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Objective To investigate the clinicopathological characteristics of patients with pyloric gland adenoma (PGA), as well

Methods Data of 30 cases from 24 patients, who had been histologically diagnosed as PGA, was retrospectively
analyzed. Clinical characteristics, histopathological features, treatment and prognosis were assessed and analyzed.

Results Among the 24 patients, there were 15 females and 9 males, with an average age of 59 years old. Ten cases
were located in the stomach, 4 in the duodenal bulb and 16 in the gallbladder. The average maximum diameter was
13.5 mm and morphologically the vast majority were type 0-l. The assessment of the background mucosa identified
autoimmune gastritis (AlG), Helicobacter Pylori-associated gastritis and familial adenomatous polyposis (FAP) in

the stomach, ectopic gastric mucosa in the duodenum and chronic cholecystitis in the gallbladder. Endoscopic
resection was performed on the vast majority of gastric and duodenal cases, while all gallbladder PGAs underwent
cholecystectomy. Histologically, 33.3% of PGAs showed high-grade dysplasia.

Conclusions Due to malignant potential, it is recommended that PGAs should be completely resected, especially if
they are large or show high-grade features. For gastric and duodenal PGAs, endoscopic resection has been proven to
be safe and effective. Whether PGAs occurring in the gallbladder and stomach are different tumors still requires more
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Introduction

Pyloric gland adenomas (PGAs) are rare neoplasms,
dominated by the differentiation of gastric pyloric glands/
mucous neck cells. They were first reported by Elster in
1976 [1]. PGAs most commonly occur in the stomach,
but extra-gastric sites of PGAs include the duodenum,
gallbladder, esophagus, bile duct, and rectum [2-6]. Gas-
tric PGAs may occur sporadically or in patients with pol-
yposis syndrome, such as familial adenomatous polyposis
(FAP). A clinical study from Germany showed that PGAs
accounted for 2.7% of all gastric polyps and 9% of neo-
plastic gastric polyps [2], suggesting that PGAs may be
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under-recognized. PGA is clinically important, because
12-51.2% of PGAs show sustained progression to well-
differentiated adenocarcinoma at the time of initial diag-
nosis [2, 3, 7], indicating the malignant potential of PGAs
and the need for complete resection.

Due to their rarity, PGAs are not well characterized and
remain difficult to diagnose without histopathology. Fur-
thermore, the pathogenesis of PGAs is still unclear, and
their association with various forms of mucosal injury
has not been well documented in the literature. Herein
we retrospectively reviewed the clinical and histological
data of 24 patients with PGAs, who were diagnosed and
treated at Beijing Friendship Hospital, Capital Medical
University from January 2020 to December 2023, aiming
to assist endoscopists and pathologists in improving their
ability to diagnose and treat of this tumor.

Materials and methods

We retrospectively analyzed the clinicopathologi-
cal features of 30 cases of PGA from 24 patients, who
underwent endoscopic or surgical resection at Beijing
Friendship Hospital of Capital Medical University from
January 2020 to December 2023. The study was approved
by the Ethics Committee of Beijing Friendship Hospi-
tal, Capital Medical University (Beijing, China), and all
patients signed an informed consent for treatment.

The demographics, clinical manifestations and histo-
pathological features were obtained from the patients’
medical records. We evaluated the following characteris-
tics: gender, age, clinical symptoms, lesion location and
size, morphology, associated comorbidities, background
mucosa (inflammation and atrophy), histological and
immunological features, treatment and follow-up. In

Fig. 1 Image of endoscopy of a gastric PGA presented as type 0-l with
hyperemia on the surface and the surrounding mucosa showed marked
atrophic gastritis
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stomach and duodenum, Helicobacter pylori (H. pylori)
infection status, endoscopic characteristics (such as
shape, color and boundary) were also evaluated, and the
microvessel (MV) and microsurface (MS) pattern were
observed on magnifying endoscopy (ME) with narrow-
band imaging (NBI), using the vessel plus surface classifi-
cation system as diagnostic criteria.

