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Abstract
Background and Aim: With the increasing prevalence of persons without
Helicobacter pylori (HP) infection, cases of HP-negative gastric cancer are increasing.
Although rare, cases of differentiated adenocarcinoma of the antrum have been
reported in HP-negative patients. We collected cases with such lesions and investi-
gated their endoscopic and histological features.
Methods: Of 1965 consecutive patients with early gastric cancer who underwent
endoscopic resection between January 2009 and December 2017, we extracted 9 cases
of HP-negative differentiated adenocarcinoma located in the antrum (HPN-DAA).
The clinical data, endoscopic findings, and histopathological findings were reviewed.
Results: Of the nine patients with HPN-DAA, seven were male, and the median age
was 53.8 years. The tumor arose from the pyloric gland mucosa in all cases.
According to the endoscopic findings, the lesions were flat-elevated or depressed,
mimicking varioliform gastritis. Magnifying endoscopy with narrow-band imaging
showed the absence of a clear demarcation line or an irregular microvessel/surface
pattern. As for the histopathological findings, eight of the nine lesions were diagnosed
as high-grade dysplasia/intraepithelial neoplasia, while the remaining case was diag-
nosed as tubular adenocarcinoma with submucosal infiltration. The findings of immu-
nohistochemistry confirmed that three cases were of the intestinal mucin phenotype
and six were of the mixed gastric and intestinal mucin phenotype.
Conclusion: HPN-DAA is a very rarely occurring cancer that had never been recog-
nized earlier. They belong to the new category of HP-negative cancers, and there
seems to be a certain number of such cases.

Introduction
Chronic gastritis caused by persistent Helicobacter pylori
(HP) infection is known to be strongly associated with the devel-
opment of gastric cancer, and HP infection has been certified as
a “definite carcinogen” by the World Health Organization.1 With
the high prevalence of HP infection, Japan is well known as a
country with a high incidence of gastric cancer.2 Uemura et al.
reported in their study that there were no cases of gastric cancer
in the group without HP infection in their case series.3 However,
in clinical practice, we sometimes encounter a small number of
gastric cancers in patients without HP infection. As the number
of persons without HP infection increases, cases with gastric can-
cer in this population is also expected to increase. These are rec-
ognized as cases of HP-negative gastric cancer. The reported

incidence of HP-negative gastric cancer is in the range of
0.5–3.1%, which is quite a significant number.4–6

HP-negative gastric cancers can be classified into several
phenotypes. The most common type is signet-ring cell carci-
noma, which is a discolored lesion, frequently identified in the
middle or lower third of the stomach.7 Meanwhile, a variety of
differentiated-type gastric cancers has also been identified in
patients without HP infection (e.g. gastric adenocarcinoma of the
fundic gland type8; low-grade differentiated cancer of the gastric
phenotype9; and foveolar-type dysplasia, endoscopically showing
a raspberry-like appearance and recognized as a low-grade differ-
entiated type of adenocarcinoma in Japan10). More recently,
although rare, a differentiated type of adenocarcinoma mimicking
varioliform gastritis has been reported as occurring in the gastric
antrum of persons without HP infection. There are only a few
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case reports, and the characteristics of these lesions remain
unclear.11–13

In the present study, we collected a number of cases of
HP-negative differentiated adenocarcinoma located in the antrum
(HPN-DAA) and revealed the associations between their
endoscopic and histological features.

