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Abstract

Purpose: The purpose of the study is to investigate the
computed tomographic characteristic and clinical find-
ings of gastric neuroendocrine carcinoma (G-NEC) to
increase awareness of this disease.
Methods: Twenty-two patients with a diagnosis of G-
NEC were identified through the PACS of our hospital
from August 2010 to November 2014. The clinical data,
computed tomography (CT) features, and pathology
records were analyzed.
Results: Among the 22 patients, 21 were male (95.45%),
and 1 was female (4.55%). The mean age was 63.5 years
old. Positive rates of neuroendocrine markers were
77.28% for chromogranin A staining, 86.36% for synap-
tophysin staining. All cases were single lesions including
16 (72.73%) in the gastric fundus, 3 (13.64%) in the
gastric body and 1 (4.55%) in the gastric angle.
Additionally 2 (9.09%) were found in the gastric antrum.
Gastric wall was local thickening in 15 cases, and mass
formation in 7 cases, with the stenosis and deformation
of the adjacent gastric cavity. The long-axis diameter of
the lesions ranged from 1.2 to7.4 cm (mean diameter,
2.47 cm), and the long-axis diameter was <2 cm in 12
case, 2–7.4 cm in 10 cases. The radiodensity values of the
lesions were homogeneous density in 15 cases ranging
from 22 to 47 HU (mean 34 HU). An ulcer with an
irregular base and slightly raised borders located in the
stomach was seen in 19 cases. The CT images showed
homogeneous enhancement in 15 cases and heteroge-
neous enhancement in 7 cases. Obvious enhancement
was seen in two cases, moderate enhancement was seen in
sixteen cases, and mildly enhancement was seen in four
cases. The peak value occurred in the arterial phase in 5
cases and the peak value was seen in 17 cases in the
portal phase. Eleven lesions invaded the gastric serosa,
and lymphatic metastasis was observed in 21 cases, 8 of

which were combined with liver metastasis. CT images
revealed 2 cases of the liver metastasis had obvious
enhancement.
Conclusion: The CT features regarding location, inci-
dence rates of ulcer and enhancement pattern described
in our findings are common in all malignant gastric
tumors. Therefore, the diagnosis of G-NEC must be
confirmed with pathological test.
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Abbreviations

CT Computed tomography

G-NEC Gastric neuroendocrine carcinoma

NENs Neuroendocrine neoplasms

NEC Neuroendocrine carcinoma

Neuroendocrine neoplasms (NENs) are an extremely
rare malignant tumor arising from neuroendocrine cells
of the diffuse neuroendocrine system. This entity was
described in 1907 by Oberndorfer et al. [1]. It occurs in 1–
2 cases/1000000 persons per year and accounting for
8.7% of all gastrointestinal NENs. The increased inci-
dence is due to the better awareness of the disease [2].
According to the World Health Organization (WHO)
2010 classification [3], gastrointestinal NENs are classi-
fied as neuroendocrine tumor G1, neuroendocrine tumor
G2, neuroendocrine carcinoma (NEC), small cell type,
large cell type, and mixed adenoneuro endocrine carci-
noma (a new term for mixed tumors). Due to the highly
malignant biological behavior, the operative planning
and the prognosis of the gastric NEC (G-NEC) is quite
different compared with well-differentiated gastric NENs
[4, 5].Therefore, it could be very helpful to understand
the G-NEC’s medical image features and make an
accurate diagnosis of G-NEC before surgery.Correspondence to: Jian-Bo Gao; email: liangpan.1@163.com
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Currently, approximately one hundred and seventy
cases of G-NEC have been reported in the English
medical literature. However, to the best of our knowl-
edge, the majority of them have focused on the clinical
characteristics and prognosis. Very little emphasis has
been placed on the radiological presentations of this tu-
mor [6–8].The appropriate pre-operative diagnosis and
operative planning could be delayed due to a difficult
early definition of the clinical and radiological presen-
tation of this disease. The present study analyzed our
experience with 22 patients with G-NEC to help radiol-
ogists recognize this tumor when making a diagnosis.

Materials and methods

Patient selection

This study was approved by the institutional review
board, and the requirement for written informed consent
was waived in this retrospective study. From August
2010 to November 2014, We searched pathology records
and the PACS system, and identified 22 patients with G-
NEC. The search terms included: (stomach) and (neu-
roendocrine carcinoma). All patients had undergone
gastroscopic biopsies before treatment. The patients in-
cluded twenty-one men and one woman ranging in age
from 43 to 80 years with a mean age of 63.5 years at first
diagnosis (Table 1).

