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Abstract

Background: Patients with familial adenomatous polyposis (FAP) are at increased risk of
developing gastric neoplasms. However, endoscopic findings have not been sufficiently
investigated. We investigated the phenotypic expression of gastric adenoma (low-grade
dysplasia) and gastric cancer (high-grade dysplasia or carcinoma) in patients with FAP and

clarified their relationships to endoscopic findings.



Methods: Of 29 patients with FAP who underwent esophagogastroduodenoscopy between
2005 and 2020, 11 (38%) had histologically confirmed gastric neoplasms, including 23
lesions of gastric adenoma and nine lesions of gastric cancer. The gastric neoplasms were
classified into three phenotypes (gastric, mixed, or intestinal type) according to the
immunostaining results and evaluated for location (U or M region: upper or middle third of
the stomach or L region: lower third of the stomach), color (same as the background mucosa,
whitish, or reddish), macroscopic type (elevated, flat, or depressed), background mucosal
atrophy (present or absent), fundic gland polyps in the surrounding mucosa (present or
absent), and morphologic changes in tumor size. Elevated whitish gastric adenomas were
further subdivided by macroscopic type (flat elevated, protruded, or elevated with a central
depression) and color (milky- or pinkish-white).

Results: The gastric adenomas included gastric (11/23, 48%), mixed (4/23, 17%), and
intestinal (8/23, 35%) phenotypes. In contrast, no lesions of gastric cancers showed a gastric
phenotype (0/9, 0%), while five (56%) and four (44%) lesions were intestinal and mixed
phenotypes, respectively. Gastric cancers were significantly more likely than gastric
adenomas to present as reddish depressed lesions with gastric atrophy. All gastric-type
adenomas occurred 1) in non-atrophic mucosa, ii) in mucosa with fundic gland polyps in the
periphery, iii) in the U or M region, and iv) as flat elevated or protruded lesions with a milky-
white color. Half of the lesions increased in size. Meanwhile, the typical endoscopic features
of intestinal-type adenomas included 1) occurrence in the L region and i1) elevated pinkish-
white lesions with central depression. None of the intestinal-type adenomas increased in size
during the observation period.

Conclusions: We believe that these endoscopic features will be useful for the prompt

diagnosis and appropriate management of gastric neoplasms in patients with FAP.
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1. Introduction

Familial adenomatous polyposis (FAP) is a rare, autosomal dominant, inherited cancer
susceptibility syndrome caused by a constitutional pathogenic variant of the adenomatous
polyposis coli (APC) gene. Patients with FAP are characterized by the development of
hundreds to thousands of polyps in the colon and rectum. [!- 21 Without appropriate
surveillance and treatment, individuals with classic FAP develop colorectal carcinoma around
40 years of age. ’1 The most frequent cause of death in patients with FAP is colorectal
cancer, which accounts for 60.6% of FAP-related deaths in Japan. However, the prognosis of
patients with FAP has improved in recent years owing to the establishment of indications for
prophylactic colectomy.

In addition to colorectal cancer, patients with FAP have significant risks for various
neoplastic and non-neoplastic lesions in the gastrointestinal tract. For instance, various gastric
lesions are known to occur in the stomachs of patients with FAP, including fundic gland
polyps, gastric adenomas, and gastric cancers. Gastric cancer-related deaths account for 2.8 %
of those among Japanese patients with FAP.[* The risks of gastric adenoma (14.7-39%!> ¢!
vs. 2—14%78]) and gastric cancer (2.6-7% * > 91 vs. 0.6-1.3%!!%!1]) are higher in Japan
compared to Western populations. However, a recent study from the United States reported a
rapid increase in the incidence of gastric cancer in FAP.['! Intramucosal carcinoma (high-

grade dysplasia) is present in up to 14% of adenomas in patients with FAP.['2l Moreover,



some gastric adenomas reportedly progress to gastric cancer.['*] In this context, gastric
adenomas in patients with FAP may be considered precancerous lesions. Thus, early
detection of both gastric neoplasms and colorectal lesions is important in patients with FAP.
Phenotypic classification of gastric neoplasms using mucin and brush border expression has
been widely investigated in sporadic cases. These phenotypic markers reflect the endoscopic
features, proliferative potential, biological behavior, and prognosis of gastric neoplasms.!'4-2]
However, the prevalence, phenotypic expression, endoscopic features, and prognosis of
gastric neoplasms in patients with FAP have not been sufficiently investigated and remain
unclear. Therefore, we investigate the phenotypic expression of gastric neoplasms in patients

with FAP, primarily to clarify their relationship with the endoscopic findings. We also

evaluated the changes in lesion size over time in adenomas according to their phenotype.

