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Abstract

Background Complete mesocolic excision (CME) with central vascular ligation (CVL) is a well-known concept in

colon cancer surgery. However, data on the oncological benefits of CVL are scarce. The objective of this study was to

evaluate the prognostic significance of the distribution of lymph node metastases (LND) in patients with stage III

colon cancer who underwent CME with CVL.
Methods In total, 446 consecutive patients who underwent curative resection for stage III colon cancer from 2005 to

2011 were analyzed. Patients were classified as having LND1 (metastases in pericolic nodes), LND2 (metastases in

intermediate nodes), or LND3 (metastases in main nodes). Survival outcomes were compared among the three groups.

Results LND1, LND2, and LND3 were identified in 299 (67.0 %), 122 (27.4 %), and 25 (5.6 %) patients,

respectively. The 5-year overall survival and relapse-free survival (RFS) of all patients were 86.7 and 76.2 %,

respectively. The 5-year RFS of patients with LND1, LND2, and LND3 were 82.8, 65.4, and 52.0 %, respectively

(p\ 0.0001). Multivariate analysis showed that LND2 was an independent prognostic factor for RFS (p = 0.0185),

although the significance of LND3 was marginal (p = 0.0621). Among patients with pN1, the 5-year RFS of patients

with LND1 and LND2?3 were significantly different (84.4 vs. 71.5 %, respectively, p = 0.0102), and similar

tendency was found between patients with pN2-LND1 and pN2-LND2?3 (72.6 vs. 53.1 %, p = 0.0428).

Conclusion The high 5-year survival rates of patients with stage III colon cancer, even those with LND2 and LND3,

would justify CVL as the standard procedure for advanced colon cancer.

Introduction

The status of lymph node metastases (LNM) is one of the

most important prognostic factors in patients with col-

orectal cancer, and adequate classification of LNM is

critical for predicting prognosis and identifying candidates

for adjuvant therapies [1, 2]. Classification of LNM is

divided into two main methods: that based on the number

of LNM and that based on the distribution of LNM (LND).

The current TNM staging system in the seventh edition of

the Union for International Cancer Control and American

Joint Committee on Cancer [3] is solely based on the

number of LNM, although some reports have demonstrated

the prognostic importance of the LND [4–8].
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Complete mesocolic excision (CME) with central vas-

cular ligation (CVL) in colon cancer surgery was recently

introduced as a concept similar to total mesorectal excision

in rectal cancer surgery [9, 10]. CME with CVL involves

sharp dissection along the embryological planes, ensuring

resection of the specimen without damage to the mesocolic

fascia and allowing for a high tie of the supplying arteries

at their origin. CME with CVL can remove more meso-

colon, is more likely to achieve resection in the mesocolic

plane, and is associated with better survival rates than is

standard excision [10, 11].

Intuitively, patients with node involvement along the

major vessels are most likely to benefit from CVL.

Therefore, the prognostic information gained from LND

has important implications in the era of CME with CVL.

To our knowledge, however, limited numbers of reports

have addressed these topics. The aim of this study was to

investigate the prognostic impact of LND in patients with

stage III colon cancer in the era of CME with CVL.

Materials and methods

From March 2005 to June 2011, data from 508 consecutive

patients who underwent radical resection for pathological

stage III colon adenocarcinoma from the cecum to the

rectosigmoid were reviewed. Patients with synchronous

tumors (n = 36), appendiceal cancer (n = 15), preopera-

tive chemotherapy for locally advanced ascending and

rectosigmoid colon cancer (n = 2), familial adenomatous

polyposis (n = 3), Lynch syndrome (n = 1), and ulcera-

tive colitis (n = 1) were excluded. Among total residual

450 patients, 4 patients (0.9 %) with a tumor located at the

resection margin (R1) were also excluded. Finally, 446

patients were eligible for this study.

