
J Korean Surg Soc 2011;80:111-118
□ 원  저 □

DOI: 10.4174/jkss.2011.80.2.111

111

Correspondence to: Do-Youn Park, Department of Pathology, Pusan 
National University College of Medicine, Ami 1-ga, Seo-gu, Busan
602-739, Korea. Tel: 051-240-7714, Fax: 051-246-6093, E-mail: 
pdy220@pusan.ac.kr

Received May 24, 2010, Accepted August 9, 2010
This study was supported by a grant from the National R&D Program
for Cancer Control, Ministry for Health, Welfare and Family affairs,
Republic of Korea (0920050).

Clinicopathologic Factors for Prediction of Lymph Node Metastasis 
in Submucosally Invasive Colorectal Carcinoma

Departments of Surgery and 1Pathology, Kosin University College of Medicine, Departments of 2Surgery and 
3Pathology, Pusan National University College of Medicine, Busan, Korea

Seung-Hyun Lee, M.D., Hyun-Jeong Kang, M.D.
3
, Byung-Kwon Ahn, M.D., Sung-Uhn Baek, M.D., 

Hee-Kyung Chang, M.D.
1
, Nham-Gun Oh, M.D.

2
, Mee-Young Sol, M.D.

3
, Do-Youn Park, M.D.

3

Purpose: The purpose of this study is to identify useful clinicopathologic factors for the prediction of lymph node 
metastasis in submucosally invasive colorectal carcinoma. 
Methods: A total of fifty-four cases of colorectal carcinomas with submucosal invasion were included. The patients 
underwent curative resection with en bloc lymph node dissection. Clinical features such as age, gender, tumor 
size and tumor location were reviewed. Histopathologic examinations for tumor growth type, differentiation, depth 
of tumor invasion, lymphovascular invasion, neural invasion, tumor budding and peritumoral inflammation were 
performed. The expression of E-cadherin, β-catenin, Smad4, p53 and Ki-67 were examined by immuno-

histochemistry. The correlation between the clinicopathologic factors and lymph node metastasis was evaluated.
Results: From the 54 patients with submucosally invasivecolorectal carcinoma, lymph node metastasis was identified 
in 13 cases (24.1%). The incidence of lymph node metastasis was significantly higher in cases positive for 
lymphovascular invasion (55.6% vs. 17.8%, P=0.028) and positive for tumor budding (47.4% vs. 11.45%, P=0.006). 
Cases negative for Smad4 had a higher tendency for incidence of lymph node metastasis (28.6% vs. 15.8%, P= 
0.341). Other clinicopathologic and immunohistochemical features were irrelevant to the lymph node status. In 
multivariate analysis, only tumor budding was an independent predictor of lymph node metastasis (P=0.051).
Conclusion: Lymphovascular invasion and tumor budding were predictive factors of lymph node metastasis in 
submucosally invasive colorectal carcinoma. The incidence of lymph node metastasis of submucosally invasive 
colorectal carcinoma was not low. Careful selection for avoiding surgery in submuocally invasive colorectal 
carcinoma should be considered. (J Korean Surg Soc 2011;80:111-118)
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INTRODUCTION

  Early colorectal carcinoma includes intramucosal carci-

noma and submucosally invasive carcinoma of the colon 

and rectum, regardless of the presence of lymph node 

metastasis.(1) With advancement of endoscopic instru-

ments and techniques, some of  the early colorectal carci-

nomas can be safely and completely removed with 

endoscopic resection.(2,3) Endoscopic resection of intra-

mucosal colorectal carcinoma is accepted as a curative 

therapy, because there is no risk of lymph node meta-

stasis.(4) 

  Of the cases with submucosally invasive colorectal 

carcinoma, the incidence of lymph node metastasis has 

ranged from 8 to 14 percent.(5-9) Therefore, if the speci-

men from the endoscopic resection reveals a submucosally 

invasive colorectal carcinoma, an additional curative sur-
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gery with lymph node dissection is necessary. If lymph 

node metastasis is predictable in cases with submucosally 

invasive colorectal carcinoma, an additional curative sur-

gery can selectively be avoided for cases without risk factors 

for lymph node metastasis. Thus, it is important to predict 

lymph node metastasis in submucosally invasive colorectal 

carcinoma so that the most appropriate treatment modality 

can be chosen. 

