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Abstract
Purpose: Single-incision laparoscopic surgery (SILS) for descending colon cancer (DCC) is a technically
challenging procedure with unclear clinical impact. The aim of this study was to evaluate the short-term
outcomes of SILS for DCC compared with multi-port laparoscopic surgery (MPLS).

Methods: We retrospectively analyzed 137 consecutive patients with stage I–III DCC who underwent SILS
or MPLS at two high-volume multidisciplinary tertiary hospitals between April 2008 and December 2018,
using propensity score-matched analysis.

Results: After propensity score-matching, we enrolled 88 patients (n=44 in each group). Median follow-up
period was 48 months. The completion rate for SILS was 98.1% in the overall cohort and 97.7% in the
matched cohort. One patient was converted to open surgery in the MPLS group. Compared with the MPLS
group, the SILS group showed signi�cantly less blood loss and a greater number of harvested lymph
nodes in both the entire patient cohort and the matched cohort. Morbidity rates did not differ signi�cantly
between groups before and after matching. R0 resection was achieved in the entire patient cohort. In
terms of the incidence of recurrence, both groups were similar before and after matching. No signi�cant
differences were found between groups in terms of 3-year disease-free and overall survival rates in either
the entire patient cohort or the matched cohort.

Conclusions: SILS appears safe and feasible and can provide satisfactory oncological outcomes for
selected patients with DCC.

Introduction
Single-incision laparoscopic surgery (SILS) represents a recent advance in minimally invasive
techniques. The �rst case of SILS was described for right colectomy in 2008 [1]. The bene�ts reportedly
included better cosmetic outcomes, less postoperative pain, faster postoperative recovery, and earlier
discharge from the hospital compared to multi-port laparoscopic surgery (MPLS) [2-5]. In several
retrospective studies, SILS has been identi�ed as a feasible and safe method of treating colon cancer in
terms of both short- and long-term oncological outcomes [5-7]. In recent randomized controlled trials
comparing SILS with MPLS, SILS has been shown to be equivalent to MPLS in term of short-term
outcomes and can be considered an option for selected patients with colon cancer [8-10].

However, cases of descending colon cancers (DCC) were excluded from the above retrospective [5,6] and
randomized studies [8-10] because of technical di�culties, particularly mobilization of the splenic �exure,
and judgment of the area for lymph node dissection due to the anatomical complexity of the region. The
impact of SILS on DCC is unclear. The aim of this study was thus to evaluate the clinical outcomes of
SILS for DCC compared with MPLS in our institutions.

Patients And Methods
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Patient populations and surgeons

Consecutive patients who underwent laparoscopic surgery (including MPLS and SILS) for DCC between
April 2008 and December 2018 at Osaka Police Hospital and Osaka Rosai Hospital were assessed. Cases
of obstruction or perforation that required emergent operation were excluded from this study.

The �rst case of SILS for DCC was carried out in March 2011. Since then, the indications for SILS have
gradually been expanded to include advanced cancers. Patients received a sheet describing the
differences between MPLS and SILS, and also received a thorough explanation of each operative
procedure. All patients agreed to undergo SILS, and provided written informed consent.

Surgical procedures for DCC according to the tumor location

According to the Japanese Society for Cancer of the Colon and Rectum Guideline for the Treatment of
Colorectal Cancer [11], D2 lymph node dissection was performed for clinical T1 tumor and D3 lymph
node dissection for clinical T2 or greater tumors. In principle, at least 10 cm of normal bowel both
proximal and distal to the tumor was resected. For patients with tumor located in the proximal one-third
of the descending colon [12,13], we performed left hemicolectomy with D3 lymphadenectomy, which
involves complete dissection of the pericolic lymph nodes (node station 221, 231, and 241), intermediate
lymph nodes (nodes 222, 232, 242, and 252), main lymph nodes (node 223) along the middle colic artery
(MCA), and main lymph nodes (node 253) along the inferior mesenteric artery (IMA) as de�ned by the
Japanese Society for Cancer of the Colon and Rectum [14]. On the other hand, segmental colectomy was
performed for DCC located in the distal two-thirds of the descending colon [12,13]. In segmental
colectomy, D3 lymphadenectomy involves complete dissection of regional lymph nodes, including the
pericolic lymph nodes (nodes 221, 231, and 241), intermediate lymph nodes (nodes 232, 242, and 252),
and main lymph nodes (node 253) along the IMA as de�ned by the Japanese Society for Cancer of the
Colon and Rectum [14].

