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Purpose: In recent years, the incidence of early-stage colorectal cancer (CRC) has markedly increased in the population
within the Republic of Korea. The aim of this study was to evaluate the clinicopathologic features of adenomatous polyps
in TNM stage I CRC patients and in the general population.

Methods: Between March 2003 and September 2009, 168 patients with stage I CRC were enrolled in this study. In addition,
the records of 4,315 members of the general population without CRC, as determined by colonoscopy during a health check-
up, were reviewed.

Results: Of the 168 patients with stage I CRC, 68 (40.5%) had coexisting colorectal adenomatous polyps and of the 4,315
members of the general population, 1,112 (26.0%) had coexisting adenomatous polyps (P = 0.006). The prevalences of ad-
enomatous polyp multiplicity in early CRC and in the general population were 32% and 15%, respectively (P = 0.023). Pa-
tients with coexisting adenomatous polyps had a higher frequency of tubulovillous or villous adenomas than members of
the general population with polyps (7.5% vs. 2.0%, P = 0.037). Furthermore, a subgroup analysis showed that the occur-
rence (44% vs. 34%, P = 0.006) and the multiplicity (32% vs. 15%, P = 0.023) of adenomatous polyps were greater for T2
than T1 cancer.

Conclusion: The prevalence and the multiplicity of adenomatous polyps in TNM stage I CRC is higher than it is in the gen-
eral population. The findings of this study suggest that depth of invasion of early stage CRC affects the prevalence and the
number of adenomatous polyps in the remaining colon and rectum.
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INTRODUCTION

The incidence of colorectal cancer (CRC) is increasing worldwide,
and this trend has raised concerns among health professionals. As
a result, screening surveillance for CRC is now conducted in the
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general population. This increased examination has markedly in-
creased the number of asymptomatic patients requiring treatment
for early stage CRC. According to a study conducted by Choi et al.
[1] in 2006, tumor-node-metastasis (TNM) stage I CRC accounts
for about 20% of all CRC patients in Korea, and this proportion is
1.5-fold higher than the 13% reported in 1999. Furthermore, the
prognosis of TNM stage I CRC is excellent, with a 5-year survival
rate of over 90%.

The adenoma-carcinoma sequence of mutagenic events is a pop-
ular hypothesis for carcinogenesis in CRCs. More than 85% of di-
agnosed CRCs have been demonstrated to arise from adenomas,
and the adenomatous polyp rate among CRC patients has been
shown to be higher than it is in the general population without
CRC [2-11]. Even though most early stage CRCs develop from
adenomatous polyps, few studies have compared the clinical char-
acteristics of polyps, such as their multiplicity and histology in
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early stage CRC patients and in the general populations. In addi-
tion, little evidence is available on the relationship between neo-
plastic polyp prevalence or multiplicities and tumor progression,
although several studies have reported no evidence to suggest a
correlation between the CRC stage and the prevalence of neoplas-
tic polyps [7, 12]. Therefore, this study was designed to compare
the clinicopathologic features of adenomatous polyps in patients
with TNM stage I CRC with those of adenomatous polyps in the
general population in Korea.

METHODS

Between March 2003 and September 2009, 168 patients after cu-
rative resection were diagnosed at our institute with a TNM stage
I colorectal adenocarcinoma. Rectal cancer patients who had un-
dergone a transanal excision and those with hereditary CRC, such
as familial adenomatous polyposis or hereditary non-polyposis
CRC, were excluded from the analysis. This analysis was con-
ducted using information contained in a prospectively collected
CRC database at our institute. CRC staging was performed as de-
scribed by the American Joint Cancer Committee (7th. edition)
[13]. Stage I is composed of TINOMO and T2NOMO. Tumor
depth is limited to the submucosa for T1 lesions and to the mus-
cularis propria for T2 lesions. Non-neoplastic polyps, such as in-
flammatory polyps or hyperplastic polyps, were excluded. Only
adenomatous polyps, defined as tubular, tubulovillous and villous
adenoma, were included in this study. For comparison purposes,
the data of 4,315 members of the general population without CRC
as determined by colonoscopy during a routine health check-up
during the same period were reviewed.

Data analysis was performed using the SPSS ver. 14.0 (SPSS Inc.,
Chicago, IL, USA). Summary statistics were compared using the
two-sample t-test, and Pearson’s chi-squared test was used to com-
pare subgroups. P-values of <0.05 were considered statistically sig-
nificant.