Methods

Study design and patients. This retrospective cohort
study was conducted to investigate the endoscopic and histopath-
ological features of HPN-DAA. Among 1965 consecutive
patients with early gastric cancer who underwent endoscopic re-
section at the NTT Medical Center Tokyo between January 2009
and December 2017, we extracted cases without HP infection.
HP-negative status was confirmed by the following criteria:
(i) no atrophy or gastritis as assessed by endoscopy, (ii) no histo-
logic evidence of HP infection, (iii) negative results of two con-
secutive tests for HP infection, and (iv) negative history of HP
eradication therapy. The endoscopic findings were reviewed
using the Kimura-Takemoto Classification14 and Kyoto classifi-
cation of gastritis.15 HP-negative patients met these inclusion
criteria: no mucosal atrophy and histological confirmation of a
regular arrangement of collecting venules on the lesser curvature
of the lower gastric body. Resected specimens were histologi-
cally evaluated according to the updated Sydney system.16 A
patient was defined as HP-negative when there was no mucosal
atrophy, intestinal metaplasia, presence of HP, or infiltration by
neutrophils and mononuclear cells. With regard to the test for HP
infection status, we use the anti-HP serum IgG antibody kit
(BML, INC., Tokyo, Japan) and 13C-labeled urea breath test
(UBIT® tablets 100 mg, Otsuka Pharmaceutical Co. Ltd., Tokyo,
Japan). HP-negative patients met the criteria of a negative result
in both the former (<3.0 U/ml) and the latter (<2.5%). Finally,
39 cases (2.0%) were identified as cases of HP-negative cancers.
Then, we divided the cases into several types according to their
endoscopic findings: (i) signet-ring cell carcinoma; (ii) gastric
adenocarcinoma of the fundic gland type; (iii) low-grade differ-
entiated cancer of the gastric phenotype and foveolar-type dys-
plasia, endoscopically showing a raspberry-like appearance; and
(iv) HPN-DAA. Finally, nine patients with HPN-DAA were
enrolled in this study. The clinical data, including age; gender;
and endoscopic findings such as the tumor location, tumor size,
tumor morphology, preoperative diagnosis, as well as histopatho-
logical findings, were reviewed. To elucidate HPN-DAA charac-
teristics, we extracted patients with HP-positive differentiated
adenocarcinomas located in the antrum (HPP-DAA) who under-
went endoscopic resection during the same period and compared
HPN-DAA and HPP-DAA clinicopathological findings. We
obtained written informed consent for the endoscopic re-
section and investigation of the long-term outcomes at the time
of the initial treatment. This study was conducted with the
approval of the ethics committee of NTT Medical Center
Tokyo (20-22).

Procedure of endoscopy. We use magnification video
endoscope systems (GIF-H260Z or GIF-H290Z; Olympus Medi-
cal Systems Co. Ltd., Tokyo, Japan) and a standard optical video
endoscope system (EVIS LUCERA ELITE system; Olympus

Medical Systems). We obtained the images of the lesions, not
only by white-light endoscopy (WLE) but also by magnifying
endoscopy with narrow-band imaging (ME-NBI). The diagnostic
strategy adopted for the findings of ME-NBI was in accordance
with the Magnifying Endoscopy Simple Diagnostic Algorithm
for early Gastric cancer (MESDA-G).17 To ensure precise results
of the pathological examination, all the lesions were resected by
endoscopic submucosal dissection (ESD). All the procedures
were performed by endoscopists certified by the Japan Gastroen-
terological Endoscopy Society with 10 years of experience or
longer in endoscopy.

Pathological examination. The tumor size was deter-
mined by measuring the resected specimen prior to tissue fixation
in formalin. The specimens were processed and cut into sections
at a thickness of 4 μm, which were stained with hematoxylin and
eosin. Then, the differentiation degree, invasion depth, presence/
absence of lymphovascular invasion, and the lateral and vertical
resection margins were assessed. Cell differentiation (based on
the staining status for MUC2, MUC5AC, MUC6, CDX-2, and
CD10), proliferation (based on the Ki-67 index), and genetic sta-
tus (based on the staining status for MLH1, MSH2, MSH6, and
PMS2) were evaluated immunohistochemically using monoclo-
nal antibodies to MUC2 (Novocastra), MUC5AC (Novocastra/
Leica Biosystems, Newcastle, UK), MUC6 (Novocastra), CDX-2
(Dako/Agilent Technologies, Glostrup, Denmark), CD10
(Novocastra), Ki-67 (clone MIB-1; Dako), MLH1 (FALCO bio-
systems, Kyoto, Japan), MSH2 (FALCO), MSH6 (FALCO), and
PMS2 (FALCO). The histopathological examinations were per-
formed by an experienced pathologist specialized in pathology of
the gastrointestinal tract (S.I.).

Statistical analyses. The statistical significance of differ-
ences in clinical parameters were evaluated using the χ2 test or
unpaired Student’s t-test. A P value <0.05 was considered statis-
tically significant.

