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Abstract

Background The introduction of complete mesocolic exci-
sion (CME) with central vessel ligation (CVL) for right-
sided colon cancer has improved oncologic outcomes.
However, there is controversy over the oncologic safety of
laparoscopic CME with CVL. This study compared short-
term and long-term oncologic outcomes between lapa-
roscopic and open modified CME (mCME) with CVL in
patients with right-sided colon cancer.

Methods We enrolled 1239 patients who underwent open
mCME with CVL and 1010 patients treated by a laparo-
scopic approach for right-side colon cancer between 2000
and 2013 and used 1:1 propensity score matching to adjust
for potential baseline confounders between two groups.
Results  After propensity score matching, 683 patients who
underwent open mCME with CVL were compared with 683
patients treated with a laparoscopic approach. There were
no significant differences between these groups in age, sex,
ASA score, TNM stage, tumor size, lymphovascular inva-
sion, and perineural invasion. Comparison of open and lapa-
roscopic mCME groups showed no significant difference
in postoperative morbidity (21.4 vs. 18.3%, p=0.175) and
mortality (0.1 vs. 0%, p=1.000). The laparoscopic mCME
group showed shorter length of hospital stay. The 5-year
overall survival rate was 83.7% in the open group and 94.7%
in the laparoscopic group (p <0.001). The laparoscopic
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group also showed a significantly better 5-year disease-free
survival rate (82.7 vs. 88.7%, p=0.009) and 5-year disease-
specific survival rate (83.7 vs. 94.7%, p <0.001).
Conclusion Laparoscopic modified mesocolic excision
with central vascular ligation is a safe and feasible approach
with better short-term recovery profiles and potential onco-
logic benefits than the open approach for right-sided colon
cancer.

Keywords Modified complete mesocolic excision -
Right-sided colon cancer - Laparoscopic

Total mesorectal excision (TME) is considered the standard
technique for middle or lower rectal cancers. This surgical
approach entails complete removal of the mesorectum cir-
cumferentially including all blood vessels, lymphatic ves-
sels, and lymph nodes through which the tumor may dissem-
inate [1, 2]. TME is currently applied worldwide, and has
been shown to significantly increase disease-free survival
rates and overall survival rates [3]. Likewise, the concept of
complete mesocolic excision (CME) with central vascular
ligation (CVL) in colon cancer surgery has been recently
introduced. This surgical technique includes dissection of
the mesocolon along the embryologic planes, resulting in
complete mobilization of the mesocolon covered by an intact
visceral fascia layer containing all blood vessels, lymphatic
vessels, lymph nodes that may contain disseminated disease
[4, 5]. In addition, ligation of the supplying vessels at their
origin (CVL) and removal of the entire mesocolon has a
significant effect on locoregional recurrence and improves
oncologic outcomes [4—8]. A recent international consen-
sus suggested that extended lymphadenectomy techniques
should be the standard procedure for colon cancer patients
[9-12]. In Japan, D3 lymphadenectomy is the standard
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method for stage II and stage III colon cancer and 5-year
overall survival rates of up to 92% have been reported [13].

Recent data suggest that cancers of the right and left
colon should be distinguished as they differ in clinical
and molecular characteristics [14—17]. Many studies have
reported that the oncologic outcomes are significantly poorer
for right colon cancer than left colon cancer [17-20]. In
clinical practice, it is more difficult to perform CME for
right-sided colon cancer than left-sided colon cancer. More-
over, laparoscopic CME is not easy to perform because of
the complex and variable vascular anatomy of the right
colon. Several comparative studies between open and lapa-
roscopic CME surgeries have been performed [21, 22]; how-
ever, these studies analyzed small numbers of patients and
only a few reports long-term follow-up after laparoscopic
CME. Furthermore, there are few studies comparing long-
term outcomes between laparoscopic and open approaches
specifically for right-sided colon cancers. Based on these
embryologic, clinical, and molecular differences, our study
focused on patients with right-sided colon cancer.