  Several studies have showed some predictable factors of 

lymph node metastasis in cases with submucosally invasive 

colorectal carcinoma, such as tumor differentiation, depth 

of tumor invasion into the submucosal layer, lympho-

vascular invasion, tumor budding and inflammation around 

the cancer.(8-10) There are many molecular markers to 

predict lymph node metastasis in submucosally invasive 

colorectal adenocarcinoma, including E-cadherin, β-cate-

nin. Smad4, p53 and Ki-67.(11-16) However, their pre-

dictive value for lymph node metastasis in submucosally 

invasive colorectal carcinoma are complicated and are still 

up for debate.

  This study was done to evaluate the significance of some 

clinicopathologic factors and immunohistochemical mole-

cular markers for the prediction of lymph node metastasis 

in cases with submucosally invasive colorectal carcinoma.

METHODS

1) Materials

  Colorectal tissue specimens were obtained from 54 cases 

which had undergone curative resection for submucosally 

invasive colorectal carcinoma at Pusan National University 

Hospital and Kosin University Gospel Hospital from 

January 2003 to December 2007. Curative resection was 

defined as the removal of gross carcinoma with tumor- 

negative surgical margins and the en bloc resection of 

regional lymph nodes. There was no case received 

preoperative chemoradiation for colorectal carcinoma. All 

cases were free of distant metastasis and synchronous 

colorectal carcinoma. There were no cases with familial 

adenomatous polyposis and inflammatory bowel disease. In 

all specimens, tumor cells extended through the muscularis 

mucosa into the submucosa but did not invade the 

muscularis propria. Cases with less than three sampled 

lymph nodes were excluded.

  The clinical data, such as age, gender, tumor size and 

tumor location in the colon and rectum were reviewed 

retrospectively.  

2) Histopathologic examination

  The resected specimens were immediately fixed in 10% 

buffered formalin and the tumors were cut into step-wise 

sections and embedded in paraffin and stained with 

hematoxylin and eosin. 

  The lesions were classified as either polypoid growth 

(PG) type carcinoma or nonpolypoid growth (NPG) type 

carcinoma according to the classification proposed by Shi-

moda et al.(17) PG type-tumors show protrusions due to 

intramucosal proliferation of the tumor and include pedu-

nculated, sessile and broad based proliferative lesions. NPG 

type-carcinomas have no intramucosal protruberant growth 

and exhibit sessile, flat or ulcerated growth pattern. 

Histologic type and grade were determined according to the 

World Health Organization criteria.(18) 

  The depth of submucosal invasion was measured as the 

vertical distance from the baseline, defined as the hori-

zontal lines between the identified muscularis mucosa, to 

the deepest portion of the invasion. To examine the extent 

of submucosal invasion, invasion of submucosal layer was 

divided into three parts: (1) invasion involving the upper 

1/3 was regarded as sm1; (2) invasion involving the middle 

layer as sm2; (3) invasion involving the deepest layer as 

sm3.(19)

  Lymphovascular invasion was defined as the presence of 

carcinoma cells within endothelial-lined channels. Tumor 

budding was defined as an isolated single carcinoma cell 

or a cluster composed of fewer than five carcinoma cells 

at the invasive front of the tumor. After selection of one 

field (×200) where budding was the most intensive, a bud 

count was performed. A field with five or more buds was 

regarded as positive.(20) Peritumoral inflammation is 

defined as lymphoid cell infiltration, with or without 

lymphoid follicle formation immediately adjacent to the 
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Fig. 1. Immunohistochemical findings. (A) E-cadherin. Membranous and nuclear staining for E-cadherin in tumor cells (×200). (B) β-catenin.
Membranous staining for β-catenin in tumor cells (×200). (C) Smad4. Nuclear staining for Samd4 in tumor cells (×200). (D) p53. 
Nuclear staining for p53in tumor cells (×200).

tumor, affecting the deepest portion of the carcinoma. 

