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Meta-analysis of Predictive Clinicopathologic Factors for Lymph 
Node Metastasis in Patients with Early Colorectal Carcinoma

The objective of this study was to conduct a meta-analysis to determine risk factors that 
may facilitate patient selection for radical resections or additional resections after a 
polypectomy. Eligible articles were identified by searches of PUBMED, Cochrane Library 
and Korean Medical Database using the terms (early colorectal carcinoma [ECC], lymph 
node metastasis [LNM], colectomy, endoscopic resection). Thirteen cohort studies of 7,066 
ECC patients who only underwent radical surgery have been analysed. There was a 
significant risk of LNM when they had submucosal invasion (≥ SM2 or ≥ 1,000 μm) (odds 
Ratio [OR], 3.00; 95% confidence interval [CI], 1.36-6.62, P = 0.007). Moreover, it has 
been found that vascular invasion (OR, 2.70; 95% CI, 1.95-3.74; P < 0.001), lymphatic 
invasion (OR, 6.91; 95% CI, 5.40-8.85; P < 0.001), poorly differentiated carcinomas (OR, 
8.27; 95% CI, 4.67-14.66; P < 0.001) and tumor budding (OR, 4.59; 95% CI, 3.44-6.13; 
P < 0.001) were significantly associated with LNM. Furthermore, another analysis was 
carried out on eight cohort studies of 310 patients who underwent additional surgeries 
after an endoscopic resection. The major factors identified in these studies include 
lymphovascular invasion on polypectomy specimens (OR, 5.47; 95% CI, 2.46-12.17; 
P < 0.001) and poorly or moderately differentiated carcinomas (OR, 4.07; 95% CI, 1.08-
15.33; P = 0.04). For ECC patients with ≥ SM2 or ≥ 1,000 μm submucosal invasion, 
vascular invasion, lymphatic invasion, poorly differentiated carcinomas or tumor budding, 
it is deemed that a more extensive resection accompanied by a lymph node dissection is 
necessary. Even if the lesion is completely removed by an endoscopic resection, an 
additional surgical resection should be considered in patients with poorly or moderately 
differentiated carcinomas or lymphovascular invasion.
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INTRODUCTION

The incidence of colorectal cancer in Korea has increased dra-
matically over the past few decades, but fortunately the detec-
tion rate of early stage colon cancer has also risen with the ad-
vent of screening colonoscopy. Early colorectal cancer (ECC) is 
defined as carcinoma with invasion limited to the mucosa (Tis) 
and submucosa (T1), regardless of the presence of lymph node 
metastasis (LNM) (1). 
 Like other cancers, early detection is of utmost importance. 
The 5-yr survival rate for patients who have colorectal cancer 
treated at Stage I exceeds 74%, whereas the rates fall to 67% and 
6% for stage II and IV tumors, respectively.
 Advances in colonoscopic instrumentation and techniques 
have made it possible to resect colorectal neoplasms endoscop-

ically, including mucosal and submucosal invasive cancers. 
Once the cancer invades the submucosal layer, lymph node 
metastasis is reported to occur in 3.6% to 16.2% of patients, re-
quiring additional surgery and lymphadenectomy (2-5).
 However, operative treatments are relatively invasive and 
costly, and the postoperative mortality rate of colon and rectal 
cancer procedures is approximately 3% to 6% (6, 7). Therefore, 
over- and under-treatments should be avoided by selecting pa-
tients through careful histological analyses of local excision 
specimens. Despite the importance of accurate discrimination 
between low and high risk T1 cases, an adequate literature re-
view that could quantify the influences of individual risk factors 
has been rarely investigated. This study will provide a meta-anal-
ysis of the risk factors for the presence of LNM in pT1 colorectal 
cancer.
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MATERIALS AND METHODS

