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ABSTRACT

Background Patients with familial adenomatous polyposis
(FAP) are at increased risk of developing gastric adenomas.
There is limited understanding of their clinical course and
no consensus on management. We reviewed the manage-
ment of gastric adenomas in patients with FAP from two
centers.

Methods Patients with FAP and histologically confirmed
gastric adenomas were identified between 1997 and 2018.
Patient demographics, adenoma characteristics, and man-
agement/surveillance outcomes were collected.

Results Of 726 patients with FAP, 104 (14%; 49 female)
were diagnosed with gastric adenomas at a median age of
47 years (range 19-380). The median size of gastric adeno-
mas was 6 mm (range 1.5-50); 64 (62 %) patients had ade-
nomas located distally to the incisura. Five patients (5%)
had gastric adenomas demonstrating high-grade dysplasia
(HGD) on initial diagnosis, distributed equally within the
stomach. The risk of HGD was associated with adenoma
size (P=0.04). Of adenomas>20mm, 33 % contained HGD.
Two patients had gastric cancer at initial gastric adenoma
diagnosis. A total of 63 patients (61%) underwent endo-
scopic therapy for gastric adenomas. Complications occurr-
ed in three patients (5%) and two (3 %) had recurrence, all
following piecemeal resection of large (30-50 mm) lesions.
Three patients were diagnosed with gastric cancer at medi-
an follow-up of 66 months (range 66-115) after initial di-
agnosis.

Conclusions We observed gastric adenomas in 14 % of pa-
tients with FAP. Of these, 5% contained HGD; risk of HGD
correlated with adenoma size. Endoscopic resection was
feasible, with few complications and low recurrence rates,
but did not completely eliminate the cancer risk.
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» Fig. 1 Endoscopic appearances of gastric adenomas. a Proximal adenoma (high definition image with white light). b Proximal adenoma
(high definition image with flexible spectral imaging color enhancement). c Distal antral adenoma (white-light imaging). d Distal antral
adenoma (high definition images with narrow-band imaging).

Introduction

Familial adenomatous polyposis (FAP) is a rare autosomal domi-
nant inherited cancer-susceptibility syndrome caused by con-
stitutional pathogenic variant in the APC gene [1]. Patients
have an almost 100 % risk of colorectal cancer by the age of 40
in the absence of prophylactic colectomy [2]. With screening
and surveillance, mortality from colorectal cancer has im-
proved, and long-term survival is increasingly determined by
extracolonic manifestations including duodenal cancer and
desmoid disease [3-5].

Gastric adenomas and cancer are increasingly recognized as
a clinical problem in FAP [6-8]. Historical data are difficult to
interpret, but it has been suggested that in Western countries
there is no increased risk of gastric cancer in patients with FAP
[9]. This conflicts with data from Korea and Japan, where an in-
creased risk of gastric cancer has been demonstrated in pa-
tients with FAP, over and above the higher background gastric
cancer rates in those countries [10-12]. Furthermore, data
from those countries have also suggested a much higher inci-
dence of gastric adenomas in FAP than has been observed in
the West.

Identifying lesions with neoplastic potential is challenging
[13-16]. A recent series describing gastric cancer in FAP in
Western countries has highlighted that gastric cancer is more
likely to be proximal and associated with carpeting fundic gland
polyposis, which makes identification of premalignant gastric
adenomas difficult [6 - 8]. In addition, the prognosis was poor,
with many having advanced disease at the time of diagnosis,
again perhaps highlighting the difficulty in identifying and
managing the benign precursor adenoma.

Gastric adenomas in patients with FAP are considered to be
premalignant lesions, with studies showing that up to 14 % con-
tain high-grade dysplasia (HGD) [6, 17]. However, although the
removal of suspicious gastric lesions might prevent progression
to adenocarcinoma, specific guidance on the management and
surveillance of gastric lesions in patients with FAP is lacking
[13]. We aimed to describe the prevalence, characteristics,
and our experience on the management of gastric adenomas
in patients with FAP, combining data from two European poly-
posis registries.
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Methods

We performed a retrospective review of all patients with FAP
and histologically confirmed gastric adenomas diagnosed be-
tween March 1997 and May 2018, which were identified from
prospectively maintained polyposis registries at St. Mark’s Hos-
pital, London, and the Amsterdam UMC, Academic Medical
Center. The work was approved by the research department
from each institution.