RESULTS

One hundred one males and 67 females, mean age of 59.8 years
(range, 28 to 85 years), were included. Seventy-five patients (44.6%)
had colon cancer, and 93 patients (55.4%) had rectal cancer; 56
patients (33.3%) had TINOMO cancer (T1 group), and 112 pa-
tients (66.7%) had T2NOMO cancer (T2 group). Of the 75 patients
with colon cancer, 36 patients (48.0%) were in the T1 group, and
39 patients (52.0%) were in the T2 group. Of the 93 patients with
rectal cancer, 20 patients (21.5%) were in the T1 group, and 73
patients (78.5%) were in the T2 group. The proportion of rectal
cancer in the T2 group (65.2%) was higher than it was in the T1
group (35.7%, P < 0.001). The clinicopathologic characteristics of
patients in the T1 and the T2 groups are shown in Table 1.

The mean tumor size was larger in the T2 group than in the T1
group (3.6 cm vs. 2.7 cm, P = 0.039), but no significant difference
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was found for other variables, including gender, age, preoperative
CEA and CA19-9 levels, prevalence of an elevated CEA or CA
19-9 level, tumor histologic differentiation, and lymphatic, peri-
neural, or vascular invasion. Preoperative colonoscopic examina-
tions in patients with T1 or T2 stage CRC revealed that 68 patients
(40.5%) had coexisting adenomatous polyps. Furthermore, the
prevalence of coexisting adenomatous polyps was higher in the
T2 group than it was in the T'1 group (43.8% vs. 33.9%, P = 0.014).
A tubular adenoma was the most common type in both groups.
These data are summarized in Table 2. Fifteen patients (78.9%)
with a coexisting polyp in the T1 group and 31 (63.3%) in the T2
group had either a single or two adenomatous polyps. The preva-
lence of three or more adenomatous polyps was significantly higher
in the T2 group (36.7%) as compared to the T1 group (21.1%, P =
0.017) (Table 3).

In TNM stage I CRC, the prevalence of tubular adenomas was

Table 1. Patient characteristics

Characteristic E ’102/'6[)) (I] 22‘2“1/'3) P-value
Sex (M:F) 3323 68:44 0.824
Age (y) 613+94 59.0+11.1 0.189
Colon:rectum (% of rectum) 36:20 (35.7)  39:73 (65.2) 0.000
Location of tumor

Cecum 8 3

Ascending colon B 10

Hepatic flexure 3 0

Transverse colon 2 0

Descending colon 2 0

Sigmoid colon 7 19

Rectosigmoid 9 7

Upper rectum 16 45

Lower rectum 4 27

Anal canal 0 1
No. of patients with high CEA 6(10.7) 9(8.0) 0.452
No. of patients with high CA 19-9 2 (3.6) 3(2.7) 0.697
Tumor size (cm) 27+16 3615 0.039
Tumor cell differentiation 0.405

Well-differentiated 20 47

Moderately-differentiated 88 63

Poorly-differentiated 1 0

Mucinous 2 2
Tumor cell invasion

Lymphatic invasion 8(14.2) 14 (12.5) 0.830

Perineural invasion 0(0) 3@.7) 0.414

Vascular invasion 0(0) 2(1.8) 0.534

Values are presented as mean + SD or number (%).
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92.5%, of tubulovillous adenomas was 6.3%, and of villous adeno-
mas was 1.3% (Fig. 1A). Of the patients in the T1 group, 95.2% had
a tubular adenoma and 4.8% had a tubulovillous adenoma, and in
the T2 group, 91.5% had a tubular adenoma, 6.8% had a tubulo-
villous adenoma, and 1.7% had a villous adenoma (Fig. 1B). Of
patients with TNM stage I CRC, those with one or two polyps had
tubular adenoma and tubulovillous adenoma occurrence rates of
95.2% and 4.8%, respectively, and of those with three or more pol-
yps, the tubular adenoma, tubulovillous adenoma, and villous ad-
enoma occurrence rates were reported as 90.7%, 7.2%, and 2.1%,
respectively.

Comparing the data from stage I CRC patients with those of the
4,315 members of the general population without CRC, the prev-
alence of adenomatous polyps was found to be significantly higher

Table 2. Prevalence of coexisting adenomatous polyps based on pre-
operative colonoscopic examinations in patients with TNM stage I
CRC

T1 group T2 group :

(n = 56) (=112  Fvale
No polyp 37 (66.1) 63 (56.3) 0.014
Adenomatous polyp 1933.9) 49 (43.8)

in stage I CRC than in the general population (40% vs. 26%, P =
0.006). In addition, the prevalence of patients with multiple ade-
nomatous polyps was also significantly higher in stage I CRC (32%)
than in the general population (15%, P = 0.023). By subgroup anal-
ysis, the prevalence of adenomatous polyps was 34% in the T1
group, 44% in the T2 group, and 26% in the general population (P

Table 3. Distributions of adenomatous polyps by number in TNM
stage I CRC

No. of adenomatous polyps T1 group (n =19) T2 group (n = 49)

1 8 (42.1) 22 (44.9)
2 7(36.8) 9(18.4)
Sub total 15 (78.9) 31 (63.3)
3 1(6.9) 6(12.2)
4 1(6.3) 6(12.2)
5 1(6.3) 36.1)
6 00) 1(2.0)
7 0(0) 2(4.1)
8 1(6.3) 0(0)
Sub total 4(21.1) 18 (36.7)

Values are presented as number (%).
TNM, tumor-node-metastasis; CRC, colorectal cancer.

