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SUMMARY

Background
Gastric carcinoid tumours are rare, but are increasing in incidence.

Aim
To discuss tumour pathogenesis and outline current approaches to
patient management.

Methods
Review of published articles following a Pubmed search.

Results

Although interest in gastric carcinoids has increased since it was recog-
nized that they are associated with achlorhydria, to date there is no def-
inite evidence that humans taking long-term acid suppressing
medication are at increased risk. Type I tumours are associated with
autoimmune atrophic gastritis and hypergastrinaemia, type II are associ-
ated with Zollinger–Ellison syndrome, multiple endocrine neoplasia-1
and hypergastrinaemia and sporadic type III carcinoids are gastrin-inde-
pendent and carry the worst prognosis. Careful investigation of these
patients is required, particularly to identify the tumour type, the source
of hypergastrinaemia and the presence of metastases. Treatment can be
directed at the source of hypergastrinaemia if type I or II tumours are
still gastrin responsive and not growing autonomously. Type III tumours
should be treated surgically.

Conclusions
Advances in our understanding of the pathogenesis of gastric carcinoids
have led to recent improvements in investigation and management.
Challenges remain in identifying the genetic and environmental factors,
in addition to hypergastrinaemia, that are responsible for tumour devel-

opment in susceptible patients.
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INTRODUCTION

The term carcinoid was first employed by Oberndorfer

in 1907 to describe a group of tumours of the gas-

trointestinal tract that had a relatively indolent

course and that were considered to be intermediate

between adenoma and carcinoma in malignant poten-

tial. The term carcinoid is now used to describe a

subset of tumours demonstrating features of neuroen-

docrine differentiation and the tumours are therefore

often referred to as neuroendocrine tumours.1 Many

carcinoid tumours arise within the gastrointestinal

tract although they can occur elsewhere, such as in

the lung. Gastric tumours of neuroendocrine origin

are derived from, or demonstrate differentiation

towards, the enterochromaffin-like (ECL) cells of the

gastric corpus. ECL-cells normally produce histamine

to regulate gastric acid secretion (Figure 1a). Neoplas-

tic changes in ECL-cells are often associated with ele-

vated serum concentrations of the hormone gastrin.

Awareness of a link among gastric carcinoid forma-

tion, hypergastrinaemia and achlorhydria has resulted

in increasing interest in this rare tumour, in partic-

ular whether its development may be linked to the

use of potent acid suppressing drugs. However,

although these medications cause gastric carcinoid

development in certain rodent animal models, a def-

inite relationship between their use and gastric carci-

noid development in humans has not been

demonstrated to date.

Gastric carcinoid tumours are increasingly being

diagnosed with the widespread use of diagnostic endo-

scopy. However, as these tumours are still rare, they

are often suboptimally managed and some patients

still undergo inappropriate surgery. This review will

discuss factors involved in the pathogenesis of gastric

carcinoids and will subsequently address current

approaches to the investigation and management of

patients with these tumours (see Refs2–4 for other

recent reviews of this topic). The review is based on

articles retrieved from a Pubmed search by using the

search strategy of (gastric or stomach) and (carcinoid

or enterochromaffin or ECL).

TYPES

In 1993, three subtypes of ECL-cell tumour were

defined (Table 1).5 Type I lesions (approximately 70–

80% of the total) are associated with autoimmune

chronic atrophic gastritis. They are more common in

women. Complete oxyntic mucosal atrophy results in

achlorhydria and intrinsic factor deficiency.

In response to persistent achlorhydria, G cells in the

gastric antrum undergo hyperplasia, secrete more gas-

trin and hypergastrinaemia results.6 Approximately,

5% of patients with autoimmune chronic atrophic gas-

tritis will develop a gastric carcinoid tumour. These

tumours have a good prognosis with 5-year survivals

quoted at 96% that do not differ from an age-matched

normal population.7, 8

Type II lesions are of intermediate malignant poten-

tial with up to 30% metastasizing. They are associated

with gastrinomas and the resulting Zollinger–Ellison

syndrome (ZES), most frequently where ZES is associ-

ated with multiple endocrine neoplasia type 1 (MEN-1).

These lesions account for approximately 5–8% of
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Figure 1. Role of gastrin in (a)
normal gastric epithelium and
(b) gastric epithelium of
patients with pernicious anae-
mia and autoimmune chronic
atrophic gastritis.
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gastric carcinoids. Type II gastric carcinoids are present

in up to 20% of patients with ZES and MEN-1.7, 9

Whilst type I lesions are limited to the mucosa of the

gastric body and fundus, microscopic type II lesions

have also occasionally been described in the antrum.10

The majority of type II gastric carcinoids have a good

prognosis, but a minority behave more aggres-

sively.11, 12 Criteria for identification of these more

aggressive tumours have not been established to date.

