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Abstract

Objectives: This retrospective study was conducted to clarify the morphological characteristics of colorectal
cancer (CRC) in Japanese familial adenomatous polyposis (FAP) patients.

Methods: This study was carried out by the study group for FAP of the Japanese Society for Cancer of the
Colon and Rectum. FAP patients who underwent surgical resection between 2000 and 2012 were included
in the study.

Results: Of the 303 patients enrolled, 119 patients without CRC were excluded. Of 523 lesions, 49 lesions
with missing morphological information were excluded; hence, only 474 CRC lesions in 178 patients (328
superficial lesions in 122 patients and 146 non-superficial lesions in 92 patients) were included in the study.
Depressed lesions accounted for 3.0% of superficial lesions and ulcerated lesions accounted for 84.9% of
non-superficial lesions. The depressed superficial lesions were observed only in patients with sparse and at-
tenuated FAP (P = 0.003). The age of the patients at surgery differed between the two groups, with patients
with depressed superficial lesions being significantly older than those with non-depressed superficial lesions
(P = 0.009). Moreover, the age of the patients at FAP diagnosis differed between the two groups, with pa-
tients with ulcerated non-superficial lesions being significantly older than those with protruded non-
superficial lesions (P = 0.006).

Conclusions: In patients with FAP, depressed superficial CRC lesions rarely developed but were detected in
our study group, and ulcerated non-superficial CRC lesions were also present with similar ratios. Clinicians
should pay attention to depressed superficial lesions during endoscopic surveillance of FAP patients.
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Introduction

Familial adenomatous polyposis (FAP) is an autosomal
dominant disease caused by germline mutations in the ade-
nomatous polyposis coli (APC) gene and is characterized by
the development of numerous adenomatous polyps through-
out the colon and rectum. FAP is classified into the follow-
ing three phenotypes according to the number of colorectal
adenomatous polyps: profuse (>1,000), sparse (100-1,000),
and attenuated (10-99); the phenotypes are known to be cor-
related with mutations in the APC gene[1,2]. The pattern of
onset and development of colorectal cancer (CRC) in FAP
patients is also correlated with the FAP phenotypes; the de-
velopment of colorectal polyps and CRC in the attenuated
type occurs later than that in the profuse and sparse
types[1,3,4].

Because almost all FAP patients develop CRC, unless
FAP is identified and treated at a young age, due to the in-
activation of the APC gene through germline mutations and
additional somatic mutations or deletions of the normal al-
leles[5,6], the standard prophylactic treatment for FAP is to-
tal colectomy with ileorectal anastomosis or proctocolec-
tomy with ileal pouch anal anastomosis[7,8]. However,
colectomy can cause postoperative complications such as
desmoid tumors[9,10] and decreased fertility[11]. Thus, en-
doscopic management of FAP patients has recently received
attention. In a cohort of 90 patients with FAP who refused
to undergo colectomy, endoscopic management was per-
formed as it is a safe and feasible method[12].

Gross appearance is one of the most important factors for
the endoscopic detection of CRC. In a retrospective review,
depressed lesions accounted for only 2.3% of superficial le-
sions, but were responsible for 32.4% of superficial CRC le-
sions and 29.5% of T1 CRC lesions (Union for International
Cancer Control [UICC] TNM Classification of Malignant
Tumors, 8th edition[13])[14]. Thus, depressed lesions must
be identified at an early stage to allow for endoscopic man-
agement.

It is reasonable to assume that FAP patients have poly-
poid CRC, considering the fact that they have at least one
APC allele is inactive, and have a higher chance of develop-
ing traditional adenoma-carcinoma sequence than other pa-
tients. However, the morphological features of CRC lesions
in patients with FAP have not been fully elucidated.
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Thus, to clarify the morphological features of CRC le-
sions in Japanese FAP patients, we analyzed the data ob-
tained by the study group for FAP of the Japanese Society
for Cancer of the Colon and Rectum (JSCCR).

Methods

Original data sources and patient selection

This study used the original data of a multicenter retro-
spective cohort study on FAP conducted in Japan by the
FAP study group of the JSCCR. Patients diagnosed with
FAP who underwent colorectal surgery between January
2000 and December 2012 were included from 23 institutes.
Patients whose surgical specimen showed absence of CRC
and lesions with missing morphological information were
excluded.

