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Abstract
Background and Purpose: Since data regarding type I gastric carcinoid tumors and their evolution in pros-
pective studies are scarce, unanimity has not been reached regarding treatment and follow-up. Our purpose 
is to describe the use of argon plasma coagulation (APC) for the eradication of multiple type I gastric carcinoid 
tumors and to observe behavior over time following treatment. Methods: Over a period of seven years from July 
2005 to June 2012, fourteen patients with neuroendocrine gastric tumors were treated endoscopically at two 
tertiary medical centers. Argon plasma was applied to eradicate multiple gastric carcinoid tumors. Then, patients 
underwent follow-up endoscopic examinations. Results: None of the patients presented specific symptoms or 
signs related to the presence of chronic atrophic gastritis, and all diagnoses were incidental findings during 
endoscopy. Biopsies obtained endoscopically prior to intervention showed polyps that were type I intramucosal 
neuroendocrine tumors. The median diameter was 3.8 mm, with a range from 2mm to 10mm. Seven cases (50%) 
were associated severe atrophy while multifocal atrophy was found in 29% of the cases. H. pylori were found in 
seven patients (50%) during an average follow-up of 46 months. Follow-up periods ranged from 17 to 84 months. 
Patient survival was 100%. Even though ten patients (71%) suffered recurrences, all lesions were eradicated. 
Gastrin, chromogranin A, mitotic index, and Ki 67 were all evaluated, and patients were also tested for autoim-
mune diseases. No bleeding or perforations occurred during procedures. Conclusions: The use of endoscopic 
argon plasma to completely eradicate type I gastric neuroendocrine tumors is safe and easy.
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INTRODUCTION

The general incidence of neuroendocrine tumors (NETs) 
has grown over the last 30 years  (1). Gastric carcinoid 
tumors, or as they are now called gastric neuroendocrine 
tumors (G-NETs),  arise from the enterochromaffin cells 
(EC) which produce histamine although they may occa-
sionally have a phenotype suggesting another origin. These 
include EC which produce somatostatin and cells that pro-
duce ghrelin (3). The EC are classified as gastrin dependent 
or independent although both express the CCK2 gastrin 
receptor  (4).  G-NETs are rare lesions which account for 
7% of all NETs and 1% of all gastric tumors. The 2010 his-

tological classification of these tumors by the World Health 
Organization (Table 1) is as follows:
a.  Well-differentiated low grade and intermediate grade 

NETs (G1, G2)
b.  Poorly differentiated NETs (G3, G4).

Gastrin dependent G-NETs are related to conditions that 
induce hypergastrinemia such as chronic atrophic gastri-
tis (Type I, 70-80%) and gastrinomas with Zollinger Ellison 
Syndrome (Type II, 5-6%). Type III tumors (20%) and 
Type IV tumors (<5%) are independent of gastrin, can be 
present with normal levels of gastrin, and do not respond to 
gastrin as a promoter of proliferation (6, 7). Type II tumors 
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are associated with mutations of the MEN-1 gene.  Gastrin 
independent tumors have not been investigated enough 
and their pathogenesis is controversial (8, 9).

Table 1. WHO classification of NETs (5).

 Grade 1 Grade 2 Grade 3 *
Metastasis - - +
Muscularis propria invasion - ± +
Tumor size (cm) ≤ 2 > 2 Any
Mitosis / 10 CAP <2 2-20 > 20
Ki 67 index (%) ≤ 3 3-20 > 20
Angioinvasion Never Delayed Always

* Grade 3 tumors were divided into small and large cell neoplasia
CAP **: high-power fields

The Type I G-NETs are generally asymptomatic, while 
type II may lead to peptic ulcer disease because of hype-
racidity. Types III and IV which are undifferentiated pre-
sent large and ulcerated tumors (6). Often Type I G-NETs 
show no specific symptoms associated with chronic atro-
phic gastritis and diagnosis is an incidental finding during 
upper endoscopy.  They are well-differentiated NETs  with 
low Ki67 indices. Multiple Type I tumors often occur in 
the proximal stomach. They usually look like small Polyps 
(<2 cm) although up to 25% of Type I G-NETs are not 
macroscopically visible during endoscopy. They become 
only apparent in histological study. In such cases they are 
called intramucosal carcinoid tumors (10).