Results

Clinical features and endoscopic findings. The clini-
cal features and endoscopic findings of the patients are shown in
Table 1. Among the nine patients, seven were male, and the
median age was 53.8 years (range 32–64 years). None of the
patients had a history or family history of gastric cancer. None of
the patients showed atrophy or gastritis in the background
mucosa. The lesions in all cases were located in the antrum. Mor-
phologically, they were flat-elevated or depressed-type lesions,
like varioliform gastritis (Fig. 1). ME-NBI showed the absence
of a clear demarcation line and of the irregular microvessel/sur-
face pattern (IMVP/IMSP) in almost all the cases. Hence,
according to MESDA-G, all the lesions were diagnosed as non-
cancer. Biopsy specimens had been obtained in all the cases pre-
viously. Only three patients were categorized as group
5 (Carcinoma) in advance, while the remaining were classified as
group 2 (Indefinite for neoplasia; material for which diagnosis of
neoplastic or nonneoplastic lesion is difficult), group 3 (Ade-
noma), or group 4 (Neoplastic lesion that is suspected to be car-
cinoma) based on the “Group classification.”18 Furthermore,
despite the lesions having been diagnosed several years
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Table 1 Clinicopathological features of Helicobacter pylori-negative differentiated adenocarcinoma located in the antrum

Case Gender Age Background mucosa Location Morphology Size (mm) Preoperative diagnosis Differentiation Depth

1 Male 51 Pyloric Less IIa + IIc 10 Group 4 tub1 M
2 Male 57 Pyloric Ant IIa 6 Group 3 tub1 M
3 Male 56 Pyloric Post IIa 12 Group 2 tub1 M
4 Male 51 Pyloric Gre IIa 14 Group 3 tub1 M
5 Male 32 Pyloric Gre IIa 8 Group 5 tub1 M
6 Female 48 Pyloric Gre IIc 10 Group 3 tub1 M
7 Female 61 Pyloric Gre IIa + IIc 18 Group 5 tub1 SM1
8 Male 64 Pyloric Post IIa 2 Group 2 tub1 M
9 Male 64 Pyloric Gre IIa 3 Group 5 tub1 M

Ant, anterior wall; Gre, greater curvature; Less, lesser curvature; M, intramucosal cancer; Post, posterior wall; SM1, invasion depth < 500 μm from
muscularis mucosa.

Figure 1 White-light endoscopy of 10 Helicobacter pylori (HP)-negative differentiated adenocarcinoma located in the antrum cases. The lesions
were recognized as a single erosion in the antrum of the stomach in the absence of HP infection. Unlike typical gastric cancers, the border line was
unclear. A–I corresponds to cases 1–9 in Tables 1 and 2.
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(4–11 years) earlier in three of the cases, the patients had been
followed up as the lesions were diagnosed as not being neoplas-
tic. Hence, endoscopic resection was performed for the purpose
of diagnosis in some of the cases. Representative WLE and
ME-NBI images are shown in Figure 2.

Pathological findings. All the lesions were resected by
ESD without any complications. The histopathological findings
of the nine cases are shown in Tables 1 and 2. Even though the
lesions in all cases showed similar endoscopic findings, their
pathological findings were not identical. With regard to the

background mucosa, the tumors arose from the pyloric gland
mucosa in all cases. All the lesions were diagnosed as well-
differentiated tubular adenocarcinoma based on the glandular
structure and cellular atypia using the Japanese gastric cancer
treatment guidelines.19 Except for one case, the remaining eight
cases were of intramucosal cancer (“carcinoma in situ”). These
were classified as noninvasive high-grade neoplasia (category 4)
according to the Vienna classification20 and as high-grade dys-
plasia/intraepithelial neoplasia according to the WHO classifica-
tion.21 As for the single case, namely, case 7, the lesion showed
submucosal invasion (250 μm from the muscularis mucosa,

Table 2 Mucin phenotype of Helicobacter pylori-negative differentiated adenocarcinoma located in the antrum

Case MUC5AC MUC6 MUC2 CDX-2 CD10 MMR Ki-67 (%) Mucin phenotype

1 − − + + + − 54.8 Intestinal
2 − − + + + − 55.8 Intestinal
3 − − + + + − 60.2 Intestinal
4 � + + + � − 65.2 Mixed (intestinal)
5 � + + + + − 49.4 Mixed (intestinal)
6 − + + + + − 59.2 Mixed (intestinal)
7 � + + + − − 66.8 Mixed (intestinal)
8 + + − + − − 63.6 Mixed (gastric)
9 + + − + − − 66.5 Mixed (gastric)

