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tion is possible. Gastric ECLomas develop from gastric 
enterochromaffin-like cells (ECL cells) in response to 
chronically elevated gastrin. The latter may occur in two 
opposing conditions  [4–18] : achlorhydria secondary to 
(auto-immune) atrophic fundic gastritis (type 1 tumors), 
or in response to hypergastrinemia resulting from tu-
moral secretion from gastrinomas (Zollinger-Ellison 
syndrome), mostly in patients presenting with multiple 
endocrine neoplasia type 1 (type 2 tumors).  Table 1  sum-
marizes the main characteristics of GETs.

  Type 1 tumors (ECLomas in the course of atrophic 
gastritis) occur mostly in women and are rarely respon-
sible for symptoms  [19] . They are non-functioning tu-
mors, typically found during upper GI endoscopy per-
formed for dyspepsia or for macrocytic (but also iron de-
ficiency) anemia  [7, 12, 15, 17, 19] . ECLomas present 
frequently as multiple (2–10) polyps, usually  ! 1 cm in 
diameter in the gastric fundus. Type 1 tumors are almost 

 Introduction 

 Gastric endocrine tumors (GET) are increasingly rec-
ognized due to expanding indications of upper gastroin-
testinal endoscopy. Often silent and benign, GET may 
however be aggressive when sporadic and may some-
times mimic the course of gastric adenocarcinoma.

  Epidemiology and Clinicopathological Features 

 Current incidence of GETs is estimated at around 8% 
of digestive endocrine tumors  [1–3] . Yearly age-adjusted 
incidence is around 0.2 per population of 100,000. GETs 
may occur in two different situations: sporadic GETs 
(type 3 tumors) are very rare tumors without predispos-
ing factors for their development. They are most often 
located in the fundus/gastric corpus, but antral localiza-
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exclusively benign lesions with little risk of deep invasion 
of the gastric parietal wall  [20] ; the latter depends on tu-
mor size  [19, 21] . Type 2 tumors (ECLomas in the course 
of Zollinger-Ellison syndrome) are almost exclusively 
seen in MEN 1 patients  [6, 22–24] , occurring in 23–29% 
of such cases (as compared with 1–3% in sporadic gastri-
nomas)  [24–26] . They appear as small ( ! 1–2 cm) polyps 
and may involve the entire fundic mucosa. They are gen-
erally asymptomatic.

  Type 3 tumors are usually solitary and mostly belong 
to WHO group 2: Ki 67  1 2%,  1 2 cm in diameter with 
infiltrative growth; they occur mostly in men over 50 
years of age  [4–6, 19, 20, 27] . They may be discovered in-

cidentally, but are often responsible for pain, weight loss, 
and iron-deficiency anemia. Atypical carcinoid syn-
drome due to histamine production is extremely rare 
(fig. 1).

  Minimal Consensus Statements on Epidemiology and 
Clinicopathological Features 

 The yearly age-adjusted incidence of gastric type 1 and 2 en-
docrine tumors is approximately 0.2 per population of 100,000; 
however, these tumors are probably underdiagnosed. Type 1 tu-
mors are the most common endocrine tumors of the stomach (70–
85%) and they are usually benign (WHO group 1). Type 2 tumors, 

  Fig. 1.  Type 1 ( a ), type 2 ( b ) and type 3 ( c ) 
gastric ECLomas. 
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however, are much rarer; however up to 35% of cases are meta-
static at presentation. Type 1 gastric carcinoids occur more fre-
quently in women and 70–80% of tumors are classically diag-
nosed in the 5th and 7th decades, although with the more exten-
sive use of  endoscopy the age limit may be younger particularly 
in those  patients with multiple autoimmune diseases. 

  Clinical subtyping of ECL cell tumors (that is, distinction be-
tween type 1 and 2 tumors) is important and effective in patient 
management. Type 1 have almost universally good prognosis with 
rare tumor-related death at follow-up. Among type 2 gastric car-
cinoids, death due to metastatic gastric carcinoid is exceptional.

  Small gastric carcinoids are usually asymptomatic and very 
occasionally ( ! 1%) patients may complain of flush and present 
the ‘atypical carcinoid syndrome’.

