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Abstract
Aim: In response to the rising use of laparoscopic surgery, recent studies have shown 
that laparoscopic multivisceral resections for locally advanced colon cancer are safe, 
feasible, and provide acceptable oncological outcomes. However, the usefulness of 
laparoscopic multivisceral resection remains controversial. Here, we aimed to com-
pare short-term and long-term outcomes between laparoscopic and open multivis-
ceral resection approaches for treating locally advanced colon cancer.
Methods: We retrospectively collected data on 1315 consecutive patients admitted 
to the National Hospital Organization, Osaka National Hospital, for surgical treat-
ment of colorectal cancer between 2010 and 2017. We assessed invasiveness in 
terms of operating times, blood loss, and complications. Oncological outcomes in-
cluded 5-year survival rates and recurrences.
Results: We included 85 patients that underwent a colectomy with a multivisceral 
resection for locally advanced colon cancer; of these, 38 were treated with a laparo-
scopic approach and 47 were treated with an open approach. Compared to the open 
surgery group, the laparoscopic group had significantly less blood loss (median vol-
ume: 25 vs 140 mL, P <0.001), a lower complication rate (10.5% vs 29.8%, P = 0.036), 
and shorter hospital stays (12 vs 15 days, P = 0.028). After excluding patients with 
stage Ⅳ colon cancer, the groups showed similar pathologic outcomes and no signifi-
cant differences in 5-year disease-free survival (73.9% vs 67.4%; P = 0.664) or 5-year 
overall survival (75.8% vs 67.7%; P = 0.695).
Conclusion: A laparoscopic approach for locally advanced colon cancer could be less inva-
sive than an open approach without affecting oncological outcomes in selected patients.

K E Y W O R D S

laparoscopic surgery, locally advanced colon cancer, long-term outcomes, multivisceral 
resection, short-term outcomes

www.AGSjournal.com
mailto:￼
https://orcid.org/0000-0002-8627-1308
http://creativecommons.org/licenses/by-nc/4.0/
mailto:miyo.masaaki.rq@mail.hosp.go.jp


     |  677MIYO et al.

1  | INTRODUC TION

Due to advances in surgical techniques, instrumentation, and knowl-
edge of anatomy in the field of colorectal cancer, surgical invasive-
ness has been reduced by performing a laparoscopic colectomy. The 
laparoscopic colectomy can be applied to a wide range of condi-
tions—from early to advanced cancer and from colon cancer to rectal 
cancer. Large-scale randomized controlled trials and meta-analyses 
have indicated that laparoscopic surgery for colon cancer is equiv-
alent or better than open surgery with regard to safety, feasibility, 
blood loss, postoperative pain, cosmesis, length of hospital stay, and 
oncological outcomes.1–10

Locally advanced colorectal cancers sometimes invade or adhere 
to adjacent organs. In those cases, it is often difficult to determine 
whether adhesions between the tumor and the adjacent organs are 
due to a malignant invasion or a benign inflammatory change; conse-
quently, radical removal requires an en bloc multivisceral resection 
with a safe margin.11,12 In those cases, several guidelines recommend 
open surgery, including the European Association of Endoscopic 
Surgery, the Society of American Gastrointestinal and Endoscopic 
Surgeons, and the French Society of Digestive Surgery, because 
serious complications are associated with extended en bloc multi-
visceral resections. Moreover, little evidence has been published on 
oncological outcomes with laparoscopic surgery.13–15 The Japanese 
Society for Cancer of the Colon and Rectum (JSCCR) also stated that 
the indications for performing laparoscopic surgery to treat locally 
advanced colorectal cancers should be carefully considered, based 
on findings from the open-label, multi-institutional, randomized, 
phase III trial, JCOG0404.16

In response to the rising use of laparoscopic surgery, recent 
studies have demonstrated that laparoscopic multivisceral resec-
tions are safe, feasible, and provide acceptable oncological out-
comes.17,18 However, the usefulness of laparoscopic multivisceral 
resections for treating locally advanced colorectal cancers re-
mains controversial, and no reports have discussed long-term out-
comes for laparoscopic multivisceral resections with a sufficient 
median follow-up period (i.e., >5 years). Currently, data are avail-
able for long-term outcomes, including survival and recurrence, 
from a sufficiently long follow-up. Therefore, the present study 
investigated patients with locally advanced colon cancer that un-
derwent laparoscopic or open multivisceral resections and were 
followed for a median of >5 years. We compared the short- and 
long-term outcomes between the laparoscopic and open surgical 
approaches.