CT evaluation

Since all patients with suspected gastrointestinal disease
will likely to have metastatic in liver. Therefore, all pa-
tients underwent a dual-phase contrast-enhanced CT
examination (i.e., unenhanced and two-phase contrast-
enhanced CT studies). Patient with suspected gastroin-
testinal disease had preparation, which included oral
administration of 600–1000 mL of water to distend the

stomach immediately before the CT scanning, followed
by an injection of 40 mg of butyl scopolamine for
decreasing bowel peristalsis and facilitating hypotonia.
All CT examinations were performed with a 64 multi-
detector (Discovery CT750HD, GE Healthcare, Wis-
consin, USA). The imaging parameters were as follows: a
tube voltage of 120 kV, a tube current of 350 mA,
rotation time of 0.5 s. Additionally it was used a field of
view of 500 mm, matrix of 512 mm, and section thick-
nesses of 0.75 mm. 70–120 mL (1.5 mL/kg) of a non-
ionic contrast medium (iopromide, 370 mg/mL) was in-
jected at a rate of 3 mL/s via the ante cubital vein by a
dual-head pump injector (Medrad, Warrendale, USA).
Finally, 20-mL saline flush was injected at a rate of
3 mL/s. Each of the datasets was reconstructed with 5-
mm thickness. Contrast-enhanced CT scans were per-
formed with a scanning delay of 30 s (arterial phase) and
70 s (portal venous phase) after start of intravenous (i.v.)
injection of iopromide. CT dose index volume for the 3
phases was 15 mSv.

Image analyzes

The CT images were analyzed in consensus by two
radiologists with 14 and 30 years’ experience in abdom-
inal CT. All analyses were performed at AW4.4 work-
station (GE Healthcare, Waukesha, Wisconsin) and
radiologists were blinded to the clinical information of
patients. The evaluated parameters included the tumor
location (gastric fundus, gastric body, gastric angle, and
gastric antrum), long-axis diameter, shape (focal thick-
ening or mass), attenuation (measured at all enhanced
phases), and characteristics of enhancement. The char-
acteristics include enhancement pattern and degree of
enhancement. The enhancement pattern of the tumor
was classified as homogeneous or heterogeneous based
on arterial phase. The degree of enhancement the tumor
was based on dynamic CT imaging using HU attenuation,
where ‘‘obvious enhancement’’ if ‡40 HU, ‘‘moderate
enhancement’’ if ‡20 HU and ‘‘mildly enhancement’’ if
<20 HU. The region of interest (ROI) was placed at the
center of the mass far away from the areas of focal
changes, large vessels, and prominent artifacts. All mea-
surements were repeated three times at the three con-
tiguous imaging levels, and average values were calculated
to ensure consistency. In addition, patient’s age, sex,
symptoms, and duration of symptoms, were reviewed.

Pathological evaluation

The pathological images were analyzed by two patholo-
gists, independently. According to the 2010 WHO clas-
sification of digestive system tumors, the morphological
findings of endocrine features on an HE-stained section
should be combined with the neuroendocrine markers
(including synaptophysin and chromogranin A) before a

Table 1. Clinical and pathological factors of the 22 G-NEC patients

Characteristics N %

Sex
Female 1 4.55
Male 21 95.45

Age
<60 years 5 22.72
‡60 years 17 77.28

Tumor location
Fundus 16 72.73
Body 3 13.64
Angle 1 4.55
Antrum 2 9.09

Extension of primary tumor
T1–T3 11 50
T4 11 50

Lymph node involvement
Yes 21 95.45
No 1 4.55

Liver involvement
Yes 8 36.36
No 14 63.64
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definitive diagnosis of G-NEC was made [9]. When the
percentage of tumor cells with strong immunoreactive
intensity was more than 5%, the tumor was classified as
positive for marker [10]. The Ki-67 labeling index and the
mitotic count were applied to evaluate the grading of the
tumors, in which NEC require the cut-off value for Ki-67
labeling index as ‘‘more than 20% of 2000 cells’’ or for
mitotic count as ‘‘more than 20 per 10 high-power field’’
in areas of highest nuclear labeling [9]. According to the
WHO classification, the TNM staging of tumors was
determined by the pathological and radiographic find-
ings.

