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Abstract

Objective: The upper gastrointestinal characteristics in Japanese familial adenomatous polyposis

patients have not yet been clarified. The aim of the present study was to elucidate these character-

istics in Japanese familial adenomatous polyposis patients.

Methods: This study was conducted by the study group for familial adenomatous polyposis in the

Japanese Society for Cancer of the Colon andRectum. Familial adenomatous polyposis patients who

underwent surgical resection from 2000 to 2012 were included in the study.

Results: In total, 303 familial adenomatous polyposis patients were enrolled, with 265 cases of

classical familial adenomatous polyposis (≥100 adenomas) and 38 cases of attenuated familial

adenomatous polyposis (<100 adenomas). Fundic gland polyps were significantly more com-

mon in classical familial adenomatous polyposis than in attenuated familial adenomatous

polyposis; however, gastric cancer was significantly less common in classical familial aden-

omatous polyposis than in attenuated familial adenomatous polyposis. Gastric cancer and duo-

denal adenoma were significantly more common in familial adenomatous polyposis patients

with gastric adenoma than in those without gastric adenoma. Duodenal cancer was detected

in 7 of 72 familial adenomatous polyposis patients with duodenal adenoma. The median tumour

risk in 50-year-old familial adenomatous polyposis patients was 55.3, 21.8, 3.8, 39.2 and 7.7% for

fundic gland polyp, gastric adenoma, gastric cancer, duodenal adenoma and duodenal cancer,

respectively.
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Conclusions: Upper gastrointestinal tumours/polypswere frequently found in familial adenomatous

polyposis patients, and their incidences were correlated; however, the frequency of gastric cancer in

Japanese familial adenomatous polyposis patients was similar to that in the general population.

Key words: familial adenomatous polyposis, fundic gland polyp, gastric adenoma, gastric cancer, duodenal adenoma, duodenal
cancer

Introduction

Familial adenomatous polyposis (FAP) is an autosomal dominant dis-
ease caused by germline mutations in theAPC gene (1–4). FAP is char-
acterized by the development of numerous adenomas because of
tumour formation caused by inactivation of the APC gene through
germline mutations plus somatic mutations of the normal allele or
loss of the normal allele. Genotype–phenotype correlations have
been reported with respect to the mutation site and the number of
colorectal adenomas (5,6). The profuse type of FAP is characterized
by the development of numerous adenomas, and these patients have
germline APC mutations between codons 1250 and 1464. The sparse
type of FAP is characterized by the development of 100–1000 aden-
omas, and these patients have germline mutations in other regions
of the APC gene. Further, the attenuated type of FAP is characterized
by the development of few (<100) adenomas, with a later age onset of
the symptoms, and these patients have germline mutations located at
the 5′ end (7) at exon 9 or at the 3′ distal end (8). FAP patients also
develop upper gastrointestinal manifestations, including gastric and
duodenal tumours, at high rates, which can cause serious morbidity
in patients. Fundic gland polyps (FGPs) are the most common gastric
tumours/polyps in FAP patients, and the frequency of FGPs ranges
from 20 to 88% in FAP patients (9–11). Gastric adenoma is also com-
mon in FAP patients and develops in 9–50%of these patients (12–15).
Gastric cancer is more frequently found in Asian FAP patients than in
Western FAP patients, which is similar to the corresponding rates
in the general population. Particularly, gastric cancer is observed in
2–4% of Asian FAP patients (12,13,16,17), whereas gastric cancer
is reportedly rare in Western FAP patients (14,15,18,19). Duodenal
adenomatosis is the most common upper gastrointestinal tumour,
and adenomatosis-related cancer is the main cause of death in FAP
patients. Almost all FAP patients develop duodenal adenomatosis,
and the death rate from duodenal cancer has increased from 1.5%
before 1990 to 5.6% after 1990 (20).

As mentioned above, the frequencies of upper gastrointestinal tu-
mours in FAP patients change according to the regions and the times.
Therefore, to clarify the upper gastrointestinal features in Japanese
FAP patients at the current point in time, we analysed the data ob-
tained by the study group for FAP in the Japanese Society for Cancer
of the Colon and Rectum (JSCCR).