Previous studies of Type I G-NETs have been retrospec-
tive and have included limited numbers of patients of all 
types. They describe an indolent course with few reports of 
regional or metastatic compromise (11-15).

Management of Type I G-NETs has not yet been 
established, but several alternatives have been sugges-
ted.  Gastrectomy has been proposed for multiple and/or 
larger lesions and for patients who relapse after endoscopic 
resection (16, 17).  Somatostatin analogs have been pro-
posed because they reduce tumor growth in vitro and in 
vivo (18-20). One management technique that has already 
been evaluated is endoscopic resection with subsequent 
endoscopic follow. Nevertheless, most of the small number 
of studies that evaluate this therapeutic option have small 
samples of patients with different management options and 
little information about recurrence (13, 15, 17, 21).

The first reported experiences of treatment of NET with 
argon plasma have shown good results treating bronchial 
NETs  (22-25). NET management with argon plasma 
has been described in case reports, but there are very few 
reports, with small numbers of patients, of the use of argon 
plasma therapy for NETs in the gastrointestinal tract (26, 

27).  In 2005, two third level medical centers in Medellin 
began using argon plasma to treat Type I G-NETs with 
prospective follow-up of these patients. The main objec-
tives of this study are to evaluate the clinical prognosis, 
including survival and tumor progression, of a consecutive 
series of patients with Type I G-NET managed with argon 
plasma. The secondary objectives are to evaluate the recu-
rrence rate and risks of endoscopic removal. 

METHODS

Patients and study design

Patients diagnosed with Type I G-NET between July 2005 
and June 2012 who were managed endoscopically were 
included in this study and followed prospectively with 
endoscopy.

Upon entry into the study various variables of patient 
information were recorded in an Excel form developed for 
this purpose and for use as the source database. Information 
recorded included patients’ sexes, ages, family histories of 
peptic ulcer disease, presence of thyroiditis and/or diabe-
tes mellitus Type I, laboratory tests, degree of atrophy, state 
of EC, and H pylori infections.

Diagnoses of chronic atrophic gastritis were based on his-
tological confirmation from multiple biopsies taken from the 
gastric antrum and corpus. Gastritis was evaluated according 
to the updated Sydney System (28). Gastric atrophy in the 
corpus was defined by the focal intestinal metaplasia or com-
plete replacement of oxyntic glands by intestinal metaplasia. 
This variable was graded on a scale from absence of atrophy 
(grade 0), to mild atrophy (grade 1), to moderate atrophy 
(grade 2) to severe atrophy (grade 3). Antral atrophy was 
defined as focal intestinal metaplasia or complete disappea-
rance of or antral glands and their replacement by metaplas-
tic intestinal epithelium.

To define the stage of the EC, the classification system deve-
loped by Solcia was used (29). Proliferative cells with a diame-
ter of less than 150 microns were considered to be hyperplas-
tic, but could have different patterns including normal, simple 
line pattern, micronodular and adenomatous.  Dysplasia was 
diagnosed when proliferation was greater than 150 microns 
but less than 500 microns. Proliferation  greater than 500 
microns was defined as a Type 1 G-NET.

Diagnosis of pernicious anemia was based on the pre-
sence of macrocytic anemia (hemoglobin <13 g/dl in 
men and <12 g/dl in women with CV> 100 fl), low levels 
of vitamin B12 (<197 pg/ml), IM B12 responsive and the 
presence of atrophic gastritis in the corpus (30).

A diagnosis of autoimmune thyroiditis was based on the 
presence of thyroid autoantibodies and ultrasound sugges-
tive of thyroiditis, independent of thyroid function (31).
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Complete blood tests and tests for serum gastrin, chro-
mogranin A, ferritin and Vitamin B12 were performed. The 
presence of H pylori was established by biopsies of samples 
taken endoscopically from the antrum.  Once the presence of 
H pylori was diagnosed, the patient was treated with standard 
triple therapy of omeprazole, clarithromycin and amoxicillin. 
Eradication was monitored by breath test one month after 
completion of therapy.  The multiple endocrine neoplasia 
syndrome was ruled out on the basis of studying symptoms, 
personal history, family history, and laboratory tests.

