopic findings and immunocytochem-
ical staining of gastric-biopsy specimens with antibodies against his-
tamine and histidine decarboxylase.® Gallstones were present before
the beginning of treatment.

Patient 2

Patient 2 was a 43-year-old woman with a family history of
multiple endocrine neoplasia type 1 (Table 1). She was first seen
by us in 1992 for hyperparathyroidism and a symptomatic duo-
denal ulcer. In addition to the ulcer, she had basal hypersecretion
of gastric acid (rate of secretion, 38 mEq per hour) and hyper-
gastrinemia (serum gastrin level, 680 pg per milliliter) after fast-
ing, and she had a positive secretin test. Treatment with omepra-
zole was started, and the ulcer symptoms disappeared. Also in
1992, she had undergone parathyroidectomy for parathyroid ad-
enomas. In 1995, findings on gastroduodenal endoscopy and a
histologic examination of multiple biopsy specimens indicated the
presence of duodenal gastrinomas. In 1997, two small tumors
(0.5 and 2.0 cm) were found in the body of the pancreas on com-
puted tomographic (CT) scanning. Histologic examination showed
that they were nonfunctioning endocrine tumors. In 1998, gas-
tric carcinoid tumors were diagnosed on the basis of endoscopic
findings and immunocytochemical examination of gastric-biopsy
specimens.?

Patient 3

Patient 3 was a 63-year-old woman with a family history of mul-
tiple endocrine neoplasia type 1 (Table 1). She was first seen in
1988 when the Zollinger—Ellison syndrome was diagnosed on
the basis of the presence of a symptomatic duodenal ulcer, basal
hypersecretion of gastric acid (secretion rate, 30.2 mEq per hour)
and hypergastrinemia (serum gastrin level, 1200 pg per milliliter)
after fasting, and a positive secretin test. Endoscopic examination
and histologic examination of multiple biopsy specimens revealed
duodenal gastrinomas. The ulcer symptoms resolved with omep-
razole therapy. In 1993, parathyroidectomy was performed be-
cause of multiple adenomas. In 1996, abdominal CT scanning
showed one 1.8-cm nodule in the body of the pancreas. A biopsy
of the nodule revealed that it was a nonfunctioning endocrine tu-
mor. In 1998, gastric carcinoid tumors were identified by endo-
scopic examination and immunocytochemical examination of gas-
tric-biopsy specimens.?
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Before Treatment

METHODS

The study protocol was approved by the review committee of
our department, and all three patients gave written informed con-
sent. We followed all three regularly for several years, with an aver-
age of one or two visits a year. At the time of the study, none of
the patients had specific symptoms, and their only medication was
omeprazole, at a dose of 20 mg per day.

Treatment with somatostatin analogues was initiated in Sep-
tember 1998 in Patients 1 and 2 and in April 1999 in Patient 3.
The first two were treated with lanreotide (Ipstyl, Ipsen, Milan,
Iraly) at a dose of 30 mg intramuscularly every 10 days; the third
was given the more recently introduced analogue octreotide acetate,
long-acting, repeatable (Sandostatin LAR, Novartis, Milan, Italy)
at a dose of 20 mg intramuscularly every 28 days. The doses used
are those generally recommended for the treatment of sympto-
matic neuroendocrine tumors.!0-12

The patients were evaluated clinically and endoscopically before
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After 1 Year of Treatment

treatment was initiated, with follow-up assessments scheduled at
six months and one year. At each assessment, serum gastrin levels
were measured by radioimmunoassay (ICN Diagnostic Division,
New York) in the morning after an overnight fast.

RESULTS

Before treatment with the somatostatin analogue
was begun, gastroscopic examination revealed more
than 30 gastric carcinoid tumors ranging from 3 to
10 mm in diameter in Patient 1 and 10 to 15 gastric
carcinoid tumors ranging from 2 to 10 mm in diam-
eter in Patients 2 and 3 (Fig. 1). The diagnosis of car-
cinoid tumors was confirmed by biopsy and immu-
nocytochemical examination® in all three patients
before treatment was initiated. In all three patients,
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Figure 1. Endoscopic Appearance of Gastric Carcinoid Tumors at Various Sites before Treatment with a Somatostatin Analogue (Pan-
els A, C, and E) and after One Year of Treatment (Panels B, D, and F).