  Diagnostic Procedures: Imaging, Nuclear Medicine 
and Laboratory Tests 

 Imaging techniques such as CT scan and MRI are of 
very limited value for small type 1 and 2 tumors. These 
lesions are recognized by upper GI endoscopy. Endoscop-

ic ultrasonography (EUS) may help to determine tumor 
invasion in the depth of the gastric wall ( table 2 ). In case 
of small ( ! 1 cm) ECLomas, upper GI endoscopy is usu-
ally the only recommended imaging procedure.

  When there is a risk of metastases ( table 1 ), and main-
ly in cases of sporadic tumors (type 3), an extensive search 
should be performed. EUS is useful in assessing regional 
lymph-node involvement and allows histological confir-
mation by fine-needle aspiration. Transabdominal ultra-
sonography, and mainly CT scan and MRI, have high 
sensitivity/specificity in looking for liver metastases. So-
matostatin receptor scintigraphy (SRS) is recommended 
in these patients with well-differentiated tumors to search 
for liver, bone and lymph node metastases.

  Laboratory tests are of major interest, especially in pa-
tients with type 1 or 2 ECLomas. In these patients, basal 
serum gastrin levels should be determined and are always 
elevated  [11, 28, 29] , as well as serum chromogranin A 
levels  [30] . Further tests should be performed depending 
on the clinical context. In the majority of the cases (type 

Table 1. General characteristics of gastric endocrine tumors (GETs) [adapted from 5, 13 and 14]

Type 1 Type 2 Type 3

Proportion among GETs, % 70–80 5–6 14–25

Tumor characteristics often small (<1–2 cm)
and multiple, polypoid

often small (<1–2 cm)
and multiple, polypoid

unique, often large (>2 cm)
polypoid and ulcerated

Associated conditions chronic atrophic gastritis gastrinoma/NEM 1 none

Pathology well-differentiated well-differentiated well or moderately differentiated

Serum gastrin levels d d normal

Gastric pH dd ff normal

Metastases, % 2–5 10–30 50–100

Tumor-related deaths, % 0 <10 25–30

Table 2. WHO classification of gastric endocrine tumors

Tumor type WHO
classification

Metas-
tases

Invasion beyond
submucosa

Histological
differentiation

Tumor
size, cm

Vascular
invasion

Ki 67
%

Benign (low risk) group 1 – – well-differentiated ≤1 – <2
Benign or low-grade malignant 

(intermediate risk) group 1 – – well-differentiated >1 ± <2
Low-grade malignant group 2 + + well-differentiated >2 + >2
High-grade malignant group 3 + + poorly differentiated any + >15
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1 tumors), no symptoms of ZES are present and upper GI 
endoscopy does not show any lesion related to peptic dis-
ease. The search for autoimmune disease should include 
anti-parietal cell and anti-intrinsic factor auto-antibod-
ies, present in about 50% of the patients with GAC  [5] . 
Determination of basal and pentagastrin-stimulated acid 
output by gastric aspiration is rarely necessary to estab-
lish the diagnosis and confirms achlorhydria in difficult 
cases. In patients with ZES, laboratory tests are limited to 
chromogranin A and serum gastrin levels measurement 
 [22, 23, 31, 32] . In patients with type 3 sporadic tumors, 
which occur independent of hypergastrinemia, determi-
nation of serum chromogranin A level is useful in pa-
tients with well-differentiated tumors.

  Minimal Consensus Statements on Diagnostic 
Procedures 

 Diagnosis is made at gastroscopy and biopsy samples should 
be taken from the antrum (2 biopsies) and fundus (4 biopsies) in 
addition to biopsies of the largest polyps. For type 1 and small 
type 2 tumors, endoscopy and biopsy usually suffice. For type 1 
and type 2 tumors EUS should be performed in tumors above 1 
cm in size. CT, MRI, SRS are not required with the exception of 
larger tumors and invasive tumors at EUS. The minimal bio-
chemical tests in patients with type 1 and type 2 tumors includes 
serum gastrin and chromogranin A levels. These tests should be 
performed at diagnosis and chromogranin A may be useful at fol-
low-up (although there are no strong data to support the latter).