Type III gastric carcinoids form the remainder (15–

20%) and have most malignant potential. They occur

more commonly in men. Approximately, 50–100%

metastasize. They are sporadic lesions arising in other-

wise normal gastric mucosa and there is no evidence

of associated hypergastrinaemia. Due at least in part

to their metastatic nature, type III gastric carcinoids

are associated with a poorer prognosis (75–80% 5-year

survival).7, 13

A fourth subtype of gastric carcinoid has recently

and additionally been proposed on the basis of two

case reports. These ECL-cell tumours are associated

with an intrinsic acid secreting abnormality of parietal

cells and therefore although they are associated with

achlorhydria and hypergastrinaemia, parietal cell

hyperplasia rather than atrophy is observed.14, 15

PATHOPHYSIOLOGY

Types I and II gastric carcinoid tumours are associated

with hypergastrinaemia.16 In response to food, gastrin

is secreted by antral G cells and binds predominantly

to cholecystokinin (CCK)-2 receptors located on the

ECL-cell membrane thereby triggering histamine

release. Histamine subsequently binds to H2 receptors

located on parietal cells, thus stimulating acid secre-

tion (reviewed in17, 18) (Figure 1a). The CCK-2 receptor

is also expressed on gastric parietal cells and studies

involving gastrin infusions into gastrin-knockout mice

suggest that gastrin is required for parietal cell matur-

ation.19, 20

In addition to its acid secretagogue properties, gas-

trin stimulates gastric epithelial cell proliferation, but

as the proliferating and putative stem cells in the

stomach do not express CCK-2 receptors, this is

thought to be secondary to the release of other growth

factors such as heparin-binding epidermal growth fac-

tor and transforming growth factor-a.21 During the

development of gastric carcinoids, however, gastrin

appears to exert direct pro-proliferative effects upon

ECL-cells.

In autoimmune chronic atrophic gastritis, gastric

parietal cells are unable to secrete acid and the conse-

quent achlorhydria results in G cell hyperplasia and

hypergastrinaemia. Gastrin exerts trophic effects upon

ECL-cells, which undergo hyperplasia and in some

cases progression to type I gastric carcinoids occurs

(Figure 1b). As only a minority of patients with auto-

immune chronic atrophic gastritis, achlorhydria and

hypergastrinaemia develop gastric carcinoid tumours,

factors in addition to gastrin are required for tumour

development. Other conditions that result in hypergas-

trinaemia such as vagotomy, and chronic proton pump

inhibitor (PPI) use are not associated with the develop-

ment of gastric carcinoids in humans. This suggests

that although hypergastrinaemia is an essential prere-

quisite for the development of type I and II tumours, it

alone is not sufficient for tumour formation.

A number of cofactors for the development of gas-

tric carcinoid tumours have therefore been proposed.

These include genetic mutations, growth factors,

Table 1. Types of gastric carcinoid tumours

Characteristic Type I Type II Type III

Associated disease Chronic atrophic gastritis-A
and pernicious anaemia

Zollinger–Ellison syndrome and
multiple endocrine neoplasia type 1

None

Proportion of tumours 80% 5% 15%
Site of tumour Fundus Fundus (occasionally antrum) Antrum or fundus
Number of tumours Multiple Multiple Single
Size of tumour <1 cm <1 cm 2–5 cm
Plasma gastrin level High High Normal
Gastric acid output Low High Normal
Prognosis Good Most good with minority behaving

more aggressively
Poor
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bacterial infection and effects on the underlying

mesenchyme (Figure 2). These factors may affect a

number of cellular pathways such as apoptosis, prolif-

eration, differentiation in order to promote tumour

development. Animal models, particularly the African

rodent Mastomys (Praomys natalensis), have been use-

ful for characterizing these factors. Mastomys has a

genetic predisposition to develop gastric carcinoid

tumours (50–80% develop tumours by 2 years) and

this is accelerated by the administration of acid sup-

pressing drugs. ECL-cell hyperplasia is evident at

8 weeks and neoplasia at 12–16 weeks after PPIs or

irreversible H2 antagonists.22 Mastomys has an inter-

species polymorphism in the CCK-2 receptor gene con-

ferring constitutive activity, which may contribute to

the increased sensitivity to gastric carcinoids in this

species.22, 23 Lifelong exposure of rats to acid suppres-

sing medications also results in gastric carcinoids24,

but transgenic mice overexpressing amidated gastrin

(INS-GAS) are prone to gastric adenocarcinoma rather

than carcinoids.21

The genetic factor that has been investigated in

most detail during gastric carcinoid development is

the MEN-1 gene, as patients with ZES as part of this

syndrome are much more susceptible to gastric carci-

noid development than those with sporadic ZES. The

underlying genetic defect in MEN-1 is an autosomal

dominant mutation in the MEN-1 gene, located on

chromosome 11q13. This gene codes for the MENIN

protein, a 610 amino acid polypeptide that acts as a

tumour suppressor. It interacts with a number of nuc-

lear and cytoplasmic factors, which have roles in regu-

lating transcription and DNA repair and processing.

Specifically, it has been shown to interact with JunD,

one of the AP-1 family of transcription factors. Whilst

there are other mechanisms of action for MENIN

(including involvement in NFjB and protein kinase C

functions), this is of particular interest in gastric carci-

noid development as gastrin-promoted effects on the

AP-1 pathway have been described.25 Loss of hetero-

zygosity for MEN-1 has also been demonstrated in

17–73% of type 1 and 25–50% of type III gastric car-

cinoids.2, 26

Interest in the role of growth factors involved in the

development of gastric carcinoids has recently

focussed on Reg. Reg was first described in 1984 as a

protein abundant in the pancreatic juice of regenerat-

ive pancreatic tissue; it is associated with pancreatic

calculi and is decreased in chronic pancreatitis.27 It is

a member of a family of at least four related peptides.