2. Patients and methods

2.1. Patients

Between January 2005 and December 2020, 42 patients with FAP were treated at Okayama
University Hospital, Japan. Among them, 29 patients who underwent
esophagogastroduodenoscopy were enrolled in this study. Data regarding endoscopic,
radiological, and biological examinations were retrospectively reviewed from clinical
records. Gastric neoplasms histologically confirmed by endoscopic biopsy and/or resected
specimens were evaluated for the expression of mucin and brush border markers and
classified according to the immunostaining results.

First, we classified the gastric neoplasms into gastric adenoma and gastric cancer groups

and compared their clinicopathological features. Subsequently, we further subcategorized



adenomas according to their mucin expression and compared the endoscopic features

between the groups.

2.2. Endoscopic findings

All endoscopic images obtained during the follow-up period in patients with FAP were
retrospectively reviewed. The endoscopic images were evaluated by two board-certified
endoscopists (M. K. and M. I.). Gastric neoplasms were evaluated for location (U or M
region: upper or middle third of the stomach or L region: lower third of the stomach) , color
(same as the background mucosa, whitish, or reddish), macroscopic type (elevated, flat, or
depressed), background mucosal atrophy (present or absent), and fundic gland polyps in the
surrounding mucosa (present or absent). Whitish gastric adenomas were further subdivided
into milky-white or pinkish-white. We subclassified elevated adenomas as flat elevated,
protruded, and elevated lesions with a central depression. Morphological changes in the
tumor size of the lesion were evaluated by esophagogastroduodenoscopy in gastric adenomas
with >1 year of follow-up. We defined tumor enlargement as an increase of >5 mm.

The extent of gastric atrophy was endoscopically determined according to the Kimura—
Takemoto classification, which correlates with the histological degree of atrophic gastritis.[?!]

Heliobacter pylori (H. pylori) infection status was determined according to the results of
urea breath tests, rapid urease tests, microscopic observations, or culture tests on
endoscopically biopsied specimens, stool antigen tests, serum or urine antibody tests, or a

combination of these methods.

2.3. Histopathology
Endoscopic biopsy specimens and endoscopically resected specimens, including gastric

neoplasms, were reviewed. When multiple biopsy specimens were obtained from one gastric



neoplasm during the follow-up period, the most recently collected specimen was used for the
analysis. Formalin-fixed, paraffin-embedded blocks were cut into 4-pum-thick sections.
Immunohistochemical staining was performed for MUCS5AC, MUC6, MUC2, CD10, and
CDX-2. The immunostaining results were considered positive when >10% of the neoplastic
cells were stained.

We classified each gastric neoplasm as gastric, mixed, or intestinal phenotypes. Gastric type
lesions were positive for MUCS5AC and/or MUC6 but negative for MUC2, CD10, and CDX-
2. Mixed-type lesions were positive for MUCS5AC and/or MUC6 and positive for MUC2,
CD10, and/or CDX-2. Intestinal lesions were negative for MUC5AC and MUCS6, but positive
for MUC2, CD10, or CDX-2. The histopathological diagnosis was confirmed by an expert

pathologist (T. T.).

2.4. Statistical analysis

Fisher’s exact and chi-square tests were used to assess the statistical significance of clinical
and endoscopic features between the groups. All statistical analyses were performed using the
JMP Pro 15 software program (SAS Institute, Cary, NC). Statistical significance was set at P

<.05.

2.5. Ethics approval
This single-institutional retrospective study was conducted in accordance with the
guidelines of the Declaration of Helsinki and was approved by our institutional review board

(registry no: 2004-013).

