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Abstract
AIM: To identify prognostic factors and to correlate 
APC mutations with clinical features, including extracolic 
manifestations. 

METHODS: One hundred thirty-five patients who 
underwent surgical procedures for familial adenomatous 
polyposis (FAP) were included. FAP was diagnosed 
when the number of adenomatous polyps was > 100. 
Data related to patient, extracoloic manifestations, 
cancer characteristics, operative procedure, follow up 
and surveillance were collected. APC  mutation testing 
was performed in the 30 most recent patients. DNA 
was extracted from peripheral blood and polymerase 
chain reaction products using 31 primer pairs on APC 
gene were sequenced. A retrospective study was 
performed to investigate a causal relationship between 
prognosis and feature of patient.

RESULTS: The mean age of the 51 patients with 
colorectal cancer (CRC) was older than that of 
those without CRC (30.5 vs  36.9, P  = 0.002). Older 
individuals were more likely to have colon cancer at 
the time of FAP diagnosis [odds ratio, 4.75 (95%CI: 
1.71-13.89) and 5.91(1.76-22.12) for 40-49 years 
and age > 50 vs  age < 30). The number of confirmed 
deaths was 13 and the median age at death was 
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40 years (range, 27 to 85 years). Ten of the deaths 
(76.9%) were from CRC. Another cause of two cases of 
death were desmoid tumors (15.4%). Development of 
cancer on remnant rectal or ileal mucosa after surgery 
was not observed. The APC mutation testing revealed 
23 pathogenic mutations and one likely pathogenic 
mutation, among which were four novel mutations. 
The correlation between mutational status and clinical 
manifestations was investigated. Mutations that could 
prodict poor prognosis were at codon 1309 which 
located on mutation cluster region, codon 1465 and 
codon 1507.

CONCLUSION: Identification of APC mutations should 
aid in the diagnosis and counseling of family members 
in terms of early diagnosis and management of FAP.

Key words: Adenomatous polyposis coli; Colorectal 
neoplasms; APC gene; Prognosis; Survival
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Core tip: Diagnostic delay to make adequate mana
gement harder, resulting in advanced colorectal cancer 
and accompanying morbidities, was not uncommon 
in patients with familial adenomatous polyposis. This 
study investigated prognostic factors and the correlation 
between APC mutations and clinical features, including 
extracolic manifestations. The present study revealed 
that early diagnosis and management of high-risk 
patients is essential and suggests the necessary APC 
mutations testing in the diagnosis and counseling of 
patients by informing on disease prognosis.
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INTRODUCTION
Familial adenomatous polyposis (FAP) is an autosomal 
dominantly inherited cancer syndrome caused by 
germ-line mutation of the adenomatous polyposis coli 
gene (APC) and characterized by the development 
of 100 to 1000 colorectal adenomatous polyps in its 
classic form[1]. Subjects with FAP have a risk of almost 
100% of developing colorectal cancer by 40-50 years 
of age[2]. The extracolic phenotype is characterized 
by the development of adenomatous polyps in the 
upper gastrointerstinal tract, gastric fundic polyps, 
desmoid tumors, osteomas, fibrous bone dysplasia, 
skin fibromas, pineal blastomas, brain cysts, papillary 
thyroid cancers (PTCs) and congenital retinal pigment 
epithelial hypertrophy (CHRPE). Colorectal cancer is 

the most common cause of death in FAP patients and 
desmoid tumors are the second[3]. To prevent the 
development of colon cancer, prophylactic removal of 
the entire colorectal mucosa is recommended for FAP 
patients.

The FAP registry was performed to improve the 
prognosis of FAP through early diagnosis and surgery 
before the development of colorectal cancer[4]. In 
addition, a recent molecular genetic test for APC 
mutations makes it possible to detect asymptomatic 
or not developing polyposis patients. APC mutations 
can be detected in 80%-90% of patients who have a 
valid indication for the test[5]. Since most families are 
managed through hospital-based registries and not by 
the nation wide registry, there are few investigations 
of integrative and continuous follow-up to provide 
treatment guidelines for Korean families. Patients’ 
indifference and diagnostic delay appear to make 
adequate management harder, resulting in advanced 
colorectal cancers and accompanying morbidities.

