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ABSTRACT

Objectives: Gastric adenocarcinoma of the fundic gland 
type (GA-FG) is a newly described entity with a lack 
of awareness amongst general surgical pathologists and 
this review highlights the key features and controversies 
associated with this uncommon neoplasm.

Methods: A literature search through PubMed using 
synonyms for GA-FG was conducted to obtain 111 cases.

Results: GA-FG is a well-differentiated neoplasm of 
oxyntic mucosa, that is comprised of chief cells and 
parietal cells. Chief cell differentiation is highlighted 
with Muc-6, RUNX3, and pepsinogen. Parietal cells 
are highlighted with H+/K+ ATPase and PDGFRA-α. 
Association with Helicobacter infection, chronic gastritis, 
intestinal metaplasia, or gastric atrophy is not seen. 
Most GA-FGs are confined to the mucosa. Deeper 
invasion, lymphovascular invasion, nodal metastasis, and 
extragastric spread are uncommon.

Conclusions: GA-FGs are rare lesions that typically 
follow a benign course. However, despite features of 
malignancy in some cases, complete surgical excision, 
sometimes with endoscopic mucosal resection, seems 
adequate treatment.

Traditionally, gastric carcinoma has been grouped 
into two types: intestinal and diffuse (Lauren classifi-
cation).1 Evaluating the 54,099 stomach carcinomas 
reported during the 1978-2005 US National Cancer 
Institute’s Surveillance, Epidemiology, and End Results 
(SEER) data set, 74% were of the intestinal type, 16% 
of the diffuse, while 10% were other epithelial carcino-
mas.2 More relevant to our subject, a classification system 
devised by Nakamura et al3 groups gastric carcinoma into 
differentiated and undifferentiated, based on the tumor’s 
ability to form glands. However, with time it has become 
evident that gastric carcinomas can differentiate along 
several different epithelial lineages: surface foveolar lin-
eage, pyloric gland lineage, chief  cell lineage, and parietal 
(oxyntic) cell lineage. Our understanding of these multi-
ple phenotypic facets of gastric neoplasms is in its early 
stages. The specific predisposing factors, demographics, 
and prognosis of these neoplasms, and how they vary 
from the conventional carcinomas, is unclear.

Gastric adenocarcinoma of the fundic gland type 
(GA-FG) is a novel entity first proposed in 2007 by 
Tsukamoto et  al.4 The characteristic oxyntic gland dif-
ferentiation can be divided in three subcategories based 
on their composition: chief  cell predominant (approxi-
mately 99% of reported cases), parietal cell predominant, 
and mixed phenotype. To date, the nature of this lesion is 
debated and there is a lack of awareness of GA-FG in the 
pathology community. This review aims to highlight our 
current understanding of gastric neoplasms with differen-
tiation along elements of fundic glands.
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Methodology

A literature search through PubMed using the 
phrases “gastric adenocarcinoma fundic gland type,” 
“gastric adenocarcinoma chief  cell predominant type,” 
“gastric adenocarcinoma-mixed parietal and chief  cell 
type,” “gastric adenocarcinoma-parietal cell type,” and 
“parietal cell carcinoma” revealed a total of  111 cases 
reported in the English language literature. A  num-
ber of  reports in older literature have described cases 
of  oncocytic gastric neoplasms as “parietal cell” carci-
noma; however, the evidence of  parietal cell differenti-
ation in most of  these papers is not conclusive and they 
appear different from the GA-FG as we currently recog-
nize them.5,6 Hence, these cases were excluded from this 
review.

The clinical history and pathologic characteristics 
were examined for each case and summary data are tabu-
lated in ❚Table 1❚.4-31

Demographics

The majority of reports of GA-FG originate from 
East Asia (Japan and Korea), where the incidence appears 
to be still  low. In the study by Tohda et  al7 only four  
(< 0.01%) patients with GA-FG were identified from the 
30,182 individuals who underwent upper endoscopy (as 
part of a yearly check-up) between October 2010 and 
September 2014.

The patients are generally older adults and the aver-
age patient age is 66  years (range, 39-85  years). There 
seems to be a slight male predilection, with the M:F ratio 
being 2.2:1.