Literature search strategy and criteria for inclusion
A systematic review was conducted using PubMed, Medline 
and Korean Medical Database, to identify studies published be-
tween 1980 and May 2013 in each database. We also investigat-
ed reference lists of relevant articles and review articles. Only 
published studies written in English or Korean were included, 
and the following keywords were used in various forms and 
combinations for the search: colorectal carcinoma, lymph node 
metastasis, lymph nodes, colectomy, surgical resection, and en-
doscopic resection.
 We included studies that evaluate the association between 
LNM and specific risk factors in patients with ECC who under-
went radical surgeries or additional surgeries after an endoscop-
ic resection. The factors include sex, age, tumor location, lym-
phatic invasion, vascular invasion, lymphovascular invasion, 
gross types of carcinoma, depths of submucosal invasion, tumor 
budding, and differentiation. The percentage or number of pa-
tients with lymph node involvement was reported separately. To 
avoid overlapping data that may result from duplications, only 
the articles with the largest sample size were included. Studies 
of advanced colorectal carcinomas were excluded.

Data extraction
Data were extracted and analyzed by a single investigator. The 
following characteristics have been extracted from the selected 
studies: the first author, publication date, study design, size of 
the study group, number of patients with nodal involvement, 
treatments, analyzed risk factors for LNM, reasons for addition-
al surgical resection, definitions of deep submucosal invasion, 
and histopathologic analysis.

Measuring submucosal invasion depth 
The literature described various methods of dividing patients 
into a low risk group and a high risk group based on the depths 
of submucosal invasion. For the purpose of this meta-analysis, 
the patients are divided into two groups: the superficial invasion 
group (SM1 or < 1,000 μm) and intermediate invasion group 
(SM2 or ≥ 1,000 μm).

Lymphatic, vascular, and lymphovascular invasion
Most studies considered lymphatic or vascular (sometimes 
called venous) invasion as separate variables or categorized 
them collectively under lymphovascular invasion. Definitions, 
additional staining techniques or immunohistochemical stains 
were often not provided.

Statistical analysis
If a specific factor was reported in at least three studies and sup-
ported by comparable methodologies, a meta-analysis was 

performed to summarize its prognostic effect in terms of the 
odds ratios (ORs) for developing LNM. That is, the meta-analy-
sis was limited to a pooled analysis of the ORs for developing 
LNM, while risk factors, incidences, and events stated in indi-
vidual studies were entered into Review Manager 5.1 (RevMan, 
Copenhagen: The Nordic Cochrane Centre, The Cochrane Col-
laboration, 2011). A pooled OR greater than one indicated a 
worse prognosis in the research group compared to the other 
group. We used a fixed-effects model and performed a sensitiv-
ity analysis of the chosen model. Heterogeneity between the 
studies is assessed with the I2 statistic. P values less than 0.05 
were considered statistically significant and 95% confidence in-
tervals (CI) were reported. Moreover, a funnel plot analysis was 
conducted to evaluate any publication bias. The data presented 
as pooled estimates do not take account of the heterogeneity 
between the studies and are used for exploratory purposes 
only. The extracted ORs for LNM were pooled by using the ge-
neric inverse variance method in Review Manager.

RESULTS

Search results and characteristics of included studies
Among 386 and 148 potentially relevant studies, only 13 and 8 
studies met the inclusion criteria. The flow chart of the study se-
lection process is shown in Fig. 1. The main characteristics of the 
studies included in the meta-analysis are summarized in Table 
1. The total number of participants was 7,376 (7,066 patients 
with ECC who underwent radical surgeries only, and 310 pa-
tients who underwent additional surgeries after an endoscopic 
resection).
 The detection rate of lymph node metastasis ranged from 
6.6% to 32.4% in the surgery-only group and from 6.3% to 40.0% 
in the additional-surgery group. The independent predictors of 
LNM include sex (male), age (young), tumor location (lower 
rectum, left side colon), lymphatic and lymphovascular inva-
sion, gross type (depressed type), depth of submucosal inva-
sion (SM2 or ≥ 1,000 μm), tumor budding, and poor differenti-
ation. The factors that were investigated in at least three studies 
are included in the meta-analysis.

