
Abstract. Aim: To compare long- and short-term outcomes of
laparoscopic surgery with those of open surgery for patients with
colorectal cancer and body mass index over 25 kg/m2. Patients
and Methods: This multicentre, retrospective study analysed
clinical records and identified 178 patients with body mass index
over 25 kg/m2 who underwent surgery for colon and
rectosigmoid cancer between 2000 and 2016. After applying
propensity score matching, 96 patients were finally included. The
primary outcome was the 3-year recurrence-free survival rate,
and the secondary outcomes were short-term results during and
after surgery. Results: The 3-year recurrence-free survival rates
were similar for the laparoscopic and open surgery groups. The
laparoscopic surgery group had longer operative times but less
blood loss and shorter periods of hospital stay. There were no
differences in incidence of postoperative complications.
Conclusion: Laparoscopic and open surgeries had similar long-
term outcomes for obese patients. Laparoscopic surgery is an
effective option for this population.

In recent years, laparoscopic surgery for colon cancer (LAC)
has become widespread worldwide (1-4). There has been a
growing prevalence of obesity, 640 million in 2014
according to Imperial College London and the World Health
Organization (5). In Japan, 31.3% of males and 20.6% of

females have a body mass index (BMI) over 25 kg/m2. This
health issue will lead to increased laparoscopic surgeries for
the obese patients worldwide.

There are conflicting opinions about the use of LAC in
obese patients. In terms of short-term outcomes, randomized
controlled trials have generally shown advantages of the
minimal invasiveness of LAC in terms of reduced blood loss,
earlier recovery, and lower complication rates compared with
those of open colectomy (OC). When the focus is obese
patients, however, increased postoperative complications (6),
reoperation rates (7) and conversion rates (8-11) have been
reported for LAC. A possible explanation for this inverse
effect may be the technical difficulty in maintaining adequate
surgical views in the presence of bulky visceral fat.

With respect to long-term outcomes, only one report has
retrospectively demonstrated the equivalence of LAC to OC
for obese patients (12). By contrast, subgroup analysis of a
randomized-controlled trial aiming to show the non-
inferiority outcomes of LAC to OC in Japan showed poorer
overall survival (OS) for those treated with LAC than for
those who underwent OC (13), likely due to the difficulties
in performing qualified complete mesenteric excision (CME)
with central vascular ligation (CVL) for obese patients.

Currently, there are conflicting opinions regarding whether
LAC or OC is more suitable for obese patients. We
performed this study to compare short- and long-term
outcomes of LAC versus OC for obese patients so as to
begin to help resolve this controversy.

Patients and Methods
Study design. The medical records of Yokohama City University and
two affiliated hospitals were retrospectively reviewed. Between April
2000 and March 2016, a total of 961 patients with stage II/III colon
and rectosigmoid cancer underwent resection of the primary site at
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these facilities. Of these, we excluded 764 patients with BMI <25
kg/m2, nine with synchronous multiple cancer, five with simultaneous
surgery for other organs, and five with non-curative resection. Finally,
a total of 178 patients were enrolled. Using propensity score matching,
96 matched patients were divided into two groups: the OC group
(n=64) and the LAC surgery group (n=32) (Figure 1). 

Outcomes. The primary outcome was the 3 -year relapse-free
survival (RFS) rate; secondary (short-term) outcomes were
operative time, blood loss, length of postoperative hospital stay and
incidence of postoperative complications.

Operative procedure. The choice of laparoscopic or open surgery
was entrusted to each surgical team. For open surgery, a midline
laparotomy with appropriate length of incision was performed.
Mobilization of the colon and rectum from the lateral side was
followed by vessel and bowel ligation and anastomosis. In
laparoscopic surgery, a 5-port method was used. Initial laparoscopic
access into the abdomen was achieved via the umbilical port. Once
pneumoperitoneum was established, four additional ports were
added. Mobilization of the mesocolon with the medial approach was
performed first, followed by the lateral approach and lymph node
dissection. In both procedures, the appropriate extent of lymph node
dissection with CVL was performed along with CME, according to
Japanese Society for Cancer of the Colon and Rectum (JSCCR)
guidelines (14). Reconstruction of the colon was performed using
functional-end-to-end-anastomosis; reconstruction of the rectum
used the double-stapling technique.

Follow-up. Patients were followed up every 6 months for more than
3 years, including computed tomography and colonoscopy. RFS was
defined as the period between surgery and the date of either death,
tumour recurrence, or final follow-up. 