Patients and methods

The multicentre retrospective cohort study of FAP in Japan was con-
ducted by the study group for FAP in the JSCCR. In this study, we
aimed to clarify the following characteristics of Japanese FAP patients:

the prognosis,
the surgical procedure,
the clinical outcome and
the extra-colonic features.

The inclusion criteria of this cohort study comprised FAP patients who
underwent surgical resection from January 2000 to December 2012
and who had at least one of the following: (i) >100 adenomas in the
colon and rectum, (ii) a family history of FAP if therewere <100 polyps
in the colon and rectum and (iii) a germline mutation of theAPC gene.
The cohort study protocol was approved by the JSCCR Ethics Com-
mittee and the Institutional Review Board of each centre.

Clinical information, such as personal and family cancer history,
was collected either frommedical records or directly from the patients.
We defined patients with ≥100 adenomas in the colon and rectum as
having classical FAP and those with <100 adenomas as having attenu-
ated FAP (AFAP). Mutation data were not collected because it was not
possible because of the retrospective nature of this cohort study.

The aim of this upper gastrointestinal cohort study was to clarify
the following upper gastrointestinal features in Japanese FAP patient
at the current point in time:

the incidences of upper gastrointestinal polyps/tumours,
the correlations of the incidences among the different types of

upper gastrointestinal polyps/tumours,
the correlations between specific colonic phenotypes and the in-

cidences of different types of upper gastrointestinal polyps/
tumours and

the cumulative incidence of upper gastrointestinal polyps/tumours.

The data are presented as totals, medians (range or standard devi-
ation) or percentages (95% confidence intervals). Statistical analysis
was performed using Fisher’s exact test and the Mann–Whitney U
test. The cumulative cancer risks were calculated using the Kaplan–
Meier method, and the log-rank test was used to compare the risk
of each type of cancer between classical FAP and AFAP. Statistical sig-
nificance was defined at the level of P < 0.05. All statistical analyses
were performed with EZR (Saitama Medical Center, Jichi Medical
University, Saitama, Japan; http://www.jichi.ac.jp/saitama-sct/
SaitamaHP.files/statmedEN.html; Kanda, 2014), which is a graphical
user interface for R (The R Foundation for Statistical Computing,
Vienna, Austria; version 3.1.0). This interface is a modified version
of R Commander (version 2.1-3) that was designed to add statistical
functions frequently used in biostatistics.

Results

In total, 303 FAP patients from 23 institutions were enrolled in the
multicentre retrospective cohort study of FAP in Japan, with 265
cases of classical FAP (≥100 adenoma) and 38 cases of AFAP (<100
adenoma). All of the patients were eligible for inclusion in this upper
gastrointestinal analysis study. The baseline characteristics of the pa-
tients are summarized in Table 1, and the frequencies of the different
types of upper gastrointestinal polyps/tumours were 50.2, 14.7, 4.2,
31.7 and 2.8% for FGP, gastric adenoma, gastric cancer, duodenal ad-
enoma and duodenal cancer, respectively.
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The frequencies of some upper gastrointestinal polyps/tumours
were correlated with each other in these Japanese FAP patients
(Table 2); particularly, the frequency of FGP was significantly higher
in FAP patients with gastric adenoma (P = 0.0003) and duodenal ad-
enoma (P < 0.0001), and the frequency of gastric adenomawas signifi-
cantly higher in FAP patients with duodenal adenoma (P = 0.0091).
As expected, gastric adenoma was correlated with gastric cancer,
and similarly, duodenal adenoma was correlated with duodenal can-
cer. Gastric cancer was significantly frequent in FAP patients with gas-
tric adenoma (P = 0.046), and duodenal cancer was significantly
frequent in FAP patients with duodenal adenoma (P = 0.0042).

When comparing the colonic phenotype with the different types of
upper gastrointestinal polyps/tumours, FGP and gastric cancer were
significantly frequent in the classical FAP patients (P = 0.00094),
and duodenal cancer tended to be frequent in the classical FAP pa-
tients (P = 0.071). In contrast, gastric cancer was significantly less fre-
quent in the classical FAP patients (P = 0.045).