The diagnosis of FAP was established according to the
following three criteria of the 2012 JSCCR guidelines for
the Clinical Practice of Hereditary Colorectal Cancer[15]:
(1) detection of 100 or more adenomas in the large intestine,
irrespective of the presence/absence of family history; (2)
detection of fewer than 100 adenomas in patients with a
family history of FAP; and (3) confirmation of pathogenic
germline mutations in the APC gene. FAP was classified
into the following three types according to the number of
colorectal adenomas: profuse type (>1,000), sparse type (be-
tween 100 and 1,000), and attenuated type (between 10 and
99)[8]. The details of the treatment were reported previ-
ously[16]; the most common procedure for FAP was restora-
tive proctocolectomy with ileal pouch anal anastomosis, irre-
spective of the phenotype.

Data extracted from the database for the purpose of this
study included the following preoperative variables: clinical
characteristics, including age at the diagnosis of FAP and at
surgery, sex, and FAP phenotype; details of the surgical pro-
cedures; and pathological findings, including the number
and location, histological grade, and pathological stage of
the CRC based on the UICC TNM Classification of Malig-
nant Tumors, 8th edition[13].

Study endpoints

The primary study endpoint was the ratio of the depressed
type superficial and non-superficial CRC lesions in patients
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Figure 1.

Table 1.

Flow diagram of the patient selection process. CRC colorectal cancer.

Baseline Characteristics of the Patients.

Total (n=178)

Age at diagnosis (years)
Age at surgery (years)
Sex (female:male)
Phenotype (Profuse:Sparse:Attenuated)’
Pathological stage (O:L:ILIIL:IV)*
Number of cancer lesion in surgical specimen
Macroscopic type
Superficial lesions
0-Ip:0-Isp:0-Is:0-I1a:0-1Ic:0-1Ta+11c
Non-superficial lesions
1:2:3:4:5
Surgical procedure
Total colectomy with ileostomy
Subtotal colectomy with IAA
Subtotal colectomy with IACA
Subtotal colectomy with IRA
Hartmann’s procedure
Right hemicolectomy
Partial colectomy

34.5 (27-44.3)
35 (29-45)
87 (48.9):91 (51.1)
50 (28.1):97 (54.5):25 (14.0)

50 (28.1):38 (21.3):26 (14.6):43 (24.2):20 (11.2)

2(1-3)

328

175 (53.4):78 (23.8):47 (14.3):18 (5.5):3 (0.9):7 (2.1)*

146
13 (8.9):111 (76.0):13 (8.9):0 (0.0):9 (6.2)!

6 (3.4)
64 (36.0)
39 (21.9)
48 (27.0)
1 (0.6)
1 (0.6)
8(4.5)

Data are shown as n (%) or median (interquartile range).

TAA ileo-anal anastomosis, JACA ileo-anal canal anastomosis, /RA ileo-rectal anastomosis

T Phenotype information in six patients is missing.

# Information on the pathological stage in one patient is missing.

¥ Ratio among superficial lesions. None of the patients had 0-IIb lesions.

1 Ratio among non-superficial lesions. None of the patients had type 4 lesions.

with FAP. “Depressed type” lesions were defined as macro-
scopic O-lIlc and O-Ila+Ilc lesions in the superficial type
CRC. “Non-depressed” lesions were defined as macroscopic
0-Ip, O-Isp, O-Is, and O-IIa lesions in the superficial type
CRC. “Protruded type” lesions were defined as macroscopic
type 1 and type 5 CRC lesions, and “Ulcerated type” lesions

were defined as macroscopic type 2 and type 3 CRC lesions
in the non-superficial type[17,18]. The secondary study end-
points were factors related to depressed type CRC lesions in
FAP patients.
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Figure 2. Endoscopic images of a non-depressed and depressed superficial CRC lesions,

and protruded and ulcerated non-superficial CRC lesions with indigo carmine spray. A. En-

doscopic image of a non-depressed (0-Isp) transverse colon lesion of a 29-year-old female

with sparse FAP (pT1b). B. Endoscopic image of a depressed superficial lesion (0-IIa+IIc)

in the transverse colon of a 64-year-old female with sparse FAP (pT1b). C. Endoscopic im-

age of a protruded non-superficial (type 1) sigmoid colon lesion of a 59-year-old female

with sparse FAP (pT2). D. Endoscopic image of an ulcerated non-superficial (type 2) sig-

moid colon lesion of a 59-year-old patient with sparse FAP (pT3). Japanese Society for

Cancer of the Colon and Rectum. Japanese Classification of Colorectal, Appendiceal, and

Anal Carcinoma: the 3d English Edition [18].

Statistical analyses

Variables were expressed as the number (and percentage)
of patients or lesions or as median (and interquartile range)
values. Between-group differences for continuous variables
were analyzed using the Wilcoxon rank-sum test, while cate-
gorical variables were analyzed using Fisher’s exact test. All
statistical analyses were performed using JMP 15.1.0 (SAS
Institute Inc., Cary, NC, USA), and a P value of <0.05 was
considered significant.