  Pathology and Genetics 

 Pathological diagnosis is mandatory in all cases and is 
easily obtained from tumor biopsies performed during 
gastroscopy (for type 3 GETs), or preferably upon exami-
nation of a whole tumor (polyp) removed using endo-
scopic mucosal resection (EMR) (ECLomas type 1 and 2). 
In case of multiple polyps, biopsies of fundic non-polyp-
oid mucosa should also be performed in order to establish 
the diagnosis of associated atrophic gastritis. In this latter 
condition, polyps may be of various origin and corre-
spond to hyperplastic or inflammatory polyps, adeno-
mas or even early gastric adenocarcinomas, as well as 
ECLomas. Multiple biopsies of different lesions should 
thus be performed, especially if macroscopic appearance 
of one lesion differs from that of the others. Pathological 
diagnosis of GET is performed using conventional hema-
toxylin-eosin staining, immunohistochemical staining 
with chromogranin and synaptophysin  [5, 8, 10, 18, 22] . 
Determination of mitotic index by counting 10 HPF and 

calculation of Ki-67 index by immunohistochemistry are 
mandatory  [33] . The tumors should be classified accord-
ing to the WHO knowing that the great majority of GETs 
fall within group 1 tumors ( table 2 ).

  Most ECLomas are preceded (or accompanied) by lin-
ear or micronodular hyperplasia or dysplasia of ECL cells 
 [34] . This condition is associated with a 26-fold increase 
in the risk of developing ECLomas in patients with chron-
ic atrophic gastritis  [34] . Type 3 tumors may be well or 
moderately differentiated. Proliferative index using Ki-
67 antibody is frequently elevated  [20] . Genetic testing 
for hereditary tumor syndrome should only be performed 
in case of suspected or established diagnosis of Zollinger-
Ellison syndrome. As outlined above, the presence of 
ECLomas in a patient with ZES makes the diagnosis of 
MEN 1 very likely.

  Minimal Consensus Statements on Pathology and 
Genetics 

 Histology is always necessary to establish a diagnosis. Cytol-
ogy may be helpful, but should be confirmed by histology. The 
minimal ancillary tests to support the histological diagnosis in-
clude immunohistochemistry for chromogranin A and synapto-
physin. Both the mitotic count in 10 HPF (2 mm 2 ) and the Ki-67 
index (the latter performed using immunohistochemistry, al-
though the techniques and counting standards need to be estab-
lished) are mandatory in all cases. Immunohistochemistry for 
p53 or SSR2A receptors in type 1 or type 2 tumors is not recom-
mended. 

  Germline DNA testing is only recommended in the presence 
of a positive family history of MEN-1 or if multiple tumors are 
present in the absence of atrophic gastritis in the rare instances 
when MEN-1 diagnosis has not been done previously. Genetic 
analysis should also be performed in suspected cases of MEN-1. 
Genetic testing when performed should include mutational 
screening and sequencing, allowing for analysis of the entire cod-
ing gene and splice sites and genetic counseling should be sought 
prior to testing in all patients. Informed consent is mandatory 
prior to genetic testing. Somatic (tumor) DNA testing is not rec-
ommended. 

  Endoscopic/Surgical Therapy 

 In patients with type 1–2 ECLomas, it is generally ac-
cepted that annual surveillance is sufficient for patients 
with tumors  ! 10 mm. When tumors are larger, endo-
scopic resection is recommended for up to 6 polyps not 
involving the muscularis propria (EUS is thus necessary) 
 [19] . In the remaining patients, local surgical tumor re-
section should be performed. Antral resection to avoid 
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repeated and chronic gastrin stimulation of ECL cells is 
effective in 80% of type 1 tumors  [21, 35, 36] . In case of 
malignant development or recurrence despite local surgi-
cal resection, partial or total gastrectomy with lymph 
node dissection should be performed. In patients with 
type 3 tumors, surgical treatment should not differ from 
that of gastric adenocarcinomas (partial or total gastrec-
tomy with lymph node dissection).

  Minimal Consensus Statements on Endoscopic/
Surgical Treatment 

 Tumors  ! 10 mm should undergo surveillance. For larger tu-
mors local endoscopic ablation (following EUS) should be per-
formed. Endoscopic mucosal resection (EMR) is recommended 
for lesions close to and above 1 cm but without invasion of the 
muscularis propria. In the presence of deep gastric parietal wall 
invasion and positive margins following EMR, antrectomy and 
local resection is performed in type 1 ECLomas. Antrectomy is 
effective in most patients (type I,  1 80%) and more radical surgery 
is required if lymph nodes are positive. In type 2, only local exci-
sion is recommended. Presence of multiple tumors does not per 
se influence surgical management. 

