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Gastric Carcinoids
Biologic Behavior and Prognosis After Differentiated Treatment

in Relation to Type

Kurt Borch, MD, PhD,* Bo Ahrén, MD, PhD,† Håkan Ahlman, MD, PhD,‡
Sture Falkmer, MD, PhD,§ Göran Granérus, MD, PhD,� and Lars Grimelius, MD, PhD¶

Objective: To analyze tumor biology and the outcome of differen-
tiated treatment in relation to tumor subtype in patients with gastric
carcinoid.
Background: Gastric carcinoids may be subdivided into ECL cell
carcinoids (type 1 associated with atrophic gastritis, type 2 associ-
ated with gastrinoma, type 3 without predisposing conditions) and
miscellaneous types (type 4). The biologic behavior and prognosis
vary considerably in relation to type.
Methods: A total of 65 patients from 24 hospitals (51 type 1, 1 type
2, 4 type 3, and 9 type 4) were included. Management recommen-
dations were issued for newly diagnosed cases, that is, endoscopic or
surgical treatment of type 1 and 2 carcinoids (including antrectomy
to abolish hypergastrinemia) and radical resection for type 3 and 4
carcinoids.
Results: Infiltration beyond the submucosa occurred in 9 of 51 type
1, 4 of 4 type 3, and 7 of 9 type 4 carcinoids. Metastases occurred
in 4 of 51 type 1 (3 regional lymph nodes, 1 liver), the single type
2 (regional lymph nodes), 3 of 4 type 3 (all liver), and 7 of 9 type
4 carcinoids (all liver). Of the patients with type 1 carcinoid, 3 had
no specific treatment, 40 were treated with endoscopic or surgi-
cal excision (in 10 cases combined with antrectomy), 7 underwent
total gastrectomy, and 1 underwent proximal gastric resection.
Radical tumor removal was not possible in 2 of 4 patients with type
3 and 7 of 9 patients with type 4 carcinoid. Five- and 10-year crude
survival rates were 96.1% and 73.9% for type 1 (not different from
the general population), but only 33.3% and 22.2% for type 4
carcinoids.

Conclusion: Subtyping of gastric carcinoids is helpful in the pre-
diction of malignant potential and long-term survival and is a guide
to management. Long-term survival did not differ from that of the
general population regarding type 1 carcinoids but was poor regard-
ing type 4 carcinoids.

(Ann Surg 2005;242: 64–73)

The incidence of gastric carcinoids may have increased
over the last 50 years. In a large series from the United

States, the percentage of these tumors among all gastric
malignancies had increased from 0.3% to 1.8% and the
proportion of these carcinoids among all enteric carcinoids
from 2.4% to 8.7%.1 Although there may be a true increase,
increasing use of endoscopy and improvements in histopatho-
logic methods and evaluation during the last 50 years prob-
ably account for a large part of this increase, as well as the
increase in the number of reports in the literature concerning
these tumors.2

Regarding the pathogenesis of gastric carcinoids, it is
fairly well understood considering tumors developing from
the enterochromaffin-like (ECL) cells. These cells are unique
for the gastric corpus (fundic) mucosa, where they constitute
the largest endocrine cell population. One important function
of these cells is secretion of histamine, which in turn stimu-
lates acid secretion from adjacent parietal cells. The ECL
cells express CCK-2 (gastrin) receptors, which can mediate
histamine secretion and growth of these cells.3–9

Chronic hypergastrinemia is associated with ECL cell
hyperplasia, which over time may lead to development of
ECL cell carcinoid.4,6,10–12 Corpus predominant atrophic
gastritis with or without intrinsic factor deficiency (pernicious
anemia) as well as gastrinoma (Zollinger-Ellison syndrome)
associated with multiple endocrine neoplasia (MEN) 1 syn-
drome are conditions associated with hypergastrinemia and
an increased incidence of ECL cell carcinoid.13–17 ECL cell
carcinoid may rarely occur in the absence of hypergastrine-
mia and ECL cell hyperplasia and is then described as
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sporadic ECL cell carcinoid. Furthermore, neoplasia may
develop from other endocrine cells of the gastric mucosa,
such as the serotonin-secreting enterochromaffin (EC) cells
and the gastrin cells.18–21

Gastric carcinoids may accordingly be subdivided into
different types.4,18–20,22 Types 1 to 3 are ECL cell carcinoids
and type 4 other endocrine cell tumors, eg, serotonin-, gas-
trin-, or adrenocorticotrophic hormone (ACTH)-secreting tu-
mors, poorly differentiated endocrine carcinomas, and mixed
endocrine-exocrine tumors. ECL cell carcinoids are divided
into those associated with corpus predominant atrophic gas-
tritis (type 1), those associated with gastrinoma and MEN 1
(type 2), and the sporadic form (type 3). They are situated in
the gastric corpus or fundus, while type 4 carcinoids may be
located in any part of the stomach. Carcinoids associated with
hypergastrinemia (types 1 and 2) are often multicentric,
usually small (1 cm or less), without specific hormonal
symptoms, and show a low malignant potential and rarely
metastasise. Type 3 and type 4 carcinoids usually are solitary,
larger, and often highly malignant.18–21,23–28