Results

Patient characteristics

The Clinical and pathological factors of G-NEC patients
are summarized in Table 1. All of the 22 tumors were
diagnosed as G-NEC, of which 17 (77.28%) tumors were
positive for chromogranin A staining and 19 (86.36%)
were positive for synaptophysin staining. Most of the
patients presented with nonspecific symptoms including
epigastric pain or discomfort (n = 15), dysphagia
(n = 2), nausea or vomiting (n = 2), and hematochezia
(n = 2). Other presenting symptoms included acid reflux
(n = 5), haematemesis or tarry stool (n = 4). 3 (7.0%)
were found at medical checkups without any clinical
symptoms. None of the patients were found having
carcinoid syndrome. The time from the symptoms pres-
ence or medical checkup to hospital ranged from 25 to
240 days, with a median of 60 days.

CT findings

Among 22 cases of G-NEC, all the cases showed a single
tumor. Sixteen (72.73%) were located in the gastric fun-
dus (Fig. 1A), three (13.64%) in the gastric body and one

(4.55%) in the gastric angle. Additionally, two (9.09%)
was seen in the gastric antrum on the greater curvature
aspect (Fig. 2A). The CT manifestation of this tumor
included local (n = 15) thickening of gastric wall or
mass formation (n = 7), with a stenosis and deformation
of the adjacent gastric cavity. The long-axis diameter of
the lesions was 1.2 to 7.4 cm (mean size, 2.47 cm).
Twelve (54.55%) of the 22 lesions were less than 2.0 cm.
The remaining ten (45.45%) were 2.0 to 7.4 cm. In our
series, eleven (50%) of the 22 cases of G-NEC were
identified as local thickening of the gastric wall with the
long-axis diameter <2.0 cm. Six (27.27%) were classified
as mass formation with the long-axis diameter of 2.0 to
7.4 cm. Fifty percent of the tumors showed invading the
gastric serosa consistent with the results of pathological
diagnosis. The main changes of the CT imaging features
were an irregular outer layer of the gastric wall and
haziness of the perigastric fat. CT findings in 18 patients
were interpreted as gastric adenocarcinoma and gastric
lymphoma in four.

The tumor showed predominantly homogeneous
density with the radiodensity values of solid masses
ranging from 22 to 47 HU (mean 34 HU) in non-contrast
phase. In 19 cases, an ulcer was demonstrated to be
present in the stomach with an irregular base and slightly
raised borders. Homogeneous enhancement was seen in
fifteen cases (68.18%, 15/22), with the radiodensity values
of arterial phase ranging from 44 to 171 HU and venous
phase ranging from 61 to 143 HU. 31.82% (7/22) cases
demonstrated heterogeneous enhancement due to the
necrotic or cystic areas. After enhancement, obvious
enhancement was seen in two cases, moderate enhance-
ment was seen in sixteen cases (Figs. 1B, 2B), mildly
enhancement was seen in four cases. The peak value of
the tumor was found in 5 cases in the arterial phase and
seventeen in the portal phase. Lymph node involvement
was found in 21 cases, mainly fasten on retro peritoneum

Fig. 1. G-NEC in 72-year-old man. A Unenhanced CT im-
age of stomach reveals a 3.1 cm tumor of heterogeneous
attenuation, with an ulcerated surface and an irregular outer layer
of the gastric wall, accompanied by a liver metastasis, at the

fundus of the stomach. B Contrast-enhanced CT image shows
moderate enhancement of mass, with the peak value of the tumor
on the portal phase. B1 Arterial phase of contrast enhancement
image; B2 Portal phase of contrast enhancement image.
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and flattened the tumor with definite lines (Fig. 2A–C).
Eight cases had liver metastasis (Fig. 1A–C). No
metastasis was observed in one case. CT images revealed
2 cases of the liver metastasis had obvious enhancement.

Discussion

NEC, also previously known as ‘‘small cell carcinoma,
large cell (neuro) endocrine carcinoma, or poorly dif-
ferentiated (neuro)endocrine carcinoma’’ [11]. This is a
poorly differentiated, high-grade malignant neoplasm
that is comprised small cells or large-to-intermediate cells
with marked nuclear atypia, multifocal necrosis, and a
high number of mitoses (>20 per 10 HPF) [11]. Previous
studies have reported the neuroendocrine markers of
synaptophysin and chromogranin A must be stained to
make a definitive diagnosis of NEN. Moreover, it has
been reported that the analysis of synaptophysin may be
more sensitive compared with the distribution of chro-
mogranin A [9].This conclusion is consistent with the
findings of our study, as the positive rate of chromo-
granin A and synaptophysin being 77.28% and 86.36%,
respectively. The tumor rarely occurs in the gastroin-
testinal tract, accounting for approximately 1% involved
in the esophagus, 0.2% in the colon [5]. The incidence of
NEC in the stomach is exceedingly rare. According to the
published study, Chieko Uchiyama et al. only found 7
cases of G-NEC in 1027 patients with gastric carcinoma
that underwent gastrectomy [12]. The frequency found in
the present study was consistent with those in the liter-
ature. Between 08/2011 and 11/2014, 763 patients with
NEC confirmed by pathology were retrospectively re-
viewed, only 22 cases in the stomach (0.6%). The mean
age of the reported cases was 66.2 years (range 51–81)
[9], which is consistent with the age of our series. Xu X
et al. reported the sex distribution of male to female G-
NEC patients was 2.9:1 [9]. It has been noticed that it is