3. Results



3.1. Characteristics of patients with FAP

The patient characteristics are summarized in Table 1. Of 29 patients with FAP (15 men and
14 women), 22 (88%), 2 (8%), and one (4%) were classified as having classical FAP,
attenuated FAP, and Gardner syndrome, respectively. Most patients (27/29, 93%) had a
history of colectomy, with a median age at colectomy of 33 years (range: 13—56). Seventeen
patients (59%) had an obvious family history of FAP. Eight (42%) of 19 tested patients were
positive for pathogenic germline mutations in APC. Twelve patients (41%) had extra-
gastrointestinal lesions, including desmoid (nine patients), breast cancer (one patient),
esophageal cancer in Barrett's esophagus (one patient), acute lymphocytic leukemia (one
patient), and intraductal papillary mucinous neoplasm (one patient).

Regarding gastric lesions, 21 patients (72%) had fundic gland polyps, 11 patients (38%)
had gastric neoplasms, nine patients (31%) had gastric adenoma, and three patients (10%)
had gastric cancer. Multiple gastric neoplasms were observed in seven patients (24%). Sex,
FAP subtypes of, presence or absence of colectomy, family history, APC pathogenic variant,
extra-gastrointestinal lesions, fundic gland polyps, duodenal neoplasm, and atrophic gastritis

did not differ between patients with and without gastric neoplasms.

3.2. Clinicopathological features of gastric neoplasms

The clinicopathological features of the 32 gastric neoplasm lesions identified in 11 patients
are summarized in Table 2. Nine patients had 23 gastric adenoma lesions and three patients
had nine gastric cancer lesions. The numbers of gastric lesions per patient are shown in Table
3.

Among the 23 gastric adenoma lesions, 20 (87%) were followed up without specific
treatment, two (9%) were endoscopically resected, and one (4%) was treated with argon

plasma coagulation. Two endoscopically resected lesions and 21 endoscopic biopsy



specimens were used for histopathological analysis. Although specific tests for H. pylori
infection status were not performed in most of the patients with gastric adenoma (Table 3),
atrophic gastritis was observed in four gastric adenoma lesions (17%), while gastric atrophy
was not observed in the other 17 lesions (74%), indicating that three-fourths of adenomas
developed in patients without H. pylori infection.

Among nine gastric cancer lesions, three were endoscopically resected, while six were
surgically resected. Although one patient had numerous gastric cancers throughout the
stomach, only six lesions were identifiable on endoscopy before surgery, for which biopsies
were performed. Thus, the immunophenotype and endoscopic features of only these six
lesions were assessed; the other lesions identified on pathological analysis after surgical
resection were not evaluated. All gastric cancer lesions were found in the stomachs of
patients who were currently infected with H. pylori.

Immunohistochemistry analysis revealed that approximately half of the gastric adenomas
were classified as gastric phenotype (11/23, 48%), followed by mixed (4/23, 17%), and
intestinal (8/23, 35%) phenotypes. In contrast, no gastric cancers were gastric phenotype (0/9,
0%). Five (56%) and four (44%) gastric cancer lesions were intestinal and mixed phenotypes,
respectively.

Representative endoscopic images of gastric neoplasms are shown in Fig. 1. Gastric
adenomas did not differ from gastric cancers in terms of location (U or M region: 14/23. 61%
vs. 5/9, 56%) or tumor size (median, 12 mm vs. 10 mm). In contrast, although some lesions
were the same color as the background mucosa in both groups, most gastric adenomas
(21/23, 87%) were whitish, whereas two-thirds of gastric cancers (6/9, 67%) were reddish in
color (P <.01). Macroscopically, all gastric adenomas were elevated, while two-thirds of
gastric cancers (6/9, 67%) were depressed (P <.01). The demarcations between the neoplasms

and surrounding normal mucosa were clear in all gastric adenomas but were unclear in most



gastric cancers (8/9, 89%) (P <.01). Fundic gland polyps were more frequently observed in
the surrounding mucosa of gastric adenomas (12/23, 52%) compared to gastric cancers (0/9,
0%) (P <.01). Conversely, atrophic gastritis was less common in gastric adenomas (4/23,

17%), whereas all gastric cancers were found in the atrophic mucosa (9/9, 100%) (P <.01).