All patients underwent open or laparoscopic standard-

ized colectomy and regional lymphadenectomy at our

institution according to the tumor location and degree of

cancer progression [12–15]. Careful dissection along the

embryonic tissue planes was performed to avoid any

damage to the visceral fascial layer, based on the concept

of CME. CVL was performed in all patients with stage III

colon cancer (Fig. 1). After tumor removal, the surgeon

identified and isolated the lymph nodes from fresh speci-

mens and recorded both the number and distribution of the

retrieved lymph nodes. The lymph node metastatic status

was confirmed by pathologists via microscopic examina-

tion. In this study, nodal staging was performed according

to both the number and distribution of LNM. In accordance

with the TNM classification, the pN categories were sub-

divided into three groups based on the number of LNM:

pN1 (metastases in 1–3 nodes), pN2a (metastases in 4–6

nodes), and pN2b (metastases in C7 nodes). With respect

to LND, the patients were classified as having LND1

(LNM in pericolic lymph nodes), LND2 (LNM in inter-

mediate lymph nodes), or LND3 (LNM in main lymph

nodes) according to the Japanese Society for Cancer of the

Colon and Rectum classification [16].

SMV
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Fig. 1 Surgical view after

central vascular ligation in right

hemicolectomy. SMV superior

mesenteric vein, SMA superior

mesenteric artery, MCA middle

colic artery, MCV middle colic

vein, RCA right colic artery,

ARCV accessory right colic

vein, RGEV right gastroepiploic

vein, ICA ileocolic artery, ICV

ileocolic vein
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Statistical analysis was performed using JMP software,

version 10.0.2 (SAS Institute, Cary, NC). Summarized data

are presented as median values with ranges. Categorical

variables were compared using the v2 test or Fisher’s exact

test where appropriate. Continuous variables were analyzed

with the Kruskal–Wallis test. Survival was assessed using

the Kaplan–Meier method with the log-rank test. Relapse-

free survival (RFS) was defined as the time from surgery to

any recurrence. Local recurrence (LR) was defined as

tumor recurrence within the bowel wall, regional lymphatic

drainage system, or retroperitoneum [9]. All p values of

\0.05 were considered statistically significant. Variables

with a p value of \0.20 in the univariate analysis were

further evaluated in the multivariate analysis using the Cox

proportional hazard model to assess the independent pre-

dictors for RFS. The results of Cox model analysis are

reported using hazard ratios and 95 % confidence intervals.

Results

Our study group comprised 233 (52.2 %) men and 213

(47.8 %) women. The median patient age at the time of the

operation was 66 years. In total, 175 (39.2 %) patients had

right-sided colon cancer (from the cecum to the distal

transverse colon) and 271 (60.8 %) had left-sided colon

cancer (from the descending colon to the rectosigmoid

colon). The median number of lymph nodes harvested was

17 (range 4–66), and the median number of LNM was 2

(range 1–18). Adjuvant chemotherapy was delivered in

80.3 % of the patients. LND1, LND2, and LND3 were

identified in 299 (67.0 %), 122 (27.4 %), and 25 (5.6 %)

patients, respectively.

The patients’ clinicopathological factors according to

their LND status are shown in Table 1. The preoperative

serum CEA level, pT category, pN category, and number of

LNM were significantly higher in patients with a higher

LND status than in patients with LND1. Open surgery was

more frequently performed in patients with a higher LND

status than in patients with LND1. With respect to adjuvant

chemotherapy, FOLFOX was more frequently performed

in patients with a higher LND status than were other

chemotherapy regimens.