  Medical Therapy 

 The antiproliferative effect of somatostatin analogues 
on ECL cells has been shown in both animals and hu-
mans  [37–41] . Although tumor regression of ECLomas 
has been reported, the use of somatostatin analogues is 
not justified in current practice. Intravenous cytotoxic 
chemotherapy may be used in patients with metastatic 
tumors (mainly type 3). Cytotoxic protocols depend on 
tumor differentiation.

  Minimal Consensus Statements on Medical Therapy 

 Biotherapy is not currently recommended in patients with 
type 1 and 2 tumors except in patients with functioning tumors 
and in type 2 patients if indicated for the underlying tumor dis-
ease (i.e. other endocrine tumors). Exceptions may be made in 
case of metastatic disease in reference centers. There is usually no 
place for chemotherapy in patients with type 1 or type 2 tumors 
(with the exception of metastatic disease which is rare). Peptide 
receptor radionuclide therapy (PRRT) may be considered as a 
treatment option (no data currently available to support its use in 
this setting) on a compassionate basis or as part of academic re-
search studies in patients with distant metastases, provided no 
other treatment options are available. A positive somatostatin re-
ceptor scintigraphy is required prior to use of PRRT (preferably 
using 90Y- or 177Lu-labeled analogues).

  Follow-Up 

 No clinical study clearly indicates how often patients 
with type 1–2 ECLomas should undergo endoscopic sur-
veillance, depending on the number and size of polyps 
and previous EMR. Recommendation is that surveillance 
should be performed every 2 years (type 1) or yearly (type 
2) with EMR of polyps when  1 10 mm. In patients with 
chronic atrophic gastritis, the risk of gastric adenocarci-
noma developing from intestinal metaplasia would also 
justify biopsies on flat mucosa. In patients with type 3 
tumors, follow-up should depend on tumor subtype. In 
well-differentiated tumors and after curative resection, 
imaging (according to the initially positive study and to 
local experience) and chromogranin A should be per-
formed at 6-month intervals for the first 2 years, and then 
yearly for 3 more years. In well-differentiated metastatic 
tumors, follow-up investigations (CT/MRI) should be 
done every 3 months.

  Minimal Consensus Statements on Follow-Up 

 Gastroscopy should be performed every 2 years in patients 
with type 1 tumors and yearly in the case of type 2 tumors. 

 List of Participants 

W.O. Bechstein, Department of Surgery, Johann-Wolfgang-
Goethe-Universität, Frankfurt (Germany); M. Caplin, Depart-
ment of Gastroenterology, Royal Free Hospital, London (United 
Kingdom); E. Christ, Department of Endocrinology, Inselspital, 
Bern (Switzerland); A. Couvelard, Department of Gastroenterol-
ogy, Beaujon Hospital, Clichy (France); W.W. de Herder, Depart-
ment of Endocrinology, Erasmus MC University, Rotterdam (the 
Netherlands); B. Eriksson, Department of Endocrinology, Uni-
versity Hospital, Uppsala (Sweden); A. Falchetti, Department of 
Internal Medicine, University of Florence and Centro di Riferi-
mento Regionale Tumori Endocrini Ereditari, Azienda Os-
pedaliera Careggi, Florence (Italy); M. Falconi, Department of 
Surgery, Verona University, Verona (Italy); D. Ferone, Depart-
ment of Endocrinology, Genoa University, Genoa (Italy); P. Go-
retzki, Department of Surgery, Städtisches Klinikum Neuss, Lu-
kas Hospital, Neuss (Germany); D. Gross, Department of Endo-
crinology and Metabolism, Hadassah University, Jerusalem 
(Israel); R. Hyrdel, Department of Internal Medicine, Martin 
University, Martin (Slovakia); R. Jensen, Department of Cell Biol-
ogy, National Institute of Health, Bethesda, Md. (USA); G. Kalt-
sas, Department of Endocrinology and Metabolism, Genimatas 
Hospital, Athens (Greece); F. Keleştimur, Department of Endo-
crinology, Erciyes University, Kayseri (Turkey); W. Knapp, 
 Department of Nuclear Medicine, Medizinische Hochschule 
Hannover, Hannover (Germany); U.P. Knigge, Department of 
Surgery, Rigshospitalet Blegdamsvej Hospital, Copenhagen 