Conspicuous or inconspicuous peritumoral inflammation 

was determined according to the presence of distinctive 

connective tissue cap at the margin of the tumor in which 

lymphocytes and other inflammatory cells were scat-

tered.(21) 

3) Immunohistochemistry 

  Sections were dewaxed, rehydrated and washed with PBS. 

For immunohistochemical stain, sections were heated in a 

microwave oven at 600 W for 2×5 minutes in 0.01 M 

citrate buffer at pH 6.0. Sections were immersed in 3% 

H2O2 to quench endogenous peroxidase activity and 

non-specific binding was blocked with 5% normal goat 

serum (0.1% BSA in PBS). Immunohistochemical stain was 

performed by the avidin-biotin peroxidase complex method 

with aminoethylcarbazole as a chromogen using the Vec-

tastain ABC elite kit (Vector Laboratories, Burlingame, CA, 

USA) according to the manufacturer’s instructions. Sec-

tions were counterstained with Mayer’s hematoxylin 

solution. Primary antibodies for E-cadherin (1：200, 

mouse monoclonal antibody, Transduction Laboratories, 

Lexington, KY, USA), β-catenin (1：50, mouse mono-

clonal antibody, Transduction Laboratories, Lexington, KY, 

USA), p53 protein (1：50, mouse monoclonal antibody 

DO-7: DAKO, Carpinteria, CA, USA), Ki-67 (1：150,  

monoclonal antibody MIB-1: Immunotech SA, Marseille, 

France), and Smad4 (1：50, goat polyclonal antibody C-20: 
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Santa-Cruz, CA, USA) were used (Fig. 1). 

4) Interpretation of histopathology and immuno-

histochemistry

  The expression of E-cadherin, β-catenin and Smad4 in 

tumor cells were compared with their corresponding 

expression in normal epithelial cells within the same 

sample. Tumor cells which were immunostained as strongly 

as the adjacent normal epithelial cells were defined as 

positive. Cases with over 90% of membranous expression 

of E-cadherin,(22) were considered to be preserved, while 

cases with lesser rate of reactivity were regarded as having 

a reduced expression. β-catenin overall staining density 

(OSD) was defined as the number of tumor cells with 

nuclear, cytoplasmic and membranous staining per 100 

cells examined. Cases with over 75% of OSD were con-

sidered to be high OSD.(23) Presence of Smad4 nuclear 

staining was defined as positive, while absence of nuclear 

staining or cytoplasmic staining only was defined as 

negative.(24) Positive p53 protein expression were consi-

dered in cases with over 10% nuclear positive staining in 

the tumor cells.(25) Ki-67 labeling index were classified as 

＜40 or ≥40 according to the recommended classification 

in previous study.(26)

5) Statistical analysis

  Statistical analyses were performed using the chi-square 

test to estimate the difference in the relationships between 

the clinicopathologic factors and lymph node metastasis. 

The Fisher's exact test was used if any expected frequency 

is less than two or if more than half the expected 

frequencies are less than five. The Student's t-test was used 

for statistical comparison of the age and tumor size. 

Multivariate logistic regression analyses were performed to 

identify factors with relative importance for lymph node 

metastasis. All statistical analyses were performed with 

SPSS version 12.0 for Windows software (SPSS Inc., 

Chicago, IL, USA). Statistical significance was defined as 

P of ＜0.05. 

RESULTS

1) Correlation between clinicopathologic factors 

and lymph node metastasis

  Of the 54 cases with submucosally invasive colorectal 

carcinoma, lymph node metastases were identified in 13 

cases (Table 1). The mean count of sampled lymph node 

was 14.9 (range 3∼57). The mean depth of tumor invasion 

(±standard deviation) was 2,453.6±1,562.28μm for all of 

cases. 

  The incidence of lymph node metastasis in relation to 

the clinicopathologic factors evaluated is shown in Table 

2. Sex, tumor size, and tumor growth type were not related 

to lymph node metastasis. Although the differences of the 

incidences of lymph node metastasis among the groups 

were not significant, the incidences were higher in patients 

below 65 years of age, cases with carcinoma located in the 

rectum, carcinoma with moderate and poor differentiation, 

sm3 in depth of invasion and conspicuous peritumoral 

inflammation. The mean age of the cases without lymph 

node metastasis tended to be older than that of the lymph 

node-positive group (66.4±11.21 vs. 61.0±7.74, P＞0.05). 