Reg has also been shown to be present in gastric

mucosa and is secreted by human ECL and chief

cells.28, 29 Reg is upregulated in gastric mucosa fol-

lowing the induction of mucosal injury. Rats in which

chronic hypergastrinaemia has been induced by using

PPIs show elevated levels of Reg protein.30 It is unli-

kely, however, that gastrin is the only factor inducing

Reg upregulation. Gastrin has a predominantly endo-

crine rather than paracrine action, but the elevation in

Reg secretion is only observed in the ECL-cells adja-

cent to the site of mucosal injury. Other stimuli dem-

onstrated to induce ECL-cell release of Reg include

CINC-2ß, a rat proinflammatory cytokine similar to

human interleukin-8. Other pro-inflammatory cytok-

ines do not stimulate ECL-cell secretion of Reg.31 Reg

over-expressing transgenic mice demonstrate thicker

gastric glandular mucosa. This increase appears to

specifically result from an increase in the glandular

components of the gastric mucosa, as no change in

the thickness of surface mucous layers was observed.32

Reg abundance is increased in the gastric mucosa of

hypergastrinaemic patients and in ECL-cell carcinoids.

Reg mutations were identified in three out of a cohort

of five patients with ECL-cell carcinoids.29

Diet and other 
environmental factors Exogenous factors

Hormones 
(gastrins, somatostatin) 

Bacteria 
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↑ Gastrin 

  Normal gastric 
epithelium 

Atrophic 
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ECL cell 
hyperplasia 
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Type 1 gastric 
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Disturbed pathways
Inflammation Apoptosis Proliferation Stroma 

Figure 2. Factors in addition
to gastrin involved in the
pathogenesis of type 1 gastric
carcinoid tumours.
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Gastrin-induced alterations in the susceptibility of

gastric epithelial cells to undergo apoptosis may also

contribute towards the development of ECL-cell carci-

noids. For example, expression of the antiapoptotic

protein bcl-2 has been shown to be increased in the

hyperplastic ECL-cells of hypergastrinaemic subjects,

but not in established gastric carcinoid tumours.33

The gastric microenvironment in chronic atrophic

gastritis is altered by achlorhydria. In particular, it

provides conditions suitable for bacterial coloniza-

tion. In gastric adenocarcinoma, there is a well-

defined mechanism of carcinogenesis whereby

inflammation of the gastric mucosa induced by Heli-

cobacter pylori infection leads to atrophic gastritis,

intestinal metaplasia and ultimately malig-

nancy (reviewed in Ref.34). There is little evidence

for H. pylori being directly involved in the develop-

ment of ECL-cell carcinoids. However, the hypergas-

trinaemia caused by H. pylori infection can lead to

gastric carcinoids in Mongolian gerbils.35 There is

also some evidence for a role of H. pylori infection

in the formation of sporadic carcinoids in Japanese

subjects (where the majority of ECL-cell tumours do

not arise in patients with autoimmune chronic

atrophic gastritis or ZES).36 The role of the other

bacteria abundant in the achlorhydric stomach during

the development of gastric carcinoids has not been

systematically evaluated to date.

Recent evidence has suggested that in addition to

effects upon epithelial cells, gastrin also plays a role

in epithelial-mesenchymal signalling and in remodel-

ling of the extracellular matrix. For example, members

of the matrix metalloproteinase family, which lyse

extracellular matrix proteins, including MMP-7 and

possibly MMP-9 are upregulated in the gastric epithe-

lium of hypergastrinaemic patients.37, 38 Similarly,

plasminogen activator inhibitor (PAI)-2, a member of

the urokinase plasminogen activator system is also

upregulated in the gastric epithelia of hypergastrinae-

mic patients with pernicious anaemia and MEN-1.39

These proteins may play roles in cell invasion and

extracellular matrix deposition, thus promoting

tumour development.

Unlike type I and II lesions, where the roles of endo-

crine and genetic factors have been extensively inves-

tigated, relatively little is known about the molecular

pathogenesis of type III gastric carcinoids. Mutation

and nuclear overexpression of p53 has, however, been

shown to be associated with these tumours, partic-

ularly more poorly differentiated lesions.40–42

EPIDEMIOLOGY

The incidence of neuroendocrine tumours in US

patients has been well documented over the past

30 years through the Surveillance, Epidemiology, and

End Results Program of the National Cancer Institute.

Five hundred and sixty-two (4.1%) of a total of

13 715 recorded carcinoids were of gastric origin

(8.7% of all carcinoids in the Gastrointestinal tract).43

Gastric carcinoids account for 0.6–2% of gastric polyps

excised.44–46 However, the number of gastric carcinoids

reported is increasing from 0.3 cases per million in

1981 to 1.8 cases per million population in 2000.

Whether this is a genuine increase in incidence or sim-

ply a reporting artefact is not currently clear. Over the

last 25 years, gastroenterological practice has changed

considerably with more diagnostic gastroscopy being

performed and a huge increase in the use of acid sup-

pressing medications.47 In order to address whether

the increased incidence of gastric carcinoids simply

reflects increasing performance of endoscopy, compar-

ison has been made with another polypoidal gastric

lesion, the gastric hyperplastic polyp. In 1982, Laxen

reported an incidence of gastric hyperplastic polyp of

3.13 per thousand,48 whilst Ljubicic et al.49 reported

9.24 per thousand in 2002 (i.e. an approximately three

fold increase in incidence). This compares with an

approximately sixfold increase in the incidence of gas-

tric carcinoids. This suggests that factors in addition to

increased endoscopy may be responsible for the

observed increase in incidence of gastric carcinoids.

There also appears to be a dynamic change in gender

distribution, as two-third of gastric carcinoids reported

in 1999 were in women (compared with 51.6% of all

gastrointestinal carcinoids), whereas in 1970 only 55%

were reported in women.43, 46, 50 This may again

reflect an increasing number of type I lesions (which

are more common in women) now being discovered

serendipitously by endoscopy, whereas in the past

there was an increased proportion of symptomatic type

III tumours (which occur more commonly in men).