Values are presented as number (%).
TNM, tumor-node-metastasis; CRC, colorectal cancer.

Table 4. Comparison of the prevalence of adenomatous polyps in stage I colorectal cancer (CRC) patients and in the general population

Prevalence General population Stage | CRC P-value® T1 group T2 group P-value®
Adenomatous polyp 1,112/4,315 (26) 68/168 (40) 0.006 19/56 (34) 49/112 (44) 0.008
Multiple adenomatous polyps, 172/1,112 (15) 22/68 (32) 0.023 4/19 (21) 18/49 (37) 0.034

no. of polyps >3

Values are presented as number (%).
3General population vs. stage | CRC. °T1 group vs. T2 group.
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Fig. 1. Proportions of adenomatous polyps by pathologic findings: (A) general population vs. stage I colorectal cancer patients and (B) general

population vs. the T1 and the T2 groups.
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Table 5. Pathologies of associated polyps in stage I colorectal cancer (CRC) patients and in the general population

No. of polyps Gen(enra:I g(,););lgtion S:sg:e 1' 509R)C P-value® T(:] irzlé? (Tn2:gr101u7p) P-value®
Tubular 1,751 (98.5) 147 (92.5) 0.037 40 (95.2) 107 (91.5) 0.048
Tubulovillous 16 (0.9) 10 (6.3) 2(4.8) 8 (6.8)

Villous 11 (0.6) 2(1.3) 0(0) 2(1.7)

Values are presented as number (%).
“General population vs. stage | CRC. °T1 group vs. T2 group.

=0.008). The frequency of multiple adenomatous polyps was 21%
in the T1 group, 37% in the T2 group, and 15% in the general pop-
ulation (P = 0.034), and differences between the groups were sta-
tistically significant (Table 4).

The results of the comparison between the pathologies of adeno-
matous polyps in the general population and in the stage I CRC
group are shown in Table 5. Stage I CRC patients with a coexist-
ing adenomatous polyp were found to have a lower incidence of
tubular adenomas and a higher occurrence of tubulovillous or vil-
lous adenomas as compared to the general population. That is, pa-
tients with stage I CRC had a higher frequency of adenomas with
a villous component than members of the general population. In
the general population, 98% had a tubular adenoma and 2% had
a tubulovillous or a villous adenoma, and in stage I CRC, 92.5% of
the patients had a tubular adenoma and 7.5% had a tubulovillous
or a villous adenoma (P = 0.037). Fig. 1A summarizes the observed
pathologic differences between adenomatous polyps in the gen-
eral population and those in stage I CRC. Fig. 1B summarizes the
comparison between the general population and both the T1 and
the T2 groups. The prevalence of a coexisting polyp with a villous
component was found to be 1.5% in the general population, 4.8%
in the T'1 group, and 9.1% in the T2 group (P = 0.048).

Of the 4,315 members of the general population, 1,112 had ade-
nomatous polyps. These were divided into two groups: the group
with one or two polyps and the group with three or more polyps.
Of the 1,142 polyps in individuals with one or two polyps, 1,119
(98.0%) had tubular adenomas, 14 (1.2%) had tubulovillous ade-
nomas, and only 9 (0.8%) had villous adenomas. Of the 636 pol-
yps found in individuals with three or more polyps, 632 (99.4%)
had tubular adenomas, 2 (0.3%) had tubulovillous adenomas, and
2 (0.3%) had villous adenomas. No significant differences in polyp
pathologies were observed between stage I CRC patients and the
general population regardless of multiplicity (P = 0.631).