H. pylori infection status was determined by various
methods, including *C-urea breath test (UBT) (Shen-
zhen China National Nuclear Corporation Heidewe
Biotechnology, China), serum H. pylori antibody test,
microscopic observations of biopsied/resected speci-
mens, and endoscopic manifestations [8]. Additionally,
the past history of prior successful H. pylori eradication
therapy was taken into consideration. The "*C-UBT test
was conducted on patients who had not taken proton
pump inhibitors within the past two weeks, and anti-
biotics or bismuth within the past 4 weeks. The cut-off
value to distinguish whether the *C-UBT is positive or
negative was defined as 4%o. Based on the results of these
tests, the patients were classified as current H. pylori
infection, past H. pylori infection or H. pylori-uninfected.

Autoimmune gastritis (AIG) is diagnosed according to
histological criteria, which has been considered as the
gold standard. The typical histological characteristics
include marked reduction of oxyntic glands, pseudo-
pyloric and intestinal metaplasia, and the proliferation of
mucus-neck and foveolar cells.

The histopathological features were analyzed by hema-
toxylin and eosin (HE) staining and immunohistochemi-
cal staining (for Mucin 6, Mucin 5AC, Mucin 2, CD 10,
Pepsinogen-I, Ki67, and P53). The degree of epithelial
dysplasia and background mucosa were also analyzed. An
En-Vision two-step method was used for immunohisto-
chemical labelling. The P53 antibody was purchased from
Ventana Company in the United States. The pepsinogen-I
antibody and H+/K+-ATPase were both purchased from
Abcam Company in the United States. Other antibodies
were purchased from Fuzhou Maixin Medical Technol-
ogy Co., Ltd. Negative and positive controls were estab-
lished for the above markers.

Results

Clinical features

The study included 30 cases of PGA from 24 patients,
comprising 15 females (15/24, 62.5%) and 9 males (9/24,
37.5%). The average age at diagnosis was 59 years old
(range, 24 to 81 years). Most patients were asymptomatic,
except for 6 patients (6/24, 25%) presenting with non-
specific symptoms, such as epigastric pain/distension,
dyspepsia, heartburn, and acid regurgitation. Out of the
30 cases of PGA, 10 were located in the stomach (Fig. 1,
Case 3) (10/30, 33.3%) (including 6 in the gastric body,
3 in the fundus and 1 in the antrum), 4 in the duodenal
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bulb (Fig. 2, case 13) (4/30, 13.3%), and 16 in the gallblad-
der (16/30, 53.3%). The average maximum diameter was
13.5 mm (range, 2 ~45 mm).

Of the 14 gastric and duodenal PGAs, their endoscopic
manifestations were diverse on conventional endoscopy.
According to Paris classification [9], ten PGAs were
classified as type O-I (Fig. 1, Case 3), three as type 0-Ila
(Fig. 3, case 5), and one as type 0-1Ib. Furthermore, five
lesions (5/14, 35.7%) were accompanied by hyperemia
and redness, while the remaining nine lesions (9/14,
64.3%) were generally the same color as the surrounding
mucosa. On ME with NBI, irregular MV/MS pattern was
observed in five PGAs (Fig. 4, Case 8), which were his-
tologically confirmed as high-grade dysplasia. In terms
of gastric comorbidities, one case was complicated with
multiple gastric neuroendocrine tumors (g-NETs) (Fig. 5,
Case 2), another case with multiple early gastric cancer,
and a third case with advanced gastric cancer outside the
PGA.

Among the 16 cases of gallbladder PGA from 10
patients, who were all asymptomatic, 14 cases were
resected due to gallbladder polyps, while the remaining 2
cases were tiny tumors of 2 mm, which were incidentally
discovered after cholecystectomy due to cholecystoli-
thiasis. Macroscopically, among the 16 cases of gallblad-
der PGA, except for 2 cases with tiny tumors classified as
type 0-IIa, others were all classified as type 0-1.

