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Abstract

Background Patients with familial adenomatous poly-
posis (FAP) have an increased risk of developing gastric
neoplasms. However, the clinical course of FAP with these
gastric lesions has not yet been fully clarified. The present
study aimed to clarify the changes in the incidence risk of
developing gastric adenoma or gastric cancer during the
lifespan of patients with FAP.

Methods Four hundred forty-three patients with data
regarding gastric adenoma and gastric cancer retrospectively
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registered in a nationwide Japanese multicenter study were
enrolled. The cumulative incidences and hazard rates (HRs)
of gastric neoplasms were evaluated.

Results The cumulative incidence rates in 50-year-old
patients with FAP were 22.8% for gastric adenoma and 7.6%
for gastric cancer, respectively. No significant association
was found between gastric neoplasms and the colonic phe-
notype. The peak age for the HR of gastric adenoma was
65 years, with the highest HR (0.043). Regarding the inci-
dence of gastric cancer, the HR increased moderately up to
the age of 40 years, but the increase accelerated from the age
of 50 years (HR =0.0067).

Conclusion Careful surveillance of the upper gastrointes-
tinal tract in elderly patients with FAP, such as shortening
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the interval of follow-up according to age, may be helpful
for early diagnosis of gastric cancer.

Keywords Familial adenomatous polyposis - Gastric
adenoma - Gastric cancer

Introduction

Familial adenomatous polyposis (FAP) is an autosomal
dominant disease caused by a pathogenic variant in the APC
[1-3]. FAP is the second most common predisposition to
hereditary colorectal cancer (CRC) and is characterized by
the development of multiple colorectal adenomas in the colon
and rectum. Large epidemiological polyposis registries have
documented FAP prevalence between 1:20,000 and 1:10,000
in Western countries and 1:17,400 in Japan [4, 5]. The
natural history of FAP is characterized by the development of
adenomatous polyps in one’s teens [6]. If FAP is left untreated,
it is most likely to develop into CRC [7]. The APC germline
variant is reportedly undetected in 20-40% of patients with
FAP [8, 9].

Upper gastrointestinal lesions, including fundic gland
polyposis (FGP), gastric adenoma, gastric cancer, and
duodenal adenoma, develop in patients with FAP. Although
gastric cancer is not cited as a health risk in Western patients
with FAP with a reported lifetime risk of 0.6%, similar to
the general population risk [10], the relative risk of gastric
cancer increased 2.4 times for males and 4.7 times for
females compared with the general population in Japanese
patients with FAP [11]. Therefore, surveillance using upper
gastrointestinal endoscopy is recommended for the early
detection of malignant diseases, such as gastric cancer, in
patients with FAP [12].

Previous studies have reported a high incidence of
gastric adenoma and gastric cancer in Asian patients with
FAP [13, 14]. Although the Kaplan—Meier method used for
conventional analysis can visualize cumulative incidences
of gastric adenoma or gastric cancer, it is not suitable for
analyzing the changes in risk overtime. Alternatively, a
hazard function analysis that plots the time change on the
horizontal axis and the risk rate on the vertical axis can
show the time-dependent aspect of the incidence risk [15,
16]. Therefore, in this study, we aimed to investigate the
changes in the incidence risk for developing gastric adenoma
or gastric cancer during the lifespan of patients with FAP
using hazard function analysis.
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Methods
Ethics statements

The ethical committees of the Japanese Society for Cancer
of the Colon and Rectum (JSCCR) (90-5) and the University
of Tokyo (2019112NTI) approved this study. This study
was performed in accordance with the provisions of the
Declaration of Helsinki.

Study design and patients

This study included Japanese patients with FAP who were
listed in the database of the working group of the JSCCR’s
“multicenter retrospective study of FAP patients”. Data
were retrospectively collected from 35 JSCCR member
institutions that are leading hospitals for colorectal treatment
in Japan. The included patients were diagnosed with FAP
before 2018. The diagnostic criteria for FAP included
a clinical diagnosis of FAP. The criteria for the clinical
diagnosis of FAP were as follows: (1) approximately > 100
adenomas in the colorectum, regardless of family history,
and (2) < 100 adenomas; however, the patient had a family
history of FAP. In addition, patients with APC variants
classified as likely pathogenic or pathogenic were included.
We defined patients with > 100 adenomas in the colon
and rectum as having classical FAP, and those with < 100
adenomas as having attenuated FAP (AFAP).