All patients with a histological diagnosis of gastric adenoma
were included. All patients with FAP aged over 25 years under-
went upper gastrointestinal screening endoscopy with surveil-
lance intervals determined by Spigelman Classification Score,
which assesses the severity of duodenal disease based on clini-
cal and pathological features. These endoscopies were per-
formed using white-light endoscopy and, if available and need-
ed, virtual chromoendoscopy was used for lesion characteriza-
tion (» Fig. 1). There was no standardized surveillance protocol
in place for the treatment or follow-up of gastric adenomas.

Patients’ medical notes, and endoscopy and pathology re-
ports were obtained and reviewed. Patient demographics, APC
mutation (including clinical diagnoses of FAP without an identi-
fied mutation), adenoma location, histology, intervention, and
follow-up outcomes up to June 2020 were collected. Gastric
adenomas were classified as proximal (incisura, body fundus,
and cardia) or distal (antrum and pylorus). Recurrence was de-
fined as adenomas reoccurring at the same site or scar.

Fisher’s exact test was applied to assess the statistical signif-
icance of adenoma size and categorical variables and HGD.

Results

In total, 726 patients with FAP were identified from hospital da-
tabases, of whom 104 (14 %) were diagnosed with a gastric ade-
noma (see Fig.1s in the online-only supplementary material). A
total of 49 patients (47 %) were female and the median age at
diagnosis of gastric adenoma was 47 years (range 19-380
years), with a median follow-up of 37 months (range 0-242
months) (Table 1s). The median size of gastric adenoma was 6
mm (range 1.5-50mm), and the majority (n=64; 62 %) were
located distal to the incisura. Fundic gland polyps were present
at initial diagnosis of gastric adenoma in 83 % of patients. Heli-
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> Table1 Main features of gastric adenomas demonstrating high and low grade dysplasia.

<5mm 5-20mm >20mm Not classified Total’
HGD (resected)
Total 0 2 2 1 5
Median age at diagnosis, years 0 43 51 73 -
Sex
= Female 0 1 1 1 3
= Male 0 1 1 0 2
Location relative to incisura
= Proximal 0 1 2 0 3
= Distal 0 1 0 1 2
Multiplicity
= Solitary 0 1 2 1 4
= Multiple 0 1 0 0 1
Intervention
= Cold biopsy 0 1 0 0 1
= EMR 0 1 2 0 3
= ESD 0 0 0 1 1
Recurrence? 0 0 2 0 2
Complications? 0 0 1 0 1
Deceased* 0 0 1 0 1
LGD (resected)
Total 16 24 3 15 58
Median age at diagnosis, years 44 46 52 50 -
Sex
= Female 7 9 2 6 24
= Male 9 15 1 9 34
Location relative to incisura
= Proximal 4 11 3 6 24
= Distal 11 11 0 9 31
= Proximal and distal 1 1 0 0 2
= Not classified 0 1 0 0 1
Multiplicity
= Solitary 8 17 0 5 30
= Multiple 8 7 3 8 26
= Not classified 0 0 0 1 1
Intervention
= Snare polypectomy 1 6 0 2 9
= EMR 12 15 1 12 40
= ESD 1 2 1 0 4
= Cold biopsy 1 0 0 0 1
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> Table1 (Continuation)