Pathological features

Regarding the background mucosa, of the 10 gastric
PGAs, 5 cases (5/10, 50%) were AIG (Fig. 1, Case 3), 4
cases (4/10, 40%) were H. Pylori -associated gastritis, and
one case (1/10, 10%) was FAP. Meanwhile, ectopic gas-
tric mucosa was found around all the 4 duodenal PGAs
(Fig. 2, case 13). All the 16 cases of gallbladder PGA were
surrounded with chronic cholecystitis.

According to WHO (2019) classification system for
digestive system tumors [10], PGAs with low-grade
dysplasia (LGD) are characterized by closely packed
pyloric-type glands. These glands are lined by cuboidal/
low columnar epithelia, and are partially accompanied by
dilated glands. Neoplastic cells exhibit a defined ground-
glass appearance, with clear or lightly eosinophilic cyto-
plasm. The round to ovoid nuclei are basally located, with
inconspicuous nucleoli. PGAs with high-grade dyspla-
sia (HGD) are characterized by disturbed architecture,
crowded nuclei, and loss of nuclear polarity. In the pres-
ent study, 20 cases of PGA (20/30, 66.7%) demonstrated
LGD, 9 cases (9/30, 30.0%) demonstrated LGD simul-
taneously with HGD (Fig. 6), and only one case (1/30,
3.3%) demonstrated HGD. Immunohistochemical stain-
ing revealed that all PGAs were positive for both MUC6
(Fig. 7) and MUC5AC (Fig. 8), but did not express MUC2
or CD10. Meanwhile, five PGAs showed focal positivity
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Fig. 2 Image of endoscopy of a PGA in the duodenal bulb with ectopic
gastric mucosa surrounding the tumor

Fig. 3 Image of endoscopy of a gastric PGA presented as type 0-lla

on Pepsinogen-I staining (including three gastric PGAs,
one duodenal PGA and one gallbladder PGA). P53 and
Ki67 were predominantly expressed on the surface of
PGAs. Wild-type p53 expression was increased mainly in
the MUC5AC positive region, and the Ki67 proliferation
index was also increased in the same region.

Treatment and prognosis

Among the 14 gastric and duodenal PGAs, 12 patients
(12/14, 85.7%) underwent endoscopic resection. includ-
ing eight cases with endoscopic submucosal dissec-
tion (ESD) and four cases with endoscopic mucosal
resection (EMR), all of which were completely resected
without any serious complications such as perforation,
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Fig. 5 Image of endoscopy of a gastric PGA complicated with multiple
gastric neuroendocrine tumors

obvious bleeding, or infection. One case of a small lesion
of PGA was removed by biopsy forceps, and the patient
was followed up with repeated endoscopic examination
that showed no lesion. Another patient with a lesion in
the gastric antrum underwent total gastrectomy due
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Fig. 6 Medium-power magnification of a PGA on HE staining demon-
strated low-grade dysplasia (yellow arrow) simultaneously with high-
grade dysplasia (red arrow)

to concurrent advanced gastric cancer in the corpus.
Follow-up gastroscopy (range, 6 to 37 months) was per-
formed for all the 14 patients after resection, and no
residual or recurrent lesion was observed.

All the 16 cases of gallbladder PGAs underwent chole-
cystectomy, due to gallbladder polyps or cholecystolithi-
asis, all of which were completely resected. Three cases
were lost to follow-up, and the remaining seven cases
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Fig. 7 Immunohistochemical staining for MUC6 showed diffuse and
strong expression

————
e

Fig. 8 Immunohistochemical staining for MUC5AC showed co-expres-
sion in neoplastic glands

were followed up for 6—61 months. No recurrence or
metastasis was found.

A summary of the clinicopathological features of the 30
cases of PGA from 24 patients was shown in Table 1.