The criteria for surgery, follow-up methods, and
surveillance for patients with FAP were determined by each
institution and physician.

Statistical analysis

Cumulative cancer risks were calculated using the
Kaplan—Meier method, and the log-rank test was used to
compare the risk of gastric adenoma or gastric cancer.
Hazard function analysis for the incidence of gastric
adenoma or gastric cancer was performed using R version
3.6.1 with the muhaz package (R Project for Statistical
Computing, Vienna, Austria; http://www.r-project.org/)
[15, 16]. The hazard function describes the instantaneous
incidence rate for gastric adenoma or gastric cancer if the
individual survives until a certain time. The time scale was
discretized by 1 year. Kaplan—Meier survival estimates and
statistical analysis were performed using JMP PRO version
14.2.0 software (SAS Institute Inc., Cary, NC, USA), and
statistical significance was defined at p <0.05.
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Results

The database included 505 patients with FAP. Patients
with missing data from upper gastroenteroscopy (n=61) or
the follow-up (n=1) were excluded. Thus, the total study
population comprised 443 patients (Supplemental data 1).
The characteristics of the 443 patients with FAP enrolled in
this study are presented in Table 1. The median follow-up
period from FAP diagnosis was 12.3 years. A total of 300
and 62 patients had classical FAP and AFAP, respectively.
Genetic analysis of the APC was performed in 221 patients,
and germline pathogenic or likely pathogenic variants in the
APC were detected in 165 patients. In total, 270 patients
underwent proctocolectomy or total colectomy for the
treatment of FAP, and CRC was diagnosed in 197 patients.
Gastric adenoma and gastric cancer were diagnosed in 107
and 58 patients, respectively. Concerning the Helicobacter
pylori (H. pylori) infection, 21 patients had a positive result,
208 had a negative result, and 214 had no data.

The frequencies of FGP, gastric adenoma, gastric cancer,
duodenal adenoma, thyroid cancer, desmoid tumor, and jaw
osteoma were 65.4%, 24.3%, 13.1%, 54.0%, 4.5%, 13.6%,
and 4.5%, respectively (Table 2).

The cumulative incidence rates of gastric adenoma and
gastric cancer in 50-year-old patients with FAP were 22.8%
and 7.6%, respectively (Fig. 1A, B). When comparing the
colonic phenotype between classical FAP and AFAP, the
cumulative incidence rates of gastric adenoma in 60-year-old
FAP patients were 33.8% for the classical type and 25.7% for
AFAP (p=0.886), and the rates of gastric cancer were 15.2%
and 14.9% (p=0.754), respectively (Fig. 2A, B). Interest-
ingly, Fig. 2 shows that the cumulative incidence curves

Table 2 Extracolonic diseases in the 443 patients with familial ade-
nomatous polyposis

Type of diseases Number
of patients
(%)
Fundic gastric polyposis 289 (65.4)
Gastric adenoma 107 (24.3)
Gastric cancer 58 (13.1)
Duodenal adenoma 239 (54.0)
Thyroid cancer 20 (4.5)
Desmoid tumor 60 (13.6)
Jaw osteoma 20 (4.5)

between the classical and attenuated types were similar for
both gastric adenoma and gastric cancer. Data concerning
H. pylori infection were missing in 219 patients. In the other
patients, the cumulative incidence rates of gastric adenoma
in 60-year-old FAP patients were 51.6% in H. pylori-positive
and 48.3% in H. pylori-negative (p =0.625), respectively.
The rates of gastric cancer were 35.7% in H. pylori-positive
and 19.9% in H. pylori-negative (p =0.054), respectively
(Fig. 3).

Figure 4A, B shows a hazard function plot of the inci-
dence of gastric adenoma and adenocarcinoma. Table 3
shows the HR according to age. The peak age for the HR of
gastric adenoma was 65 years, with the highest HR of 0.043,
and the HR decreased thereafter. Regarding the incidence of
gastric cancer, the HR increased moderately up to the age
of 40 years, but the increase accelerated from > 50 years.