The purpose of this study was to describe the 
clinicopathological features of the disease and the 
expression of extracolic manifestations, and to eva
luate whether APC mutations have prognostic value 
in Korean patients. Finally, we propose management 
options for high-risk patients to improve outcome.

MATERIALS AND METHODS
Patient enrollment and eligibility
FAP was defined by the presence of more than 100 
colorectal adenomatous polyps, according to intra-
operative findings and pathologic reports. In this 
retrospective study, 135 consecutive patients who 
underwent surgical procedures for FAP at the Asan 
Medical Center (Seoul, Korea) between August 1991 
and July 2014 were included with median follow-
up periods of 54 mo. Patients with fewer than 100 
adenomatous polyps and patients with hamartomatous 
polyposis were excluded. Demographics and length of 
follow-up were documented for each patient. 

Work-up to surveillance
The extent of disease and developing cancer was 
assessed by colonoscopy, abdominopelvic computed 
tomography (CT) or magnetic resonance imaging 
(MRI). Positron emission tomography-computed 
tomography (PET-CT) was performed if advanced 
colorectal cancer was suspected. Investigation of 
extra-colonic manifestations was done when FAP 
was diagnosed or in the immediate postoperative 
period. Tests included physical examination for skin 
lesions and palpable masses, X-ray imaging for bone 
lesions, dental and ophthalmic examination and 
gastroduodenal endoscopy.

Patients were subjected to one of the following 
procedures: total proctocolectomy with ileal pouch 
anal anastomosis (TPC/IPAA) with hand sewn or 
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stapled anastomosis, TPC with end ileostomy, and total 
colectomy with ileorectal anastomosis (TC/IRA). The 
patients who underwent TPC/IPAA with mucosectomy 
with hand sewn anastomosis or TPC with end 
ileostomy did not have any remnant rectal mucosa. 
By contrast, the TPC/IPAA with stapled anastomosis or 
TC/IRA procedures left remnant rectal mucosa.

Annual colonic and gastric endoscopic surveillance 
is recommended after surgery. Colonoscopy was 
performed using a standard adult colonoscope or a 
gastroscope. Any lesion suspected to be an adenoma 
during endoscopic surveillance was biopsied. If 
the polyps could not be controlled by endoscopic 
procedures, surgical procedures were performed. 
Surveillance endoscopies and associated pathologic 
reports were reviewed including the incidence, 
timing and histology of the adenoma and cancer 
development. In patients with colon cancer, a follow-
up assessment was performed every 3 to 6 mo for the 
first 2 years and annually thereafter.

APC mutation
In our institution, APC germ-line mutation testing has 
been performed since 2008 in the clinical setting to 
diagnosis FAP and counsel patients and their family 
members. The 30 most recent patients among 135 

FAP patients underwent mutation tests. Genomic DNA 
was extracted from peripheral blood using a Qiagen 
DNA extraction kit (Qiagen, Hilden, Germany). Thirty-
one primer pairs were used, including primer pairs 
covering exons 1-14 and 17 primer pairs covering 
exon 15 of the APC gene. Polymerase chain reaction 
(PCR) was performed using Accu-Power PCR premix 
(Bioneer, Daejeon, Korea). Each PCR product was 
sequenced using a 3130xl or 3730 genetic analyzer 
(Applied Biosystems, Foster City, CA). Sequences were 
aligned using the Sequencher 4.9 software (Gene 
Codes Corporation, Ann Arbor, MI). 

Statistical analysis
Continuous variables were described as mean ± SD 
or median with ranges and categorical variables were 
expressed as numbers and percentages. Differences 
in characteristics of patients with or without colorectal 
cancer were calculated using t-tests for continuous 
variables and χ 2 tests or Fisher’s exact tests for ca
tegorical variables. Survival curves were generated 
by the Kaplan-Meier method, and univariate survival 
distributions were compared with the use of the log-
rank test.