ECL cell hyperplasia may be reversible if the hyper-
gastrinemia is abolished. In patients with type 1 carcinoid,
this may be accomplished by surgical excision of the majority
of the G cells, that is, antrectomy.29–31 However, in some
cases, major reduction of the hypergastrinemia did not pre-
vent development of ECL carcinoid,31 demonstrating that in
addition to hypergastrinemia other pathogenic factors or ge-
netic predisposition are involved in some cases. The soma-
tostatin analogue octreotide may be used to inhibit gastrin
release from the G cells and thus reduce the ECL cell
hyperplasia.32–35 Morphometric studies showed that antrec-
tomy caused a reduction of the ECL cell volume versus the
total volume of endocrine cells, while octreotide reduced the
volume of endocrine cells overall (unchanged proportions).32

Recommendations about management of ECL cell carcinoids
have been presented20–23,28,36 but not evaluated in larger
prospective studies.

The aims of this multicenter follow-up study were to
determine tumor stage and the impact on long-term survival
when differentiated treatment in relation to type of tumor was
given. Secondary outcomes were concomittant other neopla-
sia, endocrine disease, and symptoms for each subtype of
tumor.

PATIENTS AND METHODS
In 1993, the members of the Study Group for Endocrine

Abdominal Tumors in Sweden had collected all 32 to them
known living and prospectively followed cases with gastric
carcinoid. After scrutinizing these cases as well as the rele-
vant literature, all surgical and gastroenterology departments
in Sweden were in 1994 asked to participate in a prospective
study of patients with these tumors. Treatment and follow-up
were done according to recommendations issued by the Study

Group.37 During the following 5 years, 33 newly diagnosed
cases were reported from 24 hospitals, so a total of 65
patients were prospectively studied.

The recommendations for treatment of type 1 carci-
noids were radical endoscopic removal for up to 5 tumors
with a maximum diameter of 10 mm and antrectomy for more
than 5 tumors with a maximum diameter of 10 mm. For
tumors larger than 10 mm (regardless of number), antrectomy
was recommended with surgical excision of tumors larger
than 10 mm. With signs of serosal involvement, or spread
outside the stomach, total gastrectomy with proper lymph
node dissection was advised. Besides management of the
gastrinoma, it was adviced that type 2 carcinoids could be
treated endoscopically when the maximum tumor size was 10
mm or less and by laparotomy with local excision of tumors
with larger diameters. The recommendation regarding type 3
and type 4 carcinoids was laparotomy with local exci-
sion, orgastric resection with lymph node dissection, after
tumor stage (judged by computerized tomography and at
laparotomy).

The maximum diameter of the tumor (the largest, if
multiple) and the number of tumors were recorded. Tumor
tissue (collected at gastroscopy or surgery) and biopsies from
nontumorous mucosa were stained with hematoxylin and
eosin, Alcian blue-PAS (periodic acid Schiff), the Grimelius
and Sevier-Munger argyrophil silver stains, and immunohis-
tochemically with chromogranin A antiserum. Tumor tissue
was also stained with the Masson argentaffin silver stain and
immunohistochemically with serotonin antibodies. The im-
munohistochemical stainings included controls with excess
antigen. Electron microscopy of glutaraldehyde fixed tumor
tissue was performed in 10 cases with type 1 tumor.

The depth of tumor infiltration into the gastric wall was
evaluated microscopically in sections from all removed tu-
mors. Nontumorous corpus mucosa was examined for the
presence of glandular atrophy, intestinal metaplasia, and
endocrine cell hyperplasia. The latter was considered to be
present with linear (“pearls on a string” around glands) or
micronodular (“nests” of at least 5 endocrine cells in mucosa
or muscularis mucosa) patterns.4,12,38

If pernicious anemia, or achlorhydria, had not been
diagnosed, patients were examined with a Shilling test and/or
pentagastrin test. Computerized tomography of the abdomen
was performed in newly diagnosed cases. Pulmonary x-ray
was done if the maximum tumor diameter exceeded 10 mm.
It was recommended that gastroscopy with biopsy (antrum,
corpus, and any remaining tumor) should be performed at 3,
6, and 12 months, and thereafter annually, after the initial
diagnosis/treatment. At the time of diagnosis and follow-up
visits, blood samples (fasting) were drawn for analysis of
gastrin concentrations (radioimmunoassay, reference range
�50 pmol/L, hypergastrinemia defined as concentration
�100 pmol/L) and chromogranin A concentrations in plasma
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(radioimmunoassay, reference range �4.0 nmol/L). The prin-
cipal histamine metabolite methyl-imidazole acetic acid (Me-
ImAA) was analyzed in urine by HPLC with UV detection39

(reference range, 0.4–2.4 mmol/mol creatinine). Considering
analysis of the serotonin metabolite 5-hydroxy-indolic acetic
acid in urine (U-5-HIAA), there was no conformity between
the hospitals, and results are presented as normal or in-
creased. Patients diagnosed before chromogranin A or Me-
ImAA analyses were available had no results or in some cases
chromogranin A was analyzed in plasma stored at �70°C.