Factors predictive of LNM in surgery-only group
The results of the pooled analyses of the LNM rates of the group 
of early colorectal carcinoma patients who only underwent rad-
ical surgeries are presented in Fig. 2. Eight factors that were in-
vestigated in at least three studies included sex, carcinoma loca-
tion, gross type of carcinoma, differentiation, depth of invasion, 
lymphovascular invasion and tumor budding.
 Poorly or moderately differentiated carcinoma was a predic-
tor of LNM in the surgery-only group (poorly or moderately vs. 
well differentiated adenocarcinoma, OR, 5.27; 95% CI, 3.66-7.58; 
P < 0.001). When poorly differentiated adenocarcinoma was 
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Fig. 1. Flowchart of patient selection. (A) Patients with radical surgery. (B) Patients with additional surgeries after an endoscopic resection.
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classified as an unfavorable histologic factor, poorly differenti-
ated carcinoma was the most powerful predictor of LNM (poor-
ly vs. moderately or well differentiated adenocarcinoma, OR, 
8.27; 95% CI, 4.67-14.66; P < 0.001). There is a clear difference 
between the LNM rate of deep invasion (> SM2, ≥ 1,000 μm) 
and that of SM1 or invasion of less than 1,000 μm (OR, 3.00; 95% 
CI, 1.36-6.62). Furthermore, compared to the patients without 
lymphatic invasion or vascular invasion, the patients with de-
tected lymphatic invasion (OR, 6.91; 95% CI, 5.40-8.55) or vas-
cular invasion (OR 2.70; 95% CI 1.95-3.74) showed a significant 
association with LNM. Tumor budding was also associated with 
a statistically significant increased risk of LNM (OR, 4.59 and  
95% CI, 3.44-6.13). 
 In contrast, sex (male vs. female; OR, 0.89; 95% CI, 0.65-1.22) 
and location of carcinoma (left side colon vs. right side colon; 
OR, 1.65; 95% CI, 0.58-4.69) had no statistically significant asso-
ciation with the risk of LNM. In addition, the meta-analyses of 
seven studies did not find any association between the gross 
type of carcinoma and LNM (depressed type vs. elevated type; 
OR, 1.28; 95% CI, 0.58-2.80).

Factors predictive of LNM in additional surgeries after an 
endoscopic resection
Fig. 3 illustrates the OR of the risk of LNM in ECC patients who 
underwent additional surgeries after an endoscopic resection. 
Four calculated factors include gross type, lymphovascular in-
vasion, margin status at the time of endoscopic resection, and 
differentiation. For instance, lymphovascular invasion was sig-
nificantly associated with the risk of LNM (OR, 5.47; 95% CI, 
2.46-12.17). Furthermore, compared to well-differentiated car-

cinoma, poorly or moderately differentiated carcinoma was sig-
nificantly associated with LNM (OR, 4.07; 95% CI, 1.08-15.33). 
However, no risk was observed with the factors such as gross 
type (depressed or sessile type vs. elevated type; OR, 2.40; 95% 
CI, 0.56-10.18) and positive margin (OR, 1.44; 95% CI, 0.52-4.03).

DISCUSSION

Endoscopic resection safely and effectively removed most 
colorectal cancers in the mucosa or with superficial invasion of 
the submucosa (28). However, careful histological examinations 
of the resected specimens are required to determine any indica-
tions of subsequent surgical colectomy. Insufficient treatment 
and overtreatment in the management of colorectal cancer 
greatly influence patients’ outcome. Many studies have explored 
the effectiveness of endoscopic treatment of ECC. The complete 
cure rate of EMR for ECC is known to be between 68.6% and 
79%, and the local recurrence rate was 0.8% among completely 
cured cases (29, 30). Surgery is recommended for SM deep can-
cer or deeper invasion and when lymphovascular invasion or 
poorly differentiated cancer is diagnosed histologically (5, 9). 
The complete cure rate of submucosal carcinoma (37.5%) was 
significantly lower than that of intramucosal carcinoma (87.5%), 
although in some case we did not find any residual tumor in the 
surgically resected specimens collected from the patients who 
underwent additional surgeries after an endoscopic resection. 
Furthermore, colectomy and total mesorectal excision are be-
lieved to be associated with considerable surgery-related mor-
bidity. The mortality after surgery for rectal cancer is reported to 
be 1.9%-6.5% and 3.2%-9.8% after surgery for colon cancer (6, 7).
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 We investigated the pathological risk factors for LNM in ECC 
which can provide data for an evidence-based decision regard-

ing follow-up or additional radical surgeries after an endoscop-
ic resection. We found that the frequency of LNM is 20.7% in 