The survival of patients with gastric carcinoids is

dependent upon the type of tumour and the stage of

the tumour at diagnosis. Five-year survival for all

patients from 1973 to 1997 was 63%; the subgroup

without metastatic disease on presentation had a better

prognosis (64.5–69.1%) whilst those with distant meta-

stases had a poor outcome (7.1–21.2% 5-year survi-

val). It is of note that over the same time period, the

number of patients presenting with metastatic disease
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fell from 23.8% in the cohort 1950–1969 to 6.5% in

the 1992–1999 group.7

Other histological factors also appear to be import-

ant determinants of survival. Rindi et al.51 studied 102

gastric carcinoids of all types and demonstrated 11

prognostically useful variables. The most useful

parameters for assessing outcome were tumour type,

presence or absence of angioinvasion, mitotic index,

Ki67 index (a commonly used histological marker of

proliferation) and tumour size. By using these data,

lesions could be classified as of low malignant poten-

tial (with tumour size <1 cm and no vascular invasion)

or high malignant potential (tumours of histological

grade 2 or 3, size >3 cm, mitotic index >9 or Ki67

index >300). Lesions between these two extremes fell

into an intermediate category, in which the best prog-

nostic estimate was based on tumour type alone.51

CLINICAL FEATURES

The clinical presentation of gastric carcinoids is often

non-specific and many lesions are detected at routine

endoscopy as incidental findings.7 In a series of 65

patients with gastric carcinoids, 19 (29%) were diag-

nosed by screening of patients with pernicious anae-

mia; these patients were asymptomatic and by

definition had type I lesions.7 Gastric carcinoids usu-

ally have the endoscopic appearance of mucosal pol-

yps (Figure 3a,b). In type I and II disease, several

polyps are often seen in clusters, whilst type III lesions

are usually solitary. The surrounding mucosa may be

macroscopically normal, especially in type III lesions,

or there may be evidence of atrophy (type I) or associ-

ated peptic ulcer (type II). The distribution of lesions is

predominantly in the gastric body, although micro-

scopic type II lesions have been described in the ant-

rum10 and sporadic lesions may occur anywhere in the

stomach. Histological analysis of a lesion is the defin-

itive diagnostic tool; however, it is also useful to ana-

lyse biopsies taken from apparently unaffected mucosa

in order to identify the background conditions such as

atrophic gastritis and to assess for the presence or

absence of microcarcinoids.

In addition to the incidental presentation, a sub-

group of gastric carcinoids will cause symptoms. These

symptoms may either result from local mechanical

effects or have a neuroendocrine basis. Some patients

therefore present with abdominal pain, nausea or gas-

trointestinal haemorrhage because of the local effects

of the tumour. A number of type III tumours have

been shown to be associated with concomitant vascu-

lar abnormalities and to present with severe haemor-

rhage.52, 53 It has been proposed that this may occur

as a result of angiogenic field effects related to tumour

production of growth factors.54

In rare instances, the clinical features of carcinoid

syndrome of cutaneous flushing and diarrhoea has

been described.55–57 However, whereas the ‘classical’

carcinoid syndrome associated with midgut and hind-

gut carcinoids is mediated by 5-hydroxytryptamine

(serotonin), the syndrome associated with ECL-cell

tumours is ‘atypical’ and is associated with 5-hydroxy-

tryptophan, because of deficiency of the enzyme

dopa-decarboxylase responsible for conversion of

5-hydroxytryptophan to 5-hydroxytryptamine.58 The

atypical syndrome is associated with more intense and

protracted purplish flushing, the limbs as well as the

upper trunk are often affected and telangiectasia are

commonly observed.59

HISTOPATHOLOGY

Enterochromaffin-like-cell carcinoids arise from oxyn-

tic mucosa and are therefore most frequently found in

the body of the stomach.60 There are, however, reports

of microscopic carcinoids occurring in the antral

mucosa of a small percentage of patients with ZES

associated with MEN-1.10 These carcinoids did not

express markers of antral endocrine cells (gastrin,

somatostatin and serotonin), but some expressed vesic-

ular monoamine transporter subtype 2 (VMAT-2), and

therefore probably represent ectopic ECL-cell carci-

noids. In addition to the stomach, carcinoids have

been described in ectopic gastric mucosa, and may

account for up to 44% of Meckel’s diverticulum-rela-

ted malignancy.61

The World Health Organisation classification des-

cribes three grades of gastrointestinal neuroendocrine

tumour (Table 2), defined as well-differentiated endo-

crine tumour (synonymous with carcinoid); well-

differentiated endocrine carcinoma (synonymous with

malignant carcinoid); and poorly differentiated endo-

crine carcinoma (synonymous with small cell carci-

noma).1 Whilst this classification provides a useful

descriptive method applicable to neuroendocrine

tumours throughout the GI tract, it lacks nuance for

gastric carcinoids. Solcia et al.62 provide a histological

classification for gastric carcinoids and their precursor

hyperplastic and dysplastic lesions. Various patterns of

hyperplasia are observed, all of which are associated

1310 M. D. BURKITT AND D. M. PRITCHARD

ª 2006 The Authors, Aliment Pharmacol Ther 24, 1305–1320

Journal compilation ª 2006 Blackwell Publishing Ltd



(c) (d)
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Figure 3. Endoscopic image of type 1 gastric carcinoid tumours (a) and (b). Photomicrographs of autoimmune chronic
atrophic gastritis stained with haematoxylin and eosin (H & E) (c) and synaptophysin (d) and photomicrographs of a type 1
gastric carcinoid tumour stained with H & E (e), chromogranin A (f) and synaptophysin (g).