With a median follow-up interval of 60.2 months (range

1.0–103.9 months), the 5-year overall survival (OS), cancer-

specific survival (CSS), RFS, and LR rates of all patients in

this study were 86.7, 89.1, 76.2, and 2.0 %, respectively. The

RFS curves according to the LND status were significantly

different: the 5-year RFS of the patients with LND1, LND2,

and LND3 were 82.8, 65.4, and 52.0 %, respectively

(p\ 0.0001) (Fig. 2a). The RFS between patients with

LND1 and LND2 was significantly different (p = 0.0001),

but the RFS between those with LND2 and LND3 was not

(p = 0.3032). The 5-year RFS curves according to the pN

categories, based on the number of LNM, also showed

similar results: the 5-year RFS of the patients with pN1,

pN2a, and pN2b were 81.3, 62.5, and 53.3 %, respectively

(p = 0.0001) (Fig. 2b). The RFS between patients with pN1

and pN2a was significantly different (p = 0.0003), but that

between patients with pN2a and pN2b was not (p = 0.5321).

Figure 2c shows the 5-year RFS curves of patients with

pN1 subdivided into LND1 and LND2?3. The 5-year RFS

of patients with LND1 (n = 258) and LND2?3 (n = 79)

among all patients with pN1 was 84.4 and 71.5 %,

respectively. The difference between the groups was sig-

nificant (p = 0.0102). Figure 2d shows the RFS curves of

patients with pN2 subdivided into LND1 and LND2?3.

The 5-year RFS of patients with LND1 (n = 41) and

LND2?3 (n = 68) among all patients with pN2 were 72.6

and 53.1 %, respectively. The difference reached statistical

significance (p = 0.0428).

The associations between various clinicopathological

factors and RFS are summarized in Table 2. The univariate

analysis showed that tumor location, preoperative CEA

level, pT category, pN category, LND, and histologic dif-

ferentiation were significantly associated with RFS. With

respect to the relationship between the LND and pN cate-

gory, each group showed significant overlap, for example,

86 % of patients with LND1 were categorized as having

pN1. Therefore, the multivariate analysis was performed

separately using the LND or pN category as an independent

variable (Table 3). In the multivariate analysis including

the LND, LND2 was an independent prognostic factor for

RFS (p = 0.0185), but LND3 did not reach statistical

significance (p = 0.0621). Additionally, histologic differ-

entiation and the pT4 were independent prognostic factors

for RFS. In the multivariate analysis including the pN

category, we found that the pN2a, preoperative serum CEA

level, histological differentiation, and pT4 were indepen-

dently associated with RFS.

Discussion

The concept of CME with CVL has rapidly spread

worldwide since its recent introduction by Hohenberger

et al. [9]. The oncological benefit of CME was demon-

strated by West et al. [11], whose multivariate analysis

showed that mesocolic resection translated into a signifi-

cant survival advantage at 5 years compared with surgery

in the muscularis propria plane in patients with stage III

disease. However, while the advantages of surgery in the

mesocolic plane appear obvious, data on oncological ben-

efits of CVL remain scarce. If the numbers of patients with

intermediate or main LNM (LND2 or LND3) and their

survival rates are low, the estimated oncological benefit of
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CVL is small. If the situation is reversed, however, the

presence of residual cancer cells associated with the per-

formance of low ligation can have a significantly negative

impact on survival. Therefore, our data on LND in patients

with stage III colon cancer serve as a basis for considering

the oncological benefit of CVL for patients with advanced

colon cancer.

Although the data on the long-term outcomes after CME

with CVL are still limited, Weber et al. [17]. reported a

5-year cancer-related survival rate of 81.8 % in patients

with stage III colon cancer who underwent R0 resection

from 2000 to 2004 in Erlangen (n = 95). Our 5-year CSS

(89.1 %) was higher than that reported by Weber et al.

[17]. Most recently, Cho et al. [18]. reported the long-term

Table 1 Clinicopathological factors according to the distribution of lymph node metastases (LND)

All patients (N = 446) LND1 (n = 299) LND2 (n = 122) LND3 (n = 25) p values

Sex 0.2967

Male 233 (52.2) 149 (49.8) 71 (58.2) 13 (52.0)

Female 213 (47.8) 150 (50.2) 51 (41.8) 12 (48.0)

Age (years) 0.1623

\65 205 (46.0) 128 (43.0) 64 (52.5) 13 (52.0)