3.3. Associations of endoscopic features of gastric adenomas and immunophenotype

Based on the immunostaining results, we subclassified the gastric adenomas as gastric,
mixed, and intestinal types (Fig. 2—4). A comparison of the endoscopic findings of gastric
adenomas between the two groups is summarized in Table 4. All gastric-type adenomas
occurred in the U or M regions and had a “milky-white” color. They predominantly presented
a flat elevated morphology (9/11, 82%), with a carpet-like appearance. The other lesions
presented as protruded lesions (2/11, 18%) with hemispherical elevations. Fundic gland
polyps were found in the surrounding mucosa of all gastric adenomas, whereas no atrophy
was observed in the background gastric mucosa. Endoscopic resection was performed in
three gastric-type adenomas; the remaining eight lesions were followed up for >1 year. Half
of the lesions increased in size, while the other half showed no change in size.

Three-fourths of intestinal-type adenomas were located in the L region (6/8, 75%) and
presented as elevations with a central depression (6/8, 75%). All lesions had a pinkish-white
color (8/8, 100%). Atrophy was observed in the background mucosa in one-fourth of the
intestinal-type adenomas (2/8, 25%), whereas no fundic gland polyps were observed in the
surrounding mucosa in any intestinal-type adenomas (0/8, 0%). None of the intestinal-type
adenomas increased in size during the observation period.

One patient (Case 5) simultaneously had one mixed-type and two gastric-type adenomas.
Another patient (Case 8) had one mixed-type and three intestinal-type adenomas. The

endoscopic features of the mixed-type adenomas were like those of gastric-type adenomas in

10



the former patient and intestinal-type adenomas in the latter. In contrast, the other patient had
two mixed-type adenomas in the pyloric region. These mixed-type adenomas were the same
color as the background mucosa, with an elevated morphology accompanying a central
depression, which was difficult to endoscopically differentiate from verrucous gastritis. One
lesion, similar to an intestinal-type adenoma that could be observed for 10 years, showed no

change in size.

3.4. Treatment and prognosis of gastric cancers in patients with FAP

Three patients with FAP in the present study had gastric cancer. One patient (Case 9)
underwent endoscopic submucosal resection of gastric cancer in the L region. Histological
examination of the resected tissue confirmed a well-differentiated adenocarcinoma limited to
the mucosal layer, without invasion into the lymphatic and blood vessels. Another patient
(Case 10) underwent surgical resection of the stomach. Pathological evaluation of the
resected specimen revealed numerous gastric cancers throughout the stomach, as described
previously. Histological examination of the resected tissue confirmed well-differentiated
adenocarcinoma limited to the mucosal layer without lymph node metastasis. The other
patient (Case 11) had two gastric cancers in the M region and underwent endoscopic
submucosal dissection. One lesion was a well-differentiated adenocarcinoma confined to the
mucosal layer without invasion into the lymphatic and blood vessels; the other lesion was a
well-differentiated adenocarcinoma invading the submucosal layer and blood vessels. The
latter lesion was strictly followed-up without additional surgical resection owing to a
previous history of pyloric gastrectomy. No recurrence was noted at 8, 4, or 10 years after

resection, respectively.

4. Discussion
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This study investigated endoscopic findings of gastric neoplasms in patients with FAP.
Based on the immunostaining results, the gastric adenomas included gastric, mixed, or
intestinal types. In contrast, gastric cancers showed mixed or intestinal phenotypes, with no
gastric-type cancers. Our findings demonstrated that most gastric adenomas presented as
whitish elevated lesions in the non-atrophic gastric mucosa regardless of phenotypic
classification, while gastric cancers were predominantly reddish, depressed lesions occurring
in the atrophic mucosa with current H. pylori infection. In patients without FAP, it is well
known that gastric adenomas present with a whitish elevated morphology, whereas reddish
color and depressed morphology are indicative of gastric cancer rather than gastric
adenomas.?!- 2% Thus, the endoscopic features of gastric adenomas and cancers in patients
with FAP in this study were concordant with the known features of sporadic gastric
adenomas and cancers occurring in patients without FAP. Histopathological analysis of
mucin phenotypes revealed distinct endoscopic features among the different phenotypes of
gastric adenomas. For instance, all gastric-type adenomas occurred 1) in non-atrophic
mucosa, ii) in the mucosa where fundic gland polyps exist in the periphery, and iii) in the U
or M regions of the stomach and showed iv) milky-white flat elevated or protruded lesions.
Meanwhile, the typical endoscopic features of intestinal-type adenomas included 1)
occurrence in the L region of the stomach and i1) pinkish-white elevated lesions with a central
depression. Although the identification of gastric adenomas, particularly those with a flat
elevated morphology that arise in a background of numerous (carpet-like) fundic gland
polyps, is sometimes difficult during esophagogastroduodenoscopy,??! understanding these
features will help endoscopists to promptly diagnose gastric-type adenomas in patients with
FAP.