When viewed endoscopically, Type I G-NETs characte-
ristically appear to be small polypoid lesions less than 1 cm 
in diameter with subepithelial lesions. They present nor-
mal or increased vascularity and yellowing mucosa. When 
depression, erosion or ulceration is observed the possibi-
lity of carcinoma is suggested (Figures 1 to 4).

Figure 1. Endoscopic aspects of Type I G-NET with conventional light 
and FICE.

Figure 2. Endoscopic aspects of Type I G-NET with conventional light 
and NBI.

Figure 3.  Multi-susceptible Type 1 G-NET and endoscopic treatment 
with argon plasma.

Figure 4. Large Type 1 G-NET handled by polypectomy.
 

Therapeutic endoscopic procedures were performed 
under sedation with meperidine and midazolam. All visible 
lesions were treated with argon plasma with predetermi-
ned parameters of  50 W power,  a flow rate of 1 lt/min, 
a distance of 2 to 4 mm from the catheter, and pulses of 1 
to 2 seconds of duration. Contact with the tissue was avoi-
ded. Following procedures the area was cleaned to remove 
debris, saliva and/or mucus (Figures 5 and 6).
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Figure 5. Treatment of multiple Type I G-NETs with argon plasma.

Figure 6. The arrows show scars from previous argon plasma treatments.
 
Biopsy samples were also taken from the corpus and 

antrum with oval, fenestrated and standard forceps. None 
of the patients was studied with endoscopic ultrasound. 
Patients were monitored for between 4 and 6 months 
following initial treatment During this follow up biopsies 
were taken from the antrum and corpus to try to iden-
tify intramucosal endocrine neoplasia  (32).  In cases of 
endoscopic removal of lesions  samples were preserved in 
10% buffered formalin, processed in 5 micron thick sec-
tions, and stained with hematoxylin and eosin for routine 

evaluation. No specific staining for H pylori or for detec-
tion of intestinal metaplasia was performed.

Histological studies used hematoxylin and eosin and 
various other stains that are specific for these neoplasias 
such as synaptophysin, chromogranin and cell proliferation 
index Ki 67 (Figure 7). 

Follow-up time was measured the moment of endosco-
pic intervention in which the ablation of lesions with argon 
plasma was performed until the last follow up examina-
tion. Recurrence time was defined as the interval between 
therapy with argon plasma and detection of a new lesion 
during an endoscopic examination. Endoscopic complica-
tions were recorded at the time of surgery and during the 
follow-up period.

Data analysis and statistical evaluation

Statistical analysis was performed using IBM SPSS software 
version 18. Data were expressed as medians (interquartile 
range 25-75) Analysis of recurrence-free time was per-
formed using the Kaplan-Meier analysis.  Univariate risk 
factor analyses were made   with the proportional risk Cox 
model. The p was considered significant when it was <0.05.

RESULTS

Fourteen patients with type I G-NETs were treated endos-
copically with argon plasma. There were eleven women 
(78%), the average age was 67 years, and the average gastrin 
level was 685 pg/dl (Table 2).

Table 2. General characteristics of patients.

Features All Recurrence
Yes 
(10)

No (4)

Sex, women 11 (78%) 8 3
Mean age in years 67 (56-77) 68 63
Family history of gastric cancer 3 2 1
History of peptic ulcer 2 1 1
Autoimmune Disease 6 4 2
Iron Deficiency Anemia 5 4 1
Megaloblastic Anemia 3 2 1
Gastrin mean pg/dl 685.6 (324-1030) 786.3 434
Chromogranin A, average ng/dl 248.8 (117-410) 277.1 178.2
Presence of H pylori 7 5 2

 

At diagnosis average lesion size was 3.8 mm. All patients 
had multiple lesions, and in two cases intramucosal carci-
noids were present (Table 3).
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Table 3. Endoscopic and histological findings. 