most common in male patients, with gender as a prob-
able risk factor. Similarly, this apparent male predomi-
nance was also observed in some studies [8, 10, 12, 13].
G-NEC patients may present with epigastric pain or
discomfort, dysphagia, nausea and vomiting, and
hematochezia. Other features such as acid reflux [14],
tarry stools [5] may also be present. Epigastric pain or
discomfort is common because of the increased thick-
ening of the gastric wall. A previous study has even re-
ported a patient with the presence of hypersecretion
syndrome [8]. In addition, patients of G-NEC without
any clinical symptoms have also been reported. Because
the clinical manifestation is not typical, the disease can
stay hidden for a long time ranged from 25 to 240 days,
with a median of 60 days. However, Xu X et al. reported
cases of G-NEC diagnosed in 3 days after the onset of
the first symptom [9].

G-NEC is exclusively located in the fundus or the
body of the stomach within 8 cm in the long-axis diam-
eter [9, 15]. In the present study, 19 (86.36%) of the 22
cases of G-NEC were identified in the gastric fundus or
body on the greater or lesser curvature. The remaining
three cases of G-NEC were found in atypical locations
such as the angle or antrum of the stomach. Twelve
(54.55%) cases of G-NEC in the present study were less
than 2.0 cm in the long-axis diameter, and the remaining
ten (45.45%) were 2 to 7.4 cm. The long-axis diameters
and locations of the cases of G-NEC in our series were
similar to those in previous reports [9, 15].

Most of the tumors were identified as a local thick-
ening or bulky mass of the gastric wall with enlarged
lymph nodes around the stomach. Similarly to other
gastric malignant tumors, this feature suggests the high-
grade malignant nature of this tumor. The findings are
consistent with the histopathological examination which
showed that 11 (50%) of the 22 cases of G-NEC invaded
the serosal layer. The other three cases of G-NEC in-

Fig. 2. G-NEC in 64-year-old man. A Unenhanced CT im-
age of stomach reveals local gastric wall thickening of inho-
mogeneous attenuation at the angle of the stomach. B
Contrast-enhanced CT image shows moderate inhomoge-

neous enhancement of mass, with the peak value of the tumor
on the portal phase. B1 Arterial phase of contrast enhance-
ment image; B2 Portal phase of contrast enhancement im-
age.
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vaded the submucosal layer or muscular layer. The result
is also according with the Karakoyun et al. [16] who
confirmed that thin-slice hydro-multi-detector row CT
can improve the accuracy of pre-operative T and N
staging of gastric cancer and contribute to treatment
strategies for patients with advanced stage gastric cancer.
Tumors with ulcer were frequently seen on CT images;
therefore, this finding may be valuable for the differential
diagnosis among gastric tumors. In present study, nine
(75%, 9/12) cases of G-NEC with less than 2.0 cm in
diameter were identified with ulcer, and the remaining
ten cases with the long-axis diameter of 2.0 to 7.4 cm
were 100%. Relatively few studies have been performed
to investigate the CT contrast enhancement features of
G-NEC [8]. In present study, about 68.18% of the lesions
showed homogeneous enhancement during the arterial
phase, only 31.82% (7/22) cases demonstrated heteroge-
neous enhancement due to the necrotic or cystic areas.
These findings are consistent with the findings of the
study by Wang D et al. [8]. Most G-NEC have been
referred to as rich blood supply lesions. The obvious
enhancement ratio, moderate enhancement ratio, and
mildly enhancement ratio was 73.91, 17.39, and 8.7%,
respectively [8]. However, in our study, nearly three-
fourth of the cases (16/22, 72.73%) considered as mod-
erate enhancement, which is slightly higher than the re-
sult of the above study [8]. During the portal phase the
contrast, G-NEC demonstrated about 77.27% (17/22)
cases have further enhancement. This phenomenon is in
accord with Wang D’s finding in the gastrointestinal
NEC [8]. He found that 86.4% cases with a peak
enhancement in portal phase imaging [8].