All statistical analyses were carried out using SPSS 
version 20.0 (IBM Corp., Armonk, NY, United States) 
and R version 3.1.2 (The Comprehensive R Archive 
Network: http://cran.r-project.org). The level of 
significance was set at P < 0.05.

RESULTS
Characteristics of patients
The characteristics of the 135 patients are shown in 
Table 1. There was no significant difference in age at 
diagnosis between men and women (P = 0.613). The 
mean age of patients with cancer was significantly 
greater than that of patients without cancer (P = 
0.002) and the mean age of the patients with cancer 
at an early stage (carcinoma in situ and carcinoma 
restricted to the submucosal layer), 32.7 years, was 
between the mean age of the patients with advanced 
cancer (38.7 years) and that of the patients without 
cancer. Thirty six of the 39 patients who had a family 
history of FAP also had a family history of colorectal 
cancer except three patients who only have a family 
history of FAP. The rates of familial history of FAP 
or CRC were significantly higher in patients without 
CRC than in patients with CRC. Only 12 of the 135 
patients had been diagnosed with FAP prior to surgery 
and the median follow-up period was 5 years. TPC 
with end ileostomy was performed in patients with 
rectal cancer in 8 cases and total colectomy was 
performed in patients who presented a few rectal 
polyps (less than 5 and endoscopically removable) 
in 10 cases. There was no significant difference in 
operative procedure between patients with CRC and 
patients without CRC. Eighty-eight (65.2%) patients 
underwent a colonoscopy because of gastrointestinal 
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Table 1  Main characteristics of the patients with or without 
colorectal cancer (n  = 135)

Total 
(n  = 135)

with CRC 
(n  = 51)

without CRC 
(n  = 84)

P  value1

Age 
distribution2

31 (15-78) 34 (15-78) 28 (15-64)    0.002

   < 20  11 (8.2)  5 (9.8)    6 (7.1)
   20-39    86 (63.7)  23 (45.1)    63 (75.0)
   40-59    34 (25.2)  21 (41.2)    13 (15.5)
   ≥ 60    4 (3.0)  2 (4.0)    2 (2.4)
Sex ratio (M:F) 1:0.78 1:0.59 1:0.91    0.239
CRC FHx   72 (53.3)  20 (39.2)    52 (61.9)    0.010
FAP FHx   39 (28.9)    7 (13.7)    32 (38.1)    0.003
Malignancy FHx   86 (63.7)  28 (54.9)    59 (70.2)    0.071
Follow-up (mo)2  54.2 (1-271) 55.5 (1-271) 53.49 (1-212)    0.855
Alive at 
follow-up

122 (90.4)  40 (78.4)    82 (97.6) < 0.001

No. of polyps2 435 427 440    0.866
OP procedures    0.846
   Handsewn 
   TPC/IPAA

84 (62.2) 29 (56.8) 55 (65.5)

   Stapled TPC/
   IPAA

33 (24.4) 10 (19.6) 23 (27.4)

   TPC/end 
   ileostomy

8 (5.9)   8 (15.7) 0

   TC 10 (7.4) 4 (7.8) 6 (7.1)
Mortality 13 (9.6) 11 (21.6) 2 (2.9) < 0.001
   Cancer specific 10 (7.4) 10 (19.6) 0
   Other reason   3 (2.2) 1 (2.0) 2 (2.4)

1Pearson χ 2 test or Fisher's exact test for categorical variable, t-test for 
continuous variable; 2Data are expressed as median (range). Data are 
expressed as number (%) unless otherwise stated. CRC: Colorectal cancer; 
FAP: Familial adenomatous polyposis; FHx: Family history; TPC/IPAA: 
Total proctocolectomy with ileal pouch anal anastomosis; TC: Total 
colectomy.
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receiving a diagnosis of FAP. Five patients (3.7%) 
underwent ampullectomy for polyps in the ampulla of 
vater in follow-up periods, and high-grade dysplasia 
was detected in one patient. Desmoid tumors were 
diagnosed at surgery in four patients and developed 
in 16 other cases during follow-up; the median age 
at diagnosis of desmoid tumors was 31 (range, 20-47 
years). Desmoid tumors were mostly intra-abdominal 
in 19 cases, particularly mesenteric with one in the 
abdominal wall. The postoperative risk for desmoid 
tumors was not different between men and women (P 
= 0.625).