Ethical approval

The cohort study protocol was approved by the JSCCR
Ethics Committee (Approved number 90-5) and the Institu-
tional Review Board of each center. This study’s conduct
followed the ethical standards laid down in the 1964 Decla-
ration of Helsinki and its later amendments or comparable
ethical standards. For this type of study, formal consent is
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not required.

Results

A total of 303 patients from 23 institutes diagnosed with
FAP who underwent colorectal surgery between January
2000 and December 2012 were included. Meanwhile, 119
patients who had no CRC in surgical specimens and 49 le-
sions with missing morphological information were ex-
cluded; hence, only 474 CRC lesions in 178 patients (328
superficial lesions in 122 patients and 146 non-superficial
lesions in 92 patients) were included in the final analysis
(Figure 1).

The clinical characteristics of the patients are presented in
Table 1. Depressed lesions accounted for 3.0% of superficial
lesions and 84.9% of non-superficial lesions. Representative
images of non-depressed and depressed superficial CRC le-
sions and protruded and ulcerated non-superficial CRC le-
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Table 2. Characteristics of Superficial Colorectal Adenocarcinomas in FAP Patients.

Tota} Deprgssed Non—depr.essed P value
(328 lesions) (10 lesions) (318 lesions)

Age of patient at FAP diagnosis (year) 35 (30-41) 37 (35-54.5) 35 (29-40.5) 0.101
Age of patient at surgery (year) 35 (30-41) 48.5 (36.5-56.5) 35 (30-41) 0.009
Sex (Female) 124 (37.8) 5(50.0) 119 (37.4) 0.419
Phenotype " 0.003

Profuse 89 (27.6) 0(0.0) 89 (28.5)

Sparse 206 (64.0) 6 (60.0) 200 (64.1)

Attenuated 27 (8.4) 4 (40.0) 23 (7.4)
Tumor Location* 0.307

Right 104 (32.9) 5 (50.0) 99 (32.4)

Left 212 (67.1) 5(50.0) 207 (67.7)
Pathological T stage of the lesion 0.266

pTis 248 (75.6) 6 (60.0) 242 (76.1)

pTl 80 (24.4) 4 (40.0) 76 (23.9)
Histological grade® 1.000

Well differentiated 289 (88.1) 9 (90.0) 280 (88.1)

Moderately differentiated 34 (10.4) 1(10.0) 33 (10.4)

Poorly differentiated 1(0.3) 0(0.0) 1(0.3)

Data are shown as n (%) or median (interquartile range).
FAP familial adenomatous polyposis
T Phenotype information of six patients is missing.

FRi ht, cecum to transverse colon; left, descending to rectosigmoid colon. Information on location in 12 patients is
g g g p

missing.

$ Information on histological grade in four patients is missing.

sions in FAP patients are shown in Figure 2. The character-
istics of the superficial lesions are shown in Table 2. The
age of the patients at surgery differed significantly between
the two groups, with patients with depressed lesions being
significantly older than those with non-depressed lesions (P
= 0.009). The phenotype of FAP was significantly different
between groups, with depressed lesions being observed only
in sparse and attenuated type patients (P = 0.003). The char-
acteristics of non-superficial lesions are shown in Table 3.
The age of the patients at FAP diagnosis differed signifi-
cantly between the two groups, with patients with non-
depressed lesions being significantly younger than those
with depressed lesions (P = 0.006). Results of the compari-
son of morphologic types between lesions in this FAP co-
hort and lesions in multi-institutional (82 institutes) registry
data of CRC by the JSCCR[19-21], which include no ge-
netic information, are shown in Table 4.

Discussion

The incidence of depressed superficial lesions (3.0%) ob-
served in this study was lower than that (18.4%-20.5%) re-
ported in the registry data of CRC lesions provided by the
JSCCR, and the incidence of ulcerated non-superficial le-
sions (84.9%) observed in this study was higher than that
(74.6%-75.2%) reported in the multi-institutional registry

data of CRC lesions in the general Japanese popula-
tion[19-21]. Although the time periods and the source of the
data differ between datasets, it can be assumed that de-
pressed superficial lesions rarely occur in FAP patients,
while ulcerated non-superficial lesions are common in both
FAP and non-FAP patients.