REVIEW: GASTRIC CARCINOID TUMOURS 1311

ª 2006 The Authors, Aliment Pharmacol Ther 24, 1305–1320

Journal compilation ª 2006 Blackwell Publishing Ltd



with hypergastrinaemia. Diffuse hyperplasia is defined

as an at least doubling in ECL-cell numbers, with an

apparently scattered distribution. It is associated with

both ZES and with primary antropyloric gastrin (G)

cell hyperplasia. Occasionally, this pattern of hyperpla-

sia is observed in patients without frank hypergastrin-

aemia. Linear sequences of five or more ECL-cells are

an exaggerated form of diffuse hyperplasia observed

in severely hypergastrinaemic patients with ZES or

atrophic body gastritis. Nodular clusters of ECL-cells,

not >150-lm diameter are observed in micronodular

hyperplasia, which is also associated with ZES and

atrophic body gastritis. The most severe form of ECL-

cell hyperplasia is adenomatoid hyperplasia, which is

associated with severe micronodular hyperplasia. Mul-

tiple (>5) membrane bound micronodules aggregate

with interposed strands of lamina propria. Because of

its adenomatoid appearance, it is essential to differen-

tiate this essentially benign lesion from dysplastic

lesions with a malignant potential. Dysplastic lesions

are defined as lesions between 150 and 500-lm diam-

eter with moderately atypical endocrine cells, usually

with enlarged nuclei and reduced immunoreactivity.

These lesions are significant as they represent the

transition between benign hyperplasia and premalig-

nancy. The small size and location of these lesions

deep within the mucosa makes it impossible to diag-

nose them endoscopically other than by biopsy. Carci-

noid lesions are themselves subdivided into two

groups: firstly, intramucosal lesions with expansile or

infiltrative growth which are >500-lm diameter and

secondly invasive carcinoids that extend into or

beyond the submucosa. The occurrence of any of these

preneoplastic lesions in patients without chronic

atrophic gastritis is strongly suggestive of hypergas-

trinaemia because of ZES, usually in association with

MEN-1. Patients in whom precursor lesions are identi-

fied with surrounding normal gastric mucosa should

therefore be investigated for the underlying condition

of MEN-1.

Whilst the above classifications provide a means of

identifying carcinoids and their precursors once the

ECL-cells have been recognized, histological identifica-

tion of neuroendocrine cells is notoriously difficult. It

has historically been dependent upon their response to

silver containing stains. An argentaffin response is

seen with neuroendocrine cells secreting 5-hydrox-

ytryptophan, whilst argyrophilic stains like Grimelius

and Sevier-Munger stains highlight other neuroendo-

crine cells. ECL-cells respond to argyrophilic stains

only.63

More recently, these stains have been replaced by

immunohistochemical techniques (Figure 3c-g). Bordi

et al.64 assessed 10 different immunohistochemical tar-

gets in gastric carcinoid tumours. Chromogranin A and

synaptophysin were frequent (19 of 21 and 13 of 19,

respectively) markers of gastric carcinoids, whilst other

antigens (Chromogranin B, HISL -19, serotonin, gastrin,

pancreatic polypeptide, glycoprotein hormone-a,

somatostatin and glucagon) were not useful for identi-

fication of these lesions. Chromogranin A is a 439

amino acid protein that is highly conserved across

mammalian species. Initially, chromogranin A was

observed in bovine adrenal medulla, but has now been

detected within a multitude of neuroendocrine cells

including ECL-cells. The functional roles of the granins

have not been clearly defined to date. Two hypotheses

are suggested – either these acidic peptides are

Table 2. World Health Organisation histological classification of Gastrointestinal endocrine tumours

Grade Synonym Definition

Well-differentiated
endocrine tumour

Carcinoid An epithelial tumour of usually monomorphous endocrine cells
showing mild or no atypia and growing in the form of solid nests,
trabeculae or pseudoglandulae, restricted to the mucosa or submucosa.

Well-differentiated
endocrine carcinoma

Malignant carcinoid A malignant epithelial tumour of endocrine cells showing moderate
atypia and growing in the form of solid nests, trabeculae or larger less
well-defined cellular aggregates, which deeply invades the gut wall
(muscularis propria or beyond) or shows metastases to regional lymph
nodes or liver.

Poorly differentiated
endocrine carcinoma

Small cell carcinoma A malignant epithelial tumour composed of highly atypical, small- to
intermediate-sized tumour cells growing in the form of large,
ill-defined aggregates, often with necrosis and prominent
angioinvasion and/or perineural invasion.
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essential for the transfer of proteins from the endoplas-

mic reticulum into secretory vesicles, or they have an

extra cellular paracrine or endocrine effect.65 Synapto-

physin is a 38-kDa membrane glycoprotein present in

the membrane of secretory vesicles of both neural and

neuroendocrine cell types.66 It appears to be essential

for exocytosis of the secretory vesicle and hence is ubi-

quitous within the secretory vesicles of these cell types.