We have performed modified CME (mCME) using a sur-
gical technique similar to the original approach of CME with
CVL described by Hohenberger et al. [5] but with some
technical differences for the treatment of right-sided colon
cancer. Our modified CME right hemicolectomy technique
is described in detail below.

The aim of this study was to compare the short-term and
long-term outcomes of a large cohort undergoing modified
CME with CVL by laparoscopic or open surgery for right-
sided colon cancers.

Patients and methods

All consecutive patients undergoing modified mesocolic
excision with central vessel ligation for right-sided colon
cancer at the Samsung Medical Center between January
2000 and December 2013 were analyzed. The right side
of the colon was defined as the colon up to the middle
transverse colon. During this period, 2249 patients with
right-sided colon cancer underwent mCME with CVL.
Of these, 1010 operations were performed by the laparo-
scopic approach and 1239 operations by an open procedure.
Patients were designated for laparoscopic or open resection
according to surgeon’s preference. The selection of the sur-
gical approach is based on the surgeon’s discretion. How-
ever, there was a possibility that an open approach could be
preferred when patients presented an advanced stage or a
greater tumor size, especially in the early period of the pre-
sent study. To decrease this bias, we conducted propensity
score matching to adjust for potential baseline confounders
between the groups.
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For patients in the laparoscopic group, conventional
or single-incision laparoscopic surgery was performed
according to standard procedures. After propensity score
matching a total of 1366 patients, 683 in the open group
and 683 in the laparoscopy group were analyzed. Perio-
perative data, postoperative mortality and morbidity, and
oncologic outcomes were compared between the laparo-
scopic and open groups.

All patients underwent preoperative chest and abdomi-
nopelvic computed tomography (CT). After discharge, the
patients visited the outpatient clinic every 3 months for the
first 2 years, every 6 months for the subsequent 3 years, and
annually thereafter. Regular laboratory tests, chest CT, and
abdominopelvic CT scans were performed every 6 months
or every year during the follow-up period.

Surgical technique

All modified CME surgeries were performed by seven colo-
rectal surgeons with extensive open and laparoscopic surgi-
cal experience of more than 100 operations per year. They
were equally experienced both in open and laparoscopic
approaches, and experienced more than 100 cases of open
as well as laparoscopic mCME before beginning of study.

A medial to lateral dissection was preferred in most cases.
Similar to the original CME technique, modified CME was
performed by sharp dissection between the visceral fascia
and parietal fascia and ligation of the supplying vessels at
their origin. However, several procedures differed from the
original CME procedure described by Hohenberger et al.
Unlike the original CME, we did not perform complete
kocherization routinely in most cases unless the cancer cells
had invaded the duodenum or perinephric fat tissue. If the
tumor was locally advanced we dissected behind Gerota’s
fascia, including perinephric fat tissues. With the exception
of cases of transverse colon cancer, although we dissected
the root of the midcolic artery and skeletonized it, we pre-
served the root and ligated only the right branch of the mid-
colic artery. After performing complete mobilization of the
mesocolon, the supplying vessels were ligated to perform
CVL. In cases of cecal or proximal ascending colon cancer,
the ileocolic vessels and the right branch of the midcolic
vessels were ligated at their origin from the superior mesen-
teric vessels. If the tumor was located at the hepatic flexure
or proximal transverse colon, we ligated the midcolic ves-
sels at their origin from the superior mesenteric vessels. The
greater omentum was detached from the transverse colon for
exposure of the lesser sac; however, unlike original CME,
we did not perform ligation of all gastroepiploic vessels.
The surgical technique for laparoscopic approach was per-
formed under the same principle as for open surgery during
the period.
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Statistical analysis

Analyses were performed using SPSS for Windows version
22.0 (SPSS, Chicago, IL, USA) and R2.15.3. Differences
between two groups were analyzed using the Chi square test,
Fisher’s exact test, or the Mann—Whitney U test, as appro-
priate. Survival rates were calculated by the Kaplan—Meier
method, and survival curves were compared using the log-
rank test. Results were considered statistically significant
at p<0.05.