Table 1 Clinical
Characteristics of the

443 patients with familial Sex
adenomatous polyposis

Factors n (%)
Male 214 (48.3)
Female 229 (51.7)
Age at diagnosis, median 27 (0-78)
Polyp density Classical (>1001 polyps) 58 (13.1)
(100-1000 polyps) 242 (54.6)
Attenuated (<99 polyps) 62 (14.0)
Data missing 81 (18.3)
Median follow-up duration: years (range) 12.3 (0.3-83.5)
Genetic testing Yes 221 (49.9)
APC variants Yes 165 (74.7)
Diagnosis of colorectal cancer Yes 192 (43.3)
Number of patients who underwent proctocolectomy or total colectomy 270 (60.9)
Helicobacter pylori infection Positive 21 (4.7)
Negative 208 (47.0)
Data missing 214 (48.3)
Gastric adenoma Yes 107 (24.3)
Gastric cancer Yes 58 (13.1)
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Fig. 2 Cumulative incidence of upper gastrointestinal polyps and tumors in 362 patients with familial adenomatous polyposis by colonic pheno-

type. A Gastric adenoma, B gastric cancer
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Table 3 Results of hazard function analysis 50 to 80 years. Interestingly, the age-related increase in the
Age (years) Gastric adenoma hazard  Gastric gastric cancer incidence was §1m11ar between patients W.lth
rate cancer hazard FAP and the general population. Furthermore, comparing
rate the HR of 0.0067 in patients with FAP and the incidence
10 0.0000 0.0000 rate of 0.00037 in men in the géneral populatlon a.t the
20 0.0019 0.0010 age of 50 years, the risk for gastric cancer is much higher
30 0' 0048 0' 0023 in patients with FAP than that in the general population.
20 0' 0120 0'0029 Therefore, careful surveillance of patients with FAP is
50 0' 0100 0' 0067 important for the detection and treatment of gastric cancer.
60 0' 0304 0'0 131 Whether the surveillance program for gastric cancer
0 0' 0271 0' 0447 should be the same for classical FAP or AFAP is unclear.
i i Some reports have been published regarding the correlation
between the upper gastrointestinal phenotype and APC
genotype. Miyaki et al. showed that gastric adenoma and
Discussion duodenal adenoma development are related to variants in

Extracolonic diseases such as gastric cancer, duodenal
cancer, and desmoid tumor, are a major cause of fatality in
patients with FAP in Japan [12, 17]. Considering the high
risk for gastric cancer, careful monitoring with long-term
follow-up is necessary. This is the first study to use hazard
function analysis to determine the time course of the HR for
the incidence of gastric cancer and gastric adenoma using
the data of patients with FAP from a multicenter database.
Our findings highlight that the increase in HR for gastric
cancer was accelerating for those aged > 50 years.

In this study, the cumulative incidence rate and HR
of gastric cancer in 50-year-old patients were 7.6% and
0.0067, respectively. In the general population of Japan,
gastric cancer accounted for almost half of all cancer-
related deaths in the 1960s, but this proportion continues
to decline. According to the 2019 cancer statistics forecast
by the National Cancer Center Cancer Information Service
[18], gastric cancer ranks third in the number of deaths,
after lung and colorectal cancers. The incidence rates of
gastric cancer at approximately 50 years of age are 0.00037
in men and 0.00019 in women in the general population.
Additionally, the incidence rate increased moderately up to
the age of 50 years; however, this increase accelerated from

codons 1450-1564 of the APC [19]. Since APC germline
variants in this region are associated with the classical
colonic phenotype [19], gastric and duodenal adenomas are
more frequently found in patients with classical FAP than
in those with AFAP. In contrast, Sample et al. showed that
the number of gastric polyps, including gastric adenoma and
fundic gastric polyps, did not differ based on the genotype;
however, advancing age was correlated with the severity
of gastric polyposis [20]. The analysis included cases
of severe and mild upper gastrointestinal phenotypes in
patients with identical APC variants. It was suggested that
the location of the APC variant is not absolutely predictive
of an upper gastrointestinal phenotype [20]. Similarly, our
study showed that the incidence rates of gastric adenoma
and adenocarcinoma were similar between classical FAP
and AFAP. In addition, they were strongly correlated with
advanced age. It is well known that H. pylori is an important
etiologic agent for gastric cancer in the general population
[21]. Although our study showed that the development of
gastric cancer tended to be related to H. pylori infection in
Japanese FAP patients, the data were not available in half
of the patients. Moreover, the definitions and criteria for
H. pylori infection were not the same for all patients due to
historical background. According to our data, the H. pylori
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infection rate was 4.7%, which is very low compared to the
general infection rate among Japanese people (40%) [22].
Due to this lack of data, we could not accurately show the
association between H. pylori infection and the occurrence
of gastric cancer in patients with FAP. Further studies are
needed to elucidate the complex relationship between the
incidence of gastric tumors in patients with FAP and the
genotype, the colonic phenotype, and clinical characteristics
including age, sex, and H. pylori infection.