<5mm 5-20mm >20mm Not classified Total’
= ESD and knife-assisted EMR 0 0 1 0 1
= Knife-assisted EMR 1 0 0 0 1
= APC 0 1 0 1 2
Recurrence 0 0 0 0 0
Complications® 0 2 0 0 2
Deceased® 2 1 3
LGD (biopsy only)
Total 6 8 1 25 40
Median age at diagnosis, years 38 38 45 52 -
Sex
= Female 4 3 0 14 21
= Male 2 5 1 Ih 19
Location
= Proximal 1 2 1 4 8
= Distal 5 6 0 20 31
= Not classified 0 0 0 1 1
Multiplicity
= Solitary 3 2 1 12 18
= Multiple 3 6 0 13 22
Recurrence’ 0 0 0 0 0
Reasons for no further intervention
= Continue on surveillance Follow-up endoscopy - no evidence of adenoma 6 20

Follow-up endoscopy - repeat biopsy 7

Follow-up endoscopy - repeat biopsy and new gastric adeno- 7

ma biopsied or resected
= Referred for surgery For pancreas-preserving duodenectomy for advanced duodenal disease 2

For small-bowel transplant for advanced pouch disease having had a previous 1
pancreas-preserving duodenectomy

Deceased?® 3
Lost to follow-up 14

EMR, endoscopic mucosal resection; ESD, endoscopic submucosal dissection.

All data are number of patients, except where indicated.

1 One patient diagnosed with gastric adenocarcinoma did not undergo intervention and died during follow-up; this patient is not included in the table.

2 One patient proceeded to subtotal gastrectomy and died of metastatic gastric cancer 2 years after surgery (recurrence at scar); one patient underwent a repeat
EMR/ESD and histology demonstrated LGD only

3 Pain requiring overnight admission and observation following EMR of 30-mm proximal lesion.

4 Metastatic gastric cancer following recurrence after subtotal gastrectomy.

> Bleeding requiring transfusion and endoscopic intervention following ESD of 18-mm distal lesion; pain requiring overnight admission and observation following
removal of 20-mm distal lesion.

6 Gastric small cell cancer 1 year following EMR of 20-mm lesion; biliary sepsis; gastrointestinal bleed of unknown origin.

7 Unreliable data due to loss to follow-up.

8 Desmoid disease; metastatic liver disease associated with tumor of unknown origin; old age, acute on chronic kidney failure and metabolic acidosis, associated with
diabetes and vascular dementia.
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cobacter pylori status was available for 41 patients (39%) at di-
agnosis of gastric adenoma (3 [7 %] positive and 38 [93 %] neg-
ative).

Five (three female) out of 104 patients (5%) demonstrated
HGD at primary diagnosis of the gastric adenoma (» Table 1),
with a median polyp size of 25mm (range 7-50mm). All le-
sions containing HGD were resected endoscopically. Two pa-
tients had a recurrence following endoscopic mucosal resection
(EMR); one underwent a repeat EMR and histology demonstrat-
ed LGD. The other underwent a subtotal gastrectomy, and post-
operative histology revealed an unexpected adenocarcinoma
(T4 N1); the patient died from recurrent gastric cancer 2 years
later.

The risk of HGD on initial diagnosis was associated with ade-
noma size (P =0.04): median adenoma size was 25mm in pa-
tients with HGD and 6 mm in patients with LGD. Gastric adeno-
mas>20mm had a 33 % risk of harboring HGD compared with 4
% in adenomas <20 mm (P =0.04). HGD was not associated with
sex (6% female vs. 4% male; P =0.30) or location (8 % proximal
stomach vs. 3% distal; P =0.17) (Table 2s).

A total of 98 patients (45 female) developed gastric adeno-
mas demonstrating LGD at the index diagnosis of adenoma
(» Table 1). Of these, 62 patients had adenomas located distal
to the incisura, of which 37 demonstrated multiplicity; 32 pa-
tients had adenomas located in the proximal stomach of which
10 had multiple adenomas. Four lesions>20mm were all loca-
ted in the proximal stomach and all demonstrated multiplicity.
A total of 58 patients (59 %) with lesions containing LGD under-
went endoscopic therapy, as follows: 40 EMR, 4 endoscopic
submucosal dissection (ESD), 2 argon plasma coagulation
(APC), 1 ESD and knife-assisted EMR, 1 knife-assisted EMR, 9
snare polypectomy, and 1 cold biopsy (until removed).