Most sporadic gastric adenomas have an intestinal phenotype, and gastric-type adenomas,

including foveolar-type adenomas and pyloric gland adenomas, are generally infrequent.[!7-18]
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In contrast, FAP-associated gastric adenomas were mostly gastric-type adenomas,
particularly foveolar-type adenomas, in a background of fundic gland polyps, without
atrophic gastritis. Intestinal-type adenomas are seen less frequently in FAP patients in
Western countries,?*! but are common in Japan. **! Nakano et al. reported that all intestinal-
phenotype gastric neoplasms in the stomachs of patients with FAP showed atrophic gastritis,
(251 which is common in sporadic cases. In contrast, Shimamoto et al. 2® reported that several
cases of intestinal-type adenomas were not accompanied by atrophic gastritis.[?®! In the
present study, although the cases of intestinal-type adenomas were not fully investigated for
H. pylori infection, none were associated with obvious mucosal atrophy, except for one case
of mixed-type adenoma. These results suggested that some intestinal-type adenomas in
patients with FAP can occur in the gastric mucosa without atrophy.

Previous studies have reported the endoscopic findings of gastric neoplasms with FAP.
Shimamoto et al.[*6! investigated 56 gastric neoplasms in patients with FAP and classified
them into four types based on location (L: antrum and pylorus, UM: the rest of the stomach)
and color (W: white, T: translucent, R: reddish). They reported that 93% of lesions classified
as UM-W or UM-T types were gastric phenotypes, while 61% of lesions classified as L type
were intestinal or mixed phenotypes. Nakano et al. [>3] investigated 30 gastric neoplasms,
including adenomas and intramucosal carcinomas, in 13 patients with FAP. All gastric
neoplasms (10/10, 100%) without atrophic gastritis were whitish, whereas most (13/20, 65%)
gastric neoplasms with atrophic gastritis were reddish. In the present study, we further
classified whitish color as milky-white and pinkish-white, which corresponded to gastric-type
and intestinal-type adenomas, respectively. Although judging the color of gastric neoplasms
is a subjective evaluation, these endoscopic findings may be associated with the mucous

phenotype and grade of dysplasia and may help in selecting treatment.
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In the present study, gastric cancer developed in patients with FAP who were currently
infected with H. pylori. Esophagogastroduodenoscopy revealed reddish depressed lesions
with gastric atrophy. Therefore, endoscopists must be careful not to overlook such lesions,
particularly in atrophied gastric mucosa. The development of gastric cancer in patients
without FAP is closely associated with H. pylori infection, which is common in Asia.?”l H.
pylori infection reportedly increases the risk of gastric adenoma, a precursor lesion of gastric
cancer, in patients with FAP 19 Similar to sporadic cases, the results of the present study
suggest a possible association between H. pylori infection and gastric cancer in patients with
FAP.

The gastric cancers in this study showed mixed or intestinal phenotypes, with no gastric-
type cancers. Previous case reports have described gastric adenocarcinomas arising from

11, 28311 independent of H. pylori infection. It is unclear whether

fundic gland polyposis!
gastric adenomas in patients with FAP confer an increased risk of carcinogenesis through the
adenoma-carcinoma sequence. Some reports have suggested the involvement of the colonic
adenoma-carcinoma sequence in FAP-associated gastric carcinogenesis.['*3!] In the present
study, among 12 gastric adenomas associated with fundic gland polyposis, 4 (33%) increased
in size during the observation period. Therefore, it is important to select an appropriate
treatment strategy that considers the possibility of carcinogenesis.