2  | MATERIAL S AND METHODS

2.1 | Patients

We retrospectively collected data on 1315 consecutive patients 
that were admitted to the National Hospital Organization, Osaka 
National Hospital, for surgical treatment of colorectal cancer 

between 2010 and 2017. We identified all patients that underwent a 
colectomy with a multivisceral resection for a locally advanced colon 
cancer that had invaded or adhered to adjacent organs. Of these, we 
included all patients that underwent emergency surgery or a primary 
tumor resection with distant metastases and patients with bowel 
obstructions that were palliated with a colonic stent, ileus tube, and 
stoma before surgery. We excluded patients with rectal cancer or a 
recurrence of colorectal cancer.

We reviewed medical and pathology reports to collect data 
on clinicopathological parameters, including: sex, age, body mass 
index (BMI), physical status according to American Society of 
Anesthesiologists classifications (ASA-PS), the diameter and location 
of the tumor, preoperative complications and treatment, the opera-
tion type, depth of tumor invasion, lymph node metastasis, lymphatic 
invasion, venous invasion, the pathologic stage, proximal and distal 
resection margins, the histological type, and the recurrence site. 
We also collected information on perioperative outcomes, including 
operating time, blood loss volume, removal of adjacent structures, 
conversion to open surgery, postoperative complications, length of 
postoperative hospital stay, and mortality. Complications were de-
fined as those classified as grade II or higher in the Clavien–Dindo 
classification system. The follow-up included physical examinations 
and blood tests, performed every 3 months for 3 years after the op-
eration, and every 6 months thereafter. Computed tomography (CT) 
was performed every 6 months. Overall survival (OS) was defined as 
the time from surgery to the date of death from any cause. Disease-
free survival (DFS) was defined as the time from surgery to the date 
of recurrence or death from any cause. Previous abdominal surgery 
was categorized into major surgery (all resections of the gastrointes-
tinal tract, with the exception of cholecystectomy, any kind of perfo-
ration, bleeding or peritonitis) or minor surgery (isolated abdominal 
wall procedures, cholecystectomy, appendectomy, and other limited 
intra-abdominal procedures), as described in the previous report by 
Neeff et al.19

Written informed consent was provided by all patients that par-
ticipated in this study. This study was approved by the Institutional 
Review Board for Studies in Humans (approval number 19-77).

2.2 | Surgical techniques

Radical resections were performed with either open or laparo-
scopic surgery. In both cases, a central vascular ligation was per-
formed, and the entire mesocolon and all lymph nodes around the 
vessels supplying the tumor were removed. Standard laparoscopic 
surgery for colon cancer at our institution was described previ-
ously.20 Briefly, laparoscopic surgery was performed with five 
ports, including the first 12-mm trocar in the umbilicus as a camera 
port, another 12-mm trocar, and three 5-mm trocars. Basically, a 
right hemicolectomy was achieved via a retroperitoneal approach, 
and a left hemicolectomy, sigmoidectomy, and anterior resec-
tion were performed with a medial-to-lateral approach. However, 
the approach was changed, according to tumor status. The final 
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incision was extended as little as possible to pull the specimen 
out through the umbilical incision. Which procedure would be 
performed depended on surgeon's techniques and the demands 
of the patient. As our technical skills have matured, the range of 
application of laparoscopic surgery has been expanded, and cases 
with laparoscopic multivisceral resection have increased over 
time. In fact, until 2012, open multivisceral resections were more 
common than laparoscopic multivisceral resections in our hospital 
(percentage of laparoscopy: 34.5%). However, since 2013, the pro-
portion of laparoscopies has increased (62.9%); indeed, the most 
recent multivisceral resections were performed with laparoscopic 
surgery, except for difficult cases, such as cases requiring a pan-
creatoduodenectomy or cases with tumors >10 cm or advanced 
peritoneal dissemination.