Etiopathogenesis

The carcinogenesis of gastric adenocarcinoma of 
the conventional type is multifactorial. However, chronic 
Helicobacter pylori infection  with subsequent intestinal 
metaplasia and mucosal atrophy plays a major role and is 
associated in 80% of cases.32 Autoimmune gastritis, which 
is also associated with increased risk for gastric adenocar-
cinoma, also has chronic inflammation that is followed by 
intestinal or other types of metaplasia and atrophy.

Of the 111 cases of GA-FG published, H pylori data 
were available in only 43 (39%) cases, of which 17 (40%) 
were positive for infection Table 1. In only one series did 
the percentage of H pylori positivity reach a rate that mir-
rored conventional gastric cancer, with 15 of 20 (75%) 

patients being H  pylori positive with atrophy.8 Yet, in 
the same study, the authors reported that the neoplasms 
developed in areas with no apparent atrophy observed 
endoscopically.8 Additionally, independent histologic 
assessment found that in nearly all cases of GA-FG no 
surrounding atrophy was detected.8

Interestingly, some cases of GA-FG show dilated 
fundic glands with admixed foveolar type cells resembling 
fundic gland polyps (FGPs), thus raising the question as to 
whether there is any relationship with proton pump inhib-
itor (PPI) use and the development of these neoplasms.5 
Of note, in a series of 12 cases, of the eight patients with 
available history of medication, seven had used acid sup-
pressive therapy (six PPI and one H2 blocker).9 However, 
in most of the reports, the history of medication use is not 
thoroughly investigated, especially PPI use.

Endoscopy and Gross Appearance

The overwhelming majority of  GA-FG, that is 89 
of  111 cases (80%), have occurred in the upper third 
of  the stomach. Twenty out of  111 (18%) tumors 
developed in the middle third and only one tumor was 
seen in the lower third of  the stomach (1%). Typically, 
GA-FGs are small, with an average size of  10 mm and 
the largest reported case measured 85  mm.10 These 
lesions arise only in oxyntic mucosa. In one study, com-
prising 20 cases examined by endoscopy, the lesions 
appeared elevated in 12 (60%), flat in five (25%), and 
depressed in three (15%) cases, as per the Japanese clas-
sification of  gastric carcinoma.8 In another endoscopic 
study, the tumors were classified as “submucosal” in six 
of  10 (60%) or mucosal with a flat/depressed surface in 
four of  10 (40%) patients.11 Some of  the lesions mimic 
FGPs endoscopically.7 These tend to have a white hue 
(70%) or yellow discoloration, with frequent complex 
and often branching dilated mucosal vessels, in a nona-
trophic adjacent mucosa (90%).8,11 Central depression 
noted by indigo carmine chromoendoscopy in one case 
is believed to be an  evidence of  submucosal involve-
ment.12 Interestingly, several cases documented a black 
pigmentation in the lesion, which aided in the early 
detection.13,14 Narrow-band imaging, which enhances 
the visualization of  the mucosal vessels, shows an 
irregular pattern, suggestive of  the heterogeneity of  the 
microvessels in GA-FG ❚Image 1A❚ and ❚Image 1B❚.15,22 
The use of  narrow-band imaging and endoscopic ultra-
sound enhances the opportunity for complete excision 
via endoscopic mucosal resection (EMR), which suf-
fices in superficial tumors.11
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Histology

The histologic appearance of GA-FG is often of a 
well-differentiated neoplasm, with the tumor bearing a 
resemblance to the fundic glands. Furthermore, at low mag-
nification, GA-FG, especially of the mixed cell type, can 
mimic a fundic gland polyp or a pyloric gland neoplasm.7

