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Risk factors for lymph node metastasis in early colon cancer
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Abstract
Background The aim of the study was to determine factors predicting lymph node metastasis in patients with T1 or T2 colon
cancer.
Methods A total of 906 patients with T1 or T2 colon cancer who underwent colon resection with regional lymphadenectomy in a
tertiary hospital, from January 2008 to December 2013, were analyzed. The prognostic factors for LN metastasis and the risk
factors for survival were analyzed.
Results There were 728 patients (80.4%) without lymph node metastasis (LN-negative group) and 178 patients (19.6%) with
lymph node metastasis (LN-positive group). Tumor invasion depth (P < 0.001), lymphatic invasion (P < 0.001), and perineural
invasion (P = 0.008) were significantly different between the two groups. During the median follow-up period of 69 months, the
5-year disease-free survival rate was 98.6% for the LN-negative group and 92.8% for the LN-positive group (P ≤ 0.001). In
multivariate analysis, influencing factors associated with disease-free survival rate were LNmetastasis (P = 0.001) and perineural
invasion (P = 0.040). Female, depth of tumor invasion (P = 0.001), and lymphatic invasion (P < 0.001) were significant
independent predictive factors for lymph node metastasis in multivariate analysis.
Conclusion Positive LN status predicted poor disease-free survival in patients with early cancer. This suggests that depth of
tumor invasion ≥ sm2 and the presence of lymphatic invasion in early colon cancer provide useful information to determine
which patients would benefit from radical surgery.
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Introduction

Prognosis of colon cancer is related to tumor node metastasis
stage, and depth of tumor invasion into the bowel wall is an
essential component of colon cancer staging systems.[1] Early
colon cancer is defined as cancer with depth of invasion lim-
ited to the mucosa or submucosa regardless of the presence or
absence of lymph node (LN) metastasis.[2] Mucosal cancers

in which the cancer cells are localized to the mucosa have little
risk of LN metastasis, but patients with submucosal cancers
experience about 10% LN metastasis.[3] In other words, sub-
mucosal cancer may result in LN metastasis after endoscopic
resection. Despite the limited depth of tumor invasion into the
bowel, prognosis for patients with LN metastasis may be
worse than that of those without.[1] Therefore, risk of LN
metastasis should be assessed to consider whether additional
surgical colon resection should be performed. The risk factors
of LN metastasis in early colon cancer remain unknown. This
study analyzed the prognostic factors for LN metastasis in
patients who had early colon cancer treated with radical sur-
gery and tried to confirm the treatment with a large number of
data.

Patients and methods

This is a single-center, retrospective cohort study. From
January 2008 to December 2013, a total of 1516 patients
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underwent colon resection for early colon cancer (T1, T2).
Patients with the following were excluded: palliative surgery
(n = 23), surgery for recurrence or metachronous tumors (n =
8), stage IV disease (n = 1), familial adenomatous polyposis or
hereditary nonpolyposis colorectal cancer (n = 41), no residual
tumor on pathologic report after preoperative polypectomy (n
= 119), or no result of accurate depth on pathologic report (n =
398). A total of 906 patients were ultimately analyzed and
divided into a lymph node-negative group and a lymph
node-positive group (Fig. 1).

All patients underwent a standard colectomy and regional
lymphadenectomy according to tumor location. Resected
specimens were evaluated for macroscopic ulceration, tumor
size, differentiation, depth of tumor invasion (sm1: submuco-
sa invasion depth < 1000μm; sm2: submucosa invasion depth
≥ 1000, < 2000 μm; sm3: submucosa invasion depth ≥ 2000
μm), number of lymph nodes retrieved, number of lymph
node metastases, lymphatic invasion, perineural invasion,
and vascular invasion.

After surgery, the patients were assessed with physical
examinations, a serum carcinoembryonic antigen assay,
and laboratory findings once every 3 months for the first 2
years. Abdominopelvic computed tomography and chest
computed tomography were performed every 6 months.
Esophagogastroduodenoscopy and colonoscopy were per-
formed the first year and then biannually for 5 years thereafter.

Statistical analyses were conducted using SPSS software
version 25 (IBM Corp., Armonk, NY, USA). Differences be-
tween groups were tested using the chi-square test or Fischer’s
exact test. Student’s t test was applied to continuous variables.
The associations between LN positivity and clinicopathologic
factors were assessed using logistic regression analysis.
Factors determined to be significant in univariate analyses
were analyzed with multivariate logistic regression, and an
OR and 95% CI were calculated for each factor. The overall
and disease-free survival rates were calculated using the

Kaplan-Meier method. A P value < 0.05 was considered sta-
tistically significant.

