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Abstract
Background Although upper gastrointestinal (GI) neoplasms are not rare in patients with familial adenomatous polyposis 
(FAP), few studies have focused on them and the long-term outcomes of their treatment by endoscopy. Therefore, we aimed 
to investigate the prevalence and endoscopic treatment outcomes of upper GI neoplasms in patients with FAP.
Methods Among 215 patients diagnosed with FAP between January 1991 and December 2019, 208 who underwent esoph-
agogastroduodenoscopy were eligible. The clinical features and endoscopic treatment outcomes of upper GI neoplasms were 
retrospectively investigated and analyzed.
Results Among the enrolled patients, 113 (54.3%) had one or more upper GI neoplasms: gastric adenoma (n = 34), gastric 
cancer (n = 7), nonampullary duodenal adenoma (n = 86), and ampullary adenoma (n = 53). Among patients with gastric 
neoplasms (n = 37), 24 (64.9%) underwent treatment (endoscopic treatment: 22, surgery: 2). No tumor-related mortality 
occurred during median follow-up of 106 months (interquartile range [IQR] 63–174). Endoscopic treatment was performed 
in 47 (54.7%) of 86 patients with nonampullary duodenal adenoma and in 32 (60.4%) of 53 patients with ampullary adenoma. 
No patient underwent surgery for duodenal neoplasms, and no tumor-related mortality occurred during median follow-up 
of 88 months (IQR 42–145). The proportion of patients with increased Spigelman stage at 2 years after the initial diagnosis 
or treatment was significantly higher in untreated group than in the group treated for duodenal neoplasms (27.3% vs. 0.0%, 
p = 0.001).
Conclusion Endoscopic surveillance in FAP patients is important for the detection and treatment of upper GI neoplasms in 
early stage. In particular, endoscopic therapy for duodenal neoplasms can reduce the severity of duodenal polyposis.

Keywords Familial adenomatous polyposis · Gastric adenoma · Duodenal adenoma · Gastric cancer · Adenomatous 
polyposis coli · Endoscopic treatment

Familial adenomatous polyposis (FAP) is a rare autosomal 
dominant hereditary syndrome caused by mutations in the 
adenomatous polyposis coli (APC) gene. Patients with FAP 
typically present with numerous colorectal adenomas, and 
their lifetime risk of colorectal cancer (CRC) can reach 100% 
without prophylactic total proctocolectomy [1]. In addition 
to colorectal adenoma and CRC, the risk of neoplasms of 
the upper gastrointestinal (GI) tract, including the stomach 
and duodenum, increases in FAP patients. The duodenum is 
the second most commonly involved organ in FAP [2], and 
duodenal cancer is the most common cause of death in FAP 
patients undergoing total colectomy [3]. Therefore, clinical 
guidelines recommend regular surveillance esophagogas-
troduodenoscopy (EGD), the intervals of which should be 
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determined according to the degree of duodenal polyposis in 
FAP patients [4, 5]. Gastric lesions are also common in FAP 
patients and consist mainly of fundic gland polyps (FGPs), 
followed by gastric adenoma [6]. FAP-associated FGPs were 
generally considered as nonneoplastic lesions not requiring 
further treatment. However, several studies reported that 
gastric cancer can, although rarely, arise from FGPs in FAP 
patients [7, 8]. Thereby, the role of surveillance EGD should 
not be overlooked in FAP patients.

The prevalence of upper GI neoplasms differs between 
Asian and Western countries [9, 10]; however, few studies 
have focused on upper GI neoplasms in FAP, especially in 
Asian patients. Furthermore, although the endoscopic tech-
nique has evolved and endoscopy can now be performed to 
treat upper GI neoplasms, little evidence exists regarding 
endoscopic treatment for upper GI neoplasms in patients 
with FAP [11, 12]. Therefore, we aimed to investigate the 
long-term clinical outcomes of endoscopic treatment of gas-
tric and duodenal neoplasms in these patients. Additionally, 
we aimed to analyze the distribution of upper GI neoplasms 
according to the presence of APC mutations.