Data collection

Patient age, sex, body mass index (BMI), Eastern Cooperative Oncology Group performance status
(ECOG-PS), American Society of Anesthesiologists (ASA) score, previous abdominal surgery, clinical TNM
classi�cation, and comorbidities were obtained from the medical records. As listed in Table 1, cardiac
disease consisted of ischemic disease, chronic heart failure or cardiomyopathy. Pulmonary disease
consisted of asthma, chronic obstructive pulmonary disease or interstitial pneumonia. Cerebrovascular
disease consisted of a history of transient ischemic attacks or cerebrovascular events with or without
neurological de�cit. Postoperative complications were classi�ed according to the Clavien-Dindo
classi�cation [15]. Infectious complications consisted of abscess, colitis, urinary tract infection, nephritis,
catheter-related infection, or cholecystitis. Operative mortality was de�ned as death during the same
admission or within 30 days of surgery. All patients were followed-up for at least 30 days after
surgery. This study was approved by the institutional review boards at Osaka Police Hospital (approval
number 1468) and Osaka Rosai Hospital (approval number 2021-82).
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Statistical methods

Prior to propensity score-matching, the t test or Wilcoxon rank-sum test was used for continuous
variables, and the χ2 test or Fisher’s exact test was applied for categorical variables. Propensity score-
matching was then applied to minimize the possibility of selection bias and to adjust for signi�cant
differences in the baseline characteristics of patients (Fig. 1). The �rst step in the matching process was
to complete a multivariate logistic regression analysis to obtain propensity scores. The following 9
covariates that might affect short- and long-term outcomes for SILS were included in the model for
calculating the propensity score: age, sex, ECOG-PS, ASA score, previous abdominal surgery, and clinical
TNM classi�cation. The next step was the 1:1 matching process, using calipers set at 0.2. This propensity
score-matching was used to evaluate the effects of SILS on surgical and pathological outcomes. After
propensity score-matching, baseline characteristics, including covariates not entered into the propensity
score model, were compared between groups using bivariate analyses.

Data are presented as the median and interquartile range (IQR) for continuous variables and as the
frequency and percentage for categorical variables. The c2 test was used for comparisons of categorical
variables. Student’s t test was used to determine the signi�cance of differences between continuous
variables. Survival curves were calculated using the Kaplan-Meier method and were then compared by
log-rank testing. Values of p<0.05 were considered statistically signi�cant. All statistical analyses were
performed using JMP version 16.0 software (SAS Institute, Cary, NC, USA).

Results
Baseline patient pro�les

An overview of our study is shown in Figure 1. Among 152 consecutive patients who underwent primary
tumor resection for DCC, 15 patients were excluded. These exclusions were due to open surgery in 12
patients, emergency surgery due to perforation in 1 patient, and simultaneous resection of another tumor
in 2 patients (ascending colon cancer in 1, gastrointestinal tumor in 1). The total sample size was thus
137 patients who underwent SILS (n=52) or MPLS (n=85) for DCC. Table 1 lists the demographic
characteristics of the overall cohort and for propensity score-matched patients. After matching, 44
matched pairs were selected. Baseline characteristics of patients were conserved between the two
matched groups.

Comparison of short-term outcomes between groups

Table 2 summarizes the details of operative �ndings between groups. Compared with the MPLS group,
blood loss was signi�cantly less in the SILS group both before (p<0.001) and after matching
(p=0.011). In the overall cohort, D3 lymph node dissection rate was signi�cantly larger in the SILS group
before matching (p<0.001), but was not signi�cant after matching (p=0.085). In the MPLS group, 1
patient was converted to open surgery because of intraoperative bleeding. In the SILS group, 1 patient
required an additional port for development of the operative �eld. No relevant differences were found
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between groups in terms of procedure, operative time or multivisceral resection rate before or after
matching.

Table 3 depicts the postoperative complications that occurred in each group. The rate of Clavien-Dindo
grade ≥2 events did not differ between groups before or after matching. Two patients in the MPLS group
and 1 patient in the SILS group underwent reoperation due to anastomotic leakage. Perioperative death
was not found in the overall cohort. Median duration of hospitalization was 10 days in both groups after
matching.

The pathological features and oncological outcomes are summarized in Table 4. The number of
harvested lymph nodes was signi�cantly larger in the SILS group than in the MPLS group, both before
(p<0.001) and after matching (p=0.043). Tumor size, proximal margin, distal margin, tumor invasion,
lymph node metastasis, pathological TNM classi�cation, and number of patients who received adjuvant
chemotherapy were similar in both groups. Radial margin positivity was not found in any patients.