Propensity matching was performed including the vari-
ables of age, sex, ASA score, pathologic stage, tumor size,
adjuvant chemotherapy, lymphovascular invasion, perineural
invasion, tumor budding, and intraoperative transfusion.

Results

Clinicopathologic characteristics of patients
before and after propensity score matching

The clinicopathologic characteristics of patients included
in this study are listed in Table 1. During the study period,
mCME with CVL of right-sided colon cancer was per-
formed in 1010 patients by laparoscopy and 1239 patients
by the open approach. The median age was 62 years for
the open group and 60 years for the laparoscopic group
(p=0.438). There were no significant differences between

the groups in gender, body mass index, location of tumor,
and adjuvant chemotherapy. Preoperative carcinoembry-
onic antigen (CEA) levels were significantly higher in the
open group (9.21 vs. 5.02, p=0.017).

With respect to pathologic outcomes, the total number
of retrieved lymph nodes was significantly greater in the
open group (28.6 vs. 25.7, p=0.005). However, no sig-
nificant differences were noted between the two groups in
terms of the number of positive lymph nodes and number
of patients with fewer than 12 lymph nodes harvested.

The average tumor size (mean + standard deviation) was
6.2+ 2.8 cm in the open group and 4.4 +3.0 cm in the
laparoscopic group (p <0.001). The proximal resection
margin (20.8 +13.5 vs. 15.1 +£9.7 cm, p <0.001) and distal
resection margin (17.0+9.1 vs. 15.2+7.4, p <0.001) were
significantly greater in the open group compared with the
laparoscopic group. However, in both groups, the proxi-
mal and distal resection margins were greater than 15 cm
and there was no tumor involvement. There was no differ-
ence in radial margin between the two groups (5.2 +4.3
vs. 5.7+4.1, p=0.526). Perineural invasion was detected
in 7.4% of the open group and 12.7% of the laparoscopic
group, with a significant difference (p <0.001). Lymphatic
invasion and venous invasion were not significantly differ-
ent between the two groups.

After matching, there were no significantly differences
in any of the above factors between the two groups. The

Table 1 Demographic and
pathologic data before and after

Before propensity score matching

After propensity score matching

propensity score matching Open Laparoscopic  p Open Laparoscopic  p
(n=1239) (n=1010) (n=683) (n=683)
Age, years, median (SD) 62+13 60+11 0.438 61+13 61+12 0.565
BMI 232+34  23.0+2.6 0.088 232+29 239+29 0.773
Sex, n (%) 0912 0.414
Male 543 (43.8) 445 (44.1) 372 (54.5) 388 (56.8)
Female 696 (56.2) 565 (55.9) 311 (45.5) 295 (43.2)
ASA score 0.755 0.631
1,2 1207 (97.4) 986(97.6) 661 (96.8) 665 (97.4)
3,4 32(2.6) 24(2.4) 22 (3.2) 18 (2.6)
TNM stage <0.001 0.258
I 126 (10.2) 290 (28.7) 115 (16.8) 135 (19.8)
1I 603 (48.6) 370 (36.6) 305 (44.7) 280 (41.0)
111 510 (41.2) 350 (34.7) 263 (38.5) 268 (39.2)
Tumor size, mean+SD,cm 6.2+2.8 4.4+4+3.0 <0.001 5.1+24 5.0+2.6 0.318
Adjuvant CTx 759 (61.3) 428 (42.4) <0.001 343(50.2) 340 (49.8) 0914
Lymphatic invasion (+) 312(25.2) 270 (26.7) 0.403 180(26.4) 180 (26.4) 1.000
Perineural invasion (+) 92 (7.4) 128 (12.7) <0.001 72(10.5) 81(11.9) 0.493
Vascular invasion (+) 134 (10.8) 91 (9.0 0.156 70(10.2) 59 (8.6) 0.355
Tumor budding (+) 226 (18.2) 382 (37.8) <0.001 206 (30.2) 206 (30.2) 1.000
Transfusion (+) 79 (6.4) 31(3.1) <0.001 34 (5.0) 253.7) 0.287
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clinicopathologic characteristics of the matched patients
are presented in Table 1.