Materials and methods

Patients

A total of 215 patients who were clinically diagnosed with 
FAP and visited Asan Medical Center, a tertiary university 
hospital in Seoul, Korea, between January 1991 and Decem-
ber 2019, were considered eligible. Patients with ≥ 100 colo-
rectal adenomatous polyps or those with < 100 polyps but 
with APC mutations were clinically diagnosed with FAP 

[5]. We excluded seven patients who did not undergo EGD. 
Finally, 208 patients were enrolled in this study (Fig. 1). 
The clinical characteristics, APC mutation analysis, and 
endoscopic and histopathologic results were retrospectively 
reviewed using medical records. Informed consent was 
obtained from all patients before the procedure. The institu-
tional review board of Asan Medical Center approved this 
study (approval no. 2020-0073).

Definitions

The histopathologic results, including information on FGPs, 
gastric adenoma, gastric cancer, nonampullary duodenal 
adenoma, and ampullary adenoma, were retrospectively 
reviewed. The severity of duodenal adenomatosis was classi-
fied according to the Spigelman classification [13]. At Asan 
Medical Center, the grade of dysplasia was described only 
as low or high. Therefore, we defined “low grade” as mild 
dysplasia (Spigelman score 1) and “high grade” as severe 
dysplasia (Spigelman score 3). The Spigelman classification 
at the EGD at the time of diagnosis or treatment of duodenal 
neoplasms and that at the follow-up EGD after two years 
were investigated to analyze the change of staging according 
to endoscopic treatment during the follow-up. The follow-up 
period was defined as the interval from the initial diagnosis 
of FAP to the last outpatient clinic visit.

The types of recurrence included local, synchronous, and 
metachronous recurrence. Local recurrence was defined as 
the recurrence of a neoplasm at the site of the previous endo-
scopic treatment. Synchronous recurrence referred to tumors 
being detected at a different site within 1 year of the initial 
endoscopic treatment, and metachronous recurrence was 
defined as finding a lesion more than 1 year later.

Fig. 1  Flowchart of the enrolled 
patients and prevalence of upper 
gastrointestinal neoplasms. 
EGD esophagogastroduodenos-
copy, FAP familial adenomatous 
polyposis, UGI upper gastroin-
testinal
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Patients who underwent a genetic test were classified into 
two groups according to the presence of APC mutations: 
group A (multiple colorectal polyps and APC mutations) and 
group B (≥ 100 colorectal polyps and no APC mutations). 
The clinical characteristics and prevalence of upper GI neo-
plasms in groups A and B were compared. The distribution 
of upper GI neoplasms according to the nucleotide change 
of the APC gene was also investigated.

Endoscopic treatment modalities

Patients with FGPs were usually followed up without endo-
scopic treatment. Forceps biopsy specimens for histology 
were taken from polyps > 10 mm or those showing a change 
in mucosal color, granularity or friability, or a microvascu-
lar pattern different from that of the surrounding polyps. If 
the histopathology revealed dysplasia, endoscopic treatment 
was performed. Patients with gastric adenoma underwent 
endoscopic treatment including endoscopic submucosal 
dissection (ESD), endoscopic mucosal resection (EMR), or 
argon plasma coagulation. Gastric cancer was treated with 
ESD or gastrectomy. In cases of nonampullary duodenal 
adenomas, if the lesion reached > 10 mm in size, or if the 
histopathology report confirmed high-grade dysplasia during 
the follow-up, endoscopic treatment was performed. Endo-
scopic papillectomy was first considered for patients with 
ampullary adenoma. If the lesion showed a nonlifting sign, 
argon plasma coagulation was considered instead of endo-
scopic papillectomy. After the procedure, the patients were 
observed in the outpatient clinic and endoscopic examina-
tion was conducted approximately every 6 months or 1 year 
to monitor the recurrence of upper GI neoplasm during the 
follow-up.

APC mutation analysis

At Asan Medical Center, mutation analysis of the APC 
gene on chromosome 5q21–q22 was conducted via Sanger 
sequencing or next-generation sequencing (NGS). Genomic 
DNA was extracted from EDTA-treated peripheral blood 
leukocytes. For Sanger sequencing, in-house primers 
designed to span the entire coding region and intron–exon 
boundaries of the APC gene (NM_000038.5) were used. 
Sanger sequencing was performed as previously described 
[14]. Sequence analysis was performed using Sequencher 
(Gene Codes, Ann Arbor, MI, USA) DNA analysis soft-
ware, and the sequence was compared to the standard refer-
ence sequence obtained from the National Center for Bio-
technology Information database [15]. For NGS, DxSeq 
Library Preparation Reagent and DxSeq Target Capture 
Reagent (Dxome, Seoul, Korea) were used for prepara-
tion, and sequencing was performed using Illumina Miseq 
DX (Illumina, San Diego, CA, USA). The bioinformatics 