Comparison of long-term oncological outcomes between groups

The median follow-up was 41 months (range, 22-53 months) in the SILS group and 60 months (rage, 37-
34 months) (p=0.001). In the overall cohort, 11 patients in the MPLS group experienced recurrence (liver,
n=5; lung, n=2; peritoneum, n=1; distant lymph node metastases, n=2; adrenal glands, n=1), compared to
8 patients in the SILS group (liver, n=4; lung, n=1; peritoneum, n=2; ovary, n=1). The 3-year disease-free
survival rate was 89.1% in the MPLS group and 83.8% in the SILS group (Fig. 2a), and the 3-year overall
survival rate was 94.8% in the MPLS group and 95.6% in the SILS group (Fig. 3a). After matching, the 3-
year disease-free survival rate was 88.3% in the MPLS group and 80.8% in the SILS group (Fig. 2b), and
the 3-year overall survival rate was 97.4% in the MPLS group and 95.2% in the SILS group (Fig. 3),
showing no signi�cant differences between groups.

Discussion
The present study appears to be the �rst to compare clinical outcomes between SILS and MPLS for DCC.
The results suggest that, in selected patients, SILS for DCC can be performed safely and feasibly (as per
the 98.1% SILS completion rate) and yields adequate short-term surgical outcomes (e.g., 25.0% morbidity,
0% mortality) in the entire patient cohort. In terms of oncological outcomes, we achieved a 100% R0
resection rate, and satisfactory 3-year disease-free and overall survival rates in patients with DCC who
underwent SILS in both the entire patient cohort and matched cohort.

In this study, SILS was successfully performed in 98.1% of patients, including 17 patients (32.7%) with a
history of prior abdominal surgery. In a previous systematic review of SILS for colorectal cancer [16], the
rate of conversion to open surgery was 0.9%, and 13.3% of patients who underwent SILS procedures
required insertion of an additional port to allow completion of the operation. Those �ndings were
comparable with the present results. Median operative time was about 10 min longer in the SILS group
both before and after matching, but this was not signi�cant. In previous studies [17-22], the operative
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time of laparoscopic surgery for splenic �exure colon cancer ranged from 178 to 283 min, comparable
with our �ndings regardless of SILS or MPLS. Generally, SILS is technically limited due to factors such as
instrument crowding, inline positioning of the laparoscope, and insu�cient triangulation [23,24],
especially in mobilization of the splenic �exure and regional lymph node dissection; these issues would
contribute to extend the operative time. The volume of blood loss was signi�cantly lower in the SILS
group than in the MPLS group for both the entire cohort (p<0.001) and matched cohort (p=0.011). In our
study, patients with DCC who underwent MPLS were enrolled between April 2008 and December 2018,
while SILS was performed for patients from March 2011 to December 2018. This difference in historical
background may have affected the results. Other perioperative outcomes, including multivisceral
resection rate and postoperative complications, did not differ between groups, and were comparable with
�ndings from previous studies [5-10]. Although this study analyzed only 137 patients and used a
retrospective design to investigate patients from two hospitals, our results with SILS showed high
reliability in terms of successful completion rate and perioperative outcomes in patients with DCC.

In cancer treatment, oncological clearance must take precedence over cosmetic advantages or reduced
invasiveness. The number of harvested lymph nodes was signi�cantly larger in the SILS group than in the
MPLS group for the entire patient cohort (p<0.001) and matched cohort (p=0.043). In this study, the D3
lymph node dissection rate was signi�cantly higher for the SILS group than for the MPLS group
(p=0.021) in the entire patient cohort, and also tended to be high in the matched cohort (p=0.085). This
may have affected the difference in number of harvested lymph nodes. The oncological outcomes,
including proximal margin, distal margin, and residual tumor status, were comparable to those from
randomized control trials comparing open and MPLS for colorectal cancer [25-28], as well as those
comparing MPLS and SILS for colon cancer [5-10]. In the present study, the 3-year disease-free survival
rate, 3-year overall survival rate, and recurrence pattern did not differ between groups. Our results are
comparable to �ndings from previous studies that have reported long-term outcomes of SILS
for colon cancer [29,30] or oncological outcomes of DCC [31,32].

