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Abstract

Background Long-term outcomes of single-incision laparoscopic colectomy (SILC) for colon cancer (CC), as practiced in
real-world settings, especially in relation to disease stage, have not been established. We examined, retrospectively, both
short- and long-term outcomes of SILC versus those of multiport laparoscopic colectomy (MPLC) performed for CC in a
propensity-score-matched cohort.

Methods The study involved 263 patient pairs matched 1:1 from among 691 patients who, between January 2008 and May
2014, underwent either SILC or MPLC for a primary solitary CC at our hospital. Short-term and long-term operative out-
comes were compared between the two groups.

Results Operation time was the only surgical outcome that varied significantly between the two groups (p =0.0004). Overall
5-year cancer-specific survival (CSS) in the SILC group was 93.7 (95% CI 89.6-96.2)%, and CSS per pathological stage (I, II
and IIT) was 98.5 (90.0-99.8)%, 96.0 (88.2-98.7)%, and 88.3 (79.6-93.6)%, respectively, whereas overall 5-year CSS in the
MPLC group was 93.3 (89.4-95.9)%, and CSS per pathological stage was 100%, 95.4 (88.3-98.3)%, and 84.1 (74.1-90.8)%
(p=0.5278, 0.2679, 0.7666, and 0.9073), respectively. Overall 3-year disease-free survival (DFS) in the SILC group was 94.0
(90.2-96.4)%, and 3-year DFS per pathological stage was 98.6 (90.4-99.8)%, 90.1 (81.4-95.0)%, and 79.0 (69.4-86.2)%,
respectively, whereas overall 3-year DFS in the MPLC group was 93.2 (89.4-95.7)%, and 3-year DFS per pathological
disease stage was 100%, 94.5 (87.4-97.7)% and 75.5 (64.7-83.8)% (p=0.2829, 0.7401, 0.4335 and 0.8518), respectively.
Thus, oncological outcomes did not differ significantly between groups. Incisional hernia occurred in 21 (8.0%) SILC group
patients and 17 (6.5%) MPLC group patients, without a significant between-group difference (p =0.6139).

Conclusion Our data indicate that perioperative and oncological outcomes of SILC performed for CC are comparable to
those of MPLC performed for CC.

Keywords Single-incision laparoscopic surgery - Colon cancer - Long-term outcome

Laparoscopic surgery has been used for 30 years to treat
patients with colorectal cancer (CRC), and its use has
increased as clinical trials have provided evidence of a
clinical benefit [1-6]. Single-incision laparoscopic surgery
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yields more favorable cosmetic outcomes and less postop-
erative pain than multiport laparoscopic colectomy [15,
18], but long-term (5-year) outcomes [19, 20], outcomes of
patients of relatively poor American Society of Anesthesi-
ologists (ASA) physical status (PS), and outcomes related to
the various pathological stages have not been clarified. Our
Osaka Police Hospital is a high-volume multidisciplinary
acute care hospital in Japan with a long tradition in SILS
as well as MPLS, and totally extraperitoneal hernia repair,
cholecystectomy, colectomy, gastrectomy, and adhesiolysis
are generally performed by means of SILS. Having reported
the short-term safety, feasibility, and effectiveness of SILC
in the treatment of colorectal cancers [21-26], we conducted
a study to clarify long-term outcomes of SILC, especially
in relation to pathological disease stages. The investigation
was carried out as a single-center retrospective cohort study.