In cases with bowel obstruction, a colonic stent or ileus tube was 
used as a bridge to surgery because postoperative complications and 
mortality rates are lower with elective surgery than with emergency 
surgery.21 According to JSCCR guidelines, the decision to perform a 
radical resection of the primary tumor with distant metastasis was 

based on a comprehensive assessment of clinical conditions for each 
patient. These assessments included the symptoms related to the 
primary tumor, the metastatic status, the general condition of the 
patient, the prognosis, the risk of surgical complications, and the ef-
fect of resection.22

2.3 | Statistical analysis

Statistical analyses were performed with JMP Pro 14 software 
(SAS Institute, Cary, NC). Significant differences between groups 
were evaluated with the Mann–Whitney test, χ2 test, or Fisher's 
exact test, as appropriate. OS and DFS were analyzed with the 
Kaplan–Meier method, and differences between the two groups 
were assessed with the log-rank test. Probabilities < 0.05 were 
considered statistically significant. Propensity scores were calcu-
lated for each patient with bivariate logistic regression on the basis 
of the following covariates: preoperative abscess/perforation, 
depth of tumor invasion, and pathologic stage. These propensity 

Characteristic
Lap
(N = 38)

Open
(N = 47) P† 

Sex, male/female 19/19 24/23 1.000‡ 

Age, years 70 (45-90) 70 (39-94) 0.863

BMI, kg/m2 22.7 (16.1-30.2) 21.9 (16.2-31.2) 0.155

ASA-PS 0.505‡ 

≤2 25 (65.8%) 27 (57.5%)

>2 13 (34.2%) 20 (42.5%)

Previous major abdominal 
surgery

4 (10.5%) 3 (6.4%) 0.695‡ 

Previous minor abdominal 
surgery

10 (26.3%) 10 (21.3%) 0.616‡ 

Maximum diameter of tumor, 
mm

61.5 (25-150) 71.5 (25-140) 0.395

Tumor location 1.000‡ 

Right side 16 (42.1%) 19 (40.4%)

Left side 22 (57.9%) 28 (59.6%)

Preoperative complication 5 (13.2%) 11 (23.4%) 0.274‡ 

Bowel obstruction 4 (10.5%) 5 (10.6%)

Abscess/perforation 1 (2.6%) 6 (12.8%)

Preoperative treatment 4 (10.5%) 5 (10.6%) 1.000‡ 

Stent/ileus tube 3 (8.1%) 4 (8.5%)

Stoma creation 1 (2.7%) 1 (2.1%)

Preoperative therapy 0 2 (4.3%) 0.500

Chemotherapy 0 1 (2.1%)

Chemoradiotherapy 0 1 (2.1%)

Note: Data are expressed as the median (range) or n (%), as indicated.
Abbreviations: ASA-PS, American society of Anaesthesiologists - Physical Status; BMI, body mass 
index.
†P-values were determined with the Mann–Whitney test or 
‡Fisher's exact test. 

TA B L E  1   Characteristics of patients 
with colon cancer treated with a 
laparoscopic (Lap) or open (Open) 
multivisceral resection
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scores (caliper = 0.2) were used to match patients in the laparo-
scopic surgery group 1:1 with those in the open surgery group.

3  | RESULTS

3.1 | Patient characteristics

This study included a total of 85 patients that underwent a colec-
tomy with a multivisceral resection for locally advanced colon 
cancer. Of these patients, 38 underwent laparoscopy and 47 un-
derwent open surgery. The patient characteristics between the 
laparoscopy and open surgery groups were not significantly dif-
ferent with regard to sex, age, BMI, ASA-PS, or rates of previous 
abdominal surgery (Table 1). The two groups were similar, in terms 
of the distributions of tumor diameters and tumor locations and 
the proportions of preoperative complications, preoperative treat-
ments, and preoperative therapies. The patients in the open sur-
gery group tended to be in poorer condition compared with those in 
the laparoscopic surgery group, because the proportion of patients 
with ASA-PS of > 2 and with abscess/perforation was high in the 
open surgery group.

3.2 | Perioperative outcomes

The two groups had similar median operating times, but the lapa-
roscopy group experienced significantly less blood loss (Table 2). 
Similar results were obtained only in patients who required re-
moval of solid organs (Table S1). Two cases (5.3%) required con-
version to open surgery due to uncontrolled bleeding and tumor 
invasion into the trigone of the bladder that made it difficult 
to determine whether partial cystectomy or total cystectomy 
should be performed. Compared to the open surgery group, 
the laparoscopy group showed a lower rate of complication and 
shorter hospital stays. There were no deaths within 30 days of 
surgery in either group. The most common adjacent structures 
removed in the laparoscopy and open surgery groups, respec-
tively, were the abdominal wall (17 vs 18), the retroperitoneum 
(6 vs 14), the small intestine (6 vs 14), and the bladder (6 vs 6) 
(Table 3). The number of patients who required removal of solid 
organs was 18 (47.4%) in the laparoscopic surgery group and 28 
(59.6%) in the open surgery group. Two or more structures were 
removed in nine patients (23.7%) in the laparoscopic surgery 
group and 24 patients (51.1%) in the open surgery group. These 
data suggested that more advanced cases were included in the 
open surgery group.