We estimated that the median tumour risk in 50-year-old FAP pa-
tients was 55.3% (47.6–63.3%) for FGP, 21.8% (15.1–30.8%) for
gastric adenoma, 3.8% (1.2–11.5%) for gastric cancer, 39.2%
(31.4–48.2%) for duodenal adenoma and 7.7% (3.5–16.5%) for duo-
denal cancer (Fig. 1). When comparing the colonic phenotypes, the
median tumour risk of FGP [59.5% (51.0–68.4%) for classical FAP;
32.7% (19.3–54.0%) for AFAP; P = 0.0045] and duodenal adenoma
[42.5% (33.6–52.7%) for classical FAP; 23.5% (11.0–45.9%) for
AFAP; P = 0.013] were significantly higher for classical FAP than for
AFAP (Fig. 2); conversely, there were no significant differences of the
cumulative incidences of gastric adenoma, gastric cancer and duo-
denal cancer between classical FAP and AFAP.

Discussion

The present study demonstrated the following: (i) upper gastrointes-
tinal polyps/tumours are common in FAP patients, (ii) the incidences
of some of the types of upper gastrointestinal polyps/tumours were
correlated with each other as well as with the colonic phenotype of
the patients and (iii) the cumulative incidence of upper gastrointestinal
polyps/tumours in FAP patients.

Further, the present study revealed FGPs in half of the FAP pa-
tients, and the occurrence of FGPs was more frequent in the classical
FAP patients than in the AFAP patients. FGPs are considered to be
non-neoplastic tumours and are common in FAP patients, with a fre-
quency of 20–88% (9–11).

Some reports have been published concerning the correlation
between the upper gastrointestinal phenotype and the APC genotype.
Almost all FGPs correspond to somatic mutations of p.T1556Nfs*3

Table 1. Baseline characteristics of the patients

Clinical features Number of patients

Gender (male : female) 156 : 147
Age at diagnosis (range) 32.4 (10–75)
Colonic phenotype (classical FAP : AFAP) 265 : 38
Fundic gland polyp (present : absent) 114 : 113 (50.2%)
Gastric adenoma (present : absent) 33 : 192 (14.7%)
Gastric cancer (present : absent) 11 : 250 (4.2%)
Duodenal adenoma (present : absent) 72 : 155 (31.7%)
Duodenal cancer (present : absent) 7 : 247 (2.8%)

FAP, familial adenomatous polyposis; AFAP, attenuated familial
adenomatous polyposis.
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or p.R1450X of the APC gene, whereas FGPs with a germline muta-
tion of p.N1546Lfs*11 of the APC gene demonstrate 5qLOH as
second hit in FAP patients (21). Thus, the development of FGPs is re-
lated to mutations around codons 1450–1560 in theAPC gene. Miya-
ki et al. (22) analysed gastric adenoma and duodenal adenoma in FAP
patients and demonstrated that the truncated APC proteins of these
tumours retained two or three 20-amino-acid repeats, in which the
APC gene is mutated in codons from 1450 to 1564. Thus, the devel-
opment of gastric adenoma and duodenal adenoma is related to muta-
tions around codons from 1450 to 1564 in the APC gene. APC
germline mutations in this region are associated with the classical co-
lonic phenotype (5,22,23). The above evidence shows that some upper
gastrointestinal polyps/tumours, including FGP, gastric adenoma and
duodenal adenoma, are more frequently found in classical FAP pa-
tients than in AFAP patients; further, the incidences of some upper
gastrointestinal polyps/tumours were correlated with each other.

In this study, gastric cancer developed in 4% of Japanese FAP pa-
tients. Although Western researchers reported that the risk of gastric
cancer is similar between FAP patients and non-FAP patients (19), gas-
tric cancer occurred frequently in Asian FAP patients (16,17). The de-
velopment of gastric cancer is closely associated with Helicobacter
pylori infection (24), which is common in Asia (25). Similar to spor-
adic cases, H. pylori infection increases the risk of gastric adenoma,
the precursor lesion of gastric cancer, in FAP patients (26). These find-
ings suggest that gastric cancer is frequent in Japanese FAP patients.