The lesion is almost invariably lined on the surface 
by normal-appearing foveolar-type epithelium, while the 
deeper part shows a variable admixture of  cell types nor-
mally present in oxyntic glands7 ❚Image 2❚. The deeper 
glandular structures, instead of  a tubular architecture 
seen in normal oxyntic mucosa, form anastomosing 
cords, producing a so-called “endless glands” pattern7 
(Images 2C-2F). The glands may show a chief  cell pre-
dominant pattern, parietal cell predominate pattern, or 
an even admixture of  both cell types, parietal and chief 
cells (Images 2C-2F) ❚Image 3❚. The distinction between 
the two cell types is usually easy because parietal cells 

are oval or triangular, and have a characteristic eosin-
ophilic finely granular cytoplasm with central nuclei, 
while chief  cells are columnar with a slightly basophilic 
cytoplasm and basal nuclei. The parietal cells are more 
common towards the surface or periphery of  the neo-
plasm. Rarely, cribriforming and glandular infolding 
can be seen. Tumors with necrosis are rare. The neoplas-
tic glands may show multilayering and nuclear stratifi-
cation. Cytologic atypia is very mild in most cases, with 
the neoplastic chief  and parietal cells showing slightly 
enlarged nuclei with opened up chromatin and small 
inconspicuous nucleoli. Mitotic figures are rare and 
the Ki67 index is low (< 5%).7 The background stroma 
may appear normal, or show edema, myxoid changes, or 
desmoplasia (Images 2E and 2F). Even in submucosally 
invasive tumors, desmoplasia can be minimal (Images 
2A and 2B). The tumors commonly merge impercep-
tibly with the adjacent mucosa (Image 2A) ❚Image 4❚. 
Typically, the adjacent oxyntic mucosa is normal with-
out any intestinal metaplasia or atrophy.16

As noted earlier, once a pathologist is aware of the entity, 
recognition of the parietal and chief cells in the well-differ-
entiated mixed phenotypes is easy on H&E stains; however, 
their identification in the less-differentiated cases may require 
immunohistochemical (IHC) markers to confirm lineage 
differentiation ❚Image 5❚.7 A variety of IHC markers can be 
helpful and include MUC5AC, MUC6, CD10, pepsino-
gen-I, RUNX3, and H+/K+-ATPase ❚Table 2❚ (Images 5C 
and 5D). Of these, the markers for chief cell (pepsinogen-I) 
and parietal cell differentiation (RUNX3, H+/K+-ATPase, 
and PDFRA-α) are the most helpful, but are still not widely 
available.

❚Table 2❚ 
Cell Differentiation Markers

Marker Cell Type Identified

MUC2 Goblet cell 
MUC5AC Gastric foveolar epithelium 
MUC6 Mucous neck cell and pyloric 

gland 
CD10 Brush border 
Pepsinogen-I Chief cell 
H+/K+-ATPase Parietal cell 
Human milk fat globule-2 (HMFG-2) 

/platelet-derived growth factor 
receptor-α (PDGFRα)

Parietal cell 

RUNX3 Chief cell 

❚Image 1❚ A, Endoscopic narrow-band imaging is seen to enhance the visualization of the mucosal vessels. B, Endoscopic 
image revealing a small elevated lesion (from the same patient previously reported by Parikh et al22).
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Most of the cases have been reported from Japan and 
Korea with only a few reports from the West, suggesting 
that either these tumors are uncommon in some part of 
the world or there is a lack of awareness. Almost all of the 
cases reported in the United States are of the well-differ-
entiated mixed phenotype, as these are easy to recognize 
on routine histology. It is possible that less-differentiated 
neoplasms, especially along only one lineage, are under-
recognized because of lack of appropriate immunohisto-
chemical evaluation.

The superficial and the nonneoplastic foveolar cells 
tend to stain with Muc-5AC, while the chief  and pari-
etal cells are negative. In some cases, even foveolar type 
cells may also be seen within the tumor (Image 3C). The 
 neoplastic cells are strongly positive for Muc 6. The chief  
cells express pepsinogen I and RUNX3, which seems to 
be a good marker for their identification. Pepsinogen II 
is less specific for identifying chief  cells as the pyloric 
gland cells and mucus neck cells also tend to stain. 
The parietal cells stain positively for H+/K+-ATPase. 