After Vogelstein and Fearon proposed the multi-hit ge-
netic model of CRC development[22], accumulated evidence
has refined the understanding of various genetic and epige-
netic changes that underlie the development and progression
of CRC. In accordance with the “adenoma-carcinoma se-
quence” theory[23,24], most CRC lesions are believed to
arise from premalignant, typically protruded, traditional tu-
bular adenomas due to mutations in the APC gene[25]. On
the contrary, approximately 15% of CRCs are thought to
arise from serrated adenomas, particularly from typically
non-protruded, sessile serrated lesions (SSLs), due to muta-
tions in the BRAF gene[26-28]. According to a previous
meta-analysis, fewer KRAS mutations and more BRAF muta-
tions are observed in non-polypoid CRC than in protruded
CRCI29]. This might explain the difference in the incidence
of depressed superficial CRCs between FAP and non-FAP
patients since CRC lesions in FAP patients are more likely
to be initiated by mutations in the APC gene than in the
BRAF gene. As CRC develops into non-superficial lesions,
additional genetic and epigenetic changes accumulate and
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Table 3. Characteristics of Non-superficial Colorectal Adenocarcinomas in FAP Patients.

Totgl Ulcerated'lesion Protrudec'l lesion P value
(146 lesions) (124 lesions) (22 lesions)
Age of patient at FAP diagnosis (year) 35(30-45) 36.5(31.3-48.8) 31(23-37.5) 0.006
Age of patient at surgery (year) 36.5 (33-46)  37.5(32-48) 33 (33-39.3) 0.408
Sex (Female) 83 (56.9) 77 (57.9) 6 (46.2) 0.419
Phenotype’ 0.612
Profuse 39 (28.9) 33 (27.5) 6 (40.0)
Sparse 80 (59.3) 72 (60.0) 8(53.3)
Attenuated 16 (11.9) 15 (12.5) 1(6.7)
Tumor Location* 0.382
Right 34 (24.5) 28 (20.1) 6(33.3)
Left 105 (75.5) 93 (66.9) 12 (66.7)
Pathological T stage of the lesion® 0.632
pT2 43 (31.4) 36 (29.8) 7 (43.8)
pT3 76 (55.5) 69 (57.0) 7(43.8)
pT4a 15 (11.0) 13 (10.7) 2 (12.5)
pT4b 3(2.2) 3(2.5) 0(0.0)
Histological gradel 0.403
Well differentiated 63 (45.6) 52 (43.3) 11 (61.1)
Moderately differentiated 73 (52.9) 66 (55.0) 7(38.9)
Poorly differentiated 2 (1.5) 2(1.7) 0(0.0)

Data are shown as n (%) or median (interquartile range).
FAP familial adenomatous polyposis
T Phenotype information of 11 patients is missing.

# Right, cecum to transverse colon; left, descending to rectosigmoid colon. Information on location in seven patients is

missing.

$ Information on pathological tumor depth in nine patients is missing.

I Information on histological grade in eight patients is missing.

often overlap[30], which may explain the reduced gap in the
ratio of ulcerated and protruded CRC lesions among non-
superficial tumors between FAP and non-FAP patients. With
the acquisition of microsatellite instability, SSLs rapidly pro-
gress from precancerous lesions to carcinomas[31]; thus, cli-
nicians need to pay special attention to depressed superficial
CRC lesions when managing patients with scheduled endo-
scopic surveillance.

The reason why superficial depressed CRC lesions were
observed only in attenuated FAP patients in this study re-
mains unclear, although the lower density of polyps in at-
tenuated FAP patients might have made it easier to identify
depressed superficial lesions. The development of superficial
depressed CRC lesions in older patients can be explained by
the fact that CRC in patients with attenuated FAP develops
later than in those with profuse and sparse FAP[1,3].

This study has some limitations. First, although 303 pa-
tients were diagnosed with FAP in this field, this sample
size was too small to reach definitive conclusions. Second,
the lesions collected from this cohort were from surgical
samples, and endoscopically treated lesions were not in-
cluded. Third, data on the size of the CRC lesions were
missing, which is important for obtaining an accurate diag-
nosis or for selecting the appropriate treatment. Fourth, ge-
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netic analysis of the APC and MUTYH genes was not per-
formed as we were unable to obtain informed consent from
the patients. Fifth, genetic analysis of cancer lesions was not
performed for the same reason. Nonetheless, considering
that studies reporting the gross appearance of FAP CRC le-
sions are limited, we believe that the data presented herein
will help clinicians to recognize and treat depressed CRC le-
sions in FAP patients, especially if the endoscopic manage-
ment of FAP patients is proven to be feasible based in the J-
FAPP III (UMINO00009365) and J-FAPP III-2 (UMIN
000018742) clinical trials.

Based on the findings of our study, depressed superficial
CRC lesions rarely occurred, but were present in our study
cohort, and depressed non-superficial CRC lesions were also
present with similar ratios; clinicians should pay attention to
depressed superficial lesions during the endoscopic surveil-
lance of FAP patients.
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