Colonic features and development of cancer
Clinicopathologic characteristics are shown in Table 3. 
The incidence of synchronous lesions and the rates of 
early colorectal cancer were relatively high. Odds ratio 
for having colon cancer at the time of FAP diagnosis for 
40s and over 50s years were 4.75 (95%CI: 1.71-13.89) 
and 5.91 (95%CI: 1.76-22.12) when compared with 
under the age of 30 (Figure 1). Five cases of colorectal 
cancer were diagnosed in patients aged less than 
20 years. Four of them had carcinoma in situ and 
one showed invasion to proper muscle of rectal wall 
without lymph node metastasis. Among 60 of de 
novo patients , who did not have a family history of 
colorectal cancer or FAP, 31 presented colorectal cancer 

symptoms at the time of diagnosis and 47 patients 
(34.8%) underwent a colonoscopy because of positive 
stool occult blood test or health medical examination 
without specific symptom (Table 2).

Extra-colonic features in FAP
Extra-colonic manifestations are described in Table 
2. Gastric polyps were found in 63 (46.7%) patients. 
The histological types of gastric polyps were fundic 
gland polyp in 57 patients (90.5%) and tubular 
adenoma biopsied from the antrum of the stomach 
in 16 patients (25.4%). Ten patients had both fundic 
gland polyps and tubular adenomas. Four cases of 
early gastric cancer were diagnosed and the median 
age was 41 (range, 34-51 years). Two of them were 
treated by endoscopic submucosal excision and two 
underwent distal gastrectomy. Among six patients with 
papillary thyroid cancer (PTC), two were diagnosed 
with PTC and underwent total thyroidectomy before 

Table 2  Initial symptoms and extracolic manifestations (n  = 
135)

n  (%)

Chief complaint Hemotochezia 34 (25.2)
Diarrhea 23 (17.0)

Abdominal pain 14 (10.4)
Constipation 8 (5.9)

Abdominal mass 2 (1.5)
None 47 (34.8)

Others 7 (5.2)
Extracolic manifestation Fundic polyps 57 (42.2)

UGI adenoma 46 (34.1)
CHRPE 29/100 (29.0)

Desmoid tumor 20 (14.8)
Dental anomaly 11/96 (11.5)

Osteoma   9/84 (10.7)
Epidermoid cyst 7 (5.2)

Papillary thyroid cancer 6 (4.4)
Ampulla of vater adenoma 5 (3.7)

Adrenal adenoma 4 (3.0)
Gastric cancer 4 (3.0)

UGI: Upper gastrointestinal; CHRPE: Congenital retinal pigment epithelial 
hypertrophy.

Table 3  Clinicopathologic characteristics of the patients with 
colorectal cancer (n  = 51)

n  (%)

Tumor location
   Colon 32 (62.7)
   Rectum 19 (37.3)
   Synchronous lesion 24 (47.0)
   Definitive stoma   8 (15.7)
   Neoadjuvant treatment 2 (3.9)
Tumor grade
   WD-MD 46 (88.2)
   PD   5 (11.8)
Final pathological staging
   Tumor size (mm)1 41 (2.44)
   LVI 12 (23.5)
   PNI   8 (15.9)
   pT0-1 15 (29.4)
   pT2   6 (11.8)
   pT3 25 (49.0)
   pT4 5 (9.8)
Lymph node invasion 25 (49.0)
Distance metastasis   7 (13.7)
Staging
   0-1 18 (35.3)
   2   6 (11.8)
   3 20 (39.2)
   4   7 (13.7)
Local relapse 0
Systemic relapse 13 (25.5)