Table 1. Basic information for the included trials

First author (yr) 
   (Ref. No.)

Country
 No. of 

patients
Type of therapy Reason for additional surgery

LNM 
(%)

Analyzed risk factors of LNM

Akishima-Fukasawa Y
   (2011) (8)

Japan 111 Radical surgery - 32.4 Lymphatic invasion

Kitajima K (2004) (9) Japan 865 Radical surgery - 10.1 Depth of invasion (SM depth ≥ 1,000 µm), Lymphatic 
   invasion, Tumor budding

Nascimbeni R (2002) (10) United 
States of 
America

353 Radical surgery - 13.0 Depth of invasion (SM3), Lymphovascular invasion, 
   Location (Lower rectum) 

Okabe S (2004) (11) United 
States of 
America,  

Japan

428 Radical surgery - 10.0 Depth of invasion (SM depth > 3 mm), Lymphovascular 
   invasion

Pan W (2006) (12) Japan 166 Radical surgery - 6.6 Depth of invasion, Lymphovascular invasion 
Sakuragi M (2003) (13) Japan 278 Radical surgery - 7.6 Depth of invasion (SM depth ≥ 2,000 µm), Lymphatic 

   invasion 
Shimomura T (2004) (14) Japan 171 Radical surgery - 10.5 Depth of invasion (SM2, SM depth > 1,500 µm), 

   Lymphatic invasion, Tumor budding 
Sohn DK (2007) (15) Korea 48 Radical surgery - 14.6 Tumor budding 
Son HJ (2008) (16) Korea 3,557 Radical surgery - 17.0 Depth of invasion (SM2 or SM3), Lymphatic invasion, 

   Sex (Male), Location (Left side), Gross type (Depressed), 
   Differentiation (Moderately or poorly differentiated 
   carcinomas)

Suh JH (2012) (17) Korea 435 Radical surgery - 13.0 Lymphovascular invasion, Tumor budding, Differentiation  
   (Undifferentiated carcinomas) 

Tanaka S (1995) (4) Japan 177 Radical surgery - 12.0 Depth of invasion (SM depth > 400 µm), Lymphatic 
   invasion, Gross type (Depressed), Differentiation 
   (Undifferentiated carcinomas) 

Tateishi Y (2010) (18) Japan 322 Radical surgery - 14.3 Lymphatic invasion, Differentiation (Undifferentiated 
   carcinomas), Tumor budding 

Tominaga K (2005) (19) Japan 155 Radical surgery - 12.3 Lymphatic invasion, Dedifferentiation (High-grade focal 
   dedifferentiation)

Colacchio TA (1981) (20) United 
States of 
America

24 Additional surgeries   
   following polypectomy

Penetration of carcinoma into 
   submucosa 

25.0 -

Kodaira Sa  (1981) (21) Japan 5 Additional surgeries   
   following polypectomy

Submucosally invasive carcinomas 40.0 -

Kodaira Sb  (1981) (22) Japan 6 Additional surgeries 
   following polypectomy

Submucosally invasive carcinomas 33.3 - 

Choi DH (2009) (23) Korea 38 Additional surgeries 
   following polypectomy

Poorly or undifferentiated carcinomas,
   Lymphovascular or venous invasion,
   Presence of tumor budding 

15.8 Tumor budding 

Rossini FP (1988) (24) Italy 10 Additional surgeries 
   following polypectomy

Poorly differentiated carcinomas,
   Lymphatic or vascular permeation,
   Resection margin involved with 
   carcinoma 