TA B L E  2   Perioperative outcomes of patients with colon cancer 
treated with a laparoscopic (Lap) or open (Open) multivisceral 
resection

Outcome
Lap
(N = 38)

Open
(N = 47) P† 

Operating time, 
min

208 (108-995) 180 (94-561) 0.155

Blood loss 
volume, mL

25 (0-3170) 140 (0-2780) <0.001

Conversion to 
open surgery

2 (5.3%)

Complications 4 (10.5%) 14 (29.8%) 0.036‡ 

Pneumonia 1 (2.6%) 4 (8.5%)

Wound 
infection

0 4 (8.5%)

Urinary tract 
infection

0 3 (6.4%)

Ileus 1 (2.6%) 1 (2.1%)

Anastomotic 
leakage

2 (5.3%) 0

Bleeding 0 1 (2.1%)

Other 0 1 (2.1%)

Mortality 0 0

Length of 
postoperative 
hospital stay, 
days

12 (6-47) 15 (6-64) 0.028

Note: Data are expressed as the median (range) or n (%), as indicated.
†P-values were determined with the Mann–Whitney test or 
‡Fisher's exact test. 

TA B L E  3   Adjacent structures removed in patients with 
colon cancer treated with a laparoscopic (Lap) or open (Open) 
multivisceral resection

Structure
Lap
(N = 38)

Open
(N = 47)

Abdominal wall 17 18

Retroperitoneum 6 14

Small intestine 6 14

Bladder 6 6

Omentum 4 4

Other parts of colorectum 3 5

Ovary 3 3

Gonadal vessels 1 4

Seminal vesicle 1 2

Prostate 1 2

Pancreas 0 3

Ureter 0 2

Spleen 0 2

Uterus 2 0

Iliac vessels 0 1

Iliopsoas 0 1

Duodenum 0 1

Stomach 0 1

Kidney 0 1

Liver 1 0

Note: Values are the number of structures removed. In some patients, 
more than one structure was removed.
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3.3 | Pathologic and oncological outcomes

Each group included 32 patients, after excluding stage Ⅳ cases 
(Table 4). We did not observe any significant differences in patho-
logic parameters between the two groups, in terms of the depth of 
tumor invasion, lymph node metastasis, venous invasion, pathologic 
stage, lymphatic invasion, venous invasion, proximal margin, distal 

margin, resection margin, or histological type. The two groups in-
cluded similar proportions of patients that received adjuvant chemo-
therapy (Table 5). Recurrence rates were similar between the two 
groups (25.0% vs 28.1%; P = 1.000), and the most common recur-
rence site was the liver in both groups.

The median follow-up periods were similar between the lapa-
roscopy group (61.5 months, range: 3.0-111.1 months) and the open 
surgery group (65.2 months, range: 7.5-119.4 months; P = 0.347). 
The laparoscopic and open surgery groups did not differ significantly 
in the 5-year DFS (73.9% vs 67.4%; P = 0.664) or OS (75.8% vs 67.7%; 
P = 0.695; Figure 1A,B). No difference between the two groups was 
observed even in patients who required removal of solid organs in 
the 5-year DFS (64.6% vs 62.1%; P = 0.915) or OS (70.1% vs 63.6%; 
P = 0.969; Figure S1A,B). We applied propensity score matching 
considering the effect of several biases that might result from the 
retrospective nature of this study. After propensity score matching, 
there was no significant difference of oncologic outcomes between 
the two groups (Figure S2 and Table S2).