The tumor was classified as an ECL cell carcinoid,
when the majority of tumor cells stained positive with the
Sevier-Munger and Grimelius stains or with chromogranin A
antiserum or with ultrastructural demonstration of secretory
granules with typical electrolucent halo.40–42 It was classified
as type 1 when there was more than mild atrophy of the
corpus mucosa and concomitant endocrine cell hyperplasia
and hypergastrinemia and as type 2 in the presence of
extragastric gastrinoma, gastric endocrine cell hyperplasia,
and hypergastrinemia. Solitary ECL cell carcinoids without
hypergastrinemia and absence of endocrine cell hyperplasia
in the corpus mucosa were classified as type 3. Tumors not
fulfilling the criteria for an ECL cell carcinoid, or in which
the majority of tumor cells stained positive for specific
hormonal substances other than histamine, were classified
as type 4.

The symptoms or reasons for the primary examination
leading to diagnosis of the carcinoid were registered, as were
other relevant diagnoses (other endocrine disease, other neo-
plasia, or pernicious anemia) established before or after the
time of the carcinoid diagnosis. None of the patients had been
on long-term treatment with proton pump inhibitors preced-
ing the diagnosis of carcinoid.

Numerical data are summarized as median (range). The
null hypothesis was tested with the Mann-Whitney U test
(nonpaired data) or the Wilcoxon rank sum test (paired data).
Fisher exact test, or �2 analysis, was used for comparison of
proportions. Kaplan-Meier analysis was used to calculate the
crude cumulative survival rates from the time of diagnosis,
and the cause and time of death were extracted from the files
of the Swedish Central Bureau of Statistics (April 2003). The
expected cumulative survival rate of age- and sex-matched
persons in the general population during the same time period
were extracted from the same files. Survival rates are given
with 95% confidence limits and groups were compared with
the log-rank test.

For type 1 tumors, Cox proportional hazard model was
used to determine the prognostic value of the number of
tumors (1, 2–5, 6–10, �10), depth of tumor infiltration
(deeper than submucosa, or not) and presence of metastases,
or not. In all tests, a 2-tailed P value of 0.05, or more, was
considered as nonsignificant.

RESULTS

Demography and Symptomatology
Of the 65 patients, 51 had type 1, 1 type 2, 4 type 3, and

9 type 4 carcinoid. The median age at the time of diagnosis
was 66 years (range, 39–86 years) in 38 women and 13 men
with type 1 carcinoid, 71 years (range, 37–76 years) in 3
women and 1 man with type 3 carcinoid, and 72 years (range,
20–80 years) in 2 women and 7 men with type 4 carcinoid.
The single patient (male) with type 2 carcinoid was 51 years
old. Age did not differ significantly between the groups, but
there was a significant difference in sex distribution between
patients with type 1 and type 4 carcinoid (P � 0.004).

Nineteen patients had the diagnosis of type 1 carcinoid
at screening with gastroscopy because of atrophic gastritis.
The main symptoms among the remaining 44 patients are
given in Table 1. The range of symptoms was wide among
patients with type 1 carcinoid; only in 3 cases were the
symptoms judged to be tumor-related (large tumor with pain
and infiltration of the diaphragm; large tumor with bleeding;
multiple tumors with abdominal pain and weight loss). The
patient with type 2 carcinoid had recurrent gastric ulcer with
chronic abdominal pain. In all patients with type 3 or type 4
carcinoid, the symptoms were tumor-related.

Concomitant Diseases
Of the 51 patients with type 1 carcinoid, 2 had a small

leiomyoma and 1 a gastric adenoma at the time of diagnosis.
Another patient had been treated endoscopically for gastric

TABLE 1. Main Symptom Leading to Investigation and
Diagnosis Among 44 Patients With Gastric Carcinoid,
Excluding 19 Patients With Diagnosis at Screening With
Gastroscopy due to Atrophic Gastritis (17 With Pernicious
Anemia)

Symptom

Type of Carcinoid

1 2 3 4

Abdominal pain, nonspecific 5 1* 2†

Epigastric pain 6 2
Gastrointestinal bleeding 3 2 4
Anemia, no gastrointestinal bleeding 6
Weight loss 2 1
Symptoms of gastroesophageal reflux 2
Other 4‡ 2§

Not specified 2

Total 30 1 4 9

*Also gastric ulcer and incidentally detected hypercalcemia.
†In one with histamine producing tumor, also diarrhea.
‡Mainly changed bowel habits, including irritable bowel syndrome.
§One patient with ocular metastasis and one patient with Cushing’s

syndrome.
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adenoma 3 years prior to the carcinoid diagnosis. Other
tumors of digestive organs were diagnosed prior to or after
diagnosis of a type 1 carcinoid in 6 patients (one squamous
cell carcinoma of the esophagus, one adenocarcinoma of the
pancreas, one adenocarcinoma of the jejunum, 2 adenocarci-
nomas of the colon, and one adenoma of the rectum). Of these
51 patients, 8 were also treated for thyroid disease, 4 for
parathyroid adenoma and 7 had type 2 diabetes. The patient
with type 2 carcinoid had duodenal and pancreatic gastri-
noma, parathyroid adenoma, and prolactinoma (complete
MEN 1 syndrome). None of the patients with type 3 carcinoid
had any recognized neoplasia or endocrine disease. One of
the patients with type 4 carcinoid had also been treated for
adenoma of the colon and another one had type 2 diabetes.