A B

C D

❚Image 2❚ A, Low magnification of gastric adenocarcinoma of the fundic gland type (GA-FG) (H&E, ×20) showing the tumor 
(within the circle) which blends imperceptibly with normal oxyntic glands (right portion of image). Note the submucosal 
invasion lacks any desmoplasia or myxoid change. Note occasional cystic glands in the lesion that may mimic a fundic gland 
polyp. The glands are visibly more complex than their normal oxyntic counterparts even at low magnification. B, Desmin 
immunostain (×40) highlights the breach of the muscularis mucosae by neoplastic glands invading into the superficial sub-
mucosa. C, The complex glandular architecture seen at higher magnification producing anastomosing and so-called “endless 
glands” pattern (H&E, ×100). D, Higher power of GA-FG showing an admixture of parietal cells (arrows) and chief cells  
(H&E, ×400) in the invasive component.
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Endocrine cells are generally reported to be absent. In 
one study, staining for synaptophysin and CD56 showed 
diffuse positivity in the glands, while chromogranin was 
completely negative.12 As the foregut-derived endocrine 
cells are invariably positive for chromogranin, we have 
concluded that there is no good evidence of  endocrine 
differentiation.5 Other studies also failed to show any 
endocrine cell component using chromogranin stain, 
although in our experience rare admixed endocrine cells 
can also be seen, especially at the periphery (Image 3D).

There are several reports of  gastric carcinomas 
with parietal cell differentiation and oncocytic neo-
plasms in the literature that predate the first report of 
GA-FG, and may represent GA-FG with predominant 
parietal cells, although many of  these lack conclusive 
evidence of  parietal cell differentiation.33,34 However, 
a couple of  the recent examples have shown expres-
sion of  H+-K+ ATPase, suggesting that some of  these 
lesions may represent true parietal cell neoplasms or 
“GA-FG with predominant parietal cell differentia-
tion.”33-36 As these tumors are very poorly character-
ized, at this time we have opted to keep them separate 
from GA-FG.

The differential diagnosis of  GA-FG includes: 
pyloric gland adenoma and other well-differentiated 
GA, especially those with pyloric phenotypes, and less 
commonly dysplastic FGPs ❚Image 6❚. The pyloric gland 
adenomas (PGA) show low columnar to cuboidal cells 
containing finely vacuolated and lightly eosinophilic 

or sometimes mildly granular eosinophilic cytoplasm 
(Images 6A and 6B).37,38 These stain strongly with 
MUC6 and variably with MUC-5AC. However, one 
study showed similarities in the IHC profile and molec-
ular phenotype, suggesting that these lesions may be 
closely related.17 In this study, positivity for pepsinogen 
and MIST1 was present in 100% (3/3) of  GA-FGT and 
67% (8/12) of  PGAs.17

Dysplastic fundic gland polyps are increasingly rec-
ognized and less likely to be confused with GA-FG. The 
dysplastic changes involve only the superficial foveolar 
epithelium (Images 6C and 6D), while the deeper part of 
the lesion lacks the architectural complexity, epithelial 
multilayering of  the glands, anastomosing cord pattern, 
and stromal changes.39 Rarely, large fundic gland polyps 
may undergo ischemia secondary to local trauma or tor-
sion leading to intralesional hemorrhage, reactive epithe-
lial atypia, and glandular cystic dilatation with sloughed 
epithelium, mimicking tumor necrosis (Images 6E and 
6F). The very well-differentiated (“crawling”) gastric 
adenocarcinoma with foveolar and pyloric phenotypes 
are in the differential diagnosis but are extremely rare. 
These differ from GA-FG largely by the morphology of 
tumor cells, which differentiate towards lightly eosino-
philic foveolar MUC-5AC-positive epithelium or gastric 
pyloric (antral) gland lineages. Cytologic atypia may be 
mild and similar to GA-FG, but the cells lack the admix-
ture of  chief  or parietal cells and have a clearly invasive 
growth pattern.37,40

❚Image 2❚ (cont) E, Low-power view of another example of GA-FG with submucosal invasion with myxoid change in the 
stroma. In this example glands have more infiltrating architecture compared to previous example shown in D (H&E, ×40). F, 
The higher magnification showing the area of submucosal invasion (H&E, ×100). The admixture of parietal cells and chief cells 
in the infiltrating glands is also obvious at this magnification.

E F
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Molecular Characteristics

The data on molecular alteration associated with 
GA-FG are limited. Activation of the WNT-β-catenin 
signaling pathway or the ERK1/2 MAPK pathway is 
believed to play a role in the tumorigenesis.10 In a study 
by Nomura et al,10 nuclear β-catenin positivity was found 
in 22 (80%) of 26 cases by IHC, and 13 cases (50%) har-
bored mutations in at least the GNAS, CTNNB1, AXIN 
1or 2, and APC genes.