software employed were Illumina VariantStudio (Illumina, 
San Diego, CA, USA) and DxSeq Gene Analysis System 
(Dxome, Seoul, Korea). When copy-number variants of 
APC were detected by NGS, they were confirmed using 
the Multiplex Ligation-dependent Probe Amplification kit 
(SALSA MLPA kit P043 APCl; MRC-Holland, Amsterdam, 
Netherlands).

Statistical analysis

Descriptive variables are summarized as median (inter-
quartile range [IQR]). Differences in patient characteristics 
between two groups were appropriately compared using 
independent t-tests and chi-square test. The risk factors for 
the development of upper GI neoplasms were analyzed using 
logistic regression analysis. The Spigelman stage change 
during the follow-up was analyzed using Wilcoxon signed-
rank test. A value of p < 0.05 was considered statistically 
significant. All statistical analyses were performed using 
SPSS version 24 (IBM Corporation, Somers, NY, USA).

Results

Clinical characteristics

Among 208 patients with FAP and who underwent EGD, 
113 (54.3%) had one or more upper GI neoplasms, includ-
ing gastric adenoma, gastric cancer, nonampullary duode-
nal adenoma, and ampullary adenoma. The clinical char-
acteristics of the study population and the comparison of 
patients with or without upper GI neoplasms are presented 
in Table 1. The median age at the initial diagnosis of FAP 
was 29 years (IQR 23–37 years), and 58.2% of the patients 
were men. The median follow-up period of these patients 
was 78 months (IQR 26–121 months). CLO tests were per-
formed for 24 (11.5%) of the patients, and 10 (41.7%) of 
them were confirmed to be having Helicobacter pylori (H. 
pylori) infection. Sixty patients (28.8%) were diagnosed with 
CRC and 171 (82.2%) underwent total proctocolectomy with 
ileal–pouch anal anastomosis or colectomy with ileorectal 
anastomosis. During the follow-up, 10 patients died of CRC 
(n = 7), desmoid tumor (n = 1), brain tumor (n = 1), and sep-
tic shock (n = 1). Further, the median follow-up period was 
significantly longer in patients with upper GI neoplasms than 
in those without (89 vs. 58 months, p = 0.002).

Prevalence of gastric neoplasms and treatment 
outcomes

Among the enrolled patients, 37 had one or more gastric 
neoplasms, as follows: gastric adenoma (n = 34) and gas-
tric cancer (n = 7) (Fig. 1). Figure 2A shows the treatment 
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outcomes of gastric neoplasms during the median follow-up 
period of 106 months (IQR 61–178 months).

A total of 21 (61.8%) of 34 patients with gastric adenoma 
underwent endoscopic treatment: ESD in 11 patients, EMR in 
7 patients, argon plasma coagulation in 2 patients, and band 
ligation in 1 patient. Of the remaining 13 patients, 10 were lost 
to follow-up and the other 3 patients with histopathologically 
confirmed low-grade dysplasia were monitored in an outpa-
tient clinic without treatment. In 18 patients who underwent 
EMR or ESD for gastric adenoma, the en bloc resection rate 
was 100%, and the complete resection rate was 94.4% (17 of 
18). Of the 21 patients who underwent endoscopic treatment, 9 
(42.9%) experienced recurrence: one local, three synchronous, 
and five metachronous. And 7 of these cases needed further 
endoscopic treatment (ESD in 2, EMR in 2, and argon plasma 

coagulation in 3). The remaining two patients who had gas-
tric adenoma recurrence were regularly followed up without 
further treatment.

Of seven patients with gastric cancer, five underwent ESD 
and two underwent gastrectomy. In one patient, metachronous 
recurrence occurred at a different site after ESD for EGC. This 
patient underwent repeated ESD with curative resection. No 
procedure-related bleeding or perforation that required surgi-
cal intervention and no procedure-related mortality occurred.