DISCUSSION

Our results demonstrate that the prevalence and the multiplicity
of adenomatous polyps in patients with TNM stage I CRC were
higher than they were in the general population and that depth of
tumor invasion was associated with a higher prevalence of polyps
with a villous component. The adenoma-carcinoma sequence is a
well-known hypothesis that explains the carcinogenesis of CRC,
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and 85% of CRCs have been suggested to arise from adenomas [2,
7, 10, 14, 15]. Furthermore, a larger polyp size (1 cm or larger)
and more advanced histologic features (tubulovillous or villous)
are known to be independent risk factors for the transformation
to CRC [15]. In a survey that compared adenoma prevalence and
cancer incidence, the percentage of polyps that underwent a trans-
formation to cancer was shown to be approximately 0.25% per
year [14]. Wasif et al. [10] found that individuals with untreated
adenomatous polyps developed CRC at a rate of 4% after 5 years
and 14% after 10 years, which was higher than that observed in
the general population. For these reasons, adenomatous polyps
are considered an integral part of the carcinogenesis of CRC. There-
fore, regular colonoscopic surveillance is recommended in the
general population, and polyps found should be removed endo-
scopically for diagnosis and treatment. In addition, regular colo-
noscopy has been suggested by the National Comprehensive Can-
cer Network for the early detection and treatment of adenomatous
polyps or recurrence in CRC patients [16]. Thus, the removal of
adenomatous polyps has become an important method for the
prevention and treatment of CRC [6, 10].

Regarding the proportion of rectal cancer patients included in
our analysis, transanal local excision could be another treatment
option for early rectal cancer without node metastasis, such as
T1INOMO, that had been evaluated by preoperative magnetic reso-
nance imaging or endorectal ultrasonography. Many reports have
demonstrated that transanal excision can be performed for rectal
cancer with characteristics including a T1 lesion, no lymph-node
metastasis, a low-grade tumor, a tumor location within 6 cm of
the anal verge, and a tumor without lymphovascular or perineu-
ral invasion by biopsy. However, a local excision is not usually
recommended nor is it performed in high-risk patients due to the
reported incidence of lymphatic spread in up to 15% of T2 tumors
[14]. Because we excluded patients who underwent a transanal
local excision, the prevalence of rectal cancer and the tumor size
in the T2 group were greater than they were in the T1 group.

In general, the incidence of coexisting adenomatous polyps in
CRC patients has been reported to be 15 to 50% [7, 8]. In Korea,
the reported frequencies of adenomatous polyps associated with
CRC are approximately 26% according to Park [7] and 46% accord-
ing to Cho et al. [12], which correlates well with our observed in-
cidence of 40%. In addition, it is well accepted that the incidence
of adenomatous polyps in CRC patients is higher than in the gen-
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eral population [6, 8,9, 11, 12]. In the present study, 4,314 individ-
uals with no evidence of CRC by colonoscopic examination were
included in the analysis. The prevalence of adenomatous polyps
in this population was 26%, which correlates well with previous
reports [6-9, 11, 12]. The prevalence of adenomatous polyps in
CRC patients was higher than that in the general population, which
is also in-line with previous reports. In other words, the prevalence
of adenomatous polyps and the proportion of multiple polyps (>3)
were higher in TNM stage I CRC patients than they were in the
general population.

However, the present study reveals a substantially different his-
tologic distribution of adenomatous polyps. In the Surveillance
Epidemiology and End Results database, the prevalence of tubular
adenomas in CRC patients (all stages) is 38%, and those of tubu-
lovillous and villous adenomas are 40% and 22%, respectively [10].
According to a report issued by Cho et al. [12], the prevalence of
tubular adenomas in CRC patients (all stages, but mainly stage II
or III) is 84.1%, and tubulovillous and villous adenomas account
for 15.2 and 0.7%, respectively. In addition, no significant correla-
tion was found between the frequency of adenomatous polyps in
CRC patients and the primary tumor stage, the preoperative CEA
levels or the primary tumor sizes [12]. Park [7] also concluded
that the primary tumor stage and the adenomatous polyp preva-
lence were unrelated. Nevertheless, according to our data for TNM
stage I CRC, the incidence of adenomatous polyps with a villous
component was remarkably lower than that previously reported
for all stages of CRC (7.5% vs. 15.9 to 62.0%). Despite the obser-
vations of other previous reports, this difference suggests that the
frequency of tubulovillous and villous adenomas depends on the
TNM stage, leading to the conclusion that no significant correla-
tion exists between the prevalence of adenomatous polyps in CRC
and the primary tumor stage [7, 12].

In addition, multiple polyps (>3) in CRC have been shown to
increase the risk of developing a coexisting advanced polyp and
potentially cancer [18]. Bae et al. [2] reported that multiple polyps
had greater malignant potential than a single polyp in the general
population, suggesting that multiplicity is related to malignant
potential in CRC and in the general population. Our results dem-
onstrate that the prevalence of multiple polyps is higher in TNM
stage I CRC patients than it is in the general population. Further-
more, the prevalence of multiplicity was found to be positively as-
sociated with tumor invasion depth, which suggests that polyp
multiplicity is associated with a more advanced T stage.

In summary, the prevalence and the multiplicity of associated
adenomatous polyps were found to be higher in the T2NOMO
group than in the TINOMO group and to be significantly higher in
both of these groups than in the general population. These results
clearly establish that increased consideration be given to associated
adenomatous polyps even in the case of TNM stage I CRC.
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