For these reasons, it has been a popular marker of

secretory vesicles since its discovery in 1985.67, 68

Chromogranin A (and synaptophysin) staining is

sensitive for ECL-cell localization, but it is not specific

as other neuroendocrine cells of the stomach, partic-

ularly G-cells are also positive for this marker.65, 69

Vesicular monoamine transporter subtype 2 was not

assessed in the paper by Bordi et al. discussed above,

but has been suggested as a more specific marker of

ECL-cells. Vesicular monoamine transporters are

essential elements for the transfer of neuroamines

from cytoplasm into secretory vesicles. There are two

subtypes, type 1 transports dopamine, serotonin,

adrenaline and noradrenaline into secretory vesicles in

various cell types including chromaffin, enterochro-

maffin and neuronal cells.70 Histamine secreting ECL-

cells express VMAT-2.71 Therefore, within gastric

mucosa, VMAT-2 is a promising-specific marker for

ECL-cell malignancies. In one study, VMAT-2 showed

100% sensitivity (16/16) for ECL-cell malignancy.72

However, in this paper, no other gastric malignancies

were investigated and 57% (12/21) of enterochromaf-

fin cell carcinoids of the ileum and appendix also

stained positively for VMAT-2.72

INVESTIGATION

The aims following recognition of an ECL-cell tumour

are to determine the type of tumour, thereby providing

prognostic as well as diagnostic information, and to

assess the extent of disease, particularly whether meta-

static spread has occurred (Figure 4). In the case of

ZES-MEN-1, it is also important to locate gastrinomas

and to assess for further associated malignancies; and

in the hypergastrinaemia-associated tumours (types I

and II) it is necessary to assess whether their growth

remains gastrin-dependent.

Defining the tumour type

As described previously, the type of gastric carcinoid is

fundamental to prognosis and is defined by the tumour

environment and associated pathology. Type I tumours

are associated with hypochlorhydria (gastric juice pH

in excess of 4) and atrophic gastritis. Atrophic gastritis

is associated with gastric autoimmunity, classically

presenting as vitamin B12 deficiency in pernicious

anaemia.73 Associated auto-antibodies against the pari-

etal cell and intrinsic factor are highly specific for

atrophic body gastritis. A recent study demonstrated

that 70.7% (99 of 140) patients with atrophic body gas-

tritis expressed antiparietal cell antibodies, whilst 35%

(49 of 140) expressed anti-intrinsic factor antibodies.73

In the same study, it was demonstrated that there was

a significantly greater degree of gastric body atrophy

in those patients with positive anti-intrinsic factor

antibodies. The significance of severity of atrophy has

not been assessed in gastric carcinoids. Patients with

type I gastric carcinoids therefore require full haemato-

logical and immunological assessments for pernicious

anaemia and autoimmunity, as well as histological

assessment of antral G-cell hyperplasia, the source of

hypergastrinaemia in these patients.

Histologically confirmed
Gastric carcinoid tumour

Fasting serum gastrin

High gastrin Normal gastrin

+veGastric Juice pH Secretin provocation
test

Type II

pH ≈ 7 pH ≈ 1

-ve

Gastric corpus
histology

Normal

Type I Type III

Confirm atrophic
gastritis and antral
G-cell hyperplasia

histologically

FBC, B12, iron
studies

Anti parietal cell
and anti-intrinsic
factor antibodies

Assessment of
size & multiplicity
of local disease
and staging (?
metastases)

Localise
gastrinoma

Investigate for
MEN-1: fasting gut
hormones, Ca++

profile and PTH

Menin gene 
analysis

Staging
?metastases

Staging and plan
resection if no
metastases

Figure 4. Investigation algorithm for gastric carcinoid
tumours.
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The hallmarks of ZES are hypergastrinaemia in the

context of gastric acid hypersecretion. Therefore, ini-

tial investigations for ZES are fasting serum gastrin

concentration and assessment of gastric juice pH. If

gastric pH is above 2, then ZES is effectively excluded.

If gastric pH is below 2 and the fasting serum gastrin

concentration is clearly elevated (>1000 pM), then the

diagnosis of ZES can confidently be made. If, however,

the fasting gastrin concentration is in the range 100–

1000 pM, there remains significant diagnostic uncer-

tainty and further investigations should be considered.

In this context, the secretin stimulation test may be

useful (see below). However, its availability is limited

and recent studies have suggested that basal gastric

acid secretion analysis is more helpful to determine

those patients with ZES.74 For the subgroup of patients

that have clinical evidence of ZES, the determination

of presence or absence of other components of both

the clinical syndrome of MEN-1 (particularly assess-

ment of parathyroid and pituitary glands) and muta-

tions in the MENIN gene are required.

Type III gastric carcinoids are associated with nor-

mogastrinaemia and the gastric mucosa is usually oth-

erwise normal. In order to confirm this diagnosis, it is

essential to ensure that the patient does not have an

underlying abnormality of gastrin secretion (as a small

proportion of patients with gastrinomas have a basal

fasting plasma gastrin concentration within the normal

range). A secretin provocation test should therefore be

performed. This involves the i.v. infusion of secretin

with measurement of baseline and postinfusion serum

gastrin concentrations. Normal subjects have a reduc-

tion in serum gastrin concentration, whilst patients

with gastrinomas have an elevation (>100 pM up to

15 min after 2 U/kg secretin).18 A negative test effect-

ively excludes ZES. In addition, biopsies of gastric cor-

pus should be analysed histologically to ensure the

absence of atrophic gastritis.