4  | DISCUSSION

Only a few previous reports have assessed the long-term out-
comes for laparoscopic multivisceral resections of locally advanced 

TA B L E  4   Pathologic outcomes (Stage IV excluded) of patients 
with colon cancer treated with a laparoscopic (Lap) or open (Open) 
multivisceral resection

Outcome
Lap
(N = 32)

Open
(N = 32) P† 

Depth of tumor 
invasion

0.313§ 

T3 16 (50.0%) 11 (34.4%)

T4a 5 (15.6%) 4 (12.5%)

T4b 11 (34.4%) 17 (53.1%)

Lymph node 
metastasis

1.000

Positive 10 (31.3%) 11 (34.4%)

Negative 22 (68.7%) 21 (65.6%)

Pathologic stage 1.000

II 22 (68.8%) 21 (65.6%)

III 10 (31.2%) 11 (34.4%)

Lymphatic invasion 0.203

Positive 22 (68.8%) 16 (50.0%)

Negative 10 (31.2%) 16 (50.0%)

Venous invasion 1.000

Positive 19 (59.4%) 19 (59.4%)

Negative 13 (40.6%) 13 (40.6%)

Proximal margin 0

Negative 32 (100%) 32 (100%)

Positive 0 0

Distal margin 0

Negative 32 (100%) 32 (100%)

Positive 0 0

Resection margin 0.536

Negative 27 (84.4%) 24 (75.0%)

Positive 5 (15.6%) 8 (25.0%)

R0 resection rate 27 (84.4%) 24 (75.0%) 0.536

Histological type 1.000

tub1, tub2, pap 29 (90.6%) 29 (90.6%)

por, muc 3 (9.4%) 3 (9.4%)

Note: Data are expressed as n (%).
Abbreviations: muc, mucinous carcinoma; pap, papillary 
adenocarcinoma; por, poorly differentiated adenocarcinoma; tub1, 
well-differentiated adenocarcinoma; tub2, moderately differentiated 
adenocarcinoma.
†P-values were determined with Fisher's exact test or 
§χ2 test. 

TA B L E  5   Oncological outcomes in patients with colon cancer 
(Stage IV excluded) treated with a laparoscopic (Lap) or open (Open) 
multivisceral resection

Outcome variable
Lap
(N = 32)

Open
(N = 32) P† 

Adjuvant chemotherapy 0.799

No 18 (56.2%) 20 (62.5%)

Yes 14 (43.8%) 12 (37.5%)

UFT/UZEL 8 (25.0%) 3 (9.4%)

XELOX 5 (15.6%) 4 (12.5%)

Xeloda 1 (3.1%) 2 (6.3%)

FOLFOX 0 2 (6.3%)

TS-1 0 1 (3.1%)

Recurrence 8 (25.0%) 9 (28.1%) 1.000

Liver 6 (18.8%) 2 (6.3%)

Lung 0 2 (6.3%)

Distant lymph node 1 (3.1%) 0

Bladder 0 1 (3.1%)

Retroperitoneum 0 1 (3.1%)

Iliopsoas 0 1 (3.1%)

Peritoneum 0 1 (3.1%)

Other local recurrence 1 (3.1%) 1 (3.1%)

Note: Data are expressed as the number (%) of patients.
Abbreviations: FOLFOX, 5-fluorouracil with leucovorin and oxaliplatin; 
UFT/UZEL, tegafur-uracil and leucovorin; XELOX, xeloda with 
oxaliplatin.
†P-values were determined with Fisher's exact test. 
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colorectal cancers. Nishikawa et al reported that a laparoscopic ap-
proach was non-inferior to an open approach in terms of DFS (me-
dian 3-year DFS: 56.7% vs 62.7%; P = 0.578).18 In another study, 
Takahashi et al reported that OS and DFS were comparable between 
the laparoscopic and open surgery groups (median 3-year OS: 92.8% 
vs 79.8%).23 To our knowledge, no reports on laparoscopic multi-
visceral resections have discussed long-term outcomes with a suf-
ficient follow-up period (>5 years). The present study was the first 
to present detailed oncologic outcomes with a sufficient median 
follow-up period of 61.5 months.