Results

Patient demographics and clinicopathologic
characteristics

There were 728 patients (80.4%) without lymph node metas-
tasis (LN-negative group) and 178 patients (19.6%) with
lymph node metastasis (LN-positive group). The median age
was 60 years (range 50–71). There were 532 men (58.7%) and
374 (41.3%) women. There were more men in the LN-
negative group and more women in the LN-positive group
(62.0:38.0 vs. 45.5:54.5, P < 0.001). Routes of access were
open surgery (13.9%), hand-assisted laparoscopic surgery
(13.8%), laparoscopic surgery (47.1%), single-port-assisted
laparoscopic surgery (25.1%), and robotic surgery (0.1%).
Most patients had a single tumor (94.2%). Other comparisons
showed no significant differences between the groups. The
demographics and characteristics of patients are presented in
Table 1.

Surgical outcomes

Regarding histological type, poorly differentiated, undif-
ferentiated, and mucinous adenocarcinomas were identi-
fied in the LN-positive group, representing a significant
difference compared with the LN-negative group (P =
0.045). Tumor invasion depth was significantly different
between the two groups (P < 0.001). The median number
of LNs retrieved was 18.5, and there was no significant
difference between the groups. Lymphatic invasion was
observed in 71 patients (41.5%) in the LN-positive group,
significantly more frequently than the 90 (13.1%) patients
in the LN-negative group (P < 0.001). The proportions of
patients with LN metastasis were sm1 3.7% (1/27), sm2
9.6% (10/104), sm3 13.0% (19/146), and T2 23.5% (148/
629). Perineural invasion was identified in 11 patients
(6.7%) in the LN-positive group, significantly more fre-
quently than the 16 patients (2.5%) in the LN-negative
group (P = 0.008). No difference was observed between
the two groups in gross type, tumor size, or vascular in-
vasion. The pathology outcomes are shown in Table 2.

Factors influencing lymph node metastasis

Influencing factors associated with LN metastasis are present-
ed in Table 3. In univariate analysis, female, depth of tumor
invasion, lymphatic invasion, and perineural invasion were
significant predictive factors for lymph node metastasis.
Multivariate analysis showed that female, depth of tumor

Fig. 1 Flowchart of patients. Recurr recurrence, FAP familial
adenomatous polyposis, HNPCC hereditary nonpolyposis colorectal
cancer, LN lymph node
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invasion (P = 0.001), and lymphatic invasion (P < 0.001) were
significant independent predictive factors for lymph node
metastasis.

When grouping by number of factors influencing LN
metastasis identified in our study, of the 178 patients that
were LN positive, there were no patients in the no-risk
group (P = 0.035), 108 patients with one factor were in
the low-risk group (14.7%, P < 0.001), and 70 patients
with two factors were in the high-risk group (45.8%, P <
0.001) (Fig. 2).

Survival and prognostic factors

Influencing factors associated with disease-free survival rates
are presented in Table 4. The median follow-up was 69
months (range 40–99). In multivariate analysis, influencing
factors associated with disease-free survival rate were LN me-
tastasis (P = 0.001) and perineural invasion (P = 0.040). The
5-year disease-free survival rate was 98.6% for the LN-
negative group and 92.8% for the LN-positive group (P ≤
0.001) (Fig. 3).

Table 1 Clinicopathologic
characteristics All (n = 906) LN negative

(n = 728)
LN positive
(n = 178)

P value

Sex (male:female) 532 (58.7):374
(41.3)

451 (62.0):277
(38.0)

81 (45.5):97
(54.5)

< 0.001

Age (years, mean ± SD) 60.3 ± 10.5 60.6 ± 10.5 59.2 ± 10.2 0.098

BMI (kg/m2, mean ± SD) 23.9 ± 2.8 24.0 ± 2.8 23.7 ± 2.7 0.379

Median follow up (months, mean
± SD)

69.4 ± 29.2 69.3 ± 29.3 69.5 ± 28.9 0.949

ASA class (n, %) 0.171

1 309 (34.1) 253 (34.8) 56 (31.5)

2 564 (62.3) 445 (61.1) 119 (66.9)

3 33 (3.6) 30 (4.1) 3 (1.7)

Preoperative CEA (mean ± SD) 2.0 ± 3.6 2.0 ± 3.9 1.8 ± 1.9 0.472

Preoperative CA 19-9 (mean ±
SD)