Evaluations. Pathological factors recorded included tumour depth,
nodal status and staging, according to the JSCCR guidelines (ninth).
Postoperative surgical complications were defined as those with
Clavien-Dindo classification grade 2 or more occurring within 30
days after the operation or during hospitalization (15). 

Propensity-score matching. Two-to-one propensity score matching
was performed according to patient characteristics: Pathological
stage (II/III) tumour diameter (<50/≥50 mm), tumour location
(right-sided/left-sided), extent of lymph node dissection (D1,2/D3),
and preoperative ileus (yes/no). These factors were selected
according to the statistically significant differences between pre-
matched groups and their clinical importance. 

Statistical analysis. The chi-square test and Mann-Whitney U-test
were performed to compare the two surgical groups. The Kaplan-
Meier method was used to calculate the 3-year RFS rates, and the
log-rank test was performed to compare the survival rates between
the groups. Univariate and multivariate Cox proportional hazard
models were applied to calculate hazard ratios (HRs) for the RFS.
All statistical analyses were performed using EZR, a graphical user
interface for R (The R Foundation for Statistical Computing,
Vienna, Austria; version 2.13.0). Two-sided p-values were

in vivo 34: 2079-2085 (2020)

2080

Figure 1. Study design. BMI: Body mass index; RS: rectosigmoid. 



calculated, and differences were considered to be statistically
significant at p<0.05.

Ethics. Study protocols were approved by the Institutional Review
Board of Yokohama City University (approval no. 170,700,003).
This study was performed in accordance with the ethical standards
laid down in the 1964 Declaration of Helsinki and its later
amendments. Instead of obtaining informed consent from each
patient, the study protocols were provided to patients via a notice
board in each hospital and on hospital websites.

Results

Characteristics of enrolled patients. Table I shows the
clinical characteristics of the patients in the two surgical
groups. There were no significant differences between the
two groups with respect to age, sex, BMI, American Society
of Anesthesiologist Physical Status classification, tumour
location, stoma, or adjuvant chemotherapy. There were
patients with stomas only in the OC group. The median
follow-up period was 38.5 months for patients overall.

Pathological findings of the two groups are displayed in
Table II. Both patients with pT4b tumours were operated on
using open procedures; however, because of propensity score
matching, there were no significant differences between the
groups with respect to any parameter. 

Short-term outcomes. Short-term outcomes are displayed in
Table III. Compared to the OC group, the LAC group had
longer operative times (163 min vs. 196 min, p=0.004), less
blood loss (157 vs. 10 ml, p<0.001) and shorter postoperative
hospitalization (12 vs. 10 days, p=0.011). Only one patient

(3.1%) in the LAC group was converted to open surgery. The
incidence of postoperative complications (grade 2 or more)
were similar for the two groups (25.0% vs. 21.9%, p=0.803).
In both groups, frequent complications were ileus, followed
by anastomotic leakage and surgical site infection (SSI).
There were no significant differences in complication rates
between the two groups.

RFS and details ofsites of recurrence. The Kaplan-Meier
curves for RFS are presented in Figure 2. The 3-year RFS
after surgery was 82.2% (95% confidence intervaI=68.2-
90.4%) in the OC group and 85.5% (95% confidence
intervaI=60.0-95.3%) in the LAC group (not significant:
p=0.581). Recurrences were observed in 14.1% in the OC
group and 9.4% in the LAC group, of which liver metastasis
was observed most frequently (not significantly different;
Table IV). Recurrence at local sites (3.1%) and extra-
regional lymph nodes (1.6%) were seen only in the OC
group, whereas recurrence in the peritoneum was seen only
in the LAC group (3.1%).

Discussion

We found that LAC was equivalent to OC in terms of long-
term outcome and was superior to OC in terms of many
short-term outcomes for obese patients undergoing surgery
for colorectal cancer. To the best of our knowledge, this is
the first such retrospective study with propensity matching. 

Several studies compared outcomes for LAC between obese
patients and non-obese patients. Nevertheless, on the basis of
these studies, it was difficult to determine whether or not LAC
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Table I. Patient background characteristics according to study group. 