Pathogenetic Background
All 51 patients with type 1 tumor had moderate to

severe corpus predominant atrophic gastritis, in 33 cases
(64.7%) associated with pernicious anemia. The diagnosis of
pernicious anemia was made shortly before (less than 1 year)
or at the time of diagnosis of the carcinoid in 8 patients and
1 to 32 years prior to the carcinoid diagnosis in the remaining
25 patients. Except for mild atrophy of the corpus mucosa in
1 patient with type 3 carcinoid, none of the other patients had
atrophic gastritis.

At the time of diagnosis, hypergastrinemia (�100
pmol/L) was diagnosed in 50 of 50 examined cases with type
1 carcinoid (not analyzed prior to total gastrectomy in 1 case),
the case with type 2 carcinoid, none of the cases with type 3
carcinoid, and 2 of 6 examined cases with type 4 carcinoid.

All patients with type 1 carcinoid and the patient with
type 2 carcinoid had endocrine cell hyperplasia (usually both
linear and micronodular) in the corpus mucosa. Although not
quantified, simple (diffuse) endocrine cell hyperplasia was
observed in the mucosa close to the tumor in 1 of the 4 cases
with type 3 carcinoid and in 3 of 8 examined patients with
type 4 carcinoid.

Endocrine Activity
P-chromogranin A levels were increased (�4.0

nmol/L) in 27 of 31 analyzed cases with type 1 carcinoid, the
case with type 2 carcinoid, all 4 cases with type 3 carcinoid,
and 3 of 4 analyzed cases with type 4 carcinoid. U-MeImAA
was increased (�2.4 mmol/mol creatinine) only in 4 of 26
analyzed cases with type 1 carcinoid, the case with type 2
carcinoid, 3 of 3 analyzed cases with type 3 carcinoid, and 1
(borderline value) of 3 analyzed cases with type 4 carcinoid.
U-5-HIAA was normal in 46 of 46 analyzed cases with type
1 carcinoid and all 4 cases with type 3 carcinoid. Increased
U-5-HIAA was diagnosed in the case with type 2 carcinoid
and 2 of 5 examined cases with type 4 carcinoid.

None of the 51 patients with type 1 carcinoid had
specific hormonal symptoms. The median values (range) of

P-gastrin, U-MeImAA, and P-chromogranin A among these
patients were 515 pmol/L (range, 119–7500 pmol/L), 1.6
mmol/mol (range, 0.8–11.1 mmol/mol) creatinine, and 6.0
nmol/L (range, 2.3–250.0 nmol/L), respectively. The patient
with type 2 carcinoid had gastric ulcer and abdominal pain
and was previously diagnosed and treated for hypercalce-
mia and hyperprolactinemia. In this case, both the U-
MeImAA and P-chromogranin A were markedly elevated
(50.2 mmol/mol creatinine and 3651 nmol/L, respectively).
Of 3 type 3 carcinoids, only one was associated with mark-
edly increased U-MeImAA and P-chromogranin A concen-
trations (30.8 mmol/mol creatinine and 7300 nmol/L, respec-
tively). This patient had abdominal pain and diarrhea. Of 9
patients with type 4 carcinoid, 1 had immunohistochemically
an ACTH producing tumor with Cushing syndrome, 1 a
gastrin cell tumor (P-gastrin 5360 pmol/L and P-chromo-
granin A 49.0 nmol/L) without hormonal symptoms, and 1 a
serotonin-producing tumor (EC cell tumor) also without hor-
monal symptoms. Two other patients with type 4 carcinoid
had increased U-5-HIAA, but serotonin staining was not
prominent in the tumor.

Macroscopic Features and Stage
Of all 65 carcinoids, 29 were solitary and 36 multicen-

tric. The number of tumors and their diameter in relation to
type are presented in Table 2, which shows that type 3 and 4
carcinoids were significantly larger than type 1 carcinoids.
Table 3 shows tumor stage in relation to tumor type. The rate
of advanced stage at the time of diagnosis was significantly
higher for type 3 and 4 carcinoids than for type 1 carcinoids.
Considering type 1 carcinoids, there was a positive correla-
tion between the maximum tumor diameter and the depth of
tumor infiltration, as well as between the depth of tumor
infiltration and the occurrence of metastases (Table 4). There
was no correlation between the degree of multicentricity
(1, 2–5, 6–10, �10) of type 1 carcinoids and the occurrence
of metastases.