1Data are expressed as mean (standard deviation). CRC: Colorectal cancer; 
WD: Well differentiated; MD: Moderately differentiated; PD: Poorly 
differentiated; pT: Pathologic T status; LVI: Lymphovascular invasion; 
PNI: Perineural invasion.
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Figure 1  Odds ratio for having colon cancer at the time of familial ade­
nomatous polyposis diagnosis beween age group, compared to age < 30 yr.
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and it is significantly higher than that of patients with 
family history of FAP or CRC (51.7% vs 27.8%, P = 
0.013), but there was no significant difference in mean 
age of development of CRC between the two groups 
(P = 0.265). Patients with gastrointestinal symptoms 
were more frequently diagnosed with cancer than 
patients without symptoms and the difference was 
statistically significant (P = 0.042). Cancer patients 
without symptoms at the time of diagnosis had a 
higher incidence of early stage cancer than those with 
symptoms at diagnosis (P = 0.041).

The patients who have remnant rectum after 

rectal excision (68.1%) presented a significantly 
higher incidence of adenomatous polyps in remnant 
rectal mucosa than other patients underwent TPC and 
mucosectomy (P < 0.001). Development of cancer 
on remnant rectal mucosa was not observed, but 
one patient who underwent TPC/IPAA with stapled 
anastomosis was diagnosed with villotubular adenoma 
with high-grade dysplasia and underwent trans-anal 
excision. There was no significant difference in the 
incidence of adenomatous polyps in pouch or ileum 
regardless of operative procedure (P = 0.465) and 
malignant change or dysplasia was not observed on 
any ileal adenomas.

Confirmed deaths were observed in 13 patients 
with a median age at death of 40 years (range, 27-85 
years). Deaths from colorectal cancer accounted for 
10 cases (76.9%). In these 10 patients, five cases 
had distant metastasis at the time of diagnosis. 
Comparison of postoperative survival between patients 
with colorectal cancer and patients without cancer 
is shown in Figure 2. In patients without CRC, only 
two deaths (15.4%) were observed in patients with 
desmoids tumor causing major complication and there 
was no death caused by desmoid tumors in the CRC 
group.

APC mutation test
The germ-line APC mutations that were detected in 
these patients are listed in Table 4 with clinical details. 

Table 4  Genotype-phenotypic correlations for unrelated Korean patients 

Exons 
(introns, I)

Nucleotide change AA change Mutation
type

Age of
diagnosis

Patient characteristics

CRC No. of polyps CHRPE PTC DT

7 778C>T p.Gln260X Nonsense 49 No   400
10 1378G>T1 p.Glu460X Nonsense 21 No 1300 O
10 1381G>T1 p.Glu461X Nonsense 23 No   400 O
11 1495C>T p.Arg499X Nonsense 28 Yes   500
13 1690C>T p.Arg564X Nonsense 54 Yes   400
15 2797-2800delAACA p.Asn933LeufsX21 Frameshift 29 No   300 O
15 2805C>G p.Tyr935X Nonsense 32 Yes   600 O O
15 3183-3187delACAAA p.Lys1061fsX Frameshift 28 No   400 O
15 3183-3187delACAAA p.Lys1061fsX Frameshift 12 No   800
15 3505-3509delGAGAA p.Glu1169ThrfsX8 Frameshift 38 No   700 O
15 3523C>T p.Gln1175X Nonsense 22 No 1400 O

20 No   450 O
15 3578delA p.Gln1193ArgfsX72 Frameshift 34 No   100
15 3595-3596delAA p.Lys1199GlufsX8 Frameshift 28 No   100 O O
15 3631-3632delAT p.Met1211fsX5 Frameshift 31 No   200
15 3709C>T p.Gln1237X Nonsense 20 No   100 O
15 3925-3928delGAAA2 p.Glu1309ArgfsX11 Frameshift 30 Yes   200 O O O
15 3927-3931delAAAGA2 p.Glu1309AspfsX4 Frameshift 17 Yes 2500
15 4393-4394delAG p.Ser1465TrpfsX3 Frameshift 31 No   130 O
15 4393-4394delAG p.Ser1465TrpfsX3 Frameshift 31 No   360 O
15 4519-4520insTGAGCTCA1 p.Ser1507MetfsX6 Frameshift 26 Yes 1000 O
15 4782-4785delAGCC p.Ala1595ArgfsX54 Frameshift 41 Yes   100
(I 4) 532-2A>C Splice-site 39 Yes   100
(I 4) 532-2A>C Splice-site 38 No   100
(I 14) 1958+3A>T1 Splice-site 19 No   740