Perioperative and short-term outcomes

The perioperative and short-term outcomes for matched
patients after the operation are shown in Table 2. The total
operation time was significantly longer in the laparoscopic
group than the open group (165 vs. 139 min, p <0.001).
The length of hospital stay was significantly shorter in the
laparoscopic group (9.3 vs. 11.7 days, p <0.001).

Differences in overall postoperative morbidity rates
between the groups did not reach significance; however,
the rate of surgical site infection was significantly lower in
the laparoscopic group (1.6 vs. 7.3%, p <0.001). Details of
short-term outcomes are shown in Table 3.

Multivariate analysis for risk factors affecting postopera-
tive complications was performed using the following vari-
ables: surgical approach (open vs. laparoscopy), age (<60
vs. >60 years), sex, body mass index (<25 vs. >25), ASA
score (<3 vs. > 3), and harvested LNs (<12 vs. >12). Age

60 years or older, male gender, ASA score 3 or 4, adjuvant
chemotherapy, intraoperative transfusion, and advanced
stage III disease were found to be independent prognostic
factors (Table 3).

Oncologic outcomes after propensity score matching

Survival analyses of matched patients are shown in Figs. 1,
2. The median follow-up period in the laparoscopic and open
group was 41.0 and 55.1 months, respectively (p <0.001).

The 5-year overall survival (OS) rate was significantly
better for the laparoscopic group than the open group (94.7
vs. 83.7%, p <0.001). Moreover, the laparoscopic modified
CME group showed a higher 5-year OS rate for stage II and
IIT disease than the open group (Fig. 1). The 5-year disease-
free survival (DFS) rate in the laparoscopic group was also
significantly higher than that in the open group (88.7 vs.
82.7%, p=0.009) (Fig. 2).

Analysis of prognostic factors affecting 5-year OS is
shown in Table 4. According to univariate analysis, fac-
tors associated with poorer overall survival were age 60 or

Table 2 Comparison of
pathologic and short-term
outcomes between the

laparoscopy and open groups in
matched cohorts

Open Laparoscopic ~ Total p-value
n=683) (%) (n=683) (%) (n=1366) (%)

Proximal margin

Length, mean+SD, cm 20.8+13.5 15.1+£9.7 18.0+12.1 <0.001
Tumor involvement, n(%) 0(0.0) 0(0.0) 0(0.0)
Distal margin

Length, mean+SD, cm 17.0+9.1 152+74 16.1+84 <0.001
Tumor involvement, n (%) 0(0.0) 0(0.0) 0(0.0)
Radial margin

Length, mean+ SD, mm 5.2+43 5.7+4.1 5.5+4.2 0.526
Tumor involvement, n(%) 38 (3.1) 16 (1.6) 54 (2.4)
Total no. retrieved LNs, mean + SD 28.6+13.9 25.7+10.9 27.3+12.8 0.005
No. of positive LNs, mean+SD 1.5+3.0 1.1+2.4 1.3+2.8 0.054
No. of cases with fewer than 12 LNs, n (%) 7 (0.6) 2(0.2) 9(0.4) 0.199
Total operation time (min) 139 +61 165+50 152 +58 <0.001
Hospital days 11.7+4.7 9.3+3.2 10.5+4.2 <0.001
Postop morbidity (+) 146 (21.4) 125 (18.3)
Type of morbidity 271 (19.8) 0.175
Operation-related 114 (16.7) 102 (14.9) 0.335
Operation-unrelated 14 (2.0) 13 (1.9)
Both 18 (2.6) 10 (1.5)
Surgical site infection 50(7.3) 11 (1.6) 61 (4.5) <0.001
Tleus 38 (5.6) 43 (6.3) 81(5.9) 0.647
Anastomotic leakage 11 (1.6) 7(1.0) 18 (1.3) 0.478
Intra-abdominal fluid collection 7(1.0) 5(0.7) 12 (0.9) 0.773
Intra-abdominal abscess 11 (1.6) 2(0.3) 13 (1.0) 0.022
Intraluminal bleeding 4(0.6) 6(0.9) 10 (0.7) 0.753
Intra-abdominal bleeding 2(0.3) 3(0.4) 5(0.4) 1.000
Postop mortality (< POD30) 1(0.1) 0(0.0) 1(0.1) 1.000
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Table 3 Univariate and