The younger age (＜65) group had a higher tendency of 

having lymph node metastasis compared to the older age 

(≥65) group (33.3% vs. 16.7%, P＞0.05). The incidence 

of lymph node metastasis in cases with rectal carcinoma 

was higher than cases with carcinoma located in the colon 

(30.0% vs. 16.7%, P＞0.05). In cases with moderate and 

poor differentiation, the incidence of lymph node meta-

stasis was higher than that of the cases with well 

differentiated carcinoma (29.7% vs. 11.8%, P＞0.05). The 

incidence of lymph node metastasis was higher in cases 

with invasion depth of sm3  as compared to the cases with 

invasion depth of sm1 and sm2 (33.3% vs. 20.5%, P＞

0.05). The lymph node metastasis was more common in 

cases with positive peritumoral inflammation, but was not 

statistically significant (30.8 % vs. 22.0%, P＞0.05). 

  Lymphovascular invasion (55.6% vs. 17.8%, P=0.028) 

and tumor budding (47.4% vs. 11.4%, P=0.006) were 

significant clinicopathological predictive indicators of 
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Table 1. Demographics of submucosally invasive colorectal carci-
noma

Demographics Cases (%)

Enrolled     54
Sex
   Male  30 (55.6)
   Female  24 (44.4)
Age (year)* 65.1 (43∼83)
Tumor size (cm)* 2.12 (0.5∼6.5)
Tumor location
   Cecum   1 (1.9)
   Ascending colon   5 (9.3)
   Transverse colon   1 (1.9)
   Descending colon   2 (3.7)
   Sigmoid  15 (27.8)
   Rectum  30 (55.6)
Sampled lymph node* 14.9 (3∼57)
Metastatic lymph node*  0.5 (0∼7)
Lymph node metastasis
   Negative  41 (75.9)
   Positive  13 (24.1)
Tumor growth type
   Polypoid  39 (72.2)
   Non-polypoid  15 (27.8)
Differentiation
   Well  17 (51.5)
   Moderate  36 (66.7)
   Poor   1 (1.9)

*Values are mean (range); other values in parentheses are percentage.

Factors n

Lymph node metastasis

P-valueNegative
(n=41)

Positive
(n=13)

Sex 0.618‡

 Male 30 22 (73.3)  8 (26.7)
 Female 24 19 (79.2)  5 (20.8)
Age (year)*
 ＜65 24 16 (66.7)  8 (33.3) 0.155‡

 ≥65 30 25 (83.3)  5 (16.7)
Tumor size (cm)* 2.2±1.31 1.8±0.91 0.455†

Tumor location 0.255‡

 Colon 24 20 (83.3)  4 (16.7)
 Rectum 30 21 (70.0)  9 (30.0)
Tumor growth type 1.000§

 Polypoid 39 30 (76.9)  9 (23.1)
 Non-polypoid 15 11 (73.3)  4 (26.7)
Differentiation 0.189§

 Well 17 15 (88.2)  2 (11.8)
 Moderate-poor 37 26 (70.3) 11 (29.7)
Depth of invasion (μm) 0.733§

 ＜3,000 37 29 (78.4) 8 (21.6)
 ≥3,000 17 12 (70.6) 5 (29.4)
Depth of invasion (sm) 0.478§

 sm1 and sm2 39 31 (79.5) 8 (20.5)
 sm3 15 10 (66.7) 5 (33.3)
Lymphovascular invasion 0.028§

 Negative 45 37 (82.2) 8 (17.8)
 Positive  9  4 (44.4) 5 (55.6)
Neural invasion
 Negative 53 40 (75.5) 13 (24.5)
 Positive  1  1 (100) 0
Tumor budding 0.006§

 Negative 35 31 (88.6) 4 (11.4)
 Positive 19 10 (52.6) 9 (47.4)
Peritumoral inflammation 0.711§

 Inconspicuous 13  9 (69.2) 4 (30.8)
 Conspicuous 41 32 (78.0) 9 (22.0)

*Values are mean±standard deviation; other values in parentheses 
are percentage; †Student's t-test; ‡Chi-squared test; §Fisher's exact 
test.