40.0 Lymphovascular invasion 

Sugihara K32 (1989) (25) Japan 16 Additional surgeries 
   following polypectomy

Invasive carcinoma infiltrated within 
   1,000 µm from the edge, Venous 
   invasion, Carcinoma infiltrating into 
   more than 1/3 of the depth of the 
   submucosa, Poorly differentiated 
   adenocarcinoma 

6.3 -

Butte JM (2012) (26) United 
States of 
America

143 Additional surgeries 
   following polypectomy

6.9 Young age,  Lymphovascular invasion 

Kobayashi H (2012) (27) Japan 68 Additional surgeries  
   following polypectomy

Positive margin 
Lymphovascular invasion
Submucosally invasion ( ≥ 1,000 µm)

8.2 Differentiation (Moderately or poorly differentiated 
   carcinomas) 

LNM, lymph node metastasis; SM, depth, depth of submucosal invasion.
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Fig. 2. Forest plots for lymph node metastasis in early colorectal carcinoma patients who underwent radical surgery. Categorized by (A) grossly depressed carcinoma vs. elevat-
ed carcinoma, (B) poorly or moderately differentiation vs. well differentiation, (C) lymphatic invasion vs. absence of lymphatic invasion, (D) vascular invasion vs. absence of vas-
cular invasion. (Continued to the next page)
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patients with ECC. The strongest predictors of LNM for ECC 
sorted by OR in descending order are poor histological differ-
entiation, lymphatic invasion, tumor budding, depth of submu-
cosal invasion (SM2 or ≥ 1,000 μm), and vascular invasion. 
Several guidelines such as American (National Cancer Insti-
tute), British, Japanese and Dutch national guidelines have al-
ready included some of the characteristics discussed above as 
the indicators for high-risk lesions that necessitate additional 
radical surgery (31-34).
 Meanwhile, poorly or moderately differentiated carcinoma 
was a predictor of LNM in the surgery-only group. The OR of 
poorly differentiated adenocarcinoma was greater than that of 
poorly or moderately differentiated carcinoma. In line with the 
results of this study, many studies have asserted that an unfa-
vorable histologic grade such as poorly differentiated carcinoma 
is a risk factor for LNM of colorectal cancer (35, 36). Most of the 
studies whose data are included in the additional surgery group 
compare well differentiated adenocarcinoma against poorly 
and moderately differentiated adenocarcinoma by classifying 
them together as an unfavorable histologic factor. Therefore, the 
OR of poorly differentiated adenocarcinoma could not be ana-
lyzed independently for the analysis of the additional surgery 

group. Regardless of this, the unfavorable histologic group did 
present a high OR. It is important to recognize that well differ-
entiated submucosal adenocarcinomas are more associated 
with a lower risk of LNM than a moderately differentiated one. 
For example, one study pointed out that 44% (30/68) of patients 
who received additional resection with en bloc removal of re-
gional lymph nodes had well differentiated adenocarcinomas 
without any evidence of lymphovascular invasion or LNM. That 
is, additional surgical treatment after endoscopic resection 
might be unnecessary in patients who have well differentiated 
T1 adenocarcinomas without lymphovascular invasion (27).
 Moreover, vascular or lymphatic channel invasion has long 
been recognized as a risk factor for metastatic disease. Coverliz-
za et al. (37) reported that 45% of patients with lymphatic inva-
sion also had lymph node metastases. In our series, detection of 
lymphatic or vascular invasion is significantly associated with 
LNM in patients with ECC who underwent radical surgery only 
compared to the ones who underwent additional surgeries after 
an endoscopic resection. The studies that are used to provide 
the data for the additional surgery groups argue that lympho-
vascular invasion is the most powerful predictor for LNM, and 
they listed lymphatic or vascular (sometimes called venous) in-
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Fig. 2. (Continued ) (E) SM2 or ≥ 1,000 µm vs. SM1 or  < 1,000 µm, and (F) tumor budding vs. absence of tumor budding.
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Fig. 3. Forest plots for lymph node metastasis in early colorectal carcinoma patients who underwent additional surgeries after an endoscopic resection. Categorized by (A) lym-
phovascular invasion vs. absence of lymphovascular invasion, (B) positive margin vs. clear margin at the time of endoscopic resection, and (C) poorly or moderately differentia-
tion vs. well differentiation.