Patient 1 had multiple carcinoid tumors on the posterior face of the corpus before lanreotide treatment (Panel A) and no evidence
of tumors after one year of treatment (Panel B). Patient 2 had tumors on the anterior face of the upper corpus before lanreotide
treatment (Panel C) and no evidence of tumors after one year of treatment (Panel D). Patient 3 had tumors at the lesser curve of
the angulus before octreotide treatment (Panel E) and no evidence of tumors after one year of treatment (Panel F).

gastroscopic examination showed a reduction in the
size and number of the carcinoid tumors after six
months of treatment and complete disappearance of
the tumors after one year (Fig. 1).

Measurement of serum gastrin levels just before
treatment with the somatostatin analogues was be-
gun showed that all three patients had very high lev-
els: 10,500 pg per milliliter in the case of Patient 1,
who had diffuse gastric carcinoid tumors; 1560 pg
per milliliter in the case of Patient 2; and 1475 pg
per milliliter in the case of Patient 3. In all three pa-
tients, the serum gastrin levels decreased progres-
sively during treatment, reaching levels of 840, 110,
and 80 pg per milliliter, respectively, after 12 months
of treatment. None of the patients reported any ad-
verse effects associated with treatment, but Patient 1
had an increase in the number and size of the gall-
bladder stones. We are continuing to treat the patients
in an effort to determine whether treatment can even-
tually be reduced or stopped.

DISCUSSION

We found that gastric carcinoid tumors regressed
in three patients who had the Zollinger—Ellison syn-
drome and a family history of multiple endocrine
neoplasia type 1 after long-term treatment with so-
matostatin analogues. One of these patients had more
than 30 tumors spread throughout the corpus and the
fundus of the stomach, all of which disappeared after

one year of treatment. Before treatment, serum gas-
trin levels were elevated in all of the patients, and the
patient with diffuse gastric carcinoid tumors had the
highest levels. During treatment, serum gastrin lev-
els decreased markedly. Other investigators have re-
ported a similar decrease in serum gastrin levels after
long-term treatment with octreotide in patients with
the Zollinger—Ellison syndrome!? and in those with
hypergastrinemic atrophic gastritis.” Since hypergas-
trinemia is an important factor in the pathogenesis
of gastric carcinoid tumors in patients with multiple
endocrine neoplasia type 1 and the Zollinger—Ellison
syndrome,}2 it is likely that the disappearance of the
tumors is related to the decrease in serum gastrin
levels. In patients with type I gastric carcinoid tumors,
the tumors regress rapidly after antrectomy and sub-
sequent normalization of serum gastrin levels.4
Our findings do not exclude the possibility that the
somatostatin analogues have a direct effect on the pro-
liferation of enterochromaffin-like cells. Such an effect
is also suggested by the finding that a type III gastric
carcinoid tumor regressed after long-term adminis-
tration of octreotide in a patient with normal gastrin
levels.® Enterochromaffin-like cells have a specific so-
matostatin receptor!® that belongs to subtype 2.16.17

REFERENCES

1. Rindi G, Luinetti O, Cornaggia M, Capella C, Solcia E. Three subtypes
of gastric argyrophil carcinoid and the gastric neuroendocrine carcinoma:
a clinicopathologic study. Gastroenterology 1993;104:994-1006.

Volume 343 Number 8 - b5b3

Downloaded from www.nejm.org on November 15, 2009 . For personal use only. No other uses without permission.
Copyright © 2000 Massachusetts Medical Society. All rights reserved.