Well-Differentiated Gastric Tumors/
Carcinomas

 Neuroendocrinology 2006;84:158–164   163

 (Denmark); M. Körner, University of Bern, Institut für Patholo-
gie, Bern (Switzerland); L. Kvols, Department of Oncology, South 
Florida University, Tampa, Fla. (USA); V. Lewington, Depart-
ment of Radiology, Royal Marsden Hospital, Sutton (UK); J.M. 
Lopes, Department of Pathology, IPATIMUP Hospital, Porto 
(Portugal); R. Manfredi, Department of Radiology, Istituto di 
 Radiologia, Policlinico GB, Verona (Italy); A.M. McNicol, De-
partment of Oncology and Pathology, Royal Infirmary Hospital, 
Glasgow (UK); E. Mitry, Department of Hepatology and Gastro-
enterology, CHV A Pare Hospital, Boulogne (France); B. Nieder-
le, Department of Surgery, Wien University, Vienna (Austria); G. 
Nikou, Department of Propaedeutic Internal Medicine, Laiko 
Hospital, Athens (Greece); O. Nilsson, Department of Pathology, 
Gothenberg University, Gothenberg (Sweden); K. Öberg, Depart-
ment of Endocrinology, University Hospital, Uppsala, Sweden; J. 
O’Connor, Department of Oncology, Alexander Fleming Insti-
tute, Buenos Aires (Argentina); D. O’Toole, Department of Gas-
troenterology, Beaujon Hospital, Clichy (France); U.-F. Pape, De-
partment of Internal Medicine, Charité, University of Berlin 
(Germany); M. Pavel, Department of Endocrinology, Erlangen 
University, Erlangen (Germany); A. Perren, Department of Pa-
thology, Universitätsspital Zürich, Zürich (Switzerland); U. 
Plöckinger, Department of Hepatology and Gastroenterology, 

Charité Universitätsmedizin, Berlin (Germany); J. Ramage, De-
partment of Gastroenterology, North Hampshire Hospital, 
Hampshire (UK); J. Ricke, Department of Radiology, Charité 
Universitätsmedizin, Berlin (Germany); R. Salazar, Department 
of Oncology, Institut Català d’Oncologia, Barcelona (Spain); A. 
Sauvanet, Department of Surgery, Beaujon Hospital, Clichy 
(France); A. Scarpa, Department of Pathology, Verona University, 
Verona (Italy); J.Y. Scoazec, Department of Pathology, Edouard 
Herriot Hospital, Lyon (France); M.I. Sevilla Garcia, Department 
of Oncology, Virgen de la Victoria Hospital, Malaga (Spain); T. 
Steinmüller, Department of Surgery, Vivantes Humboldt Hospi-
tal, Berlin (Germany); A. Sundin, Department of Radiology, Up-
psala University, Uppsala (Sweden); B. Taal, Department of On-
cology, Netherlands Cancer Centre, Amsterdam (the Nether-
lands); E. Van Cutsem, Department of Gastroenterology, 
Gasthuisberg University, Leuven (Belgium); M.P. Vullierme, De-
partment of Gastroenterology, Beaujon Hospital, Clichy (France); 
B. Wiedenmann, Department of Hepatology and Gastroenterol-
ogy, Charité Universitätsmedizin, Berlin (Germany); S. Wildi, 
Department of Surgery, Zürich Hospital, Zürich, Switzerland; 
J.C. Yao, Department of Oncology, University of Texas, Houston, 
Tex. (USA); S. Zgliczyński, Department of Endocrinology, Bielan-
ski Hospital, Warsaw (Poland).

 References 

  1 Modlin IM, Lye KD, Kidd M: A 5-decade 
analysis of 13,715 carcinoid tumors. Cancer 
2003;   97:   934–959. 

  2 Modlin IM, Lye KD, Kidd M: A 50-year anal-
ysis of 562 gastric carcinoids: small tumor or 
larger problem? Am J Gastroenterol 2004;   99:  

 23–32. 
  3 Modlin IM, Kidd M, Latich I, et al: Current 

status of gastrointestinal carcinoids. Gastro-
enterology 2005;   128:   1717–1751. 

  4 Bordi C: Gastric carcinoids. Ital J Gastroen-
terol Hepatol 1999;   31(suppl 2):S94–S97. 

  5 Rindi G, Luinetti O, Cornaggia M, et al: 
Three subtypes of gastric argyrophil carci-
noid and the gastric neuroendocrine carci-
noma: a clinicopathologic study. Gastroen-
terology 1993;   104:   994–1006. 