The 5-year DFS rates for the laparoscopic and open surgery 
groups in our study were 73.9% and 67.4%, respectively, compa-
rable to those previously reported for open surgery (i.e., 56.9%-
66.8%).18,24,25 However, it is difficult to compare our results to results 
from previous studies that performed multivisceral resections, due 
to differences between studies, including the depth of tumor inva-
sion, the presence of lymph node metastasis, and the pathologic 
stage. The rates of pT4b were reported to be 28.2%-70.0%, among 
patients undergoing multivisceral resections for colorectal cancer. 
Our pT4b rates were similar, with 34.4% in the laparoscopy group 
and 53.1% in the open surgery group.12,18,23 Similar to previous stud-
ies, we found that laparoscopic surgery was associated with a lower 
pT4b rate than open surgery. However, this finding might have been 
affected by a selection bias, because more advanced cases were 
included in the open surgery group; this was one limitation in our 
retrospective study. Alternatively, the lower pT4b rate might have 
been due to the magnifying effect of laparoscopic surgery. Indeed, 
small inflammatory changes between the tumor and the adjacent or-
gans were more likely to be detected during laparoscopic surgery 
compared to open surgery; thus, surgeons were more likely to resect 
these areas with the laparoscopic approach, compared to the open 
approach.

The R0 resection is the most important factor in curing col-
orectal cancer with a multivisceral resection.26 Previous studies on 
multivisceral resections reported R0 resection rates of 68.4%-100% 

with laparoscopy and 68.8%-98.5% with open surgery. Thus, our 
R0 resection rates were within the published range, but on the 
low end.18 Our results might have been affected by the pathologi-
cal diagnosis, because suspicious cases, for example, cases where 
cauterized cancer cells near the excised edge, were included in the 
positive resection margin group. Kim et al reported that the local 
recurrence rates of multivisceral resections in the laparoscopic and 
open surgery groups were 7.7% and 27.3%, respectively.27 In our 
study, local recurrences occurred in one patient in the laparoscopy 
group (3.1%) and in five patients in the open surgery group (15.6%), 
which suggested that our oncological clearance rate was acceptable. 
Liver recurrence rates in the laparoscopic surgery group seemed 
to be higher than that in the open surgery group (18.8% vs 6.3%; 
P = 0.257). This might result from some bias induced by the small 
number of cases, considering the report by Hasegawa et al showing 
that laparoscopic and open colectomy demonstrated comparable 
overall colon cancer recurrence rates and recurrence sites.28 Our 
data supported the notion that our laparoscopic approach provided 
long-term outcomes similar to those provided with the open ap-
proach, but with less invasiveness.

Our study had several limitations. First, we studied a small 
number of cases and all patients were treated in a single insti-
tution. Some bias might be induced by the difference of charac-
teristics in patients, including rates of previous major and minor 
abdominal surgery that were not significantly different between 
the laparoscopic and open surgery groups. How to deal with pa-
tients who underwent previous abdominal surgery in the progno-
sis analysis was debatable, because the extent of intraperitoneal 
adhesion might affect surgical difficulty. Second, the determina-
tion of the operation type, open or laparoscopic surgery, was in-
consistent, because it was determined by the attending physician. 
The maturation of our technical skills has expanded the applica-
tion of laparoscopic surgery to locally recurrent colorectal cancers 
that require a total pelvic exenteration or a sacral resection. We 
believe that laparoscopic surgery provides advantages over open 

F I G U R E  1   Kaplan-Meier curves show survival after a laparoscopic multivisceral resection (Lap) or open multivisceral resection (Open). 
Five-year courses are shown for (A) disease-free survival and (B) overall survival; differences between the laparoscopic and open approaches 
were assessed with the log-rank test. Ordinate: survival rate; abscissa: months after surgery
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surgery, such as reduced blood loss, due to the pneumoperito-
neum pressure applied, particularly in highly difficult surgeries, 
including multivisceral resections.29 Additional evidence is neces-
sary to confirm the utility of laparoscopic surgery in this subset of 
patients with colon cancer that require a multivisceral resection.

DISCLOSURE
Conflict of Interest: Masaaki Miyo and other co-authors declare no 
conflict of interest.

ORCID
Masaaki Miyo  https://orcid.org/0000-0002-8627-1308 

R E FE R E N C E S
 1. Buunen M, Veldkamp R, Hop WC, Kuhry E, Jeekel J, Haglind E, et al. 

Survival after laparoscopic surgery versus open surgery for colon 
cancer: long-term outcome of a randomised clinical trial. Lancet 
Oncol. 2009;10:44–52.

 2. Green BL, Marshall HC, Collinson F, Quirke P, Guillou P, Jayne 
DG, et al. Long-term follow-up of the Medical Research Council 
CLASICC trial of conventional versus laparoscopically assisted re-
section in colorectal cancer. Br J Surg. 2013;100:75–82.