Several limitations warrant consideration when interpreting the results of this investigation. First, data
were obtained retrospectively, and the sample size was small. Second, this study showed bias in terms of
the dates of operations. To overcome this limitation, we matched cases using several clinical variables,
balancing groups and reducing selection bias. However, the potential for selection bias remains, despite
the propensity score-matching. Third, BMI in our cohort was typical of a Japanese population, and may
have signi�cantly affected the surgical results of SILS. Fourth, the duration of follow-up was signi�cantly
shorter in the SILS group (41 months) than in the MPLS group (60 months, p=0.001). Long-term
oncological outcomes and rates of later complications such as umbilical incisional hernia thus could not
be assessed in the SILS group. Despite these limitations, we consider that this analysis using propensity
score-matching con�rmed SILS as a safe and feasible option for DCC. Further analyses are required to
validate our results, and to evaluate the long-term oncological outcomes in future randomized clinical
trials.
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Conclusions
SILS is a safe, feasible method that can provide satisfactory oncological outcomes in selected patients
with DCC.
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Tables
Table 1. Demographic characteristics of patients 

  Overall (n=137) Propensity score-matched pairs
(n=88)

  Lap

(n=85)

SILS

(n=52)

P
value

Lap

(n=44)

SILS

(n=44)

P
value

Age, years, median (IQR)  71 (63-78) 69 (63-74) 0.444 67 (57-75) 69 (60-74) 0.551

Gender, male, n (%) 57 (67.1) 27 (51.9) 0.104 19 (43.2) 19 (43.2) 1

BMI, kg/m2, median
(IQR)

23.0 (20.9-
24.9)

23.1 (20.9-
25.1)

0.982 22.8 (20.0-
25.5)

23.3 (20.9-
25.0)

0.679

ECOG-PS, 0 or 1, n (%) 84 (98.8) 50 (96.2) 0.557 43 (97.7) 43 (97.7) 1

ASA score, 1 or 2, n (%) 72 (84.7) 42 (80.8) 0.639 37 (84.1) 36 (81.8) 1

Previous abdominal
surgery, n (%)

17 (20) 17 (32.7) 0.107 12 (27.3) 11 (25) 1

Clinical TNM stage, n
(%)

     I

     II

     III

 

33 (38.8)

26 (30.6)

26 (30.6)

 

15 (28.9)

17 (32.7)

20 (38.5)

0.456  

17 (38.6)

14 (31.8)

13 (29.6)

 

15 (34.1)

15 (34.1)

14 (31.8)

0.906

*Comorbidities, n (%)

     Cardiac

     Pulmonary

     Diabetes

     Cerebrovascular

     Anticoagulant therapy

 

11 (12.9)

13 (15.3)

19 (22.4)

8 (9.4)

12 (14.1)

 

8 (15.4)

7 (13.5)

7 (13.5)

9 (17.3)

9 (17.3)

 

0.800

0.809

0.263

0.191

0.632

 

2 (4.6)

6 (13.6)

8 (18.2)

4 (9.1)

3 (6.8)

 

6 (13.6)

6 (13.6)

5 (11.4)

7 (15.9)

8 (18.2)

 

0.266

1

0.549

0.521

0.196

ECOG-PS, Eastern Cooperative Oncology Group Performance Status Scale; ASA score, American Society
of Anesthesiologists Score; BMI, body mass index; *Comorbidities: Cardiac = ischemic disease, chronic
heart failure and cardiomyopathy, excluded hypertension; Pulmonary = asthma, chronic obstructive
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pulmonary disease, and interstitial pneumonia Cerebrovascular = history of transient ischemic attacks
and cerebrovascular event with or without neurological de�cit. 

Table 2. Operative �ndings 

  Overall (n=137) Propensity score-matched
pairs (n=88)

  Lap

(n=85)

SILS

(n=52)

P
value

Lap

(n=44)

SILS

(n=44)

P
value

Procedure

     Left hemicolectomy

     Segmental colectomy

     Subtotal colectomy

 

33 (24.1)

49 (57.7)

3 (3.5)

 

15 (28.9)

37 (71.2)

0

0.158  

12 (27.3)

32 (72.7)

 

13 (29.6)

31 (70.5)

1

Blood loss, ml, median (IQR) 30 (5-
100)

5 (5-67) <0.001 26 (5-90) 5 (5-67) 0.011

Operative time, minutes,
median (IQR)

227 (191-
274)

240 (189-
258)

0.678 234
(192-
294)

240
(192-
262)

0.900

Extent of lymph node
dissection, D3, n (%)

