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Abstract. Lymph node metastasis significantly influences the
management of patients with colorectal carcinoma. It has been
observed that the biology of colorectal carcinoma differs by
location. The aim of the current study was to retrospectively
compare the clinicopathological characteristics of patients with
colon and rectal T1 carcinomas, particularly their rates of lymph
node metastasis. Of the 19,864 patients who underwent endoscopic or surgical resection of colorectal neoplasms at Showa
University Northern Yokohama Hospital, 557 had T1 surgically
resected carcinomas, including 457 patients with colon T1 carcinomas and 100 patients with rectal T1 carcinomas. Analysed
clinicopathological features included patient age, gender, tumor
size, morphology, tumor budding, invasion depth, vascular invasion, histological grade, lymphatic invasion and lymph node
metastasis. Rectal T1 carcinomas were significantly larger than
colon T1 carcinomas (mean ± standard deviation: 23.7±13.1 mm
vs. 19.9±11.0 mm, P<0.01) and were accompanied by significantly higher rates of vascular invasion (48.0% vs. 30.2%,
P<0.01). Significant differences were not observed among any
other clinicopathological factors. In conclusion, tumor location itself was not a risk factor for lymph node metastasis in
colorectal T1 carcinomas, even though on average, rectal T1
carcinomas were larger and accompanied by a significantly
higher rate of vascular invasion than colon T1 carcinomas.
Introduction
Colorectal cancer is one of the most common types of cancer in
the world (1). In 2008, colorectal cancer was the leading cause
of cancer‑associated mortality in Japanese women and the third
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leading cause in Japanese men (2). The biology of colorectal
carcinoma may differ by location and it remains unclear whether
carcinoma of the colon (caecum to sigmoid) and rectum should
be considered as a single entity or as two distinct entities (3).
There are two major arguments for dividing colorectal carcinoma according to location. Firstly, rectal carcinoma may have a
more malignant nature than colon carcinoma; it is more likely to
metastasize to the lymph nodes or to recur (4). Furthermore, the
risk of local recurrence following endoscopic resection has been
reported to be significantly higher for rectal T1 carcinoma than
for colon T1 carcinoma (5). Secondly, rectal surgery is more
invasive than colon surgery, with higher rates of post‑operative
complications, including anastomotic leakage (6). In addition,
a number of patients with rectal cancer are left with permanent
stomas following standard abdominoperineal resection, and low
anterior resection may lead to disorders and complications of
anal functions, thus reducing patient quality of life (7).
In general, lymph node metastasis occurs in approximately
10% of patients with colorectal T1 carcinoma (8,9), therefore, it
is essential to thoroughly assess the need for surgical resection
in such patients. The present study was designed to compare
the clinicopathological characteristics of patients with colon
and rectal T1 carcinoma, and to determine whether these carcinomas should be considered as a single entity or two distinct
entities when deciding on surgical treatment.
Patients and methods
Patients. The study cohort included 557 patients with T1
colorectal carcinoma who were treated at Showa University
Northern Yokohama Hospital (Yokohama, Japan) between
April 2001 and March 2013. Patients were eligible for inclusion
if they underwent endoscopic resection followed by additional
surgery or surgical resection as a first‑line treatment. Patients
were excluded if they underwent endoscopic resection alone;
exhibited evidence of inflammatory bowel disease, familial
adenomatous polyposis or Lynch syndrome; had synchronous
or metachronous advanced colorectal carcinoma or exhibited
evidence of malignant disease in any other organ. None of the
patients included in the study had received preoperative radiotherapy or neoadjuvant chemotherapy.
The rectum was defined as the area between the upper
border of the anal canal and the lower border of the second
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sacral vertebra. Patient characteristics that were analysed
included age, gender, tumor size, morphology, histological type,
tumor budding, invasion depth, intramural lymphatic invasion,
intramural vascular invasion and lymph node metastasis.
In a subanalysis, the sizes of colon and rectal T1 carcinomas were evaluated according to their morphologies. Tumor
morphology was classified into three types according to the Paris
endoscopic categorization of superficial neoplastic lesions (10):
Depressed type; slightly elevated and flat type, including laterally spreading tumors (LSTs); and protruded type. LSTs were
further divided into granular type (LST‑G) and nongranular
type (LST‑NG) (11).
The protocol of the current study was approved by the ethics
committee of Showa University Northern Yokohama Hospital
(no. 1201‑05) and registered in the UMIN Clinical Trials
Registry (UMIN000010979). Written informed consent was
obtained from all patients prior to treatment.
Endoscopic procedure. Examinations were performed using
magnifying colonoscopies (CF‑H260AZI or PCF‑Q240ZI;
Olympus Optical Corporation, Tokyo, Japan), which enhance
images ~75‑ to 100‑fold. All colorectal lesions were evaluated
in real‑time under magnifying chromoendoscopy in the presence of 0.40% indigo carmine (Nagase Medicals Co., Ltd.,
Hyogo, Japan) to determine pit pattern classification (12,13), and
tumors with a type V pit pattern were evaluated using 0.05%
crystal violet (Koso Chemical Co., Ltd., Gyoda, Japan) (13).
Lesions observed to have III, IV, or VI low‑grade pit patterns
(i.e., adenomas, intramucosal colorectal carcinomas and slightly
invasive submucosal colorectal carcinomas) were resected
endoscopically. Patients with lesions exhibiting a VI high‑grade
or VN pit pattern (i.e., massively invasive submucosal colorectal
carcinomas) were referred for surgery. Patients who refused
surgery underwent endoscopic resection as a first‑line treatment.
Surgical procedure. Patients who were endoscopically diagnosed with massively invasive submucosal carcinoma and
agreed to undergo surgical resection underwent curative resection with lymph node dissection, either laparoscopically or using
an open procedure. Patients were considered to be at high risk
for lymph node metastasis if they exhibited vertically positive
margins, an unfavourable histological type, evidence of vascular
or lymphatic invasion, high‑grade tumor budding or massively
invasive carcinoma following endoscopic resection. Additional
curative surgery with lymph node dissection was recommended
for these patients (2).
Histological examination. Resected specimens were immediately fixed in 10% buffered formalin solution for at least 24 h
at room temperature, and stained with hematoxylin and eosin.
Histological specimens were subsequently cut into parallel
sections 2‑3 mm thick. Pathological specimens were assessed
for resection margin status and histological characteristics by
a single experienced pathologist. Tumor size was defined as the
maximum tumor diameter on the original pathology report.
The degree of submucosal invasion was determined
according to the Kudo classification (Fig. 1) (14). Specifically,
the degree of submucosal invasion was classified into three
categories based on invasion depth in surgically resected specimens: Infiltration into the upper third (sm1), middle third (sm2)