The New England Journal of Medicine

2. Rindi G, Azzoni C, La Rosa S, et al. ECL cell tumor and poorly dif-
ferentiated endocrine carcinoma of the stomach: prognostic evaluation by
pathological analysis. Gastroenterology 1999;116:532-42.

3. Cadiot G, Laurent-Puig P, Thuille B, Lehy T, Mignon M, Olschwang S.
Is the multiple neoplasia type 1 gene a suppressor for fundic argyrophil tu-
mors in the Zollinger-Ellison syndrome? Gastroenterology 1993;105:579-82.
4. Debelenko IV, Emmert-Buck MR, Zhuang Z, et al. The multiple en-
docrine neoplasia type 1 gene locus is involved in the pathogenesis of type
1T gastric carcinoids. Gastroenterology 1997;113:773-81.

5. Gilligan CJ, Lawton GP, Tang LH, West AB, Modlin IM. Gastric car-
cinoid tumors: the biology and therapy of an enigmatic and controversial
lesion. Am ] Gastroenterol 1995;90:338-52.

6. Jensen RT. MEN 1 carcinoids: diagnosis and therapy. In: Program and
abstracts of the Seventh International Workshop on Multiple Endocrine
Neoplasia, MEN 99 International Congress, Gubbio, Italy, June 30—July 2,
1999:67-72.

7. Ferraro G, Annibale B, Marignani M, et al. Effectiveness of octreotide
in controlling fasting hypergastrinemia and related enterochromaffin-like
cell growth. J Clin Endocrinol Metab 1996;81:677-83.

8. Caplin ME, Hodgson HJ, Dhillon AP, et al. Multimodality treatment
for gastric carcinoid tumor with liver metastases. Am J Gastroenterol 1998;
93:1945-8.

9. Modlin IM, Tang LH. Cell and tumour biology of the gastric enterochro-
maffin-like cell. Ttal J Gastroenterol Hepatol 1993;31:Suppl 2:5117-S130.
10. Tomassetti P, Migliori M, Gullo L. Slow-release lanreotide treatment

554 - August 24, 2000

in endocrine gastrointestinal tumors. Am J Gastroenterol 1998;93:1468-
71.

11. Rubin J, Ajani J, Schirmer W, et al. Octreotide acetate long-acting for-
mulation versus open-label subcutaneous octreotide acetate in malignant
carcinoid syndrome. J Clin Oncol 1999;17:600-6.

12. Tomassetti P, Migliori M, Corinaldesi R, Gullo L. Treatment of gas-
troenteropancreatic neuroendocrine tumors with octreotide LAR. Aliment
Pharmacol Ther 2000;14:557-60.

13. Ruszniewski P, Laucournet H, Elouaer-Blanc L, Mignon M, Bonfils
S. Long-acting somatostatin (SMS 201-995) in the management of
Zollinger-Ellison syndrome: evidence of sustained efficacy. Pancreas 1988;
3:145-52.

14. Hirschowitz BI, Griffith ], Pellegrin D, Cummings OW. Rapid regres-
sion of enterochromattinlike cell gastric carcinoids in pernicious anemia af-
ter antrectomy. Gastroenterology 1992;102:1409-18.

15. Reubi JC, Waser B, Horisberger U, et al. Identification of somatostatin
and gastrin receptors on enterochromaftin-like cells from Mastomys gastric
tumors. Endocrinology 1992;131:166-72.

16. Prinz C, Sachs G, Walsh JH, Coy DH, Wu SV. The somatostatin re-
ceptor subtype on rat enterochromaffinlike cells. Gastroenterology 1994;
107:1067-74.

17. Kubota A, Yamada Y, Kagimoto S, et al. Identification of somatostatin
receptor subtypes and an implication for the efficacy of somatostatin ana-
logue SMS 201-995 in treatment of human endocrine tumors. J Clin In-
vest 1994;93:1321-5.

Downloaded from www.nejm.org on November 15, 2009 . For personal use only. No other uses without permission.
Copyright © 2000 Massachusetts Medical Society. All rights reserved.