41 (48.2) 36 (69.2) 0.021 20 (45.5) 29 (65.9) 0.085

Multivisceral resection, n (%) 6 (7.1) 3 (5.8) 1 1 (2.3) 2 (4.6) 1

Conversion to open surgery, n
(%)

1 (1.2) 0 - 1 (2.3) 0 -

Required an additional port, n
(%)

0 1 (1.9) - 0 1 (2.3) -

  

Table 3. Postoperative complications 
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Clavien-Dindo classi�cation (Grade
≥2), n (%)

Overall (n=137) Propensity score-matched
pairs (n=88)

Lap

(n=85)

SILS

(n=52)

P
value

Lap

(n=44)

SILS

(n=44)

P
value

Anastomotic leakage 3 (3.5) 1 (1.9) 1 1 (2.3) 1 (2.3) 1

Wound infection 6 (7.1) 4 (7.7) 1 5 (11.4) 3 (6.8) 0.713

Bowel obstruction 2 (2.4) 5 (9.6) 0.105 2 (4.5) 3 (6.8) 1

Pneumonia  1 (1.2) 1 (1.9) 1 1 (2.3) 1 (2.3) 1

*infectious complications 2 (2.4) 7
(13.5)

0.026 2 (4.5) 5 (11.4) 0.260

Reoperation 2 (2.4) 1 (1.9) 1 0 1 (2.3) -

Perioperative death 0 0 - 0 0 -

Overall complication 13
(15.3)

13
(25)

0.182 7 (15.9) 10
(22.7)

0.435

Postoperative hospital stay, days,
median (IQR)

11 (9-
15)

9 (7-
13)

0.025 10 (8-
14)

10 (7-
13)

0.432

*infectious complications= abscess, colitis, urinary tract infection, nephritis, catheter-related infection,
cholecystitis

 

Table 4. Pathological features and oncological outcomes 
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  Overall (n=137) Propensity score-matched
pairs (n=88)

Lap

(n=85)

SILS

(n=52)

P
value

Lap

(n=44)

SILS

(n=44)

P
value

Tumor size, mm, median (IQR) 25 (16-
45)

40 (26-
50)

0.038 25 (15-
50)

38 (23-
45)

0.128

Proximal margin, mm, median
(IQR)

105 (95-
110)

110 (105-
118)

0.749 105
(90-
115)

110
(95-
110)

0.648

Distal margin, mm, median (IQR) 95 (80-
110)

90 (85-
108)

0.545 95 (88-
110)

90 (85-
110)

0.701

Number of harvested lymph
nodes, median (IQR)

14 (8-
22)

21 (12-
29)

<0.001 14 (8-
22)

20 (11-
27)

0.043

Tumor invasion, n (%)

     pT1

     pT2

     pT3

     pT4

 

25
(29.4)

12
(14.1)

34 (40)

14
(16.5)

 

10 (19.2)

5 (9.6)

28 (53.9)

9 (17.3)

0.353  

14
(31.8)

6 (13.6)

16
(36.4)

8 (18.2)

 

10
(22.7)

4 (9.1)

22 (50)

8 (18.2)

0.568

Lymph node metastasis, n (%)

     pN0

     pN1

     pN2

 

62
(72.9)

18
(21.2)

5 (5.9)

 

32 (61.5)

14 (26.9)

6 (11.5)

0.315  

33 (75)

8 (18.2)

3 (6.8)

 

27
(61.4)

12
(27.3)

5 (11.4)

0.385

Positive radial margin, n (%) 0 0 - 0 0 -

pTNM stage, n (%)

  I

  II

  III

  IV

 

32
(37.7)

30
(35.3)

22
(25.9)

1 (1.2)

 

14 (26.9)

18 (34.6)

20 (38.5) 

0

0.293  

18
(40.9)

15
(34.1)

11 (25)

 

 

13
(29.6)

14
(31.8)

17
(38.6)

0.343

Adjuvant chemotherapy (stage II 19 14 (36.8) 1 10 11 (25) 1
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or III), n (%) (36.5) (22.7)

Recurrence

  Liver

  Lung

  Peritoneum

  Distant lymph node

  Other organ

 

5

2

1

2

1

 

4

1

2

0

1

   

1

1

0

2

1

 

4

1

2

0

1

 

 

Figures

Figure 1

Flowchart of patients who underwent SILS or MPLS for DCC describing the patient-matching process.
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Figure 2

Kaplan-Meier analysis of disease-free survival rates between groups before (a) and after (b) matching.
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Figure 3

Kaplan-Meier analysis of overall survival rates between groups before (a) and after (b) matching.