and lower third (sm3) of the submucosal layer. In endoscopically
resected specimens, the resected submucosal layer was vertically divided into two components. Submucosal invasion within
the upper layer was regarded as sm1, invasion of the deeper
layer was regarded as sm2 and a vertically positive margin was
regarded as sm3 (15). Furthermore, sm1 cases were subclassified
into sm1a, sm1b, and sm1c based on the horizontal extension
of the submucosally invaded area. Sm1a and sm1b carcinomas
were defined as slightly invasive, while sm1c, sm2, and sm3
carcinomas were considered massively invasive submucosal
carcinomas.
Histological type was based on the World Health Organization Classification of Tumors (16). Tumors were examined
histochemically using Victoria blue (Muto Pure Chemicals Co.,
Ltd., Tokyo, Japan) staining for vascular invasion and D2‑40
(Dako North America, Inc., Carpinteria, CA, USA) expression
for lymphatic invasion. Haematoxylin and eosin staining was
also performed. Tumor budding was defined as an isolated
single carcinoma cell or a cluster composed of <5 cells. After
choosing one field in which budding was the most intense, a
budding count was conducted in a field measuring 0.785 mm2
using an objective lens (magnification, x20). A field with ≥5
buds was regarded as grade 2 or 3 (17).
Statistical analysis. Nominal and ordinal variables are
expressed as frequencies and percentages. Continuous variables are reported as mean ± standard deviation (SD) and were
compared using Student's t‑test, whereas dichotomous variables
were compared using χ2 or Fisher exact tests, as appropriate.
All statistical analyses were performed using R ver. 2.10.0 (R
Foundation for Statistical Computing, Vienna, Austria). All
P‑values were two sided and P<0.05 was considered to indicate
a statistically significant difference.
Results
Patient population. A total of 19,864 patients with colorectal
neoplasms underwent endoscopic or surgical tumor resection at
the Showa University Northern Yokohama Hospital (Yokohama,
Japan) between April 2001 and March 2013 (Fig. 2). Of these,
856 (4.3%) patients exhibited colorectal T1 carcinoma. However,
299 patients with colorectal T1 carcinoma were excluded: 268
underwent endoscopic resection alone, 17 had synchronous
advanced colorectal carcinoma, 3 had Lynch syndrome, 1 had
inflammatory bowel disease and 10 were excluded for other
reasons. Thus, the final study cohort consisted of 557 patients
with colorectal T1 carcinoma, including 457 with colon carcinoma and 100 with rectal carcinoma. Of these, 293 patients (233
with colon and 60 with rectal carcinoma) underwent first‑line
surgery and lymph node dissection and 264 (224 with colon and
40 with rectal tumors) underwent first‑line endoscopic resection
followed by additional surgery. The total cohort of 557 patients
included 210 women (37.7%) and 347 men (62.3%), among
whom the mean (± SD) age was 64.9±11.4 years.
The median number of lymph nodes dissected per patient
was 13 (range, 1‑53). The median number of lymph nodes in
cases of colon carcinoma was 13 (range, 1‑53), while the median
number of lymph nodes in cases of rectal carcinoma was 13
(range, 2‑41). Of the 557 patients, 54 (9.7%) exhibited evidence
of lymph node metastasis.
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Figure 1. Classification of the degree of submucosal invasion. Submucosal invasion was scored according to the Kudo classification (14). SMs, slightly invasive
submucosal carcinoma; SMm, massively invasive submucosal carcinoma.