Prevalence of duodenal neoplasms and treatment 
outcomes

Among the enrolled patients, 100 had one or more duo-
denal neoplasms, as follows: nonampullary duodenal 

Table 1  Comparison of clinical 
characteristics in FAP patients 
(N = 208) with or without upper 
gastrointestinal neoplasms

FAP familial adenomatous polyposis, IQR interquartile range, UGI upper gastrointestinal
a Underlying diseases: diabetes, hypertension, chronic kidney disease, liver cirrhosis, cardiovascular disease

Total
(N = 208)

With UGI neoplasms
(n = 113)

Without UGI 
neoplasms
(n = 95)

p value

Age at diagnosis, years (IQR) 29 (23–37) 28 (22–35) 30 (24–40) 0.052
Male sex, n (%) 121 (58.2) 62 (54.9) 59 (48.8) 0.292
Underlying  diseasesa, n (%) 10 (4.8) 6 (5.3) 4 (4.2) 0.757
Thyroid cancer, n (%) 14 (6.7) 11 (9.8) 3 (3.2) 0.057
Desmoid tumor, n (%) 24 (11.5) 15 (13.3) 9 (9.5) 0.393
Colorectal cancer, n (%) 60 (28.8) 31 (27.7) 29 (30.5) 0.653
Atrophic gastritis, n (%) 65 (31.3) 25 (22.1) 40 (42.1) 0.002
Family history, n (%)
 Colorectal cancer 99 (47.6) 57 (50.4) 42 (44.2) 0.370
 FAP 85 (40.9) 49 (43.4) 36 (37.9) 0.424

Follow-up, months (IQR) 78 (26–121) 89 (37–134) 58 (14–100) 0.002

Fig. 2  Treatment out-
comes during the median 
follow-up period for A gastric 
neoplasms (106 months, 
interquartile range [IQR] 
61–178 months) and B duode-
nal neoplasms (88 months, IQR 
42–145 months). AA ampullary 
adenoma, ESD endoscopic sub-
mucosal dissection, GA gastric 
adenoma, GC gastric cancer, 
NonAA nonampullary adenoma, 
OP operation, Tx treatment
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adenoma (n = 86) and ampullary adenoma (n = 53) (Fig. 1). 
Figure 2B shows the treatment outcome of duodenal neo-
plasms during the median follow-up period of 88 months 
(IQR 42–145 months).

Among patients with nonampullary duodenal adenoma 
(n = 86), 47 (54.7%) underwent endoscopic treatment: EMR 
in 18, argon plasma coagulation in 28, and band ligation in 
1. En block resection was performed in all of the 18 patients 
who underwent EMR for nonampullary duodenal adenoma, 
and complete resection was performed in 11 (61.1%) of 
them. Some patients needed additional endoscopic treat-
ments when the remnant lesion grew to > 10 mm on surveil-
lance EGD during the follow-up: 20, 11, 5, and 1 patients 
underwent one, two, three, and four additional endoscopic 
treatments, respectively. Of 53 patients with ampullary 
adenoma, 31 (58.5%) were managed with endoscopic papil-
lectomy and only 1 patient (1.9%) underwent argon plasma 
coagulation because a nonlifting sign was observed during 
submucosal saline injection. Among the 31 patients who 
underwent EMR for ampullary adenoma, the en bloc resec-
tion rate was 93.5% (29 of 31) and the complete resection 
rate was 74.2% (23 of 31). Eleven of the patients who under-
went endoscopic treatment experienced local recurrence, 
and nine of them underwent additional endoscopic treat-
ment: argon plasma coagulation in seven patients, EMR in 
one patient, and mucosectomy using forceps biopsy in one 
patient. No cases of procedure-related bleeding or perfora-
tion that required surgical intervention and no procedure-
related mortality occurred. Further, no patient died of duo-
denal neoplasms during the follow-up and duodenal cancer 
was not observed.

Change of Spigelman stage during the follow‑up

Figure 3 and Supplementary Table 1 show the change of 
Spigelman stage between the EGD at the time of diagnosis 
or treatment of duodenal neoplasms and 2 years after that. 
In the untreated group, the stage was significantly increased 
2 years later (p = 0.0197). In the treated group, the stage 
after 2 years was significantly decreased (p < 0.001). The 
proportion of upstaging after 2 years was significantly higher 
in the untreated group than in the treated group (27.3% vs. 
0.0%, p = 0.001).