A - Factors Univariate Multivariate
multivariate analysis of
factors affecting postoperative HR (95% CI) P HR (95% CI) P
morbidity
Age (>60 years) 1.275 (1.003-1.621) 0.048 1.510 (1.206-1.889) <0.001
Male 1.408 (1.117-1.774) 0.004 1.387 (1.112-1.730) 0.003
BMI (>25) 1.054 (0.818-1.358) 0.682
ASA score 34 1.898 (1.064-3.384) 0.030 3.048 (1.763-5.270) <0.001
Adjuvant CTx 1.692 (1.314-2.180) <0.001 1.588 (1.279-1.972) <0.001
Open approach 1.173 (0.931-1.480) 0.176
Transfusion (+) 2.129 (1.364-3.323) 0.001 2.540 (1.688-3.822) 0.001
TNM stage I1I 1.453 (1.097-1.923) 0.009 1.252 (1.007-1.558) 0.044
CTx chemotherapy
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older, adjuvant chemotherapy, open approach, TNM stage
III, lymphatic invasion, and vascular invasion. Multivariate
analysis identified age 60 or older, adjuvant chemotherapy,
open approach, TNM stage III, and vascular invasion as
independent prognostic factors.

Analysis of prognostic factors affecting 5-year DFS is
shown in Table 4. Age 60 or older, open approach, intra-
operative transfusion, TNM stage III, and lymphatic, peri-
neural, and vascular invasion were prognostic factors for
5-year DFS in the univariate analysis. All of the above fac-
tors remained as independent prognostic factors in the mul-
tivariate analysis.
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Patterns of recurrence

Among the 2249 patients with right-sided colon cancer
who underwent curative primary tumor resection, 290
(12.9%) showed recurrence during the follow-up period
(Table 5). Among all patients with tumor recurrence, 46
(2.0%) showed local recurrence, and 273 (12.1%) had
a systemic recurrence. The most common sites of sys-
temic recurrence were the liver (n =281, 3.9%) and peri-
toneal seeding (n =49, 2.2%), followed by para-aortic LN
(n=38, 1.8%), lung (n=34, 1.6%), and ovary (n=10,
0.5%). Between the two groups, the laparoscopy group
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Table 4 Univariate and multivariate analysis of factors affecting 5-year overall and disease-free survival
Factors Overall survival Disease-free survival

Univariate Multivariate Univariate Multivariate

P HR (95% CI) P p HR (95% CI) P
Age (> 60 years) <0.001 2.225 (1.723-2.873) <0.001 0.007 1.458 (1.149-1.852) 0.002
Male 0.378 0.205
BMI (>25) 0.289 0.515
ASA score 3-4 0.617 0.373
Adjuvant CTx <0.001 0.816 (0.648-1.027) 0.083 0.637
Retrieved LNs> 12 0.149 0.425
Open approach <0.001 3.920 (2.754-5.580) <0.001 0.001 1.726 (1.344-2.216) <0.001
Transfusion (+) 0.382 0.039 2.280 (1.513-3.436) <0.001
TNM stage 111 <0.001 2.975 (2.355-3.757) <0.001 <0.001 3.918 (3.064-5.012) <0.001
Lymphatic invasion 0.010 2.457 (1.385-4.360) <0.001 2.942 (2.334-3.708) <0.001
Perineural invasion 0.293 0.002 2.657 (1.965-3.593) <0.001
Vascular invasion 0.002 2.967 (2.237-3.935) <0.001 0.004 3.346 (2.537-4.412) <0.001