Discussion
In the present study, we reported the clinicopathologic
features of 30 cases of PGA from 24 patients. PGAs are
more common in elderly patients, with a modest female
predominance, and the age at diagnosis ranged from 24
to 81 years old, which are consistent with previous litera-
ture [2, 3, 6]. PGAs are rare neoplasms of the gastrointes-
tinal tract, mostly asymptomatic and found incidentally.
However, a few of patients presented with nonspecific
dyspeptic symptoms, including epigastric pain/disten-
sion, dyspepsia or heartburn and acid regurgitation in the
present study. Furthermore, according to previous litera-
ture, a few patients presented with anemia secondary to
chronic hemorrhage and gastric outlet obstruction due to
PGA [11].

PGAs are primarily found in the stomach, duodenum
and gallbladder, but occasionally occur in the esophagus,
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rectum and bile ducts [2, 4, 5, 12, 13]. Gastric PGAs are
most commonly located in the body/fundus, followed
by the antrum and cardia. These are consistent with the
present study.

According to previous literatures [13—15], on conven-
tional white light endoscopy, PGAs in the stomach and
duodenum were non-specific, and presented as polypoid,
dome-shaped, nodular protrusions, uneven mucosa, flat
protrusions, ulcers, or submucosal tumor-like protru-
sions. In the present study, the morphology ranged from
dome-shaped or nodular protrusions, superficial flat pro-
trusions to uneven mucosa. According to Paris classifica-
tion, type 0-1 and type 0-Ila were the most common. The
surface of PGAs could be either hyperemic and reddish
or unaltered. On ME with NBI, irregular MS/MV and the
observation of papillary/villous surface pattern may sug-
gest high-grade dysplasia or carcinoma [3].

PGAs need to be differentiated from hyperplastic pol-
yps endoscopically and foveolar-type adenomas histo-
logically. According to WHO Classification (2019) [10],
gastric adenomas are subdivided into PGAs and foveolar-
type adenomas. The main diagnostic challenge in PGAs
is to distinguish them from foveolar-type adenomas.
Immunohistochemical staining for MUC6 and MUC5AC
can aid in the differential diagnosis. The absence of a
well-defined apical mucin cap distinguishes PGAs from
foveolar-type cell dominated lesions. Foveolar-type
adenomas have a well- defined apical mucin cap and
immunohistochemical staining for MUC5AC is positive,
whereas MUCS6 is negative. On the contrary, PGAs do
not have a well- defined apical mucin cap and immuno-
histochemical staining for MUC5AC and MUCG6 are both
positive.

Choi et al. [3] defined three immunohistochemi-
cal phenotypes for PGAs: pure pyloric type with strong
MUC-6 expression; predominant foveolar type (the rar-
est type) with diffuse expression of MUC-5AC but <10%
of MUC-6 expression; and mixed type (the majority
type) with variable expression of MUC-5AC and MUC-
6. According to this classification, among the 30 cases of
PGA in the present study, 23 cases were of mixed type (9
in the stomach, 4 in the duodenum, and 10 in the gall-
bladder) and 7 cases were of pure pyloric type (1 in the
stomach and 6 in the gallbladder). The study did not find
any predominant foveolar type, which is generally consis-
tent with previous literature [3].

In the present study, Immunohistochemical staining
revealed that all PGAs were positive for both MUC6 and
MUCS5AC. Furthermore, Pepsinogen-I, secreted by the
chief cells and mucous neck cells, showed focal positive
expression in five cases (including three gastric PGAs,
one duodenal PGA and one gallbladder PGA). Based
on these findings, it is inferred that histologically PGAs
probably originate from pyloric gland, pyloric gland
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Table 1 Clinicopathological characteristics of the 30 cases of PGA from 24 patients