Gastric cancer screening is a substantial problem for
patients with FAP. To date, no prospective studies have inves-
tigated the efficacy of upper gastrointestinal tract surveillance
in patients with FAP. The Japanese guidelines strongly rec-
ommend upper gastrointestinal surveillance in patients with
FAP because of the increased risk of gastric and duodenal
cancers compared to that in the general population [12].
Baseline gastroscopy is initiated at 20-25 years of age and
is repeated regularly once a year [12]. In the general popu-
lation of Japan, gastroscopy is recommended as a popula-
tion-based screening method according to the revised 2014
Japanese Guidelines for Gastric Cancer Screening [23], and
this recommendation has changed from once a year for indi-
viduals aged > 40 years to once every 2 years for individuals
aged > 50 years, reflecting the recent decline in gastric cancer
mortality by age group. Our study showed that the develop-
ment of gastric cancer was strongly accelerated in patients
aged > 50 years, similar to the general population. Further-
more, the incidence of gastric cancer in patients with FAP is
much higher than that in the general population. Therefore,
we suggest that gastroscopy for gastric cancer screening
should be recommended once a year in middle-aged indi-
viduals and shortening the interval of follow-up with age.

Regarding gastric surveillance for patients with FAP, it is
important to know the endoscopic features of gastric neo-
plasms in these patients. Most gastric cancers in patients with
FAP occur in an area of polyposis in the proximal gastric body
or fundus [24]. Kunnathu et al. reported that the presence of
a white mucosal patch in the stomach of a FAP patient is a
feature associated with gastric cancer because 2/14 (14.3%)
patients had proximal gastric cancer [25]. Among the histo-
logic phenotypes, high-grade dysplasia was present in 41% of
patients with FAP with a whitish area of the proximal stomach
[26]. Interestingly enough, Nakano K et al. reported the rela-
tionship between the atrophic gastritis status (AG) and gas-
tric neoplasms in patients with FAP [27]. They showed that
gastric neoplasms in the AG-negative group were frequently
located in the upper-third of the stomach, and all neoplasms
in the AG-negative group were whitish whereas most neo-
plasms (65%) in the AG-positive group were reddish. In addi-
tion, all gastric neoplasms in AG-negative group showed the
gastric phenotype on immunophenotype analysis. In sporadic
cases, the gastric phenotype had a high potential for malig-
nancy [28]. Therefore, in patients with FAP, early detection
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and treatment of gastric neoplasms which were whitish areas,
in the AG-negative group may have clinical implication to
improve prognosis. Considering these endoscopic features,
we assume that intensive surveillance by an expert was rec-
ommended for FAP patients with these endoscopic features.

Concerning gastric adenoma in patients with FAP, our
results showed that the HR of gastric adenoma decreased
in patients older than 65 years. In a report on 104 FAP
patients with gastric adenoma, many of the patients were
relatively young, with a median age of 47 years [29].
Although the incidence of gastric adenoma in the gen-
eral Japanese population was shown to increase with age
[30], based on our results and the previous report [29],
gastric adenoma tends to occur earlier in patients with
FAP than in the general population. This also suggests
that older FAP patients without gastric adenoma may not
need intensive gastric surveillance. However, because our
data did not include many older patients with FAP, these
hypotheses need further verification.

The present study has several limitations. First, it
was a retrospective study. However, the validity of the
database of the working group of the nationwide Japanese
multicenter study has been established [31]. Second,
data regarding the details of endoscopic follow-up and
morphological features were lacking. The surveillance
programs for the upper gastrointestinal tract were not
the same. These factors affected the progression of these
polyps. Third, the present study included Japanese patients
with FAP. Therefore, it is not clear whether our results
apply to Western patients with FAP. Another limitation
is that the APC pathogenic variant and H. pylori infection
data were unavailable for approximately half of the
patients. These data may help to elucidate the development
of gastric adenoma and carcinoma in patients with FAP.

This is the first study to report the time course of the
HR of the incidence of gastric cancer and gastric adenoma
in patients with FAP. Furthermore, we demonstrated an
age-related increase in the gastric cancer incidence in
patients with FAP, which is higher than that in the general
population. Thus, careful surveillance of the upper
gastrointestinal tract in elderly patients with FAP, such as
shortening the interval of follow-up according to age, may
be helpful for early diagnosis of gastric cancer.
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