  6 Rindi G, Bordi C, Rappel S, et al: Gastric car-
cinoids and neuroendocrine carcinomas: 
pathogenesis, pathology, and behavior. 
World J Surg 1996;   20:   168–172. 

  7 Borch K, Renvall H, Liedberg G: Gastric en-
docrine cell hyperplasia and carcinoid tu-
mors in pernicious anemia. Gastroenterolo-
gy 1985;   88:   638–648. 

  8 Solcia E, Bordi C, Creutzfeldt W, et al: Histo-
pathological classification of nonantral gas-
tric endocrine growths in man. Digestion 
1988;   41:   185–200. 

  9 Carney JA, Go VL, Fairbanks VF, et al: The 
syndrome of gastric argyrophil carcinoid tu-
mors and nonantral gastric atrophy. Ann In-
tern Med 1983;   99:   761–766. 

 10 Bordi C, Yu JY, Baggi MT, et al: Gastric car-
cinoids and their precursor lesions. A histo-
logic and immunohistochemical study of 23 
cases. Cancer 1991;   67:   663–672. 

 11 Sjoblom SM, Sipponen P, Karonen SL, et al: 
Mucosal argyrophil endocrine cells in perni-
cious anaemia and upper gastrointestinal 
carcinoid tumours. J Clin Pathol 1989;   42:  

 371–377. 
 12 Stockbrugger RW, Menon GG, Beilby JO, et 

al: Gastroscopic screening in 80 patients 
with pernicious anaemia. Gut 1983;   24:   1141–
1147. 

 13 Gough DB, Thompson GB, Crotty TB, et al: 
Diverse clinical and pathologic features of 
gastric carcinoid and the relevance of hyper-
gastrinemia. World J Surg 1994;   18:   473–479; 
discussion 479–480. 

 14 Rappel S, Altendorf-Hofmann A, Stolte M: 
Prognosis of gastric carcinoid tumours. Di-
gestion 1995;   56:   455–462. 

 15 Modlin IM, Gilligan CJ, Lawton GP, et al: 
Gastric carcinoids. The Yale Experience. 
Arch Surg 1995;   130:   250–255; discussion 
255–256. 

 16 Wilander E, El-Salhy M, Pitkanen P: Histo-
pathology of gastric carcinoids: a survey of 
42 cases. Histopathology 1984;   8:   183–193. 

 17 Thomas RM, Baybick JH, Elsayed AM, et al: 
Gastric carcinoids: an immunohistochemi-
cal and clinicopathologic study of 104 pa-
tients. Cancer 1994;   73:   2053–2058. 

 18 Cattan D, Roucayrol AM, Launay JM: Fun-
dic endocrine disease of fundic atrophic gas-
tritis with achlorhydria. I. Serum gastrin and 
fundic endocrine hyperplasia relationship: 
reality and significance. Gastroenterol Clin 
Biol 1991;   15:   30C–35C. 

 19 Borch K, Ahren B, Ahlman H, et al: Gastric 
carcinoids: biologic behavior and prognosis 
after differentiated treatment in relation to 
type. Ann Surg 2005;   242:   64–73. 

 20 Rindi G, Azzoni C, La Rosa S, et al: ECL cell 
tumor and poorly differentiated endocrine 
carcinoma of the stomach: prognostic evalu-
ation by pathological analysis. Gastroenter-
ology 1999;   116:   532–542. 

 21 Eckhauser FE, Lloyd RV, Thompson NW, et 
al: Antrectomy for multicentric, argyrophil 
gastric carcinoids: a preliminary report. Sur-
gery 1988;   104:   1046–1053. 

 22 Lehy T, Cadiot G, Mignon M, et al: Influence 
of multiple endocrine neoplasia type 1 on 
gastric endocrine cells in patients with the 
Zollinger-Ellison syndrome. Gut 1992;   33:  

 1275–1279. 
 23 Cadiot G, Laurent-Puig P, Thuille B, et al: Is 

the multiple endocrine neoplasia type 1 gene 
a suppressor for fundic argyrophil tumors in 
the Zollinger-Ellison syndrome? Gastroen-
terology 1993;   105:   579–582. 

 24 Gibril F, Schumann M, Pace A, et al: Multiple 
endocrine neoplasia type 1 and Zollinger-El-
lison syndrome: a prospective study of 107 
cases and comparison with 1009 cases from 
the literature. Medicine (Baltimore) 2004;  

 83:   43–83. 