Five patients were diagnosed with gastric carcinoma (medi-
an age 60 years, range 50-73 years). Two were diagnosed with
gastric carcinoma at the same time as index gastric adenoma
diagnosis. During surveillance after intervention for gastric
adenomas, gastric carcinoma was diagnosed in three patients
(median time from initial diagnosis of gastric adenoma to can-
cer 66 months, range 66 -115 years) (Table3s).

A total of 63 patients (61%) underwent interventions for
gastric adenomas (> Table 1) for lesions ranging from 1.5mm
to 50mm (size of adenoma was not available for 42 patients
[67%]). Of these patients, 43 underwent EMR, 5 underwent
ESD, and 15 had other interventions (> Table 1).

Complications occurred in three patients (5%) who under-
went endoscopic therapy, with one requiring reintervention
for bleeding at the polypectomy site and two requiring unplan-
ned overnight admission for analgesia and observation post-in-
tervention. There were no cases of perforation following endo-
scopic therapy, no patient required surgical intervention, and
there was no procedure-related mortality.

Two patients (3%) developed an adenoma recurrence fol-
lowing endoscopic therapy. Both recurrences were in patients
who had previously undergone EMR for proximal gastric adeno-
mas measuring 30mm and 50 mm, respectively, where the in-
dex histology demonstrated focal HGD. One patient, aged 60
years, proceeded to surgery (subtotal gastrectomy) where his-
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tology confirmed the presence of adenocarcinoma (T4 N1); the
patient died 2 years later from recurrence of gastric cancer. The
other patient underwent further endoscopic therapy by EMR
and is currently alive and free from cancer.

Of the 104 patients with known gastric adenomas, 8 died
during follow-up, of whom 3 were diagnosed with metastatic
gastric carcinoma: one had undergone previous EMR for gastric
adenomas demonstrating LGD, another was diagnosed with
HGD in their primary gastric adenoma, and one had a recur-
rence following a subtotal gastrectomy for an adenoma with
HGD that was suspicious for malignancy. Five died from causes
unrelated to gastric disease including desmoid disease, meta-
static liver disease associated with a tumor of unknown origin,
biliary sepsis, gastrointestinal bleed of unknown origin, and old
age with multiple comorbidities. A total of 14 patients were lost
to follow-up.

Discussion

By combining data from St. Mark’s and Amsterdam UMC, we
were able to evaluate the largest series of gastric adenomas in
a FAP cohort to date. Gastric adenomas were present in 14 % of
patients with FAP, compared with 9%-50% in similar studies
[17-19]. The studies showing higher incidence were from Asia
and may reflect the higher background incidence of gastric dis-
ease in Asian populations. However, it is important to note that
detection of proximal gastric adenomas can be challenging,
particularly in the presence of gastric fundic gland polyposis.
Given the historical nature of the data, along with advances in
our understanding of gastric pathology and improvement in
endoscopic systems, it is likely that the true incidence is higher
than that observed in our study.

In the absence of standardized guidance, 63 patients (61 %)
underwent excision or ablation for gastric adenomas. Of pa-
tients who did not undergo intervention based on histology
from endoscopic biopsies, none developed gastric carcinoma.
However endoscopic intervention did not eradicate cancer risk
and three patients developed gastric carcinoma after gastric
adenoma resection. Endoscopic resection is considered safe
with a low rate of recurrence (3 %) and complications (5%).

In current practice, an optical diagnosis of gastric adenoma
is preferred and routine biopsy is avoided due to the risk of fi-
brosis, which may render definitive endoscopic therapy impos-
sible. If feasible, direct resection is advised but in cases of diag-
nostic uncertainty, or if there is a suspicion of malignancy,
biopsies can be taken. For large adenomas, a separate endos-
copy session can be scheduled at a later date following appro-
priate informed consent. There are no optical diagnostic fea-
tures validated for HGD but given that HGD was not observed
in adenomas of <5mm, it would seem reasonable to use size
of adenoma as an indication for endoscopic therapy. Our cur-
rent approach for the management of gastric adenomas is
shown in » Fig. 2.