The long-term outcomes of gastric adenomas in patients with FAP and their optimal
management have not been fully elucidated. Iida et al. investigated gastric adenomas in 13
patients with FAP or Gardner syndrome who were followed up for a mean of 6.8 years.!!3]
During the follow-up period, gastric adenomas newly appeared in six patients, while the
remaining seven patients showed no distinct changes in the number, size, and histologic

features. Recent research in the United Kingdom and the Netherlands revealed that adenomas

with high-grade dysplasia were significantly larger than adenomas with low-grade dysplasia
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(median size, 25 mm vs. 6 mm).[®! The research group has proposed a new framework for the
management of gastric adenomas in patients with FAP, which recommends endoscopic
mucosal resection for lesions measuring 5-20 mm and endoscopic submucosal dissection for
lesions measuring >20 mm. However, only two-thirds of the patients (63/104 patients, 61%)
underwent gastric adenoma excision or ablation in actual clinical settings.

The results of the present study revealed that half of the gastric-type adenomas increased in
size by >5 mm (4/8, 50%). Thus, we believe that gastric-type adenomas should be
endoscopically resected irrespective of tumor size, considering their growth potential.
Meanwhile, none of the intestinal-type (0/8, 0%) or mixed-type (0/1, 0%) lesions increased in
size over at least 7 years of observation. Abraham et all'”! classified gastric adenomas as
intestinal-type, containing at least focal goblet cells and/or Paneth cells, and gastric foveolar
type, lined entirely by gastric mucin cells, as shown by periodic acid-Schiff/Alcian blue
staining. Intestinal-type adenomas were significantly more likely than gastric foveolar—type
adenomas (including those in patients with FAP) to show high-grade dysplasia,
adenocarcinoma within the polyp, intestinal metaplasia in the surrounding stomach, and
gastritis. Although the method of classification using morphological criteria differs from that
of the present study, which performed immunolabeling for mucins, the intestinal-type
adenomas in the present study were not associated with atrophic gastritis or intestinal
metaplasia, and their malignant potential may be related to H. pylori infection and atrophic
gastritis. Although follow-up without resection may be acceptable in intestinal-type
adenomas measuring <20 mm without atrophic gastritis since they did not increase in size in
this study, this concept requires further investigations with larger sample sizes and longer
observation periods. Overall, we believe that the management of adenomas based on

phenotypic variations is preferred, considering their differences in biological behavior.
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Our study has several limitations. First, this was a retrospective study conducted at a single
institution. The second limitation is the small number of participants. Third, as mentioned
previously, H. pylori infection status was not available for some enrolled patients. Fourth, the
follow-up period was relatively short to estimate the risk of cancer emerging in adenomas.
Therefore, further research with a larger number of patients and a longer follow-up period is
needed to determine the true nature of gastric adenomas in patients with FAP. However, to
our knowledge, this is the first study to compare the endoscopic findings of gastric adenomas
and gastric cancers in patients with FAP and to examine the differences in endoscopic
findings and changes in size over time of gastric adenomas in terms of mucous phenotypes.
Fifth, pictures taken during the esophagogastroduodenoscopy examination were operator-
dependent. Moreover, interpretation of endoscopic images is essentially subjective. We
believe that establishment of subcategorization methods for gastric neoplasms in patients
with familial adenomatous polyposis based on the phenotypic variations and grades of
dysplasia would enable more objective evaluation of these lesions.

In conclusion, this study investigated gastric adenomas and cancers in patients with FAP.
Detailed analysis according to phenotypic variations revealed that gastric-type adenomas
occurred in the non-atrophic mucosa of the U or M regions, accompanied by fundic gland
polyps. These adenomas presented as milky-white flat elevated or protruded lesions. Most
intestinal-type adenomas were pinkish-white, occurred in the L region, and presented as
elevated lesions with a central depression. Gastric cancers present as reddish, depressed
lesions with gastric atrophy. We believe that understanding these endoscopic features will
enable the prompt diagnosis and appropriate management of gastric lesions in patients with

FAP.
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Figure Legends

Figure 1: Endoscopic images of gastric neoplasms in patients with FAP.

(A-D) Representative images of gastric adenomas in four patients. Whitish elevated lesions
with clear demarcations between the neoplasm and surrounding normal mucosa are observed.
(A—C) Fundic gland polyps are present in the surrounding mucosa of gastric-type adenomas
(green arrows). (D) Atrophic gastritis is absent. One patient had one-mixed type (yellow
arrow) and three intestinal-type adenomas (blue arrows) in the lower third of the stomach.
(E-G) Representative images of gastric cancers in three patients, showing reddish depressed
lesions. The demarcations between the neoplasm and surrounding normal mucosa are
unclear. Fundic gland polyps are absent in the surrounding mucosa of gastric cancers, while
atrophic gastritis is present. Yellow and blue arrows indicate mixed-type and intestinal-type
cancers, respectively.