C65 241 (54.0) 171 (57.0) 58 (47.5) 12 (48.0)

Tumor location 0.2180

Cecum 27 (6.1) 19 (6.4) 7 (5.7) 1 (4.0)

Ascending colon 97 (21.8) 62 (20.7) 28 (23.0) 7 (28.0)

Transverse colon 51 (11.4) 29 (9.7) 17 (13.9) 5 (20.0)

Descending colon 30 (6.7) 25 (8.4) 5 (4.1) 0 (0.0)

Sigmoid/rectosigmoid colon 241 (54.0) 164 (54.8) 65 (53.3) 12 (48.0)

Preoperative serum CEA (ng/mL) 0.0127

\5.0 310 (69.5) 219 (73.2) 79 (64.8) 12 (48.0)

C5.0 136 (30.5) 80 (26.8) 43 (35.2) 13 (52.0)

Type of operation

Laparoscopic 328 (73.5) 237 (79.3) 80 (65.6) 11 (44.0) \0.0001

Open 118 (26.5) 62 (20.7) 42 (34.4) 14 (56.0)

pT category \0.0001

pT1 38 (8.5) 31 (10.4) 7 (5.7) 0 (0.0)

pT2 47 (10.6) 42 (14.0) 5 (4.1) 0 (0.0)

pT3 228 (51.1) 160 (53.5) 57 (46.7) 11 (44.0)

pT4 133 (29.8) 66 (22.1) 53 (43.5) 14 (56.0)

pN category \0.0001

pN1 337 (75.5) 258 (86.3) 71 (58.2) 8 (32.0)

pN2a 85 (19.1) 34 (11.4) 41 (33.6) 10 (40.0)

pN2b 24 (5.4) 7 (2.3) 10 (8.2) 7 (28.0)

Number of harvested lymph nodes 17 (4–66) 17 (7–66) 17 (4–42) 19 (10–50) 0.2256

Number of metastatic lymph nodes 2 (1–18) 1 (1–16) 3 (1–15) 5 (1–18) \0.0001

Histologic differentiation 0.1423

Well/moderate 407 (91.3) 278 (93.0) 108 (88.5) 21 (84.0)

Poor/mucinous/signet 39 (8.7) 21 (7.0) 14 (11.5) 4 (16.0)

Adjuvant chemotherapy 0.5979

No 88 (19.7) 61 (20.4) 24 (19.7) 3 (12.0)

Yes 358 (80.3) 238 (79.6) 98 (80.3) 22 (88.0)

FOLFOX 74 (16.6) 28 (9.4) 28 (23.0) 18 (72.0) \0.0001

UFT/LV 148 (33.2) 103 (34.4) 41 (33.6) 4 (16.0)

Capecitabine 125 (28.0) 96 (32.1) 29 (23.8) 0 (0.0)

Others 11 (2.5) 11 (3.7) 0 (0.0) 0 (0.0)

Data are presented as n (%) of patients or median (range)
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outcomes of modified CME with CVL for patients with

right-sided colon cancer who underwent surgery from 2000

to 2009. They reported 5-year OS, CSS, and RFS rates of

71.0, 73.0, and 68.5 %, respectively, in patients with stage

III right-sided colon cancer. Our survival outcomes for

patients with stage III right-sided colon cancer (5-year OS,

CSS, and RFS rates of 83.5, 84.7, and 70.8 %, respec-

tively) were higher than those reported by Cho et al. [18].

Although the time frames differ and simple comparison is

difficult (possibly because of different patient back-

grounds), our routine adoption of CME with CVL might

lead to improved survival outcomes for patients with stage

III colon cancer.

The greatest survival advantage of CVL is expected in

patients with LND2 or LND3 because insufficient removal

of intermediate or main metastatic lymph nodes by low

vascular ligation can result in the presence of residual

cancer cells. Because patients with LND2 or LND3

constitute more than 30 % of patients with stage III colon

cancer, both CME and CVL should be considered standard

surgical procedures for treatment of advanced colon can-

cer. CME is also much more important in stage III colon

cancer than in stage I and II because surgical disruption of

the mesocolon is associated with a high risk of spillage of

tumor cells in the lymphatic channel, and the benefit

obtained by CVL can be canceled out by the disruption of

the mesocolon.