Figure 2 Representative endoscopic findings of Helicobacter pylori-negative differentiated adenocarcinoma located in the antrum (case 6). (a,b)
White-light endoscopy revealed a 0–IIa + IIc-type lesion located in the greater curvature of the antrum. (c) Chromoendoscopy showed the morphol-
ogy of the lesion more distinctly. (d–f) Narrow-band imaging (NBI) findings of the lesion. magnifying endoscopy-NBI did not show a clear demarca-
tion line or irregular microvessel/surface pattern. According to Magnifying Endoscopy Simple Diagnostic Algorithm for early Gastric cancer, the
lesion was diagnosed as noncancer.
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diagnosed as SM1 according to the Japanese gastric cancer treat-
ment guidelines), which was diagnosed as invasive neoplasia
(category 5) according to Vienna classification and tubular ade-
nocarcinoma by the WHO classification. In addition, they often
had nonneoplastic epithelium on the surface layer or within
the lesion. Lymphovascular invasion was not confirmed in any
of the cases, and all cases were resected with negative lateral
and vertical margins. Interestingly, it was notable that all cases
had fibromuscular obliteration, such as in the case of rectal
mucosal prolapse syndrome, of the lamina propria around the
lesions. Immunohistochemistry revealed that three of the cases
were of the intestinal type, and six were of the mixed type
(Table 2). Of the six cases of mixed-type HPN-DAA, two
were gastric mucin phenotype dominant (MUC5AC(+), MUC6
(+)), although they also showed CDX2(+), while four cases
were intestinal mucin phenotype dominant (MUC2(+), CDX2
(+)), and they were also MUC6(+). The Ki-67 labeling index
of the tumor cells was over 90%, but the superficial

nonneoplastic foveolar epithelial cells were negative for Ki-
67, with a Ki-67 labeling index in the range of 49.4%–66.8%.
With regard to the expression of mismatch repair (MMR) pro-
teins such as MLH1, MSH2, MSH6, and PMS2, no down-
regulation in the expression of any of these proteins was
observed in any of the cases. Representative pathological
images are shown in Figure 3.

Comparison of HPN-DAA and HPP-DAA.
Clinicopathological findings of HPN-DAA and HPP-DAA are
summarized in Table 3. Patients with HPN-DAA were signifi-
cantly younger than those with HPP-DAA. No gender difference
was found. Average HPN-DAA tumor size was significantly
smaller than that of HPP-DAA. With respect to morphology,
HPN-DAA were more often observed to protrude compared with
HPP-DAA. No difference between groups was found in the
prevalence of submucosal invasion.

Figure 3 Histopathological images of Helicobacter pylori-negative differentiated adenocarcinoma located in the antrum (case 6). (a) The lesion
arose from the pyloric glands in the absence of intestinal metaplasia. Fibromuscular obliteration of the lamina propria is observed in the background
mucosa. (b,c) The neoplastic gland showing irregular glandular arrangement with low-grade cellular atypia. There is some nonneoplastic epithelium
on the surface layer of the lesion: (b) low power field and (c) high power field. (d–i) Immunohistochemistry: The neoplastic cells showing negative
staining for MUC5AC (d) and positive staining for MUC6 (e), MUC2 (f), CDX-2 (g), and CD10 (h). (i) Ki-67 labeling index is 59.2%.
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Discussion
With the decline in the number of people with HP infection owing
to improved sanitary environments and spread of eradication ther-
apy, the incidence of gastric cancers in persons without HP infec-
tion is expected to show a relative increase in Japan.22 There have
been some previous reports of HP-negative cancers, such as
signet-ring cell carcinoma; gastric adenocarcinoma of the fundic
gland type; low-grade differentiated cancer with the gastric mucin
phenotype; and foveolar-type dysplasia, endoscopically showing a
raspberry-like appearance. These lesions are usually known to
arise from the fundic gland area. Other types of gastric cancer are
rarely experienced in HP-negative patients. In contrast, the lesions
in our cases arose from the pyloric glands in the gastric antrum.
Although there have been three reports of differentiated adenocar-
cinoma arising from the antrum,11–13 this is the first report to
examine a certain number of such cases in detail.