Table 5 Patterns of recurrences

Before propensity score matching

After propensity score matching

before and after propensity

score matching Open Laparoscopic  p Open Laparoscopic  p
(n=1239) (n=1010) (n=683) (n=683)
Systemic recurrence 186 (15.0) 84 (8.3) <0.001 95(13.9) 60 (8.8) 0.004
Recurrence type 0.007 0.138
Liver 62 (5.0) 28 (2.8) 29 (4.2) 21 (3.1)
Peritoneal seeding 32 (2.6) 16 (1.6) 13 (1.9) 13 (1.9)
Paraaortic lymph node 31 (2.5) 12 (1.2) 20 (2.9) 9 (1.3)
Lung 18 (1.5) 16 (1.6) 14 (2.0) 8(1.2)
Ovary 6 (0.5) 4(0.4) 4(0.6) 2 (0.3)
Local recurrence 38 (3.1) 9(0.9) <0.001 22(3.2) 6(0.9) 0.003
Recurrence type 0.004 0.002
Anastomosis site 26 (2.1) 4(0.4) 16 (2.3) 1(0.1)
Trocar site 1(0.1) 1(0.1) 1(0.1) 1(0.1)
Pancreas lymph node 1(0.1) 0 (0.0) 1(0.1) 0(0.0)
showed less systemic recurrences during follow-up Discussion

(p=0.007, 15.0 vs. 8.3%). Local recurrence was observed
in 37 (3.0%) patients in the open group and 9 (0.9%)
patients in the laparoscopic group (p <0.001). Locore-
gional tumor recurrences were mostly diagnosed at the
anastomosis site (n =33, 1.5%), abdominal wall or trocar
site (n=2, 0.1%), or common hepatic artery (n=2, 0.1%).
Only one patient who underwent open mCME had lymph
node recurrence in peri-pancreatic region.

In matched cases, the systemic recurrences (p =0.004,
13.9 vs. 8.8%) and local recurrences (p =0.003, 3.2 vs.
0.9%) were higher in the open group.

Complete mesocolic excision involves resection of the tumor
by sharp dissection of the visceral fascia from the parietal
fascia layer together with the entire mesocolic fascia and
surrounding soft tissue in an intact package. It removes hid-
den tumor deposits and avoids interruption of lymphatic
and vascular drainage that may cause peritoneal cancer cell
spillage. Although the term CME with CVL was first intro-
duced by Hohenberger et al. [5], the procedure may not be
a new one because similar concepts have previously been
used by many surgeons. For instance, D3 lymphadenectomy,
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which is a similar technique to CME, is the standard care
for clinical stage II and III colon cancer in Japan. Although
the techniques share several similar concepts, there is some
controversy regarding differences in surgical extent between
D3 lymphadenectomy and CME with CVL. CME is a very
aggressive surgical technique, and several surgeons have
expressed concerns about an increased risk of postopera-
tive morbidities.

In the present study, we performed modified CME with
CVL for right-sided colon cancer. The results showed com-
parable pathologic results and long-term outcomes to those
originally reported for CME by Hohenberger et al. [5]. As
expected, overall and disease-free survival rates of the origi-
nal CME data were comparable to those of other studies [,
21-23]. Without removal of the retropancreatic lymph node
and gastroepiploic lymph node, there was a rare recurrence
in these areas in the present study, and the recurrence in
these areas or lymph nodes has been rarely reported.