In addition, after analyzing the CT images of liver
metastasis, we identified that 2 cases had an obvious
enhancement. This enhanced pattern is partly due to
these lesions’ histopathological features are similar to the
G-NEC and partly due to its abundant blood supply
feature [8].

Some of the G-NEC cases reported in the literature,
and that involved the gastrointestinal tract were initially
misdiagnosed as gastrointestinal adenocarcinoma [13,
14]. Similarly, our eighteen cases were misdiagnosed as
gastric adenocarcinoma. Even though the biopsy
through gastroscopy and colonoscopy are helpful to
make a definitive diagnosis of G-NEC, a misdiagnosing
is frequently observed [5, 8, 13, 14]. This diagnosis
problem is due to the rapid develop of adenocarcinoma
in the submucosal and deeper layers as a precursor cell
clones partly transformed into G-NEC [5]. The same
author reported a case in which were included two ele-
ments at the histological level: an adenocarcinoma
component in the superficial portion of the mucous
membrane layer and NEC in the submucosal and mus-
cularis propria layers. It is hypothesized that misdiag-
nosis could be due to an incorrect biopsy of the lesions
and small samples size.

The CT differential diagnosis for G-NEC usually in-
cludes gastric adenocarcinoma, gastric lymphoma, and
gastric stromal tumor. Adenocarcinoma is the most
common pathology type of gastric neoplasms. It is
preferentially situated in gastric antrum, seldomly in
gastric body and gastric fundus. The incidence of gastric
adenocarcinoma is high among male with a median age
of 67 years [17]. The most common CT pattern of gastric
adenocarcinoma included local, extensive thickening of
gastric wall or mass formation. Previous studies have
demonstrated gastric ulcer disease is positively associated
with the risk of developing gastric cancer [18]. Therefore,
it has been suggested that gastric ulcer disease arose or
became remarkably more prevalent in gastric cancer
patients. Gastric adenocarcinoma usually presented with
metastases to the liver and others organs or distant
structures such as lymph nodes located in retropancreatic
area, paraaortic and mesenteric nodes. Gastric lym-
phoma is also an extensive thickening of gastric wall or
mass formation on CT images. The localization of le-
sions in the stomach was more involved in gastric fundus,
body and antrum, seldomly in gastric cardia compared
with the gastric cancer patients [19]. Furthermore, gastric
lymphoma is inclined to involve more than one region of
the stomach than that of the gastric cancer patients [19].
In addition, the most common CT appearance of gastric
lymphoma was uniform soft-tissue mass with attenuation
similar to or slightly lower than that of normal gastric
wall [20]. Due to necrosis, hemorrhage, submucosal
edema, or infarction, the lymphomatous gastric wall may
have the heterogeneity on CT [20]. Gastric lymphoma
originates as a submucosal process and gastric mucosa
was usually intact in the early stage to interrupt or ulcer
formation in the later. After injection of the contrast,
homogeneous and slightly enhancement occurred in most
gastric lymphoma at delayed-phase. It frequently
metastases to the pancreas, spleen, transverse mesocolon,
and pleura can also be involved [20]. Distant structures
such as lymph nodes located in the mesentery,
retroperitoneum, or elsewhere in the abdomen may
suggest the diagnosis of gastric lymphoma [20]. Gastric
stromal tumors, although rare, may occasionally have
characteristics of a gastric submucosal protrusive mass at
CT. It is preferentially located in gastric antrum and
body, seldomly in gastric fundus, and gastric angle, etc.
It is most common in male patients, with the sex distri-
bution of male to female 3:1. The median age of patients
presenting with the tumor is between 40 and 60 years.
The mass grow in an exophytic pattern in 30–40%,
intraluminal pattern in 29–44%, endoluminal pattern in
18–22%, and a mixed pattern in 16–20% [21]. Gastric
stromal tumors rarely have enlarged regional lymph
nodes and metastase to the liver and others organs.

Limitations of this research included that this is a
study of small series which may potentially impact re-
sults. In addition, the retrospective design introduces
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selection bias and may affect whether the results seen are
generalizable.

In conclusion, although G-NEC is quite rare, it
should be considered in differential diagnosis of neo-
plasms in the stomach. Our study showed that G-NEC
has variable clinical patterns and radiological features
that are generally nonspecific for the diagnosis. There-
fore, we think that pathological test should be performed
prior to the surgical resection.
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