Assessment of disease extent

Metastatic carcinoid tumours have a worse prognosis

and require different therapeutic strategies; therefore,

it is important to determine the extent of disease. In

addition to the assessment of metastases, the diffuse

nature of some carcinoids also makes staging of

local disease complex. Several imaging modalities

are potentially useful in this assessment. Multislice

computed tomography (CT) is useful for the localiza-

tion of distant metastases and may also sometimes

detect primary type II carcinoid polyps within a dif-

fusely thickened gastric mucosa.75

Whilst CT is an appropriate modality for assessment

of structural abnormalities, there is no functional com-

ponent to the imaging and it is unlikely that diffuse

lesions would be detected. Somatostatin receptor scin-

tigraphy has been used since the early 1990s as a means

of localizing both primary and metastatic tumours

expressing somatostatin receptors.76–78 Eighty-five per

cent of gastric carcinoids express somatostatin recep-

tors and in these cases somatostatin scintigraphy is a

useful technique for determining the disease extent. A

prospective study of 162 patients with known ZES dem-

onstrated that in skilled hands somatostatin receptor

scintigraphy had a 63% (12/19) sensitivity for detecting

gastric carcinoids. The same study demonstrated a spe-

cificity of 95% and a negative predictive value of the

test of 97%.79 One of the principal flaws in somatostatin

receptor scintigraphy is the relatively poor anatomical

localization of lesions. The Gibril et al.79 study men-

tioned above relied on double reporting to achieve the

level of sensitivity and specificity that it managed and

also benefited from high quality clinical information

supplied at the time of request (a situation that is not

universal). Even in these conditions, there was a signifi-

cant initial false-negative group, due in part to the dif-

ficulty in distinguishing gastric from pancreatic lesions.

Positron emission tomography (PET) is a technique that

potentially could improve functional assessment of

these lesions. Standard 18F-fluorodeoxyglucose PET is

of limited value when assessing neuroendocrine

tumours, as the isotope is rapidly taken up. However
11C-5-hydroxytryptophan may be a more useful PET

tracer in these tumours. A study of several different

neuroendocrine tumours demonstrated that PET ima-

ging was comparable with both CT and somatostatin

receptor scintigraphy, but there was no comparative

data in gastric carcinoids as only one case was

observed. In this case CT, 11C-5-hydroxytryptophan

PET and somatostatin receptor scintigraphy all localized

the lesion.80 Carbidopa has also been used to improve
11C-5-hydroxytryptophan PET imaging.81

Localizing associated neuroendocrine tumours

The strategy for treating patients with ZES-associated

type II gastric carcinoids requires locating the gastrin-

secreting source. Common sites include the pancreas

and duodenal wall, with duodenal lesions being more

common in MEN-1. Although gastroscopy has a role in
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identifying the discrete lesions in the duodenum that

may be gastrinomas and CT scanning may locate

tumours in some patients, a functional approach is

likely to be more productive. Somatostatin receptor

scintigraphy and 11C-5-hydroxytryptophan PET ima-

ging may both be useful. Of four gastrinomas assessed

by Orlefors et al.80, all were detected by PET and three

had more clearly defined localization on PET scanning

than either CT or somatostatin receptor scintigraphy.

The most appropriate method for achieving histological

diagnosis in these patients is to carry out fine needle

aspiration (FNA) at endoscopic ultrasound (EUS).82

Technical factors limit the accessibility of some lesions,

but approximately 90% of pancreatic lesions are amen-

able to FNA.83 EUS is, however, not usually required for

assessing the primary lesions of gastric carcinoid, as the

lesions are mucosal and amenable to biopsy at standard

light endoscopy. Invasive tests such as angiography

with venous sampling are occasionally required to try

to determine the source of gastrin production.84

Gastrin dependency

Definitive treatment for gastric carcinoid tumours can

be targeted either towards the removal of the ECL-cell

tumour mass or towards removal of the growth factor(s)

driving the malignant process. As described above, gas-

trin is the unifying growth factor in types I and II

lesions, and there are treatment options that are tar-

geted towards removal of gastrin as a growth factor.

Clearly, if treatment is targeting the growth factor

rather than the malignant cell population directly, it is

beneficial to assess whether tumour growth remains

gastrin-dependent. An octreotide suppression test has

been described in a single patient to assess this. Gastric

biopsies were obtained both pre- and postinfusion of

octreotide from areas of macroscopically normal gastric

mucosa and from a macroscopic gastric carcinoid. Nor-

thern blot analysis for chromogranin A and histidine

decarboxylase mRNA demonstrated a reduction in ECL-

cell secretory peptide transcription following the octre-

otide infusion. This was taken as a surrogate for gastrin

remaining as a growth factor for these ECL-cell lesions,

an assumption that was vindicated by the absence of

ECL-cell malignancy 12 months postantrectomy.85

Disease monitoring

Ideally, functional assessment of neuropeptide secre-

tory tumours would be performed by measuring the

secreted hormones. Unfortunately most gastric carci-

noids are not functionally secretory and hence alter-

native serological markers have been considered.

Serum chromogranin A has been investigated as a

diagnostic tool in patients with known ZES. However,

reliable detection of subtle differences in serum chro-

mogranin A in the presence of gastric carcinoid

tumours could not be achieved.86 Recently, the use of

chromogranin A for detection of ECL-cell lesions has

also been assessed in patients with autoimmune

atrophic gastritis. Although serum chromogranin A

was significantly increased in patients with autoim-

mune atrophic gastritis compared with controls, the

assay was not sufficiently specific to detect the sub-

groups of patients with either gastric carcinoid

tumours or precursor lesions.87 This test is therefore

currently more useful as a tool for monitoring disease

extent and tumour burden in those patients with meta-

static disease.88

TREATMENT

Treatment strategies for gastric carcinoid tumours can

only be determined once the tumour type and disease

extent have been established. In addition to the

tumour type, it is becoming increasingly important to

determine the degree of hormonal control that

tumours are influenced by, because those lesions that

remain gastrin responsive may be treated by way of

gastrin reduction/exclusion. It is also essential to

define the aim of therapy prior to commencing treat-

ment.

As previously discussed, some studies have demon-

strated that type I lesions may have no effect on life

expectancy. Certainly, many are asymptomatic. There

may therefore be a case for simple surveillance of type

1 gastric carcinoids, even though these tumours are

potentially curable. Conversely, some lesions are

undoubtedly incurable, particularly type III tumours

which have metastasized at presentation. In these

cases, a palliative approach will be the most appropri-

ate from the outset.