Risk factors for upper GI neoplasms in FAP

Multivariate analysis showed that a concurrent family his-
tory of FAP (odds ratio [OR] 0.376; 95% confidence inter-
val [CI] 0.161–0.880; p = 0.024) and duodenal neoplasms 
(p = 0.005) were associated with the development of gastric 
neoplasms. Moreover, age at diagnosis (OR 0.963; 95% CI 
0.937–0.990; p = 0.007), thyroid cancer (p = 0.031), and 
gastric neoplasms (p = 0.005) were associated with the 

development of duodenal neoplasms (Table 2). In group A 
and B patients who underwent a genetic variant test, mul-
tivariate analysis showed that desmoid tumor (OR 5.290; 
95% CI 1.196–23.403; p = 0.028) and duodenal neoplasms 
(p = 0.020) were associated with the development of gastric 
neoplasms. Moreover, gastric neoplasms (OR 6.260; 95% CI 
1.504–26.056; p = 0.012) were associated with the develop-
ment of duodenal neoplasms (Table 2).

Distribution of upper GI neoplasms according 
to APC mutations

The comparison of clinical characteristics and upper GI neo-
plasms between patients with and without APC mutations is 
summarized in Supplementary Table 2. No significant dif-
ferences between the two groups were observed, including 
in the median age at diagnosis, underlying diseases, median 
follow-up period, and family history of CRC and FAP. The 
prevalence of gastric neoplasms was significantly higher in 
patients with APC mutations than in those without (18.4% 
vs. 0.0%, p = 0.011). The prevalence of duodenal neoplasms 
was not significantly different between the groups.

Figure 4 shows the distribution of gastric and duodenal 
neoplasms according to nucleotide number of APC muta-
tions. Duodenal neoplasms were frequently observed in 
patients with changes of nucleotide number 3183_3187, 

Fig. 3  Change of Spigelman stage between the time of diagnosis of 
duodenal neoplasms and 2  years after the initial diagnosis or treat-
ment (proportion of upstaging in the untreated group and the treated 
group: 27.3% vs. 0.0%, p = 0.001)
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Table 2  Logistic regression analysis of factors associated with UGI neoplasms: (A) UGI, gastric, and duodenal neoplasms in whole patients with 
FAP (N = 208); (B) UGI, gastric, and duodenal neoplasms in groups A and B patients who underwent APC mutation analysis (n = 116)

APC adenomatous polyposis coli, CI confidence interval, CRC  colorectal cancer, FAP familial adenomatous polyposis, OR odds ratio, UGI 
upper gastrointestinal
a Simultaneously adjusted for age at diagnosis, desmoid tumor, family history of FAP, and duodenal neoplasms
b Simultaneously adjusted for age at diagnosis, sex, thyroid cancer, family history of FAP, and gastric neoplasms
c Simultaneously adjusted for desmoid tumor and duodenal neoplasms
d Simultaneously adjusted for age at diagnosis, sex, colorectal cancer, thyroid cancer, family history of FAP, gastric neoplasms, and APC muta-
tions

UGI neoplasms Gastric neoplasms Duodenal neoplasms

Univariate analysis Multivariate analysis Multivariate  analysisa Multivariate  analysisb

OR (95% CI) p 
value

OR (95% CI) p value OR (95% CI) p value OR (95% CI) p value

A
 Age at diagnosis 0.975 (0.951–1.000) 0.054 0.976 (0.952–1.002) 0.070 1.032 (0.996–

1.069)
0.083 0.963 (0.937–0.990) 0.007

 Sex 1.348 (0.773–2.351) 0.292 1.495 (0.809–2.765) 0.199
 Colorectal cancer 0.871 (0.477–1.590) 0.653
 Desmoid tumor 1.463 (0.609–3.511) 0.395 2.524 (0.903–

7.054)
0.078

 Thyroid cancer 3.340 (0.903–12.347 0.071 3.015 (0.809–
11.232)

0.100 4.313 (1.141–16.309) 0.031

 Family history of 
FAP

1.255 (0.719–2.190) 0.425 0.376 (0.161–
0.880)

0.024 1.589 (0.865–2.921) 0.136

 Family history of 
CRC 

1.284 (0.743–2.221) 0.370

 Gastric neoplasms 3.090 (1.407–6.785) 0.005
 Duodenal neo-

plasms
3.182 (1.416–

7.150)
0.005

UGI neoplasms Gastric neoplasms Duodenal neoplasms

Univariate analysis Multivariate analysis Multivariate  analysisc Multivariate  analysisd