Num-ber Gen-der Age Symptoms Location MD  Morph-ology = Comorbidities H.Pylori treatment Dysplasia
(years) (mm) infection
1 F 65 - Gastric 20 0-1 AlG UN EMR LGD+HGD
fundus
2 F 40 epigastric Gastric 10 0- FAP UN EMR LGD
distension body
3 F 69 dyspepsia Gastric 15 0-1 AlG, g-NET UN ESD LGD
body
4 M 57 - Gastric 4 0-lla Cur Biopsy LGD
body
5 F 76 - Gastric 12 0-lla AIG UN EMR LGD
body
[§ M 59 - Gastric 15 0-1 AGC Cur Gastrecto-my  LGD
antrum
7 F 67 - Gastric 45 0-1 Pre ESD HGD
fundus
8 F 59 acid Gastric 40 0- AlG UN ESD LGD+HGD
regurgitation fundus
9 F 62 epigastric pain  Gastric 7 0-1lb UN ESD LGD
body
10 F 70 epigastric pain  Gastric 6 0-lla AlG, EGC UN ESD LGD
body
1 F 68 heartburn, acid Duodenal 40 Ol Cur ESD LGD+HGD
regurgitation bulb
12 M 58 - Duodenal 20 0-l Cur ESD LGD+HGD
bulb
13 M 78 - Duodenal 25 0-l NA ESD LGD
bulb
14 M 58 - Duodenal 8 0-l UN EMR LGD
bulb
15 F 48 - Gallbladd- 6 0-l GS, CC NA cholecystec-  LGD
er tomy
16 F 53 - Gallbladd- 20 0-l CcC NA cholecystec-  LGD+HGD
er tomy
Gallbladd- 6 0-l LGD
er
17 F 52 - Gallbladd- 2 O-lla GS, CC NA cholecystec- LGD
er tomy
18 M 81 - Gallbladd- 15 0-l GS, CC NA cholecystec-  LGD+HGD
er tomy
Gallbladd- 12 0-l LGD+HGD
er
Gallbladd- 8 0-l LGD
er
19 M 60 - Gallbladd- 2 0-lla GS, CC NA cholecystec-  LGD
er tomy
20 M 26 - Gallbladd- 20 0-l CcC NA cholecystec-  LGD+HGD
er tomy
Gallbladd- 10 0-l LGD+HGD
er
21 F 47 - Gallbladd- 4 0-l CcC NA cholecystec-  LGD
er tomy
Gallbladd- 4 0-l LGD
er
Gallbladd- 4 0-l LGD
er
22 F 51 - Gallbladd- 15 0-l CcC NA cholecystec-  LGD

er tomy
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Table 1 (continued)
Num-ber Gen-der Age Symptoms Location MD  Morph-ology = Comorbidities H.Pylori treatment Dysplasia
(years) (mm) infection
23 F 32 - Gallbladd- 4 0-l CcC NA cholecystec-  LGD
er tomy
24 M 74 - Gallbladd- 7 0-l CcC NA cholecystec-  LGD

er

tomy

Gender (F=Female; M=Male); H.pylori Infection status, CurCurrently infected, Pre Previously infected, UN Uninfected with H. pylori, NA Not available, MD Maximum
diameter of the maximum lesion, AGC Advanced gastric carcinoma, EGC Early gastric cancer, ESD Endoscopic submucosal dissection, EMR Endoscopic mucosal

resection, GS Gallbladder stone, CC Chronic cholecystitis

metaplasia, ectopic gastric mucosa, or mucous neck epi-
thelium, which is consistent with previous literature [16].
Moreover, by analyzing the present cases, it was found
that PGAs of the gallbladder, stomach, and duodenum
cannot be completely separated in terms of immunophe-
notype, and gastric pyloric gland/mucous neck cell differ-
entiation, which is not consistent with previous literature
[17]. Currently, there are few molecular studies on PGA.
Through next-generation sequencing technology, Setia
et al. [18] discovered that all of the PGAs with low-grade
dysplasia had gene mutations such as APC, KRAS, and
GNAS. In high-grade dysplasia/adenocarcinoma, multi-
ple gene mutations were found including APC, CTNNBI,
KRAS, GNAS, TP53, CDKN2A, PIK3CA, and EPHAS5.
However, the gene mutation ratio of APC, KRAS, and
GNAS decline in comparison with that in low-grade dys-
plasia, and the tumor mutation burden is higher. In pre-
vious literature [17], gene mutations in KRAS and GNAS
in gallbladder PGA are fewer compared with those in
gastric and duodenal, and He et al. believed that PGA
may be due to that gallbladder PGA can’t be detected at
an early stage, and the proportion of high-grade cases is
relatively high. Whether PGAs occurring in the gallblad-
der and stomach are different tumors still requires more
cases for further study.