Table 2. Correlation between clinicopathologic factors and lymph 
node metastasis of submucosally invasive colorectal 
carcinoma

lymph node metastasis in submucosally invasive colorectal 

carcinoma (Table 2).

2) Correlation between immunohistochemical 

markers and lymph node metastasis.

  The expression status of E-cadherin, β-catenin and p53 

in tumor cells was not related to lymph node status. The 

correlation with Smad4 protein expression and Ki-67 

labeling index were suggestive. The incidence of lymph 

node metastasis was higher in cases that were negative for 

Smad4 protein expression (28.6% vs. 15.8%, P＞0.05) and 

in cases with Ki-67 ≥40 (28.1% vs. 18.2%, P＞0.05). The 

mean Ki-67 labeling index was similar in the two groups 

(49.07±31.29 vs. 52.62±25.21, P＞0.05) (Table 3). 

3) Multivariate logistic regression analysis of 

factors related to lymph node metastasis

  The results of the multivariate logistic regression analysis 

of the factors as predictors for lymph node metastasis are 

shown in Table 4. Multivariate analysis showed that tumor 
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Factors n

Lymph node metastasis

P-valueNegative 
(n=41)

Positive 
(n=13)

E-cadherin
 Reduced 12 10 (83.3)  2 (16.7) 0.708*
 Preserved 42 31 (73.8) 11 (26.2)
β-catenin
 Low OSD‡ (＜75%) 51 39 (76.5) 12 (23.5) 1.000*
 High OSD (≥75%)  3  2 (66.7)  1 (33.3)
Smad4
 Negative 35 25 (71.4) 10 (28.6) 0.341*
 Positive 19 16 (84.2)  3 (15.8)
p53
 Negative  8  6 (75.0)  2 (25.0) 1.000*
 Positive 46 35 (76.1) 11 (23.9)
Ki-67
 ＜40 22 18 (81.8)  4 (18.2) 0.401†

 ≥40 32 23 (71.9)  9 (28.1)

*Fisher's exact test; †Chi-squared test; ‡OSD = overall staining 
density.

Table 3. Correlation between immunohistochemical factors and 
lymph node metastasis of submucosally invasive colorectal 
carcinoma

Table 4. Multivariate logistic regression analysis

95%  
Parameters Odd ratio confidence P-value

interval

Tumor budding 5.004 1.076∼23.262 0.04
 [Negative vs Positive]
Lymphatic invasion 2.368 0.417∼13.441 0.331
 [Negative vs Positive]

*Values are mean (range); other values in parentheses are percentage

budding (odd ratio 5.004, P=0.04) is an independent risk 

factors for lymph node metastasis (Table 4).

DISCUSSION

  This present study showed that lymphovascular invasion 

and tumor budding were significantly related to lymph 

node metastasis in submucosally invasive colorectal car-

cinoma. Lymphovascular invasion has been reported as one 

of the most important risk factors for lymph node 

metastasis in some studies(27,28); however, the pathologic 

identification of lymphatic or vascular invasion is difficult. 

Diagnoses of lymphatic or vascular invasion vary by patho-

logist and also by the staining method used. Hence, the 

incidence of lymphovascular invasion may be under-

estimated or overestimated. Furthermore, retraction or 

cauterization artifacts may be misdiagnosed as lympho-

vascular invasion. 

  A review of the literature has found that some studies 

classify lymphatic and vascular invasion as a single factor, 

and these studies have shown that lymphovascular invasion 

is significantly related to lymph node metastasis.(9,29) 

Other studies regard lymphatic and vascular invasion two 

separate factors.(8,27,28) Wang et al.(8) reported that 

lymphatic invasion was significantly related to lymph node 

metastasis, but that vascular invasion was not a risk factor. 