Figure 2. Patient flow chart demonstrating the potential pool of patients, and the inclusion criteria for patients eventually included in the study. CRC, colorectal
carcinoma.

Clinicopathological features of colon and rectal T1
carcinoma. Table I presents the clinicopathological characteristics of the patient groups. Rectal T1 carcinomas were
significantly larger (23.7±13.1 mm vs. 19.9±11.0 mm, P<0.01)
and exhibited significantly higher rates of vascular invasion (48.0% vs. 30.2%, P<0.01) than colon T1 carcinomas.

The rates of lymphatic invasion (46.0% vs. 41.4%, P= 0.43)
and lymph node metastasis (9.0% vs. 9.8%, P= 0.80) were
similar in patients with rectal and colon T1 carcinomas.
None of the other clinicopathological factors assessed
differed significantly between patients with colon and rectal
T1 carcinomas.
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Table I. Clinicopathological characteristics of patients with colon and rectal T1 carcinoma.
Characteristic
Age, years ± SD
Males, n (%)
Tumor size, mm ± SD
Invasion depth, SMm (%)
Histological type, por or muc (%)
Vascular invasion, + (%)
Lymphatic invasion, + (%)
Tumor budding, grade 2 or 3 (%)
Lymph node metastasis, + (%)

Colon (n=457)

Rectum (n=100)

P‑value

65.3±11.4
285 (62.5)
19.9±11.0
422 (92.3)
89 (19.5)
138 (30.2)
189 (41.4)
123 (26.9)
45 (9.8)

62.9±10.8
62 (62.0)
23.7±13.1
93 (93.0)
15 (15.0)
48 (48.0)
46 (46.0)
32 (32.0)
9 (9.0)

0.06
0.96
<0.01a
0.99
0.33
<0.001a
0.43
0.33
0.94

P<0.05; Results are expressed as mean ± standard deviation or number of patients (%), as appropriate. SMm, massively invasive submucosal
carcinoma; por or muc, poorly differentiated adenocarcinoma or mucinous carcinoma.
a

Table II. Morphology and tumor size according to LST subtypes of colon and rectal carcinoma.
Characteristic

Colon (n=457)

Rectum (n=100)