 All Recurrence
Yes (10) No (4)

Endoscopic Features
Average size mm 3.8 (1-6) 3.8 2.5
Multiple lesions ≤ 3 5 3 2
Multiple lesions 4-5 5 3 2
Multiple lesions > 5 4 4 0
Mean number of endoscopies 6 (2 to 10) 7 3

Histological characteristics
Mild-Moderate Gastric atrophy 7 4 3
Severe Gastric Atrophy 7 6 1
CE Single or linear pattern 2 1 1
CE micronodular pattern 4 3 2
EC Adenomatous pattern 5 3 1
EC Dysplasia pattern 3 3 0
Intramucosal carcinoid 2 2 0

 
All patients were treated endoscopically with argon 

plasma. There were no therapy-related complications and 
no need for hospitalization of any patients.

Fifty percent of these patients had mild to moderate atro-
phy, and 50% had severe atrophy. Four patients (29%) also 
had antral atrophy which configures multifocal atrophy. 

Mean follow-up time was 46 months (18 to 84 months). 
The number of endoscopies performed during follow-up 
ranged from 2 to 10, and the average number was six. No 
tumor-related deaths occurred.  During follow-up at least 
one imaging study was performed on patients (CT scan or 
abdominal MRI) but they did not show evidence of local, 
regional or distal compromise.

After initial therapy with argon plasma recurrences were 
detected during follow-up in 10 of 14 patients (71%), but 
four patients presented no additional lesions. The first recu-
rrence occurred 6 months after treatment on average. The 
one year recurrence rate was 42% (Figure 8). Nine patients 
experienced multiple recurrences (Table 4).

When evaluating recurrence, we found that severe atrophy 
and anemia (75%) are risk factors for recurrence (85.7%).

DISCUSSION

This prospective multicenter study based on endosco-
pic monitoring of patients following treatment of Type 1 

Figure 7. A. hematoxylin and eosin. B. Synaptophysin. C. Chromogranin. D. Ki 67 cell proliferation index. Photos provided by pathologist Dr. 
Camilo Pérez.  
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of Type I G-NETs include various surgical procedures 
depending upon the number and sizes of lesions and upon 
whether or not polyps are recurrent. Limiting treatment 
to conservative management has been proposed for cases 
of small Type I G-NETs (16, 38). Promising results have 
been reported in the literature for the use of somatostatin 
analogs in patients with multiple Type I  G-NETs who have 
no signs of invasion (18-20, 33, 39, 40). 

Another option is a conservative approach combined 
with endoscopic resection of lesions. Nevertheless, there 
are no series with long-term follow-up that demonstrate 
its effectiveness  (41-43). Since Type I G-NETs develop 
slowly, other authors have proposed expectant manage-
ment limiting resection to large polyps with signs of dis-
semination  (12, 44).  Nevertheless, since patients with 
atrophic gastritis body are at risk of developing carcinoma, 
resection of any raised lesion resection is mandatory. The 
annual incidence of adenocarcinoma in these patients is 
0.25% in cases with intestinal metaplasia, 0.6% in cases 
of mild to moderate dysplasia, and 6% for severe dyspla-
sia (45, 46).

The main objective of this study was to determine the cli-
nical prognoses of Type I G-NET patients who were mana-
ged with endoscopic argon plasma ablation. The survival 
rate was 100% after a median of nearly 5 years of follow-
up without evidence of local or distal metastatic compro-
mise. These findings suggest that conservative endoscopic 
management is effective and safe. No patients had com-
plications related to endoscopy, and none were hospitali-
zed. Conversely, the increased morbidity and mortality and 
the unfavorable impact on the quality of life of undergoing 
gastrectomies must also be taken into account.

Surgery remains for patients with malignant lesions 
(carcinoma or poorly differentiated neuroendocrine 
tumors) if detected during evolution.  In this study, no 
carcinoma-like lesions were found.  Close monitoring 
allows early detection of local and regional compromise 
and avoids adjuvant therapy.