1APC mutation identified as novel mutations; 2APC mutation located in MCR. CHRPE: Congenital retinal pigment epithelial hypertrophy; CRC: Colorectal 
cancer; PTC: Papillary thyroid cancer; DT: Desmoid tumor.
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Figure 2  Overall survival of patients with familial adenomatous polyposis 
grouped by accompanying based on presence of colorectal cancer to 
none development of colorectal cancer. CRC: Colorectal cancer.
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Two of them was a sister relationship, so 29 unrelated 
patients were included. Testing revealed 23 pathogenic 
mutations and one likely pathogenic mutation. Five 
patients were negative for APC mutations. Of the 24 
pathogenic or likely pathogenic mutations, frameshift, 
nonsense and splice-site mutations represented 
54.2%, 33.3% and 12.5%, respectively. Sixteen of 
24 mutations were localized within exon 15. Just 
one mutation in codon 1309 was located within the 
mutation cluster region (MCR, mutations from codon 
1250 to 1464). The mutations on codons 1061, 1309 
and 1465 were frequently observed in two cases, 
respectively. Four novel mutations were identified 
based on the Human Gene Mutation Database (www.
hgmd.cf.ac.uk/ac): c.1378G>T, c.3709C>T, c.4519-
4520insTGAGCTCA and c.1958+3A>T. A patient with 
a mutation on codon 461 (c.1378G>T) presented with 
a desmoid tumor and a upper gastrointerstinal (UGI) 
adenoma. A man with a novel mutation of codon 
1507 (c.4519-4520insTGAGCTCA) was diagnosed 
with advanced synchronous colorectal cancer and had 
a family history of colorectal cancer; his father died 
of colon cancer with liver metastasis at 35 years of 
age. His older brother also died of colon cancer which 
was not indicated for surgery at 19 years of age. His 
younger brother was diagnosed with colon cancer and 
underwent surgery at age 19, but died of multiple 
liver metastases at 20 years of age. He presented with 
CHRPE, dental anomaly and adrenal adenoma.

DISCUSSION
While CRC is the inescapable fate of untreated FAP 
patients, few studies provide information on the age 
distribution at the time of diagnosis of CRC in FAP since 
most cases are diagnosed in a premalignant stage. 
In this study, CRC occurred in more than one-third 
of FAP patients. The prevalence of CRC in de novo 
patients was significantly higher than that of patients 
with a family history of FAP or CRC, but there was no 
significant difference in the mean age of development 
of CRC between the two groups. The mean age at 
diagnosis of FAP was significantly different between 
patients with CRC and those without CRC. In the 
present study, the prevalence of CRC in patients with 
a family history was more frequent than that of a 
previous study for call up patients who diagnosed 
FAP through family screening[6] since most patients 
underwent a colonoscopy after developing intestinal 
symptoms despite having a family history of CRC 
or FAP. This means that development of CRC in FAP 
patients depends more on the age at diagnosis than 
on family history and that we have the opportunity 
to reduce the frequency of CRC, especially in patients 
with a family history. We found that diagnosis of 
colorectal cancer exceeded 10% at the age of 26 and 
50% at the age of 43 and that this age distribution 
was similar to that described in a previous Western 
report[7]. We also found that there were no cancer-

specific deaths in early cancer cases (carcinoma in 
situ and cancer restricted to the submucosa). Even 
though some cases of CRC before 20 years of age 
were observed in this study, all were diagnosed earlier 
than stage Ⅰ and survived without recurrence. To 
improve survival, a reduction in the incidence of CRC 
at diagnosis should be achieved. These results suggest 
that a diagnosis of FAP should be obtained before the 
early twenties.