The median number of lymph nodes retrieved in our
study was 27, which is smaller than that of Hohenberger
et al. (median 32) [5] but equivalent to other CME studies
[4,5,21,23-27]. The RO resection rate of 97.6% was identi-
cal to that of Hohenberger et al. (97.4%), and both studies
excluded stage IV patients. The 5-year local recurrence rate
for curative resection of 2.9% in this study was lower than
that reported by Hohenberger et al. (4.9%) [5]. For cura-
tive resection, the 5-year overall survival rate of 86.9% was
higher than the rates of 65.0% reported by West et al. [6]
and 76.4% reported by the COST trial [28]; Hohenberger
et al. did not report 5-year OS rates. The CLASSIC trial
reported a 3-year OS of 68.4% [29]. This study showed a
high 5-year disease-specific survival rate of 90.8 and 81.8%
in all patients and those with stage III disease, respectively.
These results were higher than those reported by Hohen-
berger et al. (90.8 vs. 85.0%) [5] and the Erlangen group
(5-year DSS 89.0% for all stage and >90.0% for stage III
patients) [30]. Furthermore, about the site of local recur-
rence, our results showed only one patient with regional
recurrence in pancreatic lymph node. Our results of long-
term oncologic outcomes indicate that mCME is an effective
locoregional treatment for right-sided colon cancer, compa-
rable to the original CME procedure.

We also compared the laparoscopic and open mCME
groups before and after propensity score matching. The
laparoscopic mCME was better than open mCME in terms
of short- and long-term outcomes for right-sided colon can-
cer. However, although laparoscopic surgery may provide
more favorable short-term outcomes, laparoscopic CME is
difficult to perform because of the complex and variable
vascular anatomy of the right colon. There are only a few
reports on long-term follow-up after laparoscopic CME or
comparing long-term outcomes between laparoscopic and
open surgeries.

@ Springer

With respect to short-term outcomes, our study showed
that laparoscopic mCME with CVL was both feasible
and safe, with faster postoperative recovery than the open
approach. Although the total operation time was signifi-
cantly longer in the laparoscopic group, there was no signifi-
cant difference in overall postoperative morbidity. Moreo-
ver, surgical site infection rate was significantly lower in the
laparoscopic group compared with the open group.

The laparoscopic mCME specimens were comparable to
those of open mCME in amount and quality in terms of
proximal margin, distal margin, and radial margin. Recently,
some studies have reported the importance of retrieved
lymph node number after colon cancer surgery for onco-
logic outcome and have shown that a higher lymph node
yield is associated with higher survival rates [8, 31]. The
median number of lymph nodes harvested was 26 and 29 in
the laparoscopic and open groups, respectively (p =0.005).
There were several possible explanations for this differ-
ence: in some cases of open surgery, more meticulous
lymph node dissection could be performed. When compar-
ing patient demographics, an open approach was preferred
if the tumor is locally advanced and staged as T4a or T4b,
or for a greater tumor size. In the advanced stage, we might
have a more aggressive dissection of the lymph nodes over
the head of the pancreas or along the gastroepiploic arcade.
However, the difference in the number of harvested lymph
nodes between the two groups might be related to the total
length of the specimen. In a comparative study [30], the
lymph node number was associated with the length of speci-
men without a difference in oncologic outcomes. In previous
studies, the mean number of harvested lymph nodes after
right-sided colon cancer surgery ranged from 15 to 35 for
open CME and from 19 to 34 for laparoscopic CME [4, 5,
21, 23-27]. Although open mCME allows removal of more
lymph nodes than laparoscopic mCME, both the open and
laparoscopic approaches satisfy the current recommendation
of a minimum of 12 lymph nodes [32]. The clinical signifi-
cance of greater nodal clearance by open mCME should be
studied further. Although in our study laparoscopic mCME
showed significantly smaller proximal and distal margins
than the open approach, both groups satisfied the traditional
5 or 10-cm rule for proximal and distal margins [5, 30, 33,
34]. Our findings agreed with previous results showing that
laparoscopic CME is feasible and safe with respect to patho-
logic outcomes [25-27, 35].