Treatment of disease confined to the stomach

Tumour Resection

Carcinoid tumours which are confined to the stomach

and have not metastasized can potentially be removed

by using either endoscopic or surgical techniques.
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Type I carcinoids may be amenable to endoscopic

polypectomy or endoscopic mucosal resection if small

(<1 cm) and few (<3–5) in number.89 In 1987, a case

report was published advocating antrectomy as a

means of gastrin suppression in type I gastric carci-

noids.90 Subsequent studies have demonstrated this to

be an effective method of reducing volume of both

ECL-cell hyperplasia91 and gastric carcinoids.92, 93

Confirmation of this strategy of removal of gastrin

secretion as an effective method for treating gastrin-

dependent lesions is provided by evidence of regres-

sion of type II lesions following successful gastrinoma

excision.94 However, it is difficult to predict which

tumours are still gastrin-responsive and which have

progressed beyond this point and are growing auton-

omously independent of gastrin. The octreotide sup-

pression test (see above) has been proposed as a

means of assessing this, but to date only a single case

report has been published.85 This investigation

requires validation in a larger cohort of patients. If

gastrinoma resection is planned in a patient with

MEN-1, exploration of the duodenum with transillu-

mination and intraoperative ultrasound is useful, as

many tumours are located at this site even if macro-

scopic lesions are visible in the pancreas. Sporadic

type III gastric carcinoids that have not metastasized

should also undergo surgical excision if the patient is

fit enough for surgery. Either open or laparoscopic

methods can be used for partial gastrectomy. Endo-

scopic excision of type III gastric carcinoids has also

been reported and some lesions may be amenable to

this type of therapy.95

Medical Therapy

The effects of long-acting somatostatin analogue

injections have been reported in a cohort of five

patients with type I gastric carcinoids.96, 97 This ther-

apy was associated with a reduction in serum gastrin

and serum chromogranin A levels and with a 50%

reduction in the visible number of tumours.96 Twelve

months after discontinuing treatment, visible carcinoid

tumour recurrence was not observed, although the

number of chromogranin A positive cells was

increased and the serum gastrin and chromogranin A

levels were elevated once more.97 The number of

patients treated and duration of follow-up are insuffi-

cient to comment on prognostic effects of this therapy,

but a time-limited course of injections is unlikely to

represent a definitive treatment. Somatostatin ana-

logues have also been reported to be effective in both

type II98 and type III99 lesions, although once again

the evidence is for a reduction in tumour size rather

than an improvement in overall prognosis.

Treatment of metastatic disease

As with other neuroendocrine tumours, a number of

therapeutic approaches are possible for the manage-

ment of metastatic gastric carcinoid tumours. These

include medical, chemotherapeutic, nuclear medicine

and interventional radiological treatment options and

have been discussed in detail elsewhere.60, 100

Medical treatments include somatostain analogues

such as octreotide which are particularly useful for

patients suffering from carcinoid syndrome.101–103

Alternatively, 5-HT3 receptor antagonists such as

ondansetron104–106, or the sedating antihistamine cy-

proheptadine which has 5HT2 receptor antagonist

effects107 have been used. Systemic chemotherapy

may be useful for patients with metastatic poorly

differentiated type III tumours. Targeted radionuclide

therapies offer the possibility of directly targeting

the tumour with a high degree of specificity.

By using high-dose isotopes of octreotide (such

as 111indium-DTPA-octreotide, 90Yttrium-DOTA-Tyr

3-octreotide or 177Lutetium-DOTA-Tyr3-octreotate),

various carcinoids have been targeted and regression

of tumour size has been observed in some cases.108

Experience in gastric carcinoids is limited to date.

Interventional radiological techniques such as chem-

oembolization and radiofrequency ablation may also

be useful for the management of symptomatic liver

metastases.

CONCLUSIONS

Gastric carcinoids are increasingly being recognized,

particularly because of the increasing use of diagnostic

gastroscopy. Detailed investigation of patients is cru-

cial, as patients are at risk of inappropriate treatment.

Small type I gastric carcinoids may simply require sur-

veillance or endoscopic polypectomy, rather than

major surgery. Similarly, it may be appropriate to

manage type II carcinoids by treating the gastrinoma

rather than operating on the stomach. Type III lesions

have a much worse prognosis and patients should

undergo surgery at the outset, in the absence of meta-

static spread and if the patient is fit for an operation.

Patients should therefore be managed by physicians
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and surgeons interested in and familiar with these

tumours. In the UK, this is best accomplished by neu-

roendocrine tumour multidisciplinary teams.

Although gastrin is crucial for the development of

type I and II gastric carcinoids, it is not sufficient for

tumourigenesis. Recent interest has focussed upon

additional factors involved in the pathogenesis of

these tumours. Important findings regarding the muta-

tions in MEN-1 and Reg genes in humans as well as

polymorphisms in the CCK-2 receptor in Mastomys

have recently been described and there are also inter-

esting developments in the role of matrix regulating

proteins such as MMP-7, MMP-9 and PAI-2.

FUTURE PROSPECTS

There remain significant questions regarding the aeti-

ology of gastric carcinoids. Research is particularly

required to address which factors in addition to

hypergastrinaemia cause hyperplastic lesions to pro-

gress to dysplastic and eventually malignant lesions.

Investigation of both environmental and host genetic

factors is required as both are likely to be involved. In

the clinical field, there remain challenges to address

the optimum assessment and management of these

patients.
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