In the present study, thirteen (7.4 %) of 175 patients

with right-sided colon cancer and 12 (4.4 %) of 271

patients with left-sided colon cancer had LNM located at

the origin of each major vessel, and these proportions are

within previously reported ranges [2, 4, 5, 7, 19, 20]. The

oncological benefit of complete removal of the main lymph

nodes in patients with colon cancer has been controversial.

Huh et al. [6]. evaluated the prognostic significance of

LND in patients with sigmoid colon and rectal cancer and
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Fig. 2 Kaplan–Meier curves depicting a relapse-free survival (RFS) according to LND and b RFS according to pN category. c RFS curves of

patients with pN1 subdivided into LND1 and LND2?3 and d pN2 subdivided into LND1 and LND2?3
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found that the 5-year OS and RFS rates of patients with

LND3 sigmoid colon cancer (n = 31) were 35 and 28 %,

respectively. Similarly, Kang et al. [21]. reported a 5-year

RFS rate of 31.9 % in patients with LND3 sigmoid colon

and rectal cancer (n = 33). Kobayashi et al. [19]. estimated

the clinical significance of LND in patients with stage III

right-sided colon cancer; they found that the 5-year OS and

RFS rates of the patients with LND3 were 37.5 and 42.9 %,

respectively. In the present study, the 5-year OS and RFS

rates of patients with LND3 were 71.5 and 52.0 %,

respectively, and our survival outcomes are better than

those of previous reports. The better survival outcomes of

patients with LND3 in the present study than in previous

reports might be partly due to our significantly higher use

of an oxaliplatin-based regimen as adjuvant chemotherapy

(72 %) in patients with LND3. Furthermore, the recent

progress in multimodal approaches after systemic recur-

rence, including multidrug chemotherapy and aggressive

surgical approaches, might have significantly improved the

OS in patients with LND3. Because LND3 can only be

cured by CVL and better survival can be expected even in

patients with LND3 in the current era of multimodal

Table 2 Univariate analysis of the factors associated with 5-year

relapse-free survival

N (%) Univariate

5-year RFS rate

(%)

p value

All patients 446 (100) 76.2

Sex 0.5353

Female 213 (47.8) 78.0

Male 233 (52.2) 74.6

Age (years) 0.9114

\65 205 (46.0) 76.5

C65 241 (54.0) 76.1

Tumor location 0.0136

Left 271 (60.8) 79.8

Right 175 (39.2) 70.8

Preoperative serum CEA

(ng/mL)