 Ruszniewski    et al.
 

 Neuroendocrinology 2006;84:158–164   164

 25 Norton JA, Melcher ML, Gibril F, et al: Gas-
tric carcinoid tumors in multiple endocrine 
neoplasia-1 patients with Zollinger-Ellison 
syndrome can be symptomatic, demonstrate 
aggressive growth, and require surgical 
treatment. Surgery 2004;   136:   1267–1274. 

 26 Cadiot G, Vissuzaine C, Potet F, et al: Fundic 
argyrophil carcinoid tumor in a patient with 
sporadic-type Zollinger-Ellison syndrome. 
Dig Dis Sci 1995;   40:   1275–1278. 

 27 Modlin IM, Lye KD, Kidd M: Carcinoid tu-
mors of the stomach. Surg Oncol 2003;   12:  

 153–172. 
 28 Cattan D, Roucayrol AM, Launay JM, Cal-

lebert J, Courillon-Mallet A: Serum gastrin 
and argyrophil cell hyperplasia relationships 
in fundic gastritis; in Hankanson R, Sunder 
F (eds): The Stomach as an Endocrine Organ. 
Amsterdam, Elsevier Science Publishers, 
1991, pp 425–448. 

 29 Borch K, Renvall H, Liedberg G, et al: Rela-
tions between circulating gastrin and endo-
crine cell proliferation in the atrophic gastric 
fundic mucosa. Scand J Gastroenterol 1986;  

 21:   357–363. 
 30 Peracchi M, Gebbia C, Basilisco G, et al: Plas-

ma chromogranin A in patients with auto-
immune chronic atrophic gastritis, entero-
chromaffin-like cell lesions and gastric 
carcinoids. Eur J Endocrinol 2005;   152:   443–
448. 

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

 1029–1040. 
 32 Mignon M, Lehy T, Bonnefond A, et al: De-

velopment of gastric argyrophil carcinoid 
tumors in a case of Zollinger-Ellison syn-
drome with primary hyperparathyroidism 
during long-term antisecretory treatment. 
Cancer 1987;   59:   1959–1962. 

 33 Solcia E, Klöppel G, Sobin LH: Histological 
typing of endocrine tumours; in Solcia E, 
Klöppel G, Sobin LH (eds): Histological Typ-
ing of Endocrine Tumours (International 
classification of tumours), ed 2. Berlin, 
Springer, 2000. 

 34 Annibale B, Azzoni C, Corleto VD, et al: 
Atrophic body gastritis patients with entero-
chromaffin-like cell dysplasia are at in-
creased risk for the development of type I 
gastric carcinoid. Eur J Gastroenterol Hepa-
tol 2001;   13:   1449–1456. 

 35 Ahlman H, Kolby L, Lundell L, et al: Clinical 
management of gastric carcinoid tumors. 
Digestion 1994;   55(suppl 3):77–85. 

 36 Hirschowitz BI, Griffith J, Pellegrin D, et al: 
Rapid regression of enterochromaffin-like 
cell gastric carcinoids in pernicious anemia 
after antrectomy. Gastroenterology 1992;  

 102:   1409–1418. 
 37 Cadiot G, Lehy T, Bonfils S: Action of so-

matostatin analogue (SMS 201–995) on the 
growth-promoting effect resulting from sus-
tained achlorhydria in rat gastric mucosa, 
with special reference to endocrine cell be-
haviour. Eur J Clin Invest 1988;   18:   360–368. 

 38 Ruszniewski P, Ramdani A, Cadiot G, et al: 
Long-term treatment with octreotide in pa-
tients with the Zollinger-Ellison syndrome. 
Eur J Clin Invest 1993;   23:   296–301. 

 39 Modlin IM, Kumar R, Nangia A, et al: Gas-
trin-dependent inhibitory effects of octreo-
tide on the genesis of gastric ECLomas. Sur-
gery 1992;112:1048–1056; discussion 1056–
1058. 

 40 D’Adda T, Annibale B, Delle Fave G, et al: 
Oxyntic endocrine cells of hypergastrinae-
mic patients: differential response to antrec-
tomy or octreotide. Gut 1996;   38:   668–674. 

 41 Tomassetti P, Migliori M, Caletti GC, et al: 
Treatment of type II gastric carcinoid tu-
mors with somatostatin analogues. N Engl J 
Med 2000;   343:   551–554. 

  