In 11 of the 26 cases the mechanism of WNT signal-
ing activation was unclear. In this study, five cases revealed 

GNAS mutations, at exons 8 and 9, of which two cases 
(7.7%) also revealed KRAS mutations.10 Nuclear β-catenin 
expression coincided with GNAS mutations in four of five 
cases, three of which lacked mutations in CTNNBl, APC, or 
AXINs, suggesting a role for GNAS activation in WNT sig-
naling.10 However, only membranous staining for β-catenin 
without any nuclear staining has been  our own experience. 
Interestingly, sporadic fundic gland polyps also show acti-
vating mutations in β-catenin.41

Of note, GNAS mutations seemed to be associ-
ated with submucosal invasion and a larger tumor 

A B

C D

❚Image 3❚ A, Gastric adenocarcinoma of the fundic gland type (GA-FG) with glands showing predominantly chief cells (H&E, 
×400). B, Example of GA-FG mixed type showing admixture of parietal cells (arrows) and chief cells in the infiltrating glands 
(H&E, ×400). C, Another example of invasive GA-FG mixed type that shows even foveolar cells (arrowhead) admixed with 
chief and parietal cells in the deeper part of the tumor (H&E, ×200). Several foci of lymphovascular invasion are also identified 
(arrows). D, GA-FG mixed type with scattered chromogranin-positive endocrine cells, especially at the periphery of the lesion 
(×200). Also note foveolar cells admixed with other cells types in the tumor.
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size; however, the findings were not statistically signifi-
cant.10 A  second study comparing GA-FG with PGAs 
found frequent GNAS activating mutations in both 
lesions.17 In contrast, GNAS mutations are either ab-
sent or infrequent in conventional gastric adenomas and 
adenocarcinomas.42,43

Behavior and Prognosis

At this time, of the total of 111 reported cases of 
GA-FG, 63 (57%) have shown submucosal invasion. 
Some have suggested that this may represent “pro-
lapse-type” misplaced glands rather than true submucosal 
invasion. One case revealed subserosal invasion via lym-
phovascular spread, although lymphovascular invasion is 
infrequent, being reported in only seven (6%) of these 111 
cases.10,15,16,18,19 It should be noted that studies reporting 
lymphatic or vascular invasion did not report the use any 
special lymphatic/vascular markers of invasion, hence 
these are best classified as lymphovascular invasion. Of 
the cases with follow-up data, one patient died of car-
cinomatosis (histologic type was not confirmed and no 
autopsy was performed), a second required gastrectomy, 
and a third had persistent disease (noted likely to be due 
to incomplete resection).19-21 In a rare example where 
a tumor was followed for 12 years, the tumor remained 
stable over a decade, suggesting that these are slow-grow-
ing neoplasms. In this example, the tumor was eventually 
removed by EMR and did show submucosal invasion; 

however, there was no nodal or distant metastasis and the 
patient did well during the limited follow-up.

The current evidence suggests that the majority of 
GA-FGs are limited to mucosa or superficial submucosa, 
are less aggressive than the conventional intestinal or dif-
fuse types of gastric cancers, and follow a benign course. 
This appears to be especially true for well-differentiated 
cases with mixed phenotype. With that being said, there 
is evidence to suggest that rarely metastasis and death 
may ensue in deeply invasive tumors, especially with chief  
cell differentiation.19,21 In light of these characteristics, it 
appears that tumors with superficial submucosal invasion 
can be treated with limited gastric resection or endoscopic 
mucosal resection, while extended gastrectomy with 
lymph nodes should be reserved for more deeply invasive 
lesions or those with suspected nodal metastasis.