\5 310 (69.5) 80.4 0.0014

C5 136 (30.5) 66.6

pT category \0.0001

pT1 38 (8.5) 90.8

pT2 47 (10.6) 93.2

pT3 228 (51.1) 81.2

pT4 133 (29.8) 57.3

pN category 0.0001

pN1 337 (75.5) 81.3

pN2a 85 (19.1) 62.5

pN2b 24 (5.4) 53.3

LND \0.0001

LND1 299 (67.0) 82.8

LND2 122 (27.4) 65.4

LND3 25 (5.6) 52.0

Number of harvested LNs 0.5072

C12 425 (95.3) 76.5

\12 21 (4.7) 71.4

Histologic differentiation 0.0002

Well/moderate 407 (91.3) 78.0

Poor/mucinous/signet 39 (8.7) 57.0

Adjuvant chemotherapy 0.7262

Yes 358 (80.3) 76.7

No 88 (19.7) 74.5

Table 3 Multivariate analysis of the factors associated with 5-year

relapse-free survival

Hazard ratio 95 % CI p value

LND

LND1 1

LND2 1.6511 1.0836–2.5023 0.0185

LND3 1.8486 0.9271–3.4116 0.0621

Tumor location

Left 1

Right 1.2419 0.8356–1.8416 0.2812

Preoperative serum CEA in ng/mL

\5 1

C5 1.3767 0.9180–2.0500 0.1178

Histologic differentiation

Well/moderate 1

Poor/mucinous/signet 2.1640 1.2251–3.6091 0.0048

pT category

pT1–2 1

pT3 1.9752 0.9345–4.8517 0.1000

pT4 4.3861 2.0542–10.8553 0.0004

pN category

pN1 1

pN2a 1.5747 0.9890–2.4585 0.0498

pN2b 1.8794 0.9147–3.5265 0.0644

Tumor location

Left 1

Right 1.2674 0.8535–1.8787 0.2378

Preoperative serum CEA in ng/mL

\5 1

C5 1.5915 1.0548–2.3839 0.0251

Histologic differentiation

Well/moderate 1

Poor/mucinous/signet 1.9886 1.1141–3.3570 0.0140

pT category

pT1–2 1

pT3 1.8857 0.8835–4.6602 0.1290

pT4 4.1862 1.9359–10.4513 0.0007
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approaches, CVL should be performed to maximize the

oncological outcome in patients with stage III colon

cancer.

The present study has shown that the LND status is an

independent predictive factor for 5-year RFS, although the

p value of LND3 did not reach statistical significance. This

lack of significance may have been due to the small number

of patients with LND3. The hazard ratio for relapse was

similar between LND2 and pN2a and between LND3 and

pN2b, suggesting that LND is similar to the pN category as

a predictor of relapse. Interestingly, patients with pN1 and

LND2?3 had a significantly worse RFS rate than did

patients with pN1 and LND1, and a similar tendency was

found between patients with pN2-LND1 and pN2-

LND2?3. Although the number of LNM was \4 (pN1),

23 % of patients were identified as LND2 or 3. Therefore,

the addition of the concept of LND to the current nodal

staging system might provide more accurate prognostic

information and enable appropriate selection for adjuvant

chemotherapy in patients with stage III colon cancer.

In the present study, open surgery was more frequently

selected in patients with LND2 and LND3. Laparoscopic

surgery for colorectal cancer was introduced at our institution

in July 2005. Initially, bulky tumors, tumors invading adjacent

organs, and LNM in main lymph nodes were excluded as

indications for laparoscopic surgery. Therefore, in the early

phase of this study, the patients with more advanced disease

tended to be treated by open surgery. However, the indications

for laparoscopic surgery were gradually extended, as our

surgical teams gained greater experience. The laparoscopic

ratio increased every year and there are no definite con-

traindications to laparoscopic surgery at present [22, 23]. This

is the reason why patients with a higher LND status were more

frequently performed by open surgery.

There are some potential limitations in the present study.

First, we have no data on the grading of the plane of

mesocolic dissection by pathologists at all because Japa-

nese surgeons isolate the lymph nodes from fresh speci-

mens before pathologic examination. Second, because this

was a single-center retrospective study, it is difficult to

draw any solid conclusions about the oncological benefit of

CVL. Randomized controlled trials comparing CVL versus

low ligation for treatment of advanced colon cancer might

be necessary to demonstrate the oncological benefit of

CVL with a high evidence level, although such a study

would be ethically difficult, considering the high survival

outcomes of CME with CVL reported by previous studies

[17] and the present study. Therefore, despite potential

limitations, we believe that our results could serve as a

basis for the necessity of performing CVL in patients with

advanced colon cancer.

In conclusion, we have demonstrated that LND2 and LND3

were identified in 27.4 and 5.6 % of patients with stage III

colon cancer, respectively. The long-term outcomes associ-

ated with LND2 or LND3 were worse than those associated

with LND1 but better than those in previous reports. The high

survival rates of patients with stage III colon cancer, even

those with LND2 and LND3, would justify CVL as the stan-

dard procedure for advanced colon cancer.
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