vasion collectively as lymphovascular invasion. Many other stu-
dies also state that lymphatic invasion is one of the most power-
ful predictors of LNM. On the other hand, as the two factors are 
combined into a single factor called lymphovascular invasion, 
an intermediate relative risk is generated logically and becomes 
less informative (38). Therefore, lymphatic invasion and vascu-
lar invasion should be described and investigated as separate 
variables in order for them to be more useful in predicting LNM. 
 Tumor budding is usually described as foci of isolated cancer 
cells or a cluster of fewer than five cancer cells at the invasive 
front of the lesion (38). All seven studies that produced data on 
tumor budding view that budding can be a risk factor for LNM, 
and show that its OR is minimum 3.17. Only few authors pro-
vided a cut-off value or definition, whilst the rest preferred vari-

ous definitions. Moreover, as most studies that are included for 
the additional surgery group lack data on budding, it was im-
possible to analyze the relevant data.
 Various methods of dividing patients into a low or high risk 
group based on the depths of submucosal invasion are describ-
ed in the literature (38). For the purpose of the current meta-
analysis, the studies were divided into two groups: high risk 
group (SM2 or ≥ 1,000 μm) and relatively low risk group (SM1 
or < 1,000 μm). High risk group showed a sharp increase in the 
relative risk for LNM. Most studies included for the additional 
surgery group used different definitions of invasion, and thus it 
was impossible to analyze the data on deep invasion.
 Clinical factors (sex, gross type of carcinoma, and polyp loca-
tion) did not differ between the patients with LNM and the 
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ones without LNM. This study was able to confirm that micro-
scopic margin status at the time of polypectomy is not associat-
ed with LNM. There are other studies that appear to agree with 
this finding, and they suggest that residual disease in the colon 
wall is the one that is associated with LNM (26). Several guide-
lines recommend additional curative surgery, if the margin of 
excision cannot be assessed or if it is pathologically involved 
(27). However, the result of our study suggests that a minimally 
invasive approach such as regional lymph node dissection alone 
should be carefully considered in patients who do not satisfy the 
criterion complete resection margins. In particular, considering 
the fact that surgeries could potentially impair the quality of life 
in patients with rectal cancer, additional endoscopic resection of 
the remnant lesion might be effective enough to treat rectal can-
cer (39). In terms of the length of hospital stay and time to oral 
intake after the procedures, both periods were shorter for the 
ESD group than for the laparoscopic-assisted colorectal (LAC) 
surgery group (40). ESD and LAC have quite different indica-
tions, however, so if the primary indications are a noninvasive 
colorectal lesion diagnosed preoperatively as intramucosal to 
SM1, the patient’s quality of life following treatment for such an 
early colorectal cancer would probably be better with ESD (40). 
 The limitations of the current study are that we were only able 
to evaluate a small number of factors because of the limited 
number of studies available, used various definitions and clas-
sifications, and were unable to present relevant data. Further-
more, we could not investigate different combinations of the 
factors.
 In conclusion, deep submucosal invasion (> SM2 or ≥ 1,000 
μm), poorly or moderately differentiated tumor, vascular inva-
sion, lymphatic invasion and tumor budding are risk factors of 
lymph node metastasis in ECC. In addition, poorly or moder-
ately differentiated tumors, or lymphovascular invasion on pol-
ypectomy specimens were also associated with lymph node 
metastasis after endoscopic resection for early colorectal can-
cer. However, more studies are needed to investigate every sin-
gle factor discussed above and they should aim to standardize 
the detection of these powerful markers, preferably by using a 
unified definition of each factor.
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