These tumors can also be detected as intramucosal neo-
plasias.  Since many of them are not visible, it cannot be 
determined if they are recurrences or if they were present 
in previous endoscopies.  In these patients, mapping with 
gastric biopsies during follow-up endoscopies increa-
ses the possibility of finding intramucosal neuroendocrine 
tumors (32, 46).

It has been suggested that Type I G-NETs are related to 
moderate to severe gastric atrophy in the gastric corpus, but 
they have also been found in cases of mild atrophy in the 
corpus (15-19). In our series, 50% of the patients presented 
mild to moderate gastric atrophy. This histological pattern 
is applicable to  EC and to the mere presence of simple 
linear hyperplasia associated with Type I G-NETs. This is 

G-NETs with argon plasma ablation shows that this pro-
cedure is safe and effective. The study had a 100% survival 
rate without metastases or complications related to inter-
vention plus it made early detection of recurrences of neu-
roendocrine neoplasms possible during follow-up.

This study shows that this neoplasm has a high rate of recu-
rrence, and several patients had more than one recurrence. 
This possibility had has already been suggested by the study 
of Merola of a group of 32 patients managed with endosco-
pic resection of lesions with prospective follow-up (21).

Data from other retrospective and multicenter studies 
show that patients with Type 1 G-NETs arrive with multi-
ple lesions in the gastric corpus and fundus and that beha-
vior can be more aggressive with a higher rate of prolifera-
tion during follow up (13, 15, 21, 33-35).

To date it has been difficult to evaluate the biological 
behavior of Type I G-NETs and to standardize treatment 
because studies have been based on small numbers of 
patients and cases, have been retrospective and multicen-
ter, have included all types of gastric neuroendocrine neo-
plasms, and have analyzing tumors with different progno-
ses together (13,15, 33-37).

Some authors suggest that surgery is the only alterna-
tive capable of preventing progression of tumors and resol-
ving hypergastrinemia (16, 17). Proposals for management 
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Figure 8. Type I G-NET recurrence-free period. 

Table 4. Recurrence Features. 

Recurrence Total recurrences Median in months
None 4/14 (29%)  
One 1/14 10
Two 5/10 8 (6-14)

Three 4/10 9 (7-19)
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tin analogue. Eur J Gastroenterol Hepatol 2007;19:1021-5.
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consistent with reports showing a small percentage of Type 
I G-NETs with simple linear hyperplasia (34).

The second objective was to evaluate the recurrence 
rate. In this series of cases the recurrence rate was 71% after 
initial resection. However, as previously suggested Type I 
G-NETs are often small multiple lesions which may even 
have intramucosal carcinomas. For this reason it is not pos-
sible to pinpoint how many really result from recurrence 
and how many were simply not seen during the initial 
endoscopy. Endoscopic examinations were performed bet-
ween 6 and 12 months after the initial procedure depending 
upon whether or not recurrence had occurred.  For patients 
without recurrences, follow-up was done every 12 months. 
This could be extended to every 2 to 4 years depending on 
the occurrence of gastric atrophy (21). 

When tumors recur after the first intervention, risk fac-
tors must be identified. E endoscopic follow-up should 
be strictly reserved for these patients. Anemia (75%) and 
severe atrophy (8 5.7%) were present more often in patients 
who suffered recurrences than in those who did not.

The main limitations of this study are the small number 
of patients and the relatively short follow-up period. Due 
to the rarity of this condition, prospective and multicenter 
studies are required to solve these problems. Another limi-
ting factor is the concept recurrence since there is a possi-
bility that multiple residual lesions will remain after initial 
therapy. However, a six months follow-up period appears to 
be effective in controlling the growth of EC without affec-
ting the probability of recurrence.

CONCLUSIONS

This study shows a high rate of recurrence of these lesions 
but with a very low risk of malignancy. It also shows that 
endoscopic management is safe and effective with 100% 
survival and that endoscopic follow-up allows early detec-
tion of recurrence. More studies are needed to determine 
the risk factors for recurrence of  Type I G-NET.
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