OR (95% CI) p value OR (95% CI) p value OR (95% CI) p value OR (95% CI) p value

B
 Age at diagnosis 0.921 (0.875–0.970) 0.002 0.929 (0.882–0.979) 0.005 0.589 (0.597–1.237) 0.415
 Sex 1.229 (0.439–3.435) 0.695 1.672 (0.704–3.974) 0.244
 Colorectal cancer 0.694 (0.236–2.046) 0.508 0.443 (0.174–1.130) 0.088
 Desmoid tumor 5.290 (1.196–

23.403)
0.028

 Thyroid cancer 3.224 (0.519–
20.031)

0.209

 Family history of 
FAP

2.208 (0.731–6.667) 0.160 1.448 (0.432–4.847) 0.548 1.855 (0.808–4.259) 0.145

 Family history of 
CRC 

2.821 (0.935–8.517) 0.066 2.209 (0.686–7.118) 0.184

 Gastric neoplasms 6.260 (1.504–
26.056)

0.012

 Duodenal neo-
plasms

4.922 (1.283–
18.886)

0.020

 APC mutations 1.630 (0.551–4.828) 0.377 0.791 (0.188–3.329) 0.750
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followed by 532–2 and 3927_3931. The nucleotide 
changes and the presence of upper GI neoplasms in group 
A are summarized in Supplementary Table 3.

Discussion

Most patients with FAP develop > 100 colorectal adeno-
matous polyps at a young age. Adenomatous polyps also 
occur in the upper GI tract, and several studies have reported 
about gastric and duodenal polyps, adenoma, and cancer 
in patients with FAP [16–18]. However, few studies have 
focused on the outcomes of endoscopic treatment of upper 
GI neoplasms in these patients [11, 12]. We investigated the 

long-term treatment outcomes of all of the gastric and duo-
denal neoplasms with a larger sample size compared with 
the previous studies. [17, 19, 20]. In this study, upper GI 
neoplasms were found in 54.3% of FAP patients who under-
went EGD. Among them, 6.2% had gastric cancer and 88.5% 
had duodenal neoplasms. Approximately half of the patients 
with gastric and duodenal neoplasms underwent endoscopic 
therapy. No procedure-related complications occurred, and 
no patient underwent surgery for gastric adenoma and amp-
ullary or nonampullary duodenal adenoma during the fol-
low-up period. Further, no patient progressed to or died of 
duodenal cancer.

Although the relationship between atrophic gastritis, 
H.pylori infection, and incidence of gastric cancer in FAP 

Fig. 4  Distribution of A gastric 
and B duodenal neoplasms 
according to nucleotide change 
of the adenomatous polyposis 
coli (APC) gene
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patients was not demonstrated in our study, it is well known 
that these factors are closely related to the incidence of gas-
tric cancer in general population of Asia [21]. And multi-
ple factors including high salt diet, smoking, obesity, and 
alcohol drinking might be played interactive roles in this 
regard. In FAP patients, the prevalence of gastric adenoma 
was reported to be up to 35% in Asia, which is higher than 
that in Western countries (~ 10%) [10, 22]. Gastric cancer in 
FAP patients was also reported to be higher in Asian than in 
Western countries, and this result was considered to be asso-
ciated with a high prevalence of gastric cancer in the gen-
eral population as previously stated. However, it has recently 
been reported that the incidence of gastric cancer is rapidly 
increasing in FAP patients in Western countries [23, 24]. 
Accordingly, the importance of gastric cancer as a cancer 
risk in FAP patients is also increasing. Previous studies have 
shown some cases of gastric cancer arising from FGPs [7, 
8]. However, there is still no definite pathological evidence 
for the possibility that FGPs develop into gastric cancer. In 
this study, only three of seven patients presented solitary 
gastric cancer; the other four patients were histopathologi-
cally confirmed to have a number of adenomas around the 
cancer lesion. Only one patient had fundic gland polyposis 
on the gastric body and fundus, and we could not confirm the 
association between FGPs and gastric cancer in this patient. 
Currently, no guidelines exist for the surveillance and man-
agement of gastric lesions. It has been suggested that a clas-
sification for gastric lesions such as duodenal adenomatosis 
is required for the identification of early gastric cancer pre-
cursors [17]. Therefore, FAP patients with FGPs should also 
undergo regular surveillance EGD to monitor the change of 
endoscopic phenotype and detect gastric cancer early.