As for our cases, or cases of HPN-DAA, the lesions were
observed as superficial elevated or depressed lesions close to the
pyloric ring in all cases. Unlike typical gastric cancers, the border
line was unclear. In addition, even with ME-NBI, the demarca-
tion line or IMVP/IMSP was not observed in most of the lesions.
Hence, they were diagnosed as nonneoplastic lesions according
to conventional diagnostics. Moreover, as it was difficult to make
a definite diagnosis due to the low-grade atypia, only three cases
(33.3%) were diagnosed as cancer in advance; another three
cases with lesions that were not diagnosed as being neoplastic

underwent follow-up examinations for several years
(4–11 years). Fortunately, none of them showed rapid growth. Of
the nine cases, eight were categorized as intramucosal cancer.
However, if a single erosion, like varioliform gastritis, in the
antrum of the stomach in the absence of HP infection is noted in
the future, it is important to be aware that, although unlikely, the
lesion could be a cancer. In that case, described above, as it is
difficult to diagnose HPN-DAA endoscopically, it is thought that
biopsy should be actively performed. Even if the result was
indefinite for neoplasia, the possibility of cancer cannot be ruled
out, so endoscopic resection for the purpose of diagnosis is
considered to be acceptable.

As for the histopathological diagnosis, HPN-DAA showed
weak atypia—not only structural atypia but cellular atypia as
well. In addition, they often had a nonneoplastic epithelium
inside the lesion as in gastric cancers detected after HP eradica-
tion.23 These histopathological features may make the endo-
scopic diagnosis of these lesions more difficult, and as a result,
the lesions were often diagnosed as nonneoplastic lesions even
by ME-NBI. Besides, interestingly, all lesions showed
fibromuscular obliteration of the lamina propria in the back-
ground mucosa. Owing to this, the background mucosa around
the lesion often protruded; therefore, it was considered that, mor-
phologically, HPN-DAA mimicked varioliform gastritis. This
fibromuscular obliteration was usually demonstrated in the distal
antrum,24 and we thought that this phenomenon was due to gas-
tric peristalsis (like in rectal mucosal prolapse syndrome). While
fibromusculosis was not a specific finding of HPN-DAA, this
feature is considered important for understanding the endoscopic
findings of HPN-DAA.

As for the mucin phenotype, it has been reported that
HPN-DAA are of the intestinal mucin phenotype.11–13 As most
HP-negative cancers, such as gastric adenocarcinoma of the fun-
dic gland type, low-grade differentiated cancer of the gastric phe-
notype, and foveolar-type dysplasia, are known to be of the
gastric mucin phenotype,4,8–10 this is also a point that merits further
attention. In the present study, three lesions were diagnosed as being
of the intestinal mucin phenotype, while the others were diagnosed
as being of the mixed phenotype: two were gastric mucin dominant,
while the remaining were intestinal mucin dominant. Although the
endoscopic findings were similar, the lesions showed different
mucin phenotypes. It would be necessary to examine a larger num-
ber of cases for a more precise evaluation. In addition, it remains
unclear how cancer with the intestinal mucin phenotype arose from
the stomach in the absence of intestinal metaplasia. Kakinoki et al.
reported that a phenotypic shift in gastric cancer cells from gastric
to the intestinal type occurs with tumor progression.5 As most of
the lesions in this study were intramucosal cancers, it is unlikely
that any phenotypic shift occurred. Therefore, further investigation
with a larger number of cases is needed.

Recently, a new histological classification based on the
molecular characterization of gastric cancer was suggested.25

According to this classification, gastric cancers are classified as
tumors positive for Epstein–Barr virus (EBV), microsatellite
instability tumors, genomically stable tumors, and tumors with
chromosomal instability according to the mechanism of carcino-
genesis. With regard to HP-negative cancer, genetic disorders
such as CDH1 are known in cases like hereditary diffuse gastric
cancer26 and GNAS in cases of gastric adenocarcinoma of the

Table 3 Comparison of Helicobacter pylori-negative differentiated
adenocarcinoma located in the antrum (HPN-DAA) and H. pylori-
positive (HPP)-DAA patient characteristics

HPN-
DAA (n = 9)

HPP-
DAA (n = 558)