Treatment
The endoscopic and surgical treatment performed until

the conclusion of the study is presented in Table 5. Of 48
patients with type 1 carcinoid (3 had no treatment), 24 were
treated according to the recommendations. Among patients
not treated according to the recommendations, the treatment
was often more extensive; of 48 treated patients, 34 had at
least as extensive treatment as recommended.

Among the 10 patients with type 1 carcinoid treated
with antrectomy, additional treatment given was surgical/
endoscopic removal of the largest tumor(s) in 8 and none in
2. Two of these 10 patients were cleared of macroscopically
visible tumors at the time of antrectomy, and 8 had residual
tumors with a diameter of less than 10 mm. Of the latter 8
patients, 7 became endoscopically tumor-free and 1 had
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tumor progression as shown by endoscopy and biopsy at a
median of 36 months (range, 14–43 months) after antrec-
tomy. The patient with tumor progression (37 months after
antrectomy) underwent total gastrectomy. The other 9 pa-

tients treated with antrectomy remained tumor-free at regular
gastroscopies 65 months (14–215 months) after antrectomy.
At this time, the endocrine cell hyperplasia in the corpus
mucosa (nodular hyperplasia present in all cases at diagnosis)
had regressed in 5 cases and disappeared in 3 cases; 1 patient
could not be evaluated. Concentrations of gastrin and chro-
mogranin A in plasma and MeImAA in urine before and after
antrectomy are presented in Table 6.

Prognosis
Figure 1 shows the cumulative survival for patients

with type 1, type 3, and type 4 carcinoid. Of the 51 patients
with type 1 carcinoid, 20 had died: 1 (2.0%) because of
metastases (clinical and radiologic diagnosis) 63 months after
radical total gastrectomy and 19 of unrelated causes accord-
ing to death certificates (very few postmortem examinations).
For patients with type 1 carcinoid, the 5-year survival rate
was 96.1% (range, 90.8%–100.0%) and the 10-year survival
rate 73.9% (range, 60.9%–86.8%). These rates did not differ
significantly from those in age- and sex-matched subjects in
the general population (5-year survival rate 98.0% (range,
94.2%–100.0%) and 10-year survival rate 88.2% (range,
79.4%–97.1%). The patient with type 2 carcinoid (also rad-
ically treated for gastrinoma) is alive without recurrence 71
months after diagnosis. After a median follow-up time of 95
months (range, 26–234 months), 1 of 4 patients with type 3
carcinoid had died 26 months after diagnosis, the cause of
death being gastric carcinoid with liver metastases. The
cumulative crude survival rate for the 9 patients with type 4
carcinoid was only 33.3% (range, 2.5%–64.1%) at 5 years
and 22.2% (range, 0.0%–49.4%) at 10 years after diagnosis.

TABLE 2. Numbers of Macroscopically Diagnosed Tumors
in Patients With Different Types of Gastric Carcinoid and
Maximum Tumor Diameter (the largest if multiple) in
Relation to Type of Gastric Carcinoid

Type of Carcinoid

No. of Tumors per Patient

Total1 2–5 6–10 >10

1 17 23 5 6 51*
2 0 0 0 1 1
3 4 0 0 0 4
4 8 1† 0 0 9

All 29 24 5 7 65

Maximum Tumor Diameter (mm)‡

Solitary
�Median (Range)�

Multiple (Largest)
�Median (Range)�

1 10 (4–80) 10 (5–50)
2 20 —
3 19 (13–30) —
4 43 (15–100) 15

*P � 0.020 for difference between type 1 and type 4.
†Two tumors (gastrinoma).
‡P � 0.004 for solitary tumors (Kruskall-Wallis test).

TABLE 3. Depth of Tumor Infiltration in the Gastric Wall in Relation to Type of Gastric
Carinoid and Occurrence of Metastasis in Relation to Type of Gastric Carcinoid

Type (no.) of Carcinoid

Tumor Infiltration*

Mucosa Submucosa Muscularis Subserosa Serosa

1 (51) 16 26 4 3 2
2 (1) 0 1 0 0 0
3 (4) 0 0 2 0 2
4 (9) 0 2 1 2 4

Metastases (the Most Distant)†

None Perigastric Lymph Node Regional Lymph Node Liver

1 (51) 47 1 2 1
2 (1) 0 1 0 0
3 (4) 1 0 0 3
4 (9) 2 0 0 7

*Chi-square analysis: P � 0.001.
†Chi-square analysis: P � 0.0001.
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Considering type 1 carcinoids, there was no significant
difference in survival rates between patients with solitary and
multicentric tumors, nor between patients treated with antrec-
tomy or not. Regarding solitary type 1 carcinoids, survival
rates did not differ between patients with a tumor diameter of
10 mm or less versus those with a tumor diameter of more
than 10 mm. Also, survival did not differ significantly be-
tween patients with type 1 carcinoid and tumor infiltration
into the submucosa, or not, nor between patients with tumor
infiltration into the muscularis propria, or not. However, the
survival rates were significantly lower in patients with type 1
carcinoid and metastases (5-year survival rate 75.0% �range,
32.6%–100.0%� and 10-year survival rate 25.0% �range,
0.0%–67.4%�) versus those without metastases (5-year
survival rate 97.9% �range, 93.7%–100.0%� and 10-year
survival rate 78.2% �range, 65.3%–91.0%�) (P � 0.008).
Five- and 10-year survival rates did not differ significantly
between patients with type 1 carcinoid treated less exten-