Morphology 			
Depressed, n (%)
129 (28.2)
36 (36.0)
Flat, n (%)
120 (26.3)
30 (30.0)
Protruded, n (%)
208 (45.5)
34 (34.0)
LST, n (%)
112 (24.5)
26 (26.0)
LST‑G, n (%)
32 (7.0)
22 (22.0)
Tumor size ± SD, mm
41.1±18.1
38.1±16.4
LST‑NG, n (%)
80 (17.5)
4 (4.0)
Tumor size ± SD, mm
24.4±9.5
26.3±4.9

P‑value
0.10

0.85
<0.01a
0.54
<0.01a
0.70

P<0.05; Results are expressed as mean ± standard deviation or number of patients (%), as appropriate. LST, laterally spreading tumors; LST‑G,
granular‑type LST; LST‑NG, nongranular‑type LST.
a

Morphology and size of colon and rectal T1 carcinomas.
Table II presents comparisons between the morphology and
size of colon and rectal T1 carcinomas. Morphologically,
28.2% (129/457) and 36.0% (36/100), of colon and rectal T1
carcinomas were depressed, respectively, 26.3% (120/457)
and 30.0% (30/100) were flat and 45.5% (208/457) and 34.0%
(34/100) were protruded. There were no significant differences in tumor morphology between the groups (P= 0.10).
In addition, 24.5% (112/457) of colon and 26.0% (26/100) of
rectal T1 carcinomas were LSTs. LST‑Gs accounted for 7.0%
(32/457) of colon and 22.0% (22/100) of rectal T1 carcinomas,
with mean tumor sizes of 41.1±18.1 mm and 38.1±16.2 mm,
respectively (P=0.54). LST‑NGs accounted for 17.5% (80/457)
of colon and 4.0% (4/100) of rectal T1 carcinomas, with mean
tumor sizes of 24.4±9.5 mm and 26.3±4.9 mm, respectively
(P=0.70). However, colon T1 carcinomas classified as LST‑Gs
were significantly larger than those classified as LST‑NGs
(41.1±18.1 mm vs. 24.4±9.5 mm, P<0.01). In addition, rectal
T1 carcinomas classified as LST‑Gs were significantly larger
than rectal tumors classified as LST‑NGs (38.1±16.4 mm vs.
26.3±4.9 mm, P<0.01).