Factor OC (N=64) LAC (N=32) p-Value

Age, years Median (range) 71 (40-95) 69 (49-88) 0.297
Gender, n (%) Male 33 (51.6%) 21 (65.6%) 0.275

Female 31 (48.4%) 11 (34.4%)
BMI, kg/m2 Median (range) 26.9 (25.0-34.2) 27.8 (25.0-35.6) 0.261
ASA-PS, n (%) Class 1, 2 42 (65.6%) 25 (78.1%) 0.245

Class 3 22 (34.4%) 7 (21.9%)
Tumour location, n (%) Right-sided 21 (32.8%) 11 (34.4%) >0.99

Left-sided 43 (67.2%) 21 (65.6%)
LND, n (%) D1, 2 25 (39.1%) 10 (31.3%) 0.506

D3 39 (60.9%) 22 (68.7%)
Preoperative ileus, n (%) Yes 7 (10.9%) 3 (9.4%) >0.99

No 57 (89.1%) 29 (90.6%)
Stoma, n (%) Yes 60 (93.7%) 32 (100%) 0.298

No 4 (6.3%) 0
Adjuvant chemotherapy, n (%) Yes 42 (65.6%) 22 (68.8%) 0.821

No 22 (34.4%) 10 (31.2%)

BMI: Body mass index; ASA-PS: American Society of Anesthesiologists Physical Status; LND: lymph node dissection; OC: open surgery; LAC:
laparoscopic surgery. 



for obese patients was acceptable. To date, there have been no
randomized-controlled trials comparing LAC and OC for
colorectal cancer in obese patients, and only limited numbers
of retrospective studies have been performed (6, 9, 11, 16-18).

In the present study, the LAC group had significantly
longer operative time; nevertheless, it had less blood loss and
shorter hospital stays than did the OC group. Vignali et al.
compared surgical results of patients with BMI>30 kg/m2
who underwent LAC and OC for colorectal cancer. They

found that the operative time was on average 29 minutes
longer, blood loss was 78 ml less and hospital stays were 2.4
days shorter for the LAC group (19). Our findings
corroborate their results.

In terms of postoperative complications, we observed no
differences when all complications were considered.
Nevertheless, two types of complication were theoretically
expected to decrease, ileus and SSI. Ileus was the most
frequent complication in both groups and rates were similar
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Table II. Pathological findings according to study group. 

Factor OC (N=64), n (%) LAC (N=32), n (%) p-Value

Histology Well-/moderately differentiated 59 (92.2%) 31 (96.9%) 0.660
Other 5 (7.8%) 1 (3.1%)

Tumour diameter <50 mm 39 (60.9%) 21 (65.6%) 0.823
≥50 mm 25 (39.1%) 11 (34.4%)

pT T1 2 (3.1%) 2 (6.3%) 0.381
T2 4 (6.3%) 5 (15.6%)
T3 40 (62.5%) 20 (62.5%)
T4a 16 (25.0%) 5 (15.6%)
T4b 2 (3.1%) 0

pN pN0 38 (59.4%) 17 (53.1%) 0.637
pN1 20 (31.2%) 10 (31.3%)
pN2 6 (9.4%) 5 (15.6%)

pStage II 38 (59.4%) 17 (53.1%) 0.663
III 26 (40.6%) 15 (46.9%)

Vascular invasion Yes 19 (29.7%) 14 (43.8%) 0.181
No 45 (70.3%) 18 (56.2%)

Lymphatic invasion Yes 31 (48.4%) 20 (62.5%) 0.278
No 33 (51.6%) 12 (37.5%)

pT: Pathological T factor; pN: pathological N factor; pStage: pathological stage; OC: open surgery; LAC: laparoscopic surgery. 

Table III. Short-term outcomes according to study group. 

Factor OC (N=64) LAC (N=32) p-Value

Operative time, min Median (range) 163 (57-446) 196 (106-373) 0.004
Blood loss, ml Median (range) 157 (1-1160) 10 (1-500) <0.001
Conversion to open surgery, n (%) Yes 1 (3.1%)
Complications, n (%)* Total 16 (25.0%) 7 (21.9%) 0.803

Ileus 8 (12.5%) 4 (12.5%)
Anastomotic leakage 3 (4.7%) 2 (6.3%)
SSI 2 (3.1%) 1 (3.1%)
Delirium 1 (1.6%) 1 (3.1%)
Renal dysfunction 2 (3.1%) 0
Liver dysfunction 0 1 (3.1%)
Gastric ulcer 1 (1.6%) 0
Pneumonia 1 (1.6%) 0
Thrombosis 1 (1.6%) 0
Heart failure 1 (1.6%) 0
Diarrhoea 1 (1.6%) 0
Mortality 0 0

Postoperative hospital stay, days Median (range) 12 (7-76) 10 (6-40) 0.011

SSI: Surgical site infection; OC: open surgery; LAC: laparoscopic surgery. *Clavien-Dindo classification, grade 2 or more.