The standard prophylactic procedure for the 
majority of patients with FAP is TPC with IPAA. In 
selected patients, rectum-preserving surgery might be 
indicated. We performed TC with IRA in six patients 
who presented with a few rectal polyps. All of them 
developed adenomas on remnant rectal mucosa but 
did not develop any carcinomas. The cumulative risk 
of rectal cancer after IRA was reported to be about 
one-fourth of patients after 15-25 years despite 
surveillance[8]. Therefore continuing endoscopic 
surveillance is necessary for these patients. The 
incidence of developing adenomatous polyps after 
TPC in the anorectal transient zone was reported as 
10%-15%[9]. There are several reports of adenomatous 
polyps and cancers arising from the ileal pouch mucosa 
as opposed to the anastomotic site[10]. We found nine 
cases of adenomatous polyps arising from the ileal 
pouch mucosa but did not observe cancer or dysplasia. 
Development of cancer on remnant rectal mucosa was 
also not observed, but one patient among 18 cases 
of adenomatous polyps arising from remnant mucosa 
was diagnosed with villotubular adenoma with high-
grade dysplasia and underwent trans-anal excision. 
The incidence of tubular adenoma in remnant mucosa 
and ileal pouch increased over time, so periodical 
follow-up was necessary.

In the present study, gastric polyps were a com
mon manifestation of FAP. The histological types 
of gastric polyps were mostly fundic gland polyps 
and secondary tubular adenomas biopsied from 
the antrum of the stomach. This is consistent with 
previous reports documenting that fundic gland 
polyps are the most common gastric polyps and that 
adenoma is the second most prevalent gastric lesion 
in individuals with FAP[11]. We observed that three 
patients had asymptomatic gastric carcinoma at their 
first gastroduodenal endoscopy while one developed 
carcinoma during the surveillance study 18 years 
after surgery and one developed TA with high-grade 
dysplasia (HGD) 10 years after surgery, which was 
treated with endoscopic submucosal dissection. All 
of these cancers and HGD developed in the antrum. 
The overall incidence of 3% for gastric carcinoma in 
this study is similar to the high prevalence of gastric 
cancer reported in previous study[12]. Nonetheless, the 
prevalence of gastric cancer in FAP was not reported 
to be higher than that in the general population in 
Western countries and the most common gastric 
cancer site in Western reports was the fundus of the 
stomach (fundic gland polyps)[11,13]. The high incidence 
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of gastric cancer and the different sites may indicate 
inter-ethnic differences in the presentation of FAP. 
In contrast to Western reports of a relatively high 
incidence of duodenal cancer, we did not observe any 
malignant neoplasms on the duodenum[14]; however, 
it is important to consider the possibility of malignancy 
on the duodenum, since duodenal adenomatous 
polyps occurred in one-third of patients and since one 
case of HGD was detected on the ampulla of vater in 
our study.

We found that desmoid tumor was the only 
cause of death associated with FAP except caused 
by CRC in this study. The incidence of 14.8% and 
location of intra-abdominal site, particularly small 
bowel mesentery, in the present study is consistent 
with previous studies[15]. In particular, mutation on 
codons 1445-1580 is associated with postoperative 
development of desmoid tumors and recommended 
to postpone elective colectomy[16], but this correlation 
does not always appear to be consistent. In our study, 
four of 20 desmoid tumors developed without any 
history of surgical trauma. Desmoid tumors unrelated 
to surgical trauma are a relatively poor prognostic 
factor[17]. In two of four synchronous desmoid tumors, 
the same APC mutation (codon 1465; c.4393-
4394delAG), reported as a desmoid tumor-associated 
mutation[18], was detected in unrelated patients. 
The mutation at codon 1465 located in exon 15 
may implicate progression, so patients having this 
mutation and desmoid tumors should be considered 
for permanent stoma at the time of primary surgery. 
Other mutations associated with desmoid tumors in 
our study were at codons 461 (c.1381G>T) and 1309 
(c.3925-3928delGAAA). The incidence of desmoid 
tumors increased over time, so periodic follow-up is 
necessary.