Discussion
The present study investigated the clinicopathological differences between T1 rectum and colon carcinomas to assess whether
they should be classified as a single entity or two distinct entities
when considering the indications for surgical resection. Colon
and rectal carcinoma share many features, however, they exhibit
important clinicopathological and genetic differences (3). The
results of the current study include three important clinical
observations: i) The rates of lymph node metastasis were similar
in rectal and colon T1 carcinomas; ii) rectal T1 carcinomas
were generally larger than colon T1 carcinomas; iii) rectal T1
carcinomas were accompanied by significantly higher rates of
vascular invasion than colon T1 carcinomas.
Lymph node metastasis is an important prognostic factor
in patients with rectal and colon and T1 carcinoma and affects
disease management. Nodal involvement is associated with
an increased risk of local recurrence and shorter overall and
disease‑free survival time (18‑20). Lymph node metastasis
generally occurs in approximately 10% of patients with T1
colorectal carcinoma (8,9). In the clinical guidelines of the
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Japanese Society for Cancer of the Colon and Rectum (JSCCR),
patients who undergo endoscopic resection for T1 colorectal
carcinoma are considered to be at extremely low risk of developing lymph node metastasis if they have negative vertical
margins, well or moderately differentiated adenocarcinoma,
absence of vascular or lymphatic invasion, grade 0 or 1 tumor
budding and submucosal invasion <1,000 µm (2). These patients
should be monitored periodically, however, they should not
require additional surgery. Patients with ≤1 of these factors are
considered to be high risk and surgery, including lymph node
dissection, is recommended.
Surgery for rectal carcinoma is more invasive than surgery
for colon carcinoma. Standard abdominoperineal resection
for low rectal carcinoma leaves many patients with permanent
stomas. Advanced anus‑preserving low anterior resection and
intersphincteric resection have become more common as treatments for lower rectal carcinoma that avoid colostomies (21).
However, some anal function disorders and complications
have been reported following such resections, reducing patient
quality of life (8). Due to similar rates of lymph node metastasis in patients with colon and rectal T1 carcinoma, surgical
indications following endoscopic resection should be similar.
However, it has been reported that high‑risk patients with rectal
T1 carcinoma have a significantly higher risk of local recurrence than high‑risk patients with colon T1 carcinoma treated
with endoscopic resection alone (5). Although rectal surgery is
more invasive than colon surgery, additional surgery involving
dissection of the lymph nodes is recommended for high‑risk
patients with rectal T1 carcinoma.
The present study indicated that rectal T1 carcinomas were
larger than colon T1 carcinomas. This may be explained by
differences in their morphologies, particularly in terms of the
percentage of cases classified as LST‑Gs. LSTs typically extend
laterally and circumferentially rather than vertically along the
colonic wall (22) and are associated with a lower frequency of
invasion than polypoid lesions of similar size. Although a similar
proportion of colon and rectal T1 carcinomas were classified
as LSTs (24.5% vs. 26.0%, P= 0.80), LST‑Gs accounted for a
significantly higher proportion of rectal LSTs than colon LSTs
[84.6% (22/26) vs. 28.6% (32/112), P<0.01]. In accordance with
previous results (23), LST‑Gs were observed to be significantly
larger than LST‑NGs (39.9±17.4 mm vs. 24.5±9.3 mm, P<0.01),
which may have affected the differences between the size and
growth patterns of colon and rectal T1 carcinomas. Among
patients who underwent endoscopic resection alone during the
same period, rectal T1 carcinomas were significantly larger
than colon T1 carcinomas (25.1±19.7 mm vs. 19.7±12.1 mm,
P= 0.016).
In agreement with a previous study (5), the rate of vascular
invasion was observed to be significantly higher in rectal
than colon T1 carcinomas. Differences in vascular invasion
may have resulted from differences between the anatomical
features of the rectum and colon. The rectum is supplied by
both the inferior mesenteric artery and the internal iliac artery,
with veins from the rectum returning to the vena cava and
portal vein. Although blood vessel density differs in the colon
and rectum, its association with vascular invasion remains
unclear. It has been reported that tumor location in the rectum
is a significant independent risk factor for delayed bleeding
following endoscopic submucosal dissection for colorectal
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neoplasms, potentially as a consequence of differences in
blood vessel density (24). Guidelines from the National
Comprehensive Cancer Network, the European Society for
Medical Oncology and JSCCR identify vascular invasion as a
risk factor for lymph node metastasis and recommend that such
patients undergo surgery with lymph node dissection (2,25,26).
Additionally, vascular invasion is an independent predictor of
distant recurrence and survival in all patients with colorectal
carcinoma (27,28), suggesting the need for surgery in patients
with colon and rectal T1 carcinomas who exhibit vascular
invasion. However, as reported in a meta‑analysis performed
by Bosch et al (9), lymphatic invasion is the most powerful
predictor of lymph node metastasis, whereas vascular invasion is a weaker predictor. This may explain the absence of a
significant difference between rates of lymph node metastasis
for colon and rectal T1 carcinoma in the current study.
The present study had three primary limitations: i) It was
a retrospective analysis of patients treated at a single center,
although it did include a larger cohort of patients than in
previous, similar studies (29‑32). ii) The retrospective design
of the current study may have introduced some selection bias.
When evaluating the incidence of lymph node metastasis,
only patients who had undergone surgery were included.
Patients treated by endoscopic resection alone were excluded
as the incidence of lymph node metastasis this group was not
precisely assessed. iii) The pathological diagnosis or features
of these patients were not re‑evaluated. Therefore, a large‑scale
prospective trial is necessary to verify the current management strategy for colorectal T1 carcinoma.
In conclusion, the results of the present study clearly
demonstrate that patterns of lymph node metastasis did not
differ between rectal and colon T1 carcinomas, even though
rectal T1 carcinomas were larger and accompanied by a significantly higher rate of vascular invasion. Surgery should be the
first‑line treatment for high‑risk patients with colon or rectal T1
carcinoma, even though rectal surgery is comparatively more
invasive. Although investigated lymph node metastasis and
other clinicopathological characteristics were investigated in
the current study, survival and recurrence should be considered
in future work.
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