In another study, multivariate analysis showed that vascular 

invasion was not a risk factor in submucosally invasive 

colorectal carcinoma, but univariative analysis showed that 

lymph node metastasis was.(30)

  Tumor budding is considered to be a pathologic charac-

teristic corresponding to the initial phase of tumor 

invasion. Tumor budding is also a significant risk factor 

in relation to lymph node metastasis in submucosally in-

vasive colorectal carcinoma.(8,9,13) Choi et al.(30) has 

reported that venous invasion (P=0.021) and tumor bud-

ding (P=0.003) are risk factors for lymph node metastasis 

in submucosally invasive colorectal carcinoma. But by 

multivariative analysis, only tumor budding was shown to 

be an independent predictor of lymph node metastasis 

(P=0.026). The same correlation was identified in our cur-

rent study. Additionally, in T1 or T2 colorectal carcinoma, 

tumor budding in combination with lymphovascular 

invasion was reported to be a useful marker in predicting 

lymph node metastasis.(31) In the current study, lymph 

node metastasis was more common in patients with rectal 

carcinoma than in patients with colon carcinoma (30.0% 

vs. 16.7%).

  Although the cause is unclear, the rectal location of the 

tumor has been shown to be one of the strong risk factors 

for lymph node metastasis.(10) Okabe et al.(29) suggested 

that the higher incidence of lymph node metastasis in 

rectal carcinoma is due to their intrinsic biology rather 
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than to their location. Their study showed a higher rate 

of microsatellite stability, aneuploidy, chrosomal deletion, 

and p53 mutation in rectal and sigmoid cancers than in 

proximal cancers. We suggest that the bony pelvis with a 

narrow space around the rectal carcinoma may be related 

to the higher incidence of lymph node metastasis.

　The depth of tumor invasion and level of differentiation 

have been shown to be risk factors for lymph node 

metastasis in submucosally invasive colorectal carcino-

mas.(8,27-29) However, Sohn et al.(9) reported that there 

was no significant difference in lymph node metastasis 

according to the depth of tumor invasion and differen-

tiation. In the current study, we also failed to find a 

significant relationship between lymph node metastasis and 

the depth of tumor invasion and differentiation, but this 

lack of correlation may be due by small number of patients 

in our study.

  Studies to find a relationship between immunohisto-

chemical molecular markers, such as E-cadherin, β-ca-

tenin. p53 and Ki-67, and lymph node metastasis in 

submucosally invasive colorectal carcinoma have shown the 

relationship to be controversial and inconclusive.(11-13) In 

the current study, we investigated the relationship of the 

Smad4 protein and lymph node metastatis in submucosally 

invasive colorectal carcinoma. The Smad4 protein is an 

important cellular mediator of TGF-β signals relevant for 

cell development and control of cell growth. It translocates 

to the nucleus, resulting in the transcription of multiple 

TGF-β genes, and leading to the regulation of cell 

proliferation.(14) Recent studies have reported that the 

mutation of the Smad4 gene or the loss of Smad4 protein 

expression correlates with tumor progression and meta-

stasis.(15,16) Tanaka et al.(16) have also reported that the 

loss of Smad4 protein expression is closely related to lymph 

node metastasis. The process by which the mutation of the 

Smad4 gene or the loss of Smad4 protein expression affects 

lymph node metastasis has yet to be shown. However, this 

study showed that the loss of Smad4 protein expression is 

associated with a higher incidence of lymph node 

metastasis in submucosally invasive colorectal carcinoma 

(28.6% vs. 15.8%, P＞0.05), although the correlation was 

not significant. However, further study is needed to 

evaluate the predictive value of the loss of Smad4 protein 

expression. 

  Additionally, this study showed a higher incidence of 

lymph node metastasis in submucosally invasive colorectal 

carcinoma (24.1%) compared with other studies.(5-9) The 

cause for the higher incidence of lymph node metastasis 

is unclear. The distribution of tumor location, tumor size, 

differentiation, depth of tumor invasion, and tumor bud-

ding was similar to that of other studies.(8,9,13,28) These 

results suggest that the incidence of lymph node metastasis 

in submucosally invasive colorectal carcinoma is not low. 

Therefore, careful selection is necessary to avoid a curative 

surgery with lymph node dissection.

  In conclusion, lymphovascular invasion and tumor 

budding were shown to be important predictive factors of 

lymph node metastasis in submucosally invasive colorectal 

carcinoma in this study. The correlation between lymph 

node metastasis and Smad4 mutation and expression was 

suggestive of the involvement of mutated Smad4 in lymph 

node metastasis; however, further data are required to 

evaluate the significance of this correlation. 
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