Gastric PGAs often occur in the background of AIG
and H.pylori-associated gastritis, as well as genetic pre-
disposition (such as FAP), chemical gastritis and normal
mucosa [2, 3, 19]. In the present study, all the 10 gastric
PGAs arose from the background of abnormal mucosa,
including AIG, H.Pylori-associated gastritis, and FAP.
Furthermore, gastric PGAs may coexist with gastric
neuroendocrine tumors, early or advanced gastric can-
cer. Hence it is recommended to make a full assessment
of the background mucosa and H. pylori infection status
for evaluation of other preneoplastic condition of the
stomach.

The four duodenal PGAs occurred in the setting of
ectopic gastric mucosa. All the 16 cases of gallbladder
PGA were surrounded with chronic cholecystitis. Extra-
gastric PGAs are currently believed to be associated
with pyloric gland ectopia or metaplasia in the setting of
chronic mucosal injury [2, 20-22].

PGAs are clinically significant due to their malignant
potential. Kushima R et al. [14] demonstrated a “pyloric
gland adenoma-adenocarcinoma sequence” by analy-
ses of mucin immunohistochemistry and CGH for the
first time. Chlumska A et al. [6] showed that the nature
of PGAs is associated with the accumulation of p53 and
the mutation of oncogenes GNAS, KRAS, CTTNBI, and
the tumor suppressor genes SMAD4 and TP53 through
molecular genetics research. Moreover, it is crucial to
acknowledge PGAs as neoplasms that carry a risk of
transforming into invasive adenocarcinoma, which is
supported by several reports [19, 20, 23-25] that have
identified PGA either at diagnosis or progressing to
mucosal carcinoma, invasive carcinoma, and even lymph
node metastasis during follow-up. These studies indi-
cated the possibility of malignant transformation of PGA,
which could further develop into high-grade dysplasia
and adenocarcinoma. Immunohistochemical staining
for Ki67 and p53 can aid in identifying whether they are
combined with adenocarcinoma or not. The risk of HGD
and adenocarcinoma increases with the size of PGA,
tubule-villous structure, and the presence of AIG as well
as mixed immunophenotype [3].

In this study, the vast majority of the gastric and duo-
denal PGAs were treated with endoscopic resection,
including ESD and EMR, all of which had been com-
pletely resected without any serious complications. It is
suggested that endoscopic resection of PGAs is safe and
effective in the stomach and duodenum. Gallbladder
PGAs, mostly found incidentally due to gallbladder pol-
yps or cholecystolithiasis, need to be completely resected
by cholecystectomy.

There are two major limitations in this study that could
be addressed in future research. First, this study has limi-
tations inherent to its single-center and retrospective
design. The limited number of cases may limit the univer-
sality of the results. Multi-center collaborations are war-
ranted to validate these results across multiple clinical
settings. However, because of the rarity of PGA, prospec-
tive study is hard to implement. Second, molecular study
cannot be performed in our center so far, hence we are
unable to compare the molecular characteristics of our
cases of PGA with previous literature.
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Conclusions

Due to malignant potential, it is recommended that PGAs
should be completely resected, especially if they are large
or show high-grade features. For gastric and duodenal
PGAs, endoscopic resection has been proven to be safe
and effective. Whether PGAs occurring in the gallblad-
der and stomach are different tumors still requires more
cases for further study.
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