Regarding long-term oncologic outcomes, laparoscopic
mCME showed significantly better results than open
mCME in our study. The multivariate analysis showed that
an open surgical approach was an independent risk fac-
tor for decreased 5-year overall and disease-free survival
rates. There are several suggestions for the better oncologic
outcomes in the laparoscopic group. First, of course, there
was a selection bias because laparoscopic surgery was more
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frequently performed in patients with early-stage tumors.
In the present study, more T4 cases were involved in the
open group, even after propensity matching including the
stage. This mismatching of T4 cancer seemed to be one of
the reasons for the poor oncologic outcomes in the open
group. However, in the sub-group analysis for only T4 can-
cer between the two groups, three was a difference regard-
ing the OS and no difference regarding the DFS and LRFS.
Based on our data, even for T4 cancers in the right side
colon, a laparoscopic approach might give better oncologic
outcomes. The mechanism of this phenomenon may be the
subject of further research. Second, another possible statisti-
cal confounding factor may be the shorter follow-up period
in the laparoscopic group. Third, many laparoscopic cases
were conducted in a relatively recent period compared to
the open group. Despite the lack of a difference in chemo-
therapy between the two groups, improved chemotherapy
regimens and improvements in the operative technique could
have contributed to reduced local recurrence rates in patients
who underwent laparoscopic resection. Finally, there is a
possibility of the laparoscopic technique itself providing
oncologic benefits, including less handling of the tumor and
better immune function after surgery.

There are selected reports on long-term outcomes of lapa-
roscopic CME for right-sided colon cancer, but this study
is the one of the largest cohort studies comparing long-
term follow-up results of laparoscopic CME vs. open CME
for right-sided colon cancer. Takatoshi et al. performed a
case-matched comparison between laparoscopic and open
right hemicolectomy with excellent long-term oncologic
outcomes in the laparoscopic group [36]. There are also
nonrandomized comparative studies that have shown bet-
ter long-term oncologic outcomes in the laparoscopic group
compared with the open group [27, 37, 38]. In contrast, Bae
et al. reported comparable long-term oncologic outcomes
between the laparoscopic and open groups [21] and several
studies have not shown any significant difference in survival
between the two groups [28, 36, 39—41].

Cho et al. [27] reported that both 5-year OS and 5-year
DSS rates were significantly better in the minimally inva-
sive surgery group than in the open group (89.8 vs. 82.4%,
p=0.023;90.8 vs. 84.2%, p=0.015, respectively). However,
they did not analyze demographics such as age, sex, ASA
score, BMI, and TNM stage in each group. These factors
might have influenced postoperative outcomes, includ-
ing morbidity and oncologic outcomes. In this study, age,
sex, BMI, and ASA score 3 or 4 did not differ significantly
between the two groups. Furthermore, when compared over-
all survival rates between the laparoscopic and open mCME
groups, the laparoscopic group showed better oncologic out-
comes when stratified by TNM stages. Bae et al. also showed
a better overall survival rate in the laparoscopic group, but
their analysis did not include stratification by TNM stages

[21]. The benefits of a laparoscopic approach include a sig-
nificantly better postoperative outcome that allows a shorter
hospital stay with a faster return to normal life. These factors
may positively influence the oncologic outcome, allowing
early treatment with adjuvant chemotherapy, better accept-
ance of repeated operations for recurrence, and preservation
of immune function.

There were several limitations in this study. First, this
was a retrospective study with a single-center design. Sec-
ond, the follow-up period was shorter in the laparoscopic
group. This was mainly because most of the laparoscopic
procedures were performed in the later part of the study,
and this difference may have influenced recurrence rates as
well as long-term overall and disease-free survival. Despite
these limitations, we analyzed a large number of patients
who underwent laparoscopic modified complete mesocolic
excision.

In conclusion, modified complete mesocolic excision
is comparable to the original CME procedure in terms of
short- and long-term outcomes. Laparoscopic mCME for
right-sided colon cancer showed short-term benefits in
terms of faster recovery and reduced surgical site infection.
Moreover, laparoscopic mCME demonstrated better onco-
logic outcomes than open mCME. This study suggested that
laparoscopic mCME is a safe and effective procedure for
right-sided colon cancer with potential oncologic benefits.
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