12.3 ± 14.8 12.0 ± 15.6 13.5 ± 10.9 0.255

Location of tumor (n, %) 0.325

Appendix 3 (0.3) 2 (0.3) 1 (0.6)

Cecum 34 (3.8) 24 (3.3) 10 (5.6)

A colon 147 (16.2) 119 (16.3) 28 (15.7)

HF colon 39 (4.3) 31 (4.3) 8 (4.5)

T colon 56 (6.2) 50 (6.9) 6 (3.4)

SF colon 11 (1.2) 10 (1.4) 1 (0.6)

D colon 42 (4.6) 37 (5.1) 5 (2.8)

S colon 574 (63.4) 455 (62.5) 119 (66.9)

Route of access (n, %) 0.095

Open 126 (13.9) 108 (14.8) 18 (10.1)

HALS 125 (13.8) 106 (14.6) 19 (10.7)

Laparoscopic 427 (47.1) 328 (45.1) 99 (55.6)

SILS 227 (25.1) 185 (25.4) 42 (23.6)

Robotic 1 (0.1) 1 (0.1) 0

Number of tumors (n, %) 0.733

Single 853 (94.2) 683 (93.8) 170 (95.5)

Double 51 (5.6) 43 (5.9) 8 (4.5)

Multiple 2 (0.2) 2 (0.3) 0

Ca. obstruction (n, %) 19 (2.1) 13 (1.8) 6 (3.4) 0.237

Ca. perforation (n, %) 7 (0.8) 6 (0.8) 1 (0.6) 1.000

BMI body mass index, ASA American Society of Anesthesiology, CEA carcinoembryonic antigen, A colon
ascending colon, HF colon hepatic flexure colon, T colon transverse colon, SF colon splenic flexure colon, D
colon descending colon, S colon sigmoid colon, HALS hand-assisted laparoscopic surgery, SILSs ingle-incision
laparoscopic surgery, Ca cancer
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Discussion

Colonoscopy has been widely performed as a screening test
for early colon cancer, and the frequency of detection of early
colon cancer is gradually increasing. LN metastasis in colon
cancer is an important factor in prognosis. When the tumor is
confined to the mucosal layer, LN metastasis does not occur

because there are no lymphatic vessels in the layer.
Accordingly, depth of submucosal invasion is a significant
predictor of LN metastasis.[4–10] Han et al. [4] reported a
19.3% risk of LNmetastasis in patients with depth of invasion
> 1900 μm. Mou et al. [11] stated that 14.6% of patients with
invasion depth > 1000 μm had LN metastasis. According to
previous studies, the incidence of LN metastasis in early

Table 2 Pathology outcomes
All (n = 906) LN negative

(n = 728)
LN positive
(n = 178)

P value

Gross type of tumor (n, %) 0.517

Non-ulcer 328 (42.1) 263 (42.7) 65 (39.9)

Ulcer 451 (57.9) 353 (57.3) 98 (60.1)

Tumor size (mm, mean ± SD) 2.4 ± 1.7 2.3 ± 1.7 2.6 ± 1.5 0.091

Differentiation (n, %) 0.045

WD/MD 862 (95.1) 698 (95.9) 164 (92.1)

PD/UD/mucinous 41 (4.5) 27 (3.7) 14 (7.9)

SRC 3 (0.3) 3 (0.4) 0

Pathologic tumor depth (n, %)

T1 < 0.001

sm1 27 (3.0) 26 (3.6) 1 (0.6)

sm2 104 (11.5) 94 (12.9) 10 (5.6)

sm3 146 (16.1) 127 (17.4) 19 (10.7)

T2 629 (69.4) 481 (66.1) 148 (83.1)

No. of retrieved lymph nodes (mean ± SD) 18.5 ± 9.0 18.5 ± 9.0 18.5 ± 8.5 0.976

Lymphatic invasion (n, %) 161 (18.8) 90 (13.1) 71 (41.5) < 0.001

Perineural invasion (n, %) 27 (3.4) 16 (2.5) 11 (6.7) 0.008

Vascular invasion (n, %) 59 (6.9) 42 (6.2) 17 (9.9) 0.082

WDwell differentiated,MDmoderately differentiated, PD poorly differentiated,UD undifferentiated, SRC signet
ring cell, sm submucosa, No. number

Table 3 Factors influencing LN
positivity Variables Univariate analysis Multivariate analysis