Overall, 5% of gastric adenomas had HGD, which is consis-
tent with previous studies [6, 17] and supports the concept
that these adenomas are premalignant polyps that require in-
tervention. Our analysis demonstrated a statistically significant
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Location of gastric adenoma

Distal to incisura Proximal to incisura

Size Size Size Size
5-20 mm >20 mm 5-20 mm >20 mm
EMR ESD EMR Florid FGP?
No Yes

ESD EMR* or ESD

Histology
LGD HGD Surgery may be
considered for a
combination of:
1 year 6 month . .
= Multifocal disease
follow-up follow-up

= Incomplete resection
= Family history

Recurrence consider rescue ESD = Florid FGP

» Fig.2 Current local protocol for management of gastric adeno-
mas in patients with familial adenomatous polyposis. EMR, endo-
scopic mucosal resection; ESD, endoscopic submucosal dissection;
EMR*, knife-assisted EMR; FGP, fundic gland polyposis.

association between size of adenoma and HGD (P=0.04),
where median adenoma size was 25mm in patients with HGD
compared with 6mm in patients without HGD. This builds on
the previous work by Walton et al. to demonstrate that adeno-
mas with HGD tend to be larger in size (7-50mm) [6].

Furthermore, a recent paper by Leone et al. reported that
gastric cancers in patients with FAP was associated with solitary
or “polypoid mound” polyps>20mm located in the proximal
stomach [7]. Polyp size was available for 62 patients in our
study, including four patients with HGD (three proximal and
one distal). Our results show that the risk of HGD was 4% in
any polyp<20mm and 33 % for gastric adenomas>20mm (no
distal lesions>20 mm were recorded). HGD was not associated
with adenoma location (P =0.17) or sex, despite a higher occur-
rence of HGD in females (6 %) than in males (4 %; P =0.30). We
acknowledge that these findings may be due to the relatively
small numbers of HGD cases.

Our data show that gastric adenomas in patients with FAP
may be more common in the distal stomach and may be more
likely to be multiple. However, proximal gastric lesions may be
more subtle and difficult to detect, especially in the presence of
significant fundic gland polyposis, which are not located distal-
ly to the incisura. In our cohort, fundic gland polyposis was
present at initial diagnosis of gastric adenoma in 83% of pa-
tients. This is not different from FAP patients in general [19]
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but may be the reason for the observed variation in distribution
of gastric adenomas rather than a true predilection of gastric
adenomas to occur in the distal stomach.

We recognize that our results may be limited by retrospec-
tive data collection. Furthermore, over the 30-year study peri-
od, advances in the quality of imaging and endoscopic technol-
ogy, better understanding of the appearances of gastric pathol-
ogy, and referral bias mean that we cannot accurately describe
true incidence rates of gastric adenoma in this patient group.

Although the etiology of gastric adenomas in patients with
FAP remains unclear, associations with desmoid disease [6],
duodenogastric bile reflux [20], atrophic gastritis [18,21], and
H. pylori [21] have been described in the literature. Studies have
shown that the risk of gastric adenoma is higher in Korea and
Japan (15%-50%) [12, 17,21,22] compared with Western po-
pulations (2%-10%) [15, 19,22] and there is no clear geno-
type-phenotype correlation so it is unclear why certain pa-
tients with FAP develop gastric adenomas. While we recognize
the limitations of the study, it remains the largest cohort of FAP
gastric adenomas to date and we suggest a new framework for
the management of FAP gastric adenomas>5mm (» Fig.2).
The guidance is based on expert opinion with a view to con-
ducting future studies to determine whether our proposed gui-
dance reduces the incidence of gastric cancer in patients with
FAP.

Conclusion

This is the largest series to date of gastric adenomas in patients
with FAP. Overall, 14 % of patients with FAP had gastric adeno-
mas, of which 5% contained HGD. Endoscopic resection of gas-
tric adenomas is safe with a low rate of recurrence; however, it
does not completely eliminate the gastric cancer risk.
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