for the two groups (12.3% vs. 12.5%) in accordance with the
results of previous reports (12, 19). If there were longer
follow-up, we might have been able to demonstrate
significant superiority of LAC in terms of risk of ileus due
to adhesions, as Christopher et al. reported (20), because of
the smaller degree of intra-abdominal trauma introduced by
LAC. Some studies showed that LAC was associated with
lower risk of SSI than was OC [Vignali et al. (12), 8.2% vs.
15.4%; Yantao et al. (19), 17% vs. 31%]. In the current
study, the rate of SSI was very small and there was no
difference between the groups. In our procedure, careful
lavage of the wound was standard in both approaches; in
OC, a subcutaneous drainage tube was often placed at the
surgeon’s discretion; therefore, it is possible that superiority
of LAC to OC in terms of SSI risk was masked. Some
researchers suggested the possibility that Trendelenburg
position and pneumoperitoneum can theoretically worsen
results in obese patients undergoing LAC; nevertheless, in
the current study, we did not demonstrate increased
incidence of cardiopulmonary complications. Considering
these facts, the short-term benefits associated with LAC also
appear to apply to the obese population.

In the present study, the oncological outcomes were
similar for both groups, whereas JCOG0404 reported that
LAC had poorer outcomes than OC in obese patients (21).
The reasons why our results differ from those of JCOG0404
are not clear. Nevertheless, we speculate that one reason may
be the heterogeneity of surgical quality. As opposed to OC,
in LAC, there are differences in surgical quality that have an
impact on oncological outcomes; the JCOG0404
investigators reported a gap in oncological results between
institutions. Currently, it is accepted that CME and CVL are
essential, and noncompletion of these procedures can lead to
worse oncological outcomes. These facts suggest that obesity
may demand technical maturity on the part of the surgical
team in order to accomplish clean CME and CVL; even in
the JCOG0404 groups, some teams were unable to
accomplish these tasks, especially in obese patients.

As we reported previously, in the surgical groups at our
associated hospitals, we employ standardized operative
procedures and hold periodic meetings to discuss improving
LAC procedures (22, 23). In obese patients, assistants should
recognize that the effective point to grasp tissue in order to
obtain adequate surgical views is strictly limited, and the
surgeon should recognize that the length of tissue that can
be cut in one task is very narrow. Together, as a team, more
frequent changes of surgical views to obtain safe views
should be made than in procedures performed on non-obese
patients. Sharing these points with the team and the group
might have made our results better and more homogeneous. 

Some limitations with the present study should be
observed when interpreting these results. The first
limitation is selection bias. We did not obtain details
regarding the surgeon and assistants at each operation. For
LAC, skilled operators and assistants might be selected
more preferentially than would be the case for OC.
Secondly, after matching, most patients with preoperative
ileus had been excluded from this study, mainly in the
open surgery group. This suggests that patient backgrounds
in this study may differ from those of other clinical
settings; to remedy this limitation, another investigation
should be performed including patients with preoperative
ileus. A third limitation is in regard to the definition of
obesity. In the present study, BMI ≥25 kg/m2 was defined
as obesity, whereas many European countries adopt BMI
≥30 kg/m2. Recently, some investigators have reported
visceral fat accumulation rather than BMI as the important
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Figure 2. Relapse-free survival rates in the open (OC) and laparoscopic
(LAC) surgery groups. The 3-year relapse-free survival rates were
82.2% and 85.5%, respectively.

Table IV. Sites of recurrence. 

Factor OC (N=64), LAC (N=32), p-Value
n (%) n (%)

Recurrence 9 (14.1%) 3 (9.4%) 0.745
Liver 5 (7.8%) 1 (3.1%)
Lung 2 (3.1%) 1 (3.1%)
Local site 2 (3.1%) 0
Peritoneum 0 1 (3.1%)
Extra-regional 1 (1.6%) 0
lymph node

OC: Open surgery; LAC: laparoscopic surgery.



factor determining technical maturity for performing LAC
(24). Asians are reported to have a different distribution of
adipose tissue from Europeans and have lower visceral fat
accumulation than European patients with the same BMI
(25, 26). In addition, unlike Europeans, Asians have more
comorbidities due to obesity when their BMI increases
more than 25 kg/m2 (27). For these reasons, we adopted
BMI ≥25 kg/m2 as our definition of obesity. Nevertheless,
the results of the present study may not always apply to
obesity defined differently. 

In conclusion, our study suggests that laparoscopic surgery
for obese patients with colon cancer provided equivalent
oncological safety and advantages in terms of short-term
outcomes compared with open surgery, and therefore should
be offered as an alternative procedure. 
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