FAP = familial adenomatous polyposis.

Figure 2: Images of a gastric-type adenoma.

(A) Endoscopic image showing a milky-white and flat elevated lesion in the upper third of
the stomach. The green arrow indicates a gastric-type lesion. (B,C) Hematoxylin and eosin
staining showing cystically dilated ducts. (D-H) Adenoma cells immunohistochemically
positive for (D) MUCSAC and (E) MUCS6 but negative for (F) CDX2, (G) MUC2, and (H)

CD10.

Figure 3: Images of intestinal-type adenomas.
(A) Two pinkish-white lesions with an elevated morphology with a central depression

observed in the lower third of the stomach. The blue arrow indicates an intestinal-type lesion.
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(B,C) Hematoxylin and eosin staining of a biopsy specimen of the lesion, showing a tubular
structure consisting of tall columnar cells. (D-H) Adenoma cells immunohistochemically
positive for (F) CDX2, (G) MUC?2, and (H) CD10 but negative for (D) MUCS5AC and (E)

MUCe6.

Figure 4: Images of mixed-type adenomas.

(A) Two mixed-type adenomas with the same color as the background mucosa and an
elevated morphology with a central depression in the lower third of the stomach. The yellow
arrow indicates a mixed-type lesion. (B,C) Hematoxylin and eosin staining of a biopsy
specimen of the lesion, showing tubular structures consisting of tall columnar cells. (D-H)
Adenoma cells immunohistochemically positive for (D) MUCS5AC, (E) MUCS6, (F) CDX2,

(G) MUC2, and (H) CD10.
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Table 1 - Baseline patient characteristics.

Patients with gastric ~ Patients without

neoplasm, gastric neoplasm, P value
n=11 n=18

Sex(male/female) 5 (45%)/6 (55%) 10 (56%)/8 (44%) 71
Types of FAP™!

Classical 8/9 (89%) 14/16 ( 88%) 23

Attenuated 0/9 (0%) 2/16 (13%)

Gardner syndrome 1/9 (11%) 0/16 (0%)
History of colectomy 11/11 (100%) 16/18 (89%) Sl
Median age at colectomy,

34.9 (13-53) 33.8 (24-56)

years (range)
Familial history of FAP™ 5/8 (63%) 12/17 (71%) 1.00
APC pathogenic variant™ 3/5 (60%) 5/14 (38%) 1.00
Extra-gastrointestinal

L 6/11 (55%) 6/18 (33%) .70
lesions™
Fundic gland polyposis in

8/11 (73%) 13/18 (72%) 1.00

the stomach
Duodenal neoplasm 11/11 (100%) 14/18 (78%) 27
Atrophic gastritis 4/11 (36%) 6/18 (33%) 1.00
Gastric adenoma 9/11 (82%) -
Gastric cancer 3/11 (27%) -

History of multiple gastric
v pieg 8/11 (73%) -
neoplasms

*1 Data on FAP type were unavailable from four patients.

*2 Data on familial history of FAP were unavailable from four patients.

*3 Data on APC pathogenic variants were unavailable from 10 patients.

*4 Extra-gastrointestinal lesions included desmoid/breast cancer/Barrett’s esophageal
cancer/acute lymphocytic leukemia/intraductal papillary mucinous neoplasm.

FAP = familial adenomatous polyposis.
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Table 2 - Comparisons of endoscopic findings between gastric adenoma and gastric cancer.