 3. Theophilus M, Platell C, Spilsbury K. Long-term survival following 
laparoscopic and open colectomy for colon cancer: a meta-analysis 
of randomized controlled trials. Colorectal Dis. 2014;16:75–81.

 4. Yamamoto S, Inomata M, Katayama H, Mizusawa J, Etoh T, Konishi 
F, et al. Short-term surgical outcomes from a randomized controlled 
trial to evaluate laparoscopic and open D3 dissection for stage II/
III colon cancer: Japan Clinical Oncology Group Study JCOG 0404. 
Ann Surg. 2014;260:23–30.

 5. Veldkamp R, Kuhry E, Hop WC, Jeekel J, Kazemier G, Jaap Bonjer 
H, et al. Laparoscopic surgery versus open surgery for colon can-
cer: short-term outcomes of a randomised trial. Lancet Oncol. 
2005;6:477–84.

 6. Bonjer HJ, Deijen CL, Abis GA, Cuesta MA, van der Pas MHGM, de 
Lange-de Klerk ESM, et al. A randomized trial of laparoscopic versus 
open surgery for rectal cancer. N Engl J Med. 2015;372:1324–32.

 7. Kang SB, Park JW, Jeong SY, Nam BH, Choi HS, Kim D-W, et al. 
Open versus laparoscopic surgery for mid or low rectal cancer after 
neoadjuvant chemoradiotherapy (COREAN trial): short-term out-
comes of an open-label randomised controlled trial. Lancet Oncol. 
2010;11:637–45.

 8. Jeong SY, Park JW, Nam BH, Kim S, Kang S-B, Lim S-B, et al. Open 
versus laparoscopic surgery for mid-rectal or low-rectal cancer 
after neoadjuvant chemoradiotherapy (COREAN trial): survival out-
comes of an open-label, non-inferiority, randomised controlled trial. 
Lancet Oncol. 2014;15:767–74.

 9. Fujii S, Akagi T, Inomata M, Katayama H, Mizusawa J, Ota M, et al. 
Transitional impact of short- and long-term outcomes of a random-
ized controlled trial to evaluate laparoscopic versus open surgery 
for colorectal cancer from Japan Clinical Oncology Group Study 
JCOG0404. Ann Gastroenterol Surg. 2019;3:301–9.

 10. Hojo S, Kawahara H, Ogawa M, Suwa K, Eto K, Yanaga K. 
Laparoscopic surgical challenge for T4a colon cancer. Ann 
Gastroenterol Surg. 2017;1:69–74.

 11. Nelson H, Petrelli N, Carlin A, Couture J, Fleshman J, Guillem J, et al. 
Guidelines 2000 for colon and rectal cancer surgery. J Natl Cancer 
Inst. 2001;93:583–96.

 12. Miyake Y, Nishimura J, Takahashi H, Haraguchi N, Hata T, Takemasa 
I, et al. The short-term outcomes of laparoscopic multivisceral re-
section for locally advanced colorectal cancer: our experience of 39 
cases. Surg Today. 2017;47:575–80.

 13. Veldkamp R, Gholghesaei M, Bonjer HJ, Meijer DW, Buunen M, 
Jeekel J, et al. Laparoscopic resection of colon Cancer: consensus 
of the European Association of Endoscopic Surgery (EAES). Surg 
Endosc. 2004;18:1163–85.

 14. Zerey M, Hawver LM, Awad Z, Stefanidis D, Richardson W, Fanelli 
RD. SAGES evidence-based guidelines for the laparoscopic resec-
tion of curable colon and rectal cancer. Surg Endosc. 2013;27:1–10.

 15. Peschaud F, Alves A, Berdah S, Laurent C, Mabrut JY, Mariette 
C, et al. Indications of laparoscopic general and digestive surgery. 
Evidence based guidelines of the French society of digestive sur-
gery. Ann Chir. 2006;131:125–48.

 16. Kitano S, Inomata M, Mizusawa J, Katayama H, Watanabe M, 
Yamamoto S, et al. Survival outcomes following laparoscopic versus 
open D3 dissection for stage II or III colon cancer (JCOG0404): a 
phase 3, randomised controlled trial. Lancet Gastroenterol Hepatol. 
2017;2:261–8.