P
value

Age, years 53.8 � 10.0 71.3 � 8.6 <0.01
Gender, male 7 (77.8%) 411 (73.7%) 0.56
H. pylori status N/A
Negative 9 (100%) 0
Positive 0 242 (43.4%)
Eradicated 0 316 (56.6%)

Diameter, mm 9.2 � 5.1 13.8 � 9.7 0.01
Macroscopic

morphology
0.39

Protruded 4 (44.4%) 195 (34.9%)
Flat, depressed 5 (55.6%) 363 (65.1%)

Tumor depth 0.15
Mucosal 8 (88.9%) 533 (95.5%)
Submucosal

<500 μm
1 (11.1%) 11 (2.0%)

Submucosal
≥500 μm

0 14 (2.5%)

Histological type 0.36
tub1 9 (100%) 453 (81.2%)
tub2 0 85 (15.2%)
pap 0 20 (3.6%)

Values are mean � standard deviation or n (%).
pap, papillary adenocarcinoma; tub1, well-differentiated adenocarci-
noma; tub2, moderate-differentiated adenocarcinoma.
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fundic gland type.27 As for tumors with microsatellite instability,
although they are often known to occur in female patients and
arise from the antrum,28 no decrease in the expression of MMR
was observed in the lesions in this study. However, it would still
be difficult to rule out the possibility of involvement of some
genetic abnormality in the carcinogenetic pathway of HPN-DAA.

With regard to other risk factors for carcinogenesis, in
addition to genetic mutations, EBV infection and autoimmune
gastritis are also known risk factors. As for cancer associated
with EBV infection, it has the characteristics of moderate to
poorly differentiated cancer with lymphoid cell invasion, most
commonly involving the upper to middle third of the stomach.29

We did not perform tests for the presence of EBV infection as
the lesions in this study showed characteristics that were clearly
different from the above-described features. Similarly, gastric
cancers associated with autoimmune gastritis are assumed to
show atrophic gastritis in the background mucosa, thus being
obviously different from the lesions in this study.

In addition, considering that there was one case which
showed submucosal invasion, HPN-DAA does appear to have
the potential to transform into invasive cancer. With regard to
HP-negative cancer, reports of intramucosal cancer have
accounted for the majority so far; however, there have been a
few reports of advanced cancers.30 Examination of a larger num-
ber of cases of HPN-DAA in the future is warranted for a more
precise elucidation of their characteristics.

Compared to HPP-DAA, HPN-DAA tumor size was
smaller. Similar results have been reported for HP-negative
signet-ring cell carcinoma.31 Further investigation is needed to
clarify whether this is due to differences in tumor proliferative
capacity or whether HPN-DAA just happened to be discovered
at early stages, supported by the lack of gastritis or intestinal
metaplasia in the background mucosa. Considering that several
cases of HPN-DAA did not change significantly over several
years of follow-up, they may be slowly progressing lesions. In
addition, patients with HPN-DAA were younger than those with
HPP-DAA. Several similar reports have observed that patients
with HP-negative cancer are younger than those with HP-positive
cancer..9,31,32 If further studies confirm that patients with HP-
negative cancer are younger than those with HP-positive cancer,
we may expect the average age of gastric cancer patients to
decrease as the HP-negative population increases.

The present study had several limitations. First, the sample
size was very small as this study was a retrospective observa-
tional analysis performed at a single institution besides the fact
that the lesion is rare. Further investigation in a larger population,
such as through a multicenter analysis, is necessary. Second, the
effects of bile acids were not investigated in this study. It is
known that bile acids can damage DNA or cause carcinogene-
sis.33 A further detailed investigation of this point would be
desirable. Third, although the endoscopic findings were similar,
it is difficult to exclude the possibility that the disease may not
have been the same in all cases as they had different mucin phe-
notypes. A more detailed examination in a larger population is
warranted in the future to elucidate the characteristics, as well as
pathogenesis, of these tumors in the future.

In conclusion, HPN-DAA is a very rare cancer that has
never been recognized previously. The lesions have the charac-
teristics of well-differentiated carcinoma and lack any specific

endoscopic findings; these are some of the reasons they may
have been overlooked so far. They belong to the new category of
HP-negative cancers, and there seems to be a certain number of
such cases. With the estimated increase in the population without
HP infection, more attention will need to be paid to the possibil-
ity of such lesions when performing endoscopic examinations.
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