In FAP patients, duodenal adenoma can be found in 
30–90%, and duodenal cancer is the second leading cause 
of death [25, 26]. The severity of duodenal adenomatosis is 
assessed using the Spigelman classification, and the inter-
val of surveillance EGD is decided according to this stage 
[13]. The risk of duodenal cancer development also seems 
to be related to this stage [27]. In this study, the severity of 
duodenal adenomatosis, especially in the nontreated group, 
showed increased Spigelman stage over time. Therefore, 
regular follow-up for duodenal neoplasms is important for 
proper management in the early stage. Surgery is usually 
recommended for patients with stage IV disease. However, 
no consensus exists about the treatment of duodenal poly-
posis with a stage below III, and endoscopic therapy for all 
lesions is challenging. Because the duodenal wall is very 
thin, there is a risk of procedure-related complications such 
as perforation and bleeding. At our hospital, endoscopic 
therapy is mostly selectively performed for large adenomas 
(> 10 mm in diameter) or adenomas with high-grade dys-
plasia. Consequently, 58.0% of the patients with duodenal 
neoplasms underwent endoscopic therapy and 42.0% were 

carefully observed without treatment. No procedure-related 
mortality was observed, and no patient experienced progres-
sion to duodenal cancer during the follow-up. Considering 
gains and losses, treatment of all duodenal adenomatosis 
lesions is not necessary. However, early detection of lesions 
with a high risk of progressing to cancer (such as those that 
are larger than 10 mm, have tubulovillous or villous compo-
nents on histology, and have a high grade of dysplasia) and 
treating them with endoscopy may be helpful in reducing 
invasive surgery or death from duodenal cancer. A previ-
ous study reported that endoscopic polypectomy has partly 
replaced open duodenotomy, as it can lower the Spigelman 
stage [28]. In our study, patients who underwent endoscopic 
therapy for duodenal adenoma showed significant downstag-
ing according to the Spigelman classification on follow-up 
EGD.

In this study, the factor associated with the development 
of gastric neoplasms was the presence of duodenal neo-
plasms. Moreover, the occurrence of duodenal neoplasms 
was associated with the presence of gastric neoplasms. The 
genotype–phenotype correlation with CRC in FAP patients 
is well known [29]. Although it is still controversial, there 
have been several reports about the association between 
upper GI neoplasms and APC mutations at codons 564–1465 
and 976–1067 [30–32]. In our study, duodenal neoplasms 
were most frequently observed in patients with changes 
of nucleotide number 3183_3187 (codon 1062), which is 
similar to the findings of a previous report. Further studies 
on the association between APC mutations and duodenal 
neoplasms are required. This association is expected to play 
an important role, like the Spigelman classification, in the 
tailored surveillance and management for each patient.

This study had several limitations. First, selection bias 
may be present owing to the single-center and retrospective 
nature of the study. In the untreated group, there were a few 
patients who declined treatment or were lost to follow-up. 
Furthermore, some of the patients who underwent endo-
scopic treatment were selected based on decisions made by 
the endoscopists. Second, more patients than anticipated 
(44.2%) did not undergo the APC genetic test, and it was 
not possible to evaluate the association between APC muta-
tions and upper GI neoplasms in these patients. Third, some 
patients had a relatively short follow-up period, because 
patients are usually referred to a local hospital for routine 
evaluations after acute phase management, as Asan Medi-
cal Center is a tertiary care hospital. However, this study 
showed the clinical outcomes of upper GI neoplasms in a 
large number of FAP patients and demonstrated the differ-
ent incidence of upper GI neoplasms between Asian and 
Western countries. Further, our study demonstrated that 
endoscopic treatment of selected duodenal neoplasms can 
decrease the severity of adenomatosis during the follow-up.
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In conclusion, based on the present results, endoscopic 
surveillance in FAP patients is important for the detection 
and treatment of upper GI neoplasms in the early stage. In 
particular, endoscopic therapy for duodenal neoplasms can 
reduce the severity of duodenal polyposis and may help 
avoid or delay invasive surgery.
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