Duodenal tumour is the most common upper gastrointestinal tu-
mour and occurs in almost all FAP patients. The cumulative incidence
of duodenal adenoma at 70 years of age is reportedly 90% in FAP pa-
tients (27). In the present study, the cumulative incidence of duodenal

adenoma at 50 years of age was 39% in FAP patients. Unlike gastric
tumours, the incidence of duodenal adenoma in Asian FAP patients
was similar to that in Western FAP patients. With the exception of
colorectal cancer, duodenal cancer is one of the most frequent causes
of death in FAP patients (20,28). Duodenal adenoma is the precursor
lesion of duodenal cancer, and the Spigelman classification has been
proposed for assessment of the risk of duodenal cancer in duodenal
adenoma patients (29). Age has been reported as being the most im-
portant risk factor for duodenal cancer (30). The standardized inci-
dence ratio of duodenal cancer was reported to be 250–330 in FAP
patients (16,19), and the cumulative incidence rate of duodenal cancer
is reportedly 4.5% at 57 years of age in FAP patients (27). In the pre-
sent study, we estimated that the cumulative incidence of duodenal
cancer was 7.7% at 50 years of age in FAP patients, which was
found to increase with age.

We also estimated that the median tumour/polyp risk in 50-year-
old FAP patients was 55.3, 21.8, 3.8, 39.2 and 7.7% for FGP, gastric
adenoma, gastric cancer, duodenal adenoma and duodenal cancer, re-
spectively. These data are similar to the data from Western countries,
except for that of gastric cancer (9–20,27). A recent Japanese report of
cancer statistics estimated the lifetime risk of gastric cancer to be
11.2% for males and 5.5% for females (31). As gastric cancer is com-
mon in the Japanese general population as well as in Japanese FAP pa-
tients, it is difficult to concludewhether the frequency of gastric cancer
differs in Japanese FAP patients and the general population.

The present study had some limitations. First, although 303 FAP
patients are a relatively large number in this field, our sample size
was too small for any definitive conclusions to be made; thus, our find-
ings need to be confirmed by a larger study.

Figure 1. The cumulative incidences of upper gastrointestinal polyps and tumours in familial adenomatous polyposis (FAP) patients. (A) fundic gland polyps, (B)

gastric adenoma, (C) gastric cancer, (D) duodenal adenoma and (E) duodenal cancer.
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Second, the target study population was FAP patients who had re-
ceived first colectomy for 12 years of the study period in order to avoid
overlap of the patients. However, there may be a decrease in the qual-
ity of the data on the development of extra-colonic tumours, such as
duodenal cancer; a long-term surveillance is required. Therefore, a
long-term study is warranted.

Third, we did not perform genetic analysis of theAPC andMUTYH
genes, becausewe could not obtain the patients’ informed consent. Thus,
the definition of AFAP was important in this research. We defined
patients with <100 polyps in the colon and rectum as having AFAP;
however, we reduced the risk of false-positive diagnosis of patients
with other diseases by enrolling the patients with a family history of FAP.

Fourth, it is important to clarify the nature of ampullary tumours
in FAP patients because ampullary lesions can cause obstructive jaun-
dice, acute pancreatitis and cancer. However, we did not distinguish
ampulla from non-ampulla in duodenal tumours, because there were
no sufficient data to differentiate between the two.

Finally, this study did not include data onH. pylori infection rates.
Recent reports have demonstrated thatH. pylori infection is associated
with FGP and gastric adenoma/cancer risk (24–26,32,33). Therefore,
further studies are needed, as H. pylori infection is common in Asia,
including Japan.

Nonetheless, considering that we revealed upper gastrointestinal
features in FAP patients, we believe that our findings will help re-
searchers and physicians to clarify the upper gastrointestinal features
in FAP patients.

In conclusion, FGP was significantly more common in classical
FAP patients than in AFAP patients; however, gastric cancer was sig-
nificantly less common in classical FAP patients than in AFAP pa-
tients. Compared with other upper gastrointestinal features, the
frequencies of gastric cancer and duodenal adenomawere significantly
higher in FAP patients with gastric adenoma than those without gas-
tric adenoma. It is hard to conclude whether the frequency of gastric
cancer in Japanese FAP patients is similar to that of the general popu-
lation; however, similar toWestern FAP patients, with the exception of
gastric cancer, Japanese FAP patients in this study exhibited high rates
of upper gastrointestinal tumour/polyps. Thus, a close surveillance of
the upper gastrointestinal tract in FAP patients becomes important.
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