sively than recommended (N � 17; 94.1% �range, 82.9%–
100.0%� and 64.9% �range, 39.2%–90.6%�, respectively),
according to recommendations (N � 24; 95.8% �range,
87.8%–100.0%� and 77.2% �range, 59.4%–95.0%�, respec-

TABLE 4. Relation Between the Depth of Tumor Infiltration
in the Gastric Wall and Tumor Diameter Among Patients
With Type 1 Gastric Carcinoid and Relation Between the
Depth of Tumor Infiltration in the Gastric Wall and
Occurrence of Metastases Among Patients With Type 1
Gastric Carcinoid

Depth of Tumor
Infiltration

Maximum Tumor Diameter (mm)*

Solitary Tumor
Multicentric

Tumor

No.
Median
(range) No.

Median
(range)

Mucosa 6 7 (4–10) 10 5 (5–7)
Submucosa 8 10 (5–35) 18 10 (6–23)
Muscularis propria 1 14 3 12 (7–35)
Subserosa 1 40 2 18 (10–25)
Serosa 1 80 1 50

Metastases (the Most Distant)†

None

Perigastric
Lymph
Node

Regional
Lymph
Node

Extra-
Regional/

Liver

Mucosa 16 0 0 0
Submucosa 25 0 0 1
Muscularis propria 4 0 0 0
Subserosa 2 1 0 0
Serosa 0 0 2 0

Total 47 1 2 1

*P � 0.078 for solitary tumors and P � 0.0002 for multicentric tumors
(Kruskall-Wallis test).

†P � 0.0001 (�2 analysis).

TABLE 5. Type of Treatment Given up to the Time of
Conclusion of the Study in 65 Patients With Gastric
Carcinoid

Treatment

Type of Carcinoid

1 2 3 4

None/expectancy 3* 4†

Endoscopic extirpation 26‡ 1†

Surgical excision 2 2 1
Endoscopic ext. and surgical excision 3 1
Proximal gastric resection 1
Distal gastric resection 2 2
Antrectomy 9§

Total gastrectomy 7� 1¶

Total 51 1 4 9

Values are no. of patients.
*Two (one solitary tumor with diameter 8 mm and one with two tumors

with maximum diameter 10 mm) refused treatment and follow-up, and one
was operated for esophageal carcinoma shortly after diagnosis of carcinoid.

†All regional lymph node and liver metastases (one ACTH producing
tumor and one gastrinoma).

‡14 tumor free and 12 small (�5 mm) remaining or recurrent tumors
without signs of progression and which are successively being endoscopi-
cally removed.

§Three because of recurrence after radical endoscopic removal of multi-
ple tumors.

�One because of recurrence after radical endoscopic removal of multiple
tumors and one because of progression after antrectomy.

¶Simultaneous left-sided pancreatic resection and enucleation of gastri-
noma in pancreatic head and duodcnum.

ext. indicates extirpation.

TABLE 6. Median (range) of P-Gastrin (reference range
�50 pmol/L), P-Chromogranin A (reference range �4.0
nmol/L), and U-MeImAA (reference range 0.4–2.4 mmol/
mol creatinine) in 10 Patients Treated with Antrectomy for
Type 1 Gastric Carcinoid

Variable (unit)

Before
Antrectomy

�Median (Range)�

After
Antrectomy*

�Median (Range)�

P-Gastrin (pmol/L) 405 (229–1136) 27 (18–59)†

P-Chromogranin A
(nmol/L)

11.9 (3.6–19.4) 4.8 (2.5–10.4)‡

U-MeImAA
(mmol/mol creatinine)

1.5 (0.9–4.9) 1.4 (0.9–2.9)§

*Time interval 3–12 months.
†P � 0.008.
‡P � 0.046.
§P � 0.575.
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tively) or more extensively than recommended (N � 10;
100.0% and 80.0% �range, 55.2%–100.0%�, respectively).
There was a tendency (P � 0.091) toward a difference in 5-
and 10-year survival between 34 patients with type 1 carci-
noid, who were tumor-free (94.1% �range, 86.2%–100.0%�
and 84.6% �range, 72.0%–97.1%�, respectively), and 17 pa-
tients, who were not tumor-free (100.0% and 51.3% �range,
24.7%–77.8%�, respectively) at the conclusion of the study.
In the latter group, treatment was less extensive than recom-
mended in 10 of 17 (58.8%) of the patients, while the
corresponding rate for tumor-free patients was 7 of 34
(20.6%) (P � 0.011). Age, multicentricity of the carcinoids,
tumor size (diameter larger than 10 mm), invasiveness (infil-
tration beyond the submucosa), and metastasis formation did
not differ significantly between these 2 groups.