Evolving Issues

Nomenclature remains a topic of controversy. As 
highlighted above, GA-FG with invasion limited to the 
mucosa are typically well-differentiated slowly progres-
sive lesions with a seemingly good prognosis. Hence, some 
have suggested that these should be called “oxyntic gland 
adenomas,” “fundic gland adenoma,” or “fundic gland 
polyps with chief  or parietal cell differentiation,” and 
certainly for cases without any evidence of lymphovas-
cular invasion these appellations appear appropriate.9,21 It 
is equally reasonable to accept that intramucosal fundic 

❚Image 4❚ A, An example of gastric adenocarcinoma of the fundic gland type (GA-FG) that was an incidental finding in a gas-
tric biopsy. The lesion consists of only a few complex glands in a stroma with myxoid change (H&E, ×200). B, Higher-power 
image of (A) (×400) showing the lesion consists predominantly of parietal cells with mild nuclear atypia. The nuclei have open 
chromatin, occasional nucleoli, and are slightly larger compared to adjacent benign glands.
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gland adenocarcinoma has no metastatic potential. While 
both concepts appear justified, at this time there are insuf-
ficient data to make a more definitive recommendation. 
For lesions showing submucosal invasion the designation 
of “fundic gland carcinoma” should be used, until more 
data become available, with an understanding that in the 
absence of deep invasion or lymphovascular invasion the 
outcome is still likely to be benign.

The risk factors and etiopathogenesis of GA-FG 
appear different from conventional carcinoma. The use of 
PPI therapy has increased greatly over the years. It causes 
histologic changes, notably fundic gland polyps and 

parietal cell hyperplasia, and seems to coincide with the 
increasing recognition of GA-FG in practice. Concurrent 
detection of PPI-associated changes and use of acid sup-
pressive therapy in some cases of GA-FG lend some sup-
port to this hypothesis. Moreover, PPI-related changes in 
the gastric microbiota and possible facilitation of more 
carcinogenic organisms also need to be investigated.44,45

The other issue is identification of GA-FG that are 
poorly differentiated. Because the IHC markers that iden-
tify parietal and chief cells are not widely used in practice, 
it is likely that some of the poorly differentiated adeno-
carcinomas of the stomach belonging to this category go 

❚Image 5❚ A, An example of fundic gland carcinoma where the differentiation along parietal and chief cell lineages is not 
obvious on H&E (×10). B, Higher magnification of A to show when the lesions are less differentiated, the diagnosis is diffi-
cult solely based on H&E morphology (×40). C, Pepsinogen I stain is strongly positive within the tumor cells confirming chief 
cell differentiation (×10). D, H/K+-ATPase stain reveals patchy positivity within the tumor cells confirming parietal cell differ-
entiation (×10).
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unrecognized. Examples of some of the oncocytic neo-
plasms of the stomach may belong to the category of 
GA-FG with predominant parietal cell differentiation. It 
is also likely that some of the more advanced lesions may 
consist of only one cell phenotype. It is anticipated that as 
more cases are identified and gastric carcinoma classifica-
tion evolves to include the various gastric phenotypes, our 
understanding of these lesions will also advance, leading 
to a better diagnostic criteria and nomenclature.

In summary, GA-FG is a well-differentiated neo-
plasm composed of cells normally occupying the oxyntic 

mucosa, that is, chief  cells and parietal cells. The tumors 
may show predominance of either chief  cells (over-
whelming majority) or rarely parietal cells. The neoplasm 
appears very distinctive but with unclear etiopathogene-
sis. Whether a subset has no ability to invade or metas-
tasize and can be truly called a “fundic gland adenoma” 
needs further studies. Some cases do show submucosal 
invasion, nodal metastasis, and rarely peritoneal dissem-
ination. Despite clear features of malignancy in some 
cases, complete surgical excision, sometimes with EMR, 
seems adequate treatment and will afford a cure.

❚Image 6❚ A, Low-power view of a pyloric gland adenoma showing tightly packed glands lined by cuboidal or columnar cells 
with anastomosing structures similar to gastric adenocarcinoma of the fundic gland type (GA-FG). Many cystically dilated 
glands are also visible (H&E, ×20). B, Higher power of the same lesion showing slightly amphophilic finely vacuolated cyto-
plasm with round to oval nuclei and prominent nucleoli that can mimic chief cells (H&E, ×200). C, Fundic gland polyp with 
focal surface dysplasia (seen at the left of the image) (H&E, ×40). D, Dysplastic foveolar epithelium and normal-appearing 
chief and parietal cells (H&E, ×40).
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