 17. Nagasue Y, Akiyoshi T, Ueno M, Fukunaga Y, Nagayama S, Fujimoto 
Y, et al. Laparoscopic versus open multivisceral resection for pri-
mary colorectal cancer: comparison of perioperative outcomes. J 
Gastrointest Surg. 2013;17:1299–305.

 18. Nishikawa T, Nozawa H, Kawai K, Sasaki K, Otani K, et al. Short- and 
long-term outcomes of minimally invasive versus open multivisceral 
resection for locally advanced colorectal cancer. Dis Colon Rectum. 
2019;62:40–6.

 19. Neeff H, Mariaskin D, Spangenberg HC, Hopt UT, Makowiec 
F. Perioperative mortality after non-hepatic general surgery 
in patients with liver cirrhosis: an analysis of 138 operations in 
the 2000s using Child and MELD scores. J Gastrointest Surg. 
2011;15:1–11.

 20. Miyo M, Takemasa I, Ishihara H, Hata T, Mizushima T, Ohno Y, et al. 
Long-term outcomes of single-site laparoscopic colectomy with 
complete mesocolic excision for colon cancer: comparison with 
conventional multiport laparoscopic colectomy using propensity 
score matching. Dis Colon Rectum. 2017;60:664–73.

 21. Saida Y. Current status of colonic stent for obstructive colorectal 
cancer in Japan; a review of the literature. J Anus Rectum Colon. 
2019;3:99–105.

 22. Hashiguchi Y, Muro K, Saito Y, Ito Y, Ajioka Y, Hamaguchi T, et al. 
Japanese Society for Cancer of the Colon and Rectum (JSCCR) 
guidelines 2019 for the treatment of colorectal cancer. Int J Clin 
Oncol. 2020;25:1–42.

 23. Takahashi R, Hasegawa S, Hirai K, Hisamori S, Hida K, Kawada K, 
et al. Safety and feasibility of laparoscopic multivisceral resection 
for surgical T4b colon cancers: Retrospective analyses. Asian J 
Endosc Surg. 2017;10:154–61.

 24. Nakafusa Y, Tanaka T, Tanaka M, Kitajima Y, Sato S, Miyazaki K. 
Comparison of multivisceral resection and standard operation 
for locally advanced colorectal cancer: analysis of prognostic fac-
tors for short-term and long-term outcome. Dis Colon Rectum. 
2004;47:2055–63.

 25. Eveno C, Lefevre JH, Svrcek M, Bennis M, Chafai N, Tiret E, et al. 
Oncologic results after multivisceral resection of clinical T4 tumors. 
Surgery. 2014;156:669–75.

 26. Hoffmann M, Phillips C, Oevermann E, Killaitis C, Roblick U-J, 
Hildebrand P, et al. Multivisceral and standard resections in col-
orectal cancer. Langenbecks Arch Surg. 2012;397:75–84.

 27. Kim KY, Hwang DW, Park YK, Lee HS. A single surgeon's experience 
with 54 consecutive cases of multivisceral resection for locally ad-
vanced primary colorectal cancer: can the laparoscopic approach 
be performed safely? Surg Endosc. 2012;26:493–500.

 28. Hasegawa H, Okabayashi K, Watanabe M, Ashrafian H, Harling L, 
Ishii Y, et al. What is the effect of laparoscopic colectomy on pat-
tern of colon cancer recurrence? A propensity score and compet-
ing risk analysis compared with open colectomy. Ann Surg Oncol. 
2014;21:2627–35.

https://orcid.org/0000-0002-8627-1308
https://orcid.org/0000-0002-8627-1308


     |  683MIYO et al.

 29. Ichihara M, Ikeda M, Uemura M, Miyake M, Miyazaki M, Kato T, 
et al. Feasibility and safety of laparoscopic lateral pelvic lymph node 
dissection for locally recurrent rectal cancer and risk factors for 
re-recurrence. Asian J Endosc Surg. 2019.

SUPPORTING INFORMATION
Additional supporting information may be found online in the 
Supporting Information section.

How to cite this article: Miyo M, Kato T, Takahashi Y, et al. 
Short-term and long-term outcomes of laparoscopic 
colectomy with multivisceral resection for surgical T4b colon 
cancer: Comparison with open colectomy. Ann Gastroenterol 
Surg. 2020;4:676–683. https://doi.org/10.1002/ags3.12372

https://doi.org/10.1002/ags3.12372