The results of Cox proportional hazard analysis regard-
ing type 1 carcinoids are given in Table 7, which shows that
the occurrence of metastases was the only factor with signif-
icant impact on survival.

DISCUSSION
Several authors have divided gastric carcinoids into 3

types: type 1 is associated with corpus predominant atrophic

gastritis, type 2 is associated with gastrinoma as part of
MEN-1, and type 3 is the sporadic type of ECL cell carcinoid
as well as other types of neuroendocrine, or mixed tumors
with or without hormone production.4,18,19 Other authors
have defined 4 types of which type 1 is associated with
atrophic gastritis, type 2 is the sporadic form, type 3 (classi-
fied as type 2 by others) is associated with gastrinoma and
MEN-1 and type 4 are other types of endocrine carcinomas or
mixed tumors.20 In this study, we preferred the classification
presented by Modlin et al,22 which combines previous clas-
sifications so that predominantly ECL cell carcinoids (types
1–3) and non-ECL-carcinoids (type 4) are distinguished, that
hypergastrinemic conditions are hold together (types 1 and 2)
and that increasing classification number (types 1–4) indi-
cates increasing degree of malignancy. However, it may be
difficult and unnessessary to distinguish between type 3 and
4 carcinoids in clinical routine, which could justify the
original classification of Rindi et al19 and Solcia et al.4

As shown previously,2,25 women were overrepresented
(74.5%) among patients with type 1 carcinoid and, taking
type 3 and 4 carcinoids together, men were overrepresented
(8 of 13) among gastrin-independent carcinoids.2 Regarding
age, we did not find any significant differences, although
others have shown that patients with type 1 carcinoid are
older than those with type 2, or 4, carcinoid.25

Not only the type 2 carcinoid is associated with other
neoplasias (MEN-1). As also shown by others, endocrine
diseases and other neoplasias were more common for patients
with type 1 carcinoid, but there was no indication of such a
relation for patients with type 3 and 4 carcinoid. A majority
of the patients with type 1 carcinoid had pernicious anemia.
This is not unexpected, since it represents the final stage of
corpus predominant atrophic gastritis. Two patients with type

TABLE 7. Cox Proportional Hazard Analysis of Possible
Factors Influencing the Survival of Patients With Type 1
Gastric Carcinoid

Hazard Ratio
(95% Confidence Interval) P

No. of tumors
1 1.00
2–5 0.99 (0.35–2.78) 0.987
6–10 0.63 (0.13–3.12) 0.574
�10 0.86 (0.08–9.43) 0.901

Depth of tumor infiltration
Mucosa or submucosa 1.00
Deeper than submucosa 0.19 (0.01–4.26) 0.296

Metastasis
No 1.00
Yes 22.42 (1.20–418.70) 0.037

FIGURE 1. Cumulative crude survival after the time of diagno-
sis among 51 patients with type 1 (circles), 4 patients with type
3 (triangles), and 9 patients with type 4 (squares) gastric
carcinoid. The difference between type 1 and type 4 was
significant (P � 0.0001, log rank test).

Borch et al Annals of Surgery • Volume 242, Number 1, July 2005

© 2005 Lippincott Williams & Wilkins70



1 carcinoid had gastric adenoma, which is in line with the
findings of others that gastric adenocarcinoma and carcinoid
may occur simultaneously2,43 and that atrophic gastritis is
also associated with increased risk of gastric adenocarci-
noma.44 Awareness of this fact is important not only at the
time of diagnosis, but also during follow-up of type 1
carcinoids.

We found that the majority of type 1 carcinoids were
asymptomatic and often detected at endoscopic examination
due to unrelated symptoms, or to screening of asymptomatic
individuals with atrophic gastritis. Only advanced tumors of
either type seem to cause symptoms and type 3 and 4 tumors
may secrete excess of amines/peptides in advanced stage.45

Patients with type 1 carcinoid had no specific hormonal
symptoms, although 4 (of 26) had slightly to moderately
elevated U-MeImAA (range, 3.4–11.1 mmol/mol creatinine).
Markedly elevated U-MeImAA was found in the patient with
type 2 carcinoid (50.2 mmol/mol creatinine) and in 1 of the
patients with type 3 carcinoid (30.8 mmol/mol creatinine).
Except for diarrhea in the latter case, no specific symptoms
related to hypersecretion of histamine (ie, atypical carcinoid
syndrome: facial edema, flushing, lacrimation, headache, or
bronchoconstriction)20,46,47 were evident. When markedly
elevated U-MeImAA or 5-HIAA levels, or an atypical carci-
noid syndrome are at hand, it is important to pretreat the
patient prior to surgery.