Another feature of FAP is the variation in clinical 
course between patients, so prediction of the se
verity of the disease is important in the interest of 
effective cancer prevention. Correlation between mu
tation and the age at onset of intestinal symptoms 
and development of CRC was reported[19], but the 
manifestation may be variable even in patients with 
identical germ-line mutations. Tumors with mutations 
localized in exon 15 between codons 1250 and 1464 
(mutation cluster region or MCR) have generally a 
worse prognosis with early onset of the disease and 
may be candidates for IPAA due to the high incidence 
of secondary protectomy after primary colectomy[19,20]. 
In the present study, two kinds of mutations at 
codon 1309 within the MCR were detected: c.3925-
3928delGAAA and c.3927-3931delAAAGA. Deletion of 
5 base pairs at codon 1309 (c.3927-3931delAAAGA), 
the most common mutation, was detected in a 
patient who presented with CRC at age 17. This 
finding corresponds with previous results showing 
that mutation at codon 1309 (c.3927-3931delAAAGA) 
is associated with early development of intestinal 
symptoms and death from colorectal cancer[19]. 

The incidence of this mutation was 4% in our study 
and 29% in a previous study[16] and its frequency 
varied. No other MCR mutation was observed in the 
present study (Table 4). These findings implicate the 
possibility of ethnic differences in APC mutations. We 
also observed one interesting novel mutation at codon 
1507 within exon 15, c.4519-4520insTGAGCTCA, 
which was not located in the MCR but presented in a 
patient with early onset and poor prognosis of CRC. 
This information may help support surgical decisions 
of method and timing. In the present study, two-thirds 
of APC mutations were localized to exon 15. Two of 
the most common mutations were also identified in 
this study: at codon 1061 (c.3183-3187delACAAA) 
and codon 1465 (c.4393-4394delAG). Mutation at 
codon 1061 has not been reported in Korean patients 
even though it is one of the most frequently reported 
mutations.

Extracolic manifestations showed correlations 
with APC mutations. The expression of CHRPE is 
associated with a clearly distinct region of mutations 
located between codons 311 and 1445 of APC[20,21]. 
All mutations detected with CHPRE in this study were 
located on reported distinct region but one mutation 
was not located within this region (codon1507; 
c.4519-4520insTGAGCTCA). It is necessary to observe 
carefully the clinical manifestation of this novel 
mutation. PTC affects 1%-2% of patients with FAP. 
PTC is associated with a mutation located between 
codons 140 and 1309 of APC, and a strong association 
with CHRPE also exists[21]. In the present study, three 
mutations on codons 935, 1199 and 1309 were 
detected and all of them presented CHRPE, which 
is consistent with previous reports. The mutation 
detection rate in our study is consistent with previous 
reports[5]. None of the cases can be explained by large 
allelic deletions, promoter deletions, deep intronic base 
changes and chromothripsis in germline[22], reduced or 
absent expression from one allele of APC or bi-allelic 
germ-line mutation of MYH[23].

A major limitation of this study was the relatively 
small number of patients and the fact that the study 
was based on one medical center, so the result may 
not be generalizable. A multicenter or nationwide 
registry investigation is needed. Secondly, the 
retrospective nature of the study and use of medical 
records for data collection prevented knowledge 
about affected family members because of unclear 
medical records and low rates of hospital utilization in 
the previous two generations in Korea. A prospective 
cohort study using the FAP registry is required. Finally, 
the APC mutation test has been used only recently in 
suspected patients in the clinical setting since gene 
analysis only became available in 2008 at our institute. 
Mutation testing should be conducted in patients who 
do not know their family history of FAP to identify 
affected members.

In conclusion, we reported clinicopathologic fea
tures and prognosis of FAP in Korean patients. The 
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data suggest the necessity for early diagnosis and 
management of high-risk patients. APC mutations can 
inform on the severity of the disease and on prognosis 
and identify family members having the same 
mutation. The identification of APC gene mutations and 
the understanding of genotype-phenotype correlations 
should aid in the diagnosis and counseling of patients. 
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