HR 95% confidence
interval

P value HR 95% confidence
interval

P value

Sex (F) 1.732 1.289–2.328 < 0.001 1.440 1.056–1.964 0.021

Age > 60 years 0.844 0.628–1.133 0.258

BMI > 24 0.993 0.740–1.333 0.962

CEA > 5 0.931 0.382–2.265 0.874

Gross type 0.985 0.719–1.348 0.924

Tumor size > 2.4 0.995 0.951–1.041 0.825

Differentiation(WD/MD) 1.244 0.754–2.052 0.393

Depth 2.101 1.418–3.114 < 0.001 2.426 1.458 –4.036 0.001

Lymphatic invasion 3.196 2.355–4.339 < 0.001 3.423 2.488–4.708 < 0.001

Perineural invasion 2.396 1.298–4.421 0.005 1.623 0.873–3.020 0.126

Vascular invasion 1.274 0.772–2.104 0.344

HR hazard ratio, BMI body mass index, CEA carcinoembryonic antigen,WDwell differentiated,MDmoderately
differentiated, Depth depth of tumor invasion
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cancer with depth of submucosal invasion ≥ 1000 μm was
approximately 10% [4], in agreement with our results. We
demonstrated incidence of LN metastasis for all patients of
19.7% according to depth of invasion. The proportions of
patients with LN metastasis were sm1 3.7%, sm2 9.6%, sm3
13.0%, and T2 23.5%. LN metastasis for two group sm1 vs.
sm2, 3, T2 was 3.7% and 20.1% (P = 0.045%). The deeper
was the depth, the higher was the rate of LN metastasis. Thus,
a favorable outcome can be expected if radical surgery with
lymphadenectomy is performed in patients with sm2 colon
cancer.

Several studies have attempted to evaluate predictive fac-
tors of LN metastasis.[1, 12–15] In the present study, the
presence of lymphatic invasion or perineural invasion was a
significant predictive factor.[1] These factors are still contro-
versial. Chok et al. [16] suggested that half of patients with
lymphovascular invasion experience lymph node metastasis.
Han et al. [4] reported that lymphatic invasion was associated

with higher risk of LNmetastasis in univariate analysis but not
in multivariate analysis. Yim et al. [17] reported that the most
powerful clinicopathological parameter for predicting LNme-
tastasis was lymphatic invasion. Huh et al. [1] reported that the
presence of lymphovascular or perineural invasion was asso-
ciated with lymph node metastasis. Similarly, our results
showed that lymphatic invasion and perineural invasion were
significant in univariate analysis, but perineural invasion was
not statistically significant in multivariate analysis.

Based on our findings, when grouping by number of fac-
tors influencing LN metastasis, the higher was the risk factor
count, the higher was the LN metastasis probability.

This study has some limitations. It was a single-center,
retrospective study with type 2 error. In the historical patho-
logic report, 398 patients who did not have a definite value for
depth were excluded, reducing the sample size. Furthermore,
tumor budding was investigated as a risk factor but was ex-
cluded due to other studies. The findings of this study should
be further verified using a larger sample.

Conclusions

In conclusion, our study indicates that depth of tumor invasion
≥ sm2 and lymphatic invasion are significant independent
factors predicting LN metastasis in patients with T1 and T2
colon cancer. In addition, we found that LN metastasis and
perineural invasion were significantly correlated with disease-
free survival. Our study suggests that the depth of tumor in-
vasion ≥ sm2 and the presence of lymphatic invasion in early

Table 4 Factors influencing
disease-free survival Variables Univariate analysis Multivariate analysis

HR 95% confidence
interval

P value HR 95% confidence
interval

P
value

Sex (F) 2.242 0.971–5.180 0.059

Age > 60 years 1.408 0.609–3.254 0.424

BMI > 24 0.858 0.376–1.957 0.716

CEA > 5 0.048 0–2552.720 0.584

Gross type 1.345 0.537–3.372 0.527

Tumor size > 2.4 0.998 0.973–1.024 0.863

Differentiation(WD/MD) 1.558 0.419–5.794 0.508

Depth 2.115 0.910–4.917 0.082

LN metastasis 4.642 2.048–10.522 < 0.001 4.455 1.903–10.426 0.001

Lymphatic invasion 1.598 0.625–4.084 0.327

Perineural invasion 5.186 1.534–17.533 0.008 3.641 1.060–12.505 0.040

Vascular invasion 1.318 0.308–5.641 0.709

HR hazard ratio, BMI body mass index, CEA carcinoembryonic antigen,WDwell differentiated,MDmoderately
differentiated, Depth depth of tumor invasion

Fig. 2 Grouping by number of factors influencing lymph nodemetastasis
(factor: depth of tumor invasion ≥ sm2, lymphatic invasion)
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colon cancer provide useful information to determine which
patients would benefit from radical surgery.
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