Besides 1 patient with 2 gastric gastrinomas, only type
1 carcinoids were multicentric (66.7%). Considering solitary
tumors (all types), the diameter increased significantly with
classification number (types 1–4). A similar correlation was
found between the depth of tumor infiltration and occurrence
of metastases. These findings corroborate with previous find-
ings2,18,20,21,24–28,45–48 and consolidate the classification sys-
tem. Regarding type 1 carcinoids, there was also a positive
correlation between tumor diameter and tumor invasive-
ness as well as between the invasiveness and presence of
metastases. Although seemingly logical, these relations
have not previously been proven statistically. It is, how-
ever, well recognized that mestastases are rare in these
patients.2,18,20,23–26,28,45,47,48

Several authors have suggested management strategies
for gastric carcinoids, especially type 1.20–23,27,28,37 Regard-
ing type 3 and 4 carcinoids, there is no doubt that they should
be treated aggressively with radical resection, lymph node
dissection and management of liver metastases and hormonal
symptoms. Unfortunately, only palliative treatment of liver
metastases can be offered to most of these patients. The
management of the type 2 carcinoid is complex. As shown in
our patient and other studies,25,26,47 these tumors are not
infrequently associated with metastases, which should be
localized and treated concomitantly with the gastrinoma.
Type 1 carcinoids have probably been overtreated, which also
was the case in the present study. It is generally agreed that

it is safe to treat a limited number of small tumors endoscop-
ically.20–23,27,28,37 Since such tumors may be stationary, or
even regress over time,49,50 some authors have suggested a
conservative approach without removal of the tumors.27

However, there are no prospective controlled studies on this
approach, neither whether endoscopic surveillance is neces-
sary. Regarding large or numerous type 1 tumors, the deci-
sion making is easier. As shown in the present and other
studies, these tumors may, although rarely, be associated with
regional lymph node2,20,23,29,51 or even liver metastases,51 the
only factors that influence long-term survival.

This is the first study that has implemented antrectomy
as a routine on certain indications in patients with type 1
carcinoid. A total of 10 patients underwent this treatment,
which resulted in abolishment of hypergastrinemia (ie,
antrectomy was complete) and a significant reduction of the
P-chromogranin A concentrations in all patients. Of 8 pa-
tients with residual tumors after antrectomy, 7 became tumor-
free and 1 had tumor progression after a median of 36
months. Including the 2 patients that were made tumor-free
at the time of antrectomy, a total of 9 patients were tumor-
free at follow-up after a median of 65 months. Thus, as
also shown in other studies, antrectomy is efficient in the
majority of cases to prevent tumor recurrence. We found a
total of 19 cases treated with antrectomy in the literature. In
3 of these, tumor regression did not occur or was only
partial.20,29–33,52–55 Including the present series, antrectomy
failed in 4 (13.8%) of 29 cases. These carcinoids may have
been incorrectly classified, or as previously pointed out4,6,16

other factors than hypergastrinemia were involved in their
pathogenesis. A suppression test with octreotide has been
suggested as an examination to evaluate the expected effect
of antrectomy.33

Despite the occurrence of metastases (perigastric lymph
nodes in 3 and liver in 1) at the time of diagnosis in 4 patients
with type 1 carcinoid (all treated with radical surgery), the
overall 5- and 10-year survival rates did not differ from that
in the general population. This corresponds well with the
findings of others.24,25,28,43,48,56 With such low mortality, it is
difficult to show differences between subgroups. Although
there was no difference in long-term survival between pa-
tients with type 1 carcinoid treated as recommended, or not,
there was a tendency toward longer survival among those
without tumor versus those with residual tumor at the end of
the study. Furthermore, survival rates were significantly
lower among patients with type 1 carcinoid and metastases
versus those without metastases. Cox proportional hazard
analysis underlined this finding.

The treatment recommendations regarding type 1 car-
cinoids used in this study seem to be adequate, although the
safety margin in case of a limited number of small tumors
may be too wide. The recommendations for treatment of type
1 carcinoids were radical endoscopic removal for up to 5
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tumors with a maximum diameter of 10 mm and antrectomy
for more than 5 tumors with a maximum diameter of 10 mm.
For tumors larger than 10 mm (regardless of number), antrec-
tomy was recommended with surgical excision of tumors
larger than 10 mm. With signs of serosal involvement, or
spread outside the stomach, total gastrectomy with proper
lymph node dissection was advised. Whether the safety
margin in this recommendation is too wide can only be
established in a long-term prospective randomized study
(treatment and surveillance versus surveillance only), which
is difficult to perform considering the low incidence and slow
development of these tumors. Presently, we conclude that
these patients should be examined endoscopically once a year
with removal of any residual or recurrent tumors. The control
interval can probably be prolonged, when all lesions have
been removed.

CONCLUSION
Subtyping of gastric carcinoids is helpful in the predic-

tion of tumor agressiveness and long-term survival and is a
guide to management. Long-term survival after treatment
does not differ from that in the general population regarding
type 1 carcinoids and is poor regarding type 4 carcinoids.
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