Gastric adenoma,  Gastric cancer,

=3 =9 value
Immunophenotype .032
Gastric type 11 (48%) 0 (0%)
Mixed type 4 (17%) 4 (44%)
Intestinal type 8 (35%) 5 (56%)
Location, n (%) 1
UorM 14 (61%) 5 (56%)
L 9 (39%) 4 (44%)
Median neoplasm size, mm (range) 12 (3-30) 10 (5-25) 35
Color, n (%) <.01
Same as background mucosa 2 (2%) 2 (22%)
Whitish 21 (87%) 1 (11%)
Reddish 0 (0%) 6 (67%)
Microscopic type, n (%) <.01
Elevated 23 (100%) 1 (11%)
Flat 0 (0%) 2 (22%)
Depressed 0 (0%) 6 (67%)
Demarcation, n (%) <.01
Clear 23 (100%) 1 (11%)
Unclear 0 (0%) 8 (89%)
FGPs in surrounding mucosa, n (%) 011
Present 12 (52%) 0 (0%)
Absent 11 (48%) 9 (100%)
Atrophic gastritis, n (%) <.01
Present 4 (17%) 9 (100%)
Absent 19 (83%) 0 (0%)
Treatment
None 20 (87%) 0 (0%)
Argon plasma coagulation 1 (4%) 0 (0%)
Endoscopic resection 2 (9%) 3 (33%)
Surgical resection 0 (0%) 6 (67%)

U or M = upper or middle third of the stomach, L = lower third of the stomach, FGP =
fundic gland polyp
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Table 3 - Clinical features and number of gastric neoplasms according to immunophenotype in each patient.

Atrophic
Age at o\
gastritis
Ageat first ) ) H.Pylori )
) Gastric adenoma, Gastric cancer, . } (Kimura—
Case Sex colecto  gastric infection
n=23 n=9 Takemoto
my,y neoplasm status ) )
classificati
S,y
on)
Gastric Mixed Intestinal | Gastric Mixed Intestinal
phenotyp phenotyp phenotyp | phenotyp phenotyp phenotyp
e, n e, n e, n e, n e, n e, n
Case 1 F 13 35 5 0 1 0 0 0 Unknown Absent (C-0)
Case 2 F 40 39 1 0 0 0 0 0 Unknown Absent (C-0)
Case 3 M 38 39 2 0 0 0 0 0 Uninfected ~ Absent (C-0)
Case 4 F 33 39 1 0 0 0 0 0 Uninfected ~ Absent (C-0)
Case 5 M 38 43 2 1 0 0 0 0 Unknown Absent (C-0)
Case 6 F 28 28 0 0 2 0 0 0 Uninfected ~ Absent (C-0)
Post-
Case 7 M 41 73 0 2 0 0 0 0 oo
eradication  Present (O-2)
Case 8 M 32 57 1 0 Unknown Absent (C-0)
Case 9 M 33 65 1 Infected Present (C-1)
Case 10 F 53 68 3 Infected Present (O-1)
Infected Present
Case 11 | M 35 35 0 0 2 0 0 2 .
(unclassifiable)
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Table 4 - Associations of endoscopic features of gastric adenomas and immunophenotype.

Gastric ] Intestinal
Mixed type,
type, type, P value
n=11 n=4 n=8
Location, n(%) <.01
UorM 11 (100%) 1 (25%) 2 (25%)
L 0 (0%) 3 (75%) 6 (75%)
Median size at the first
pathological diagnosis of 12.5(33-30) 10.5(10-12) 12.5(10-20) .89
neoplasm, mm (range)
Observation period, y (range) 3.1(1-5) 10 (10) 10.4 (7-15)
= 5 mm increase in tumor size,
4/8 (50%) 0/1 (0%) 0/8 (0%)
n (%) *
Color, n (%) <.01
Same as the background
0 (0%) 2 (50%) 0 (0%)
mucosa
Milky-white 11 (100%) 1 (25%) 0 (0%)
Pinkish-white 0 (0%) 1 (25%) 8 (100%)
Microscopic type, n (%) <.01
Elevated - flat elevated 9(82%) 1 (25%) 2 (25%)
Elevated - protruded 2(18%) 0 (0%) 0 (0%)
Elevated - central depression 0 (0%) 3 (75%) 6 (75%)
FGPs in the surrounding
<.01
mucosa, n (%)
Present 11 (100%) 1 (25%) 0 (0%)
Absent 0 (0%) 3 (75%) 8 (100%)
Atrophic gastritis, n (%) .0609
Present 0 (0%) 2 (50%) 2 (25%)
Absent 11 (100%) 2 (50%) 6 (75%)

* Six lesions with observation periods of <1 year were excluded.

U or M = upper or middle third of the stomach, L = lower third of the stomach, FGP =

fundic gland polyp
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