Methods
Patients

The study cohort was drawn from among patients with a
histologically confirmed stage I to III colon cancer (CC) (a
tumor located between the cecum and recto sigmoid colon)
who underwent elective curative surgery at Osaka Police
Hospital between January 2008 and May 2014. Patients
being treated for local recurrence, those with multiple CC
lesions, those with another primary malignancy, those who
underwent open colectomy, and those who had been treated
by chemotherapy or chemo-radiotherapy were excluded
from the cohort. Disease stages were based on the Union for
International Cancer Control (UICC) TNM Classification of
Malignant Tumours, 8th edition [27]. For the purpose of the
study, the following data were drawn from patients’ records:
patients’ clinical and operative characteristics, including age,
sex, and body mass index (BMI); ASA-PS at the time of
presentation; location of the tumor; clinical T (cT) stage;
clinical N (cN) stage and size of the tumor; operation time;
blood loss volume; extent of lymph node dissection based
on the Japanese guidelines [28]; number of harvested lymph
nodes; and conversion to open surgery or to MPLC and the
reason for it. The following pathological variables were also
obtained: pathological T (pT) stage and pathological N (pN)
stage. Postoperative complications were also noted.

Treatment strategy

The hospital’s general management strategy for patients with
CC is in keeping with the Japanese guidelines [28]. Clinical
TNM stages were determined before treatment by means of
colonoscopy and computed tomography.
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Both MPLC and SILC are generally begun with place-
ment of a 3-cm longitudinal incision in the umbilicus by the
open method, and a LAPPROTECTOR wound retractor/pro-
tector and EZ Access silicon cap (Hakko Medical, Tokyo,
Japan) are then placed. For MPLC, a single 12-mm port
is placed in the EZ Access, and for right-sided colectomy,
5-mm ports are then inserted in the right lower quadrant,
suprapubic region, left lower quadrant, and epigastric region,
and for left-sided colectomy, 5-mm ports are then inserted in
the right lower quadrant and left upper and lower quadrants,
and a 12-mm port is inserted in the right lower quadrant.
For SILC, two 12-mm ports and one 5-mm port are placed
in the EZ Access. For both MPLC and SILC, the opera-
tive procedure is performed with use of 10-mm flexible-
tip Olympus EndoEye (Olympus Medical Systems, Tokyo,
Japan), standard straight laparoscopic instruments, and lapa-
roscopic coagulation shears (LCS). Basically, Japanese D3
lymph node dissection [28] (complete mesocolic excision for
CC and tumor-specific mesocolic resection for rectosigmoid
cancer [29] with central vascular ligation) [30], which is
nearly the same as complete mesocolic excision with central
vascular ligation [31], is performed in cases of clinical stage
II/TII disease. D2 lymph node dissection (complete pericolic/
perirectal and intermediate lymph node dissection) is per-
formed in cases of clinical stage I disease [32]. When right-
sided colectomy is performed, whether MPLC or SILC, a
medial-to-lateral approach is used to mobilize the colon, the
ileocolic artery or the ileocolic artery and right colic artery
or the ileocolic and right colic artery plus the middle colic
trunk are then isolated and divided, depending on the loca-
tion of the tumor and variations in the vascular anatomy.
When left-sided colectomy is performed, whether MPLC or
SILC, a medial-to-lateral approach is used to mobilize the
colon, and the inferior mesenteric artery, inferior mesenteric
vein, and/or left colic artery are isolated and divided. When
SILC is performed, the patient is positioned in such a way to
facilitate development and maintenance of the surgical field,
and for the same reason, gauze is used to hold neighboring
organs under tension. In both SILC and MPLC, the speci-
men is extracted through the umbilical port site.

SILC was introduced at our hospital in 2009, and by
2011, it had replaced MPLC. According to the UICC TNM
classification, adjuvant chemotherapy based on oral 5-fluo-
rouracil prodrugs, FOLFOX (leucovorin calcium [folinic
acid], fluorouracil, and oxaliplatin) or CAPOX (capecitabine
plus oxaliplatin) [33] was considered and administered for
most patients with curatively resected pathological stage III
cancer and those with high-risk pathological stage II cancer.

Follow-up

Postoperative follow-up included blood draws for meas-
urement of serum tumor markers at 3-month intervals for
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2 years and then at 6-month intervals for the next 3 years,
computed tomography (CT) at 6-month intervals for 5 years,
and total colonoscopy at the end of year 1 and the end of
year 3 [28].

Study endpoints

The primary study endpoint was 5-year cancer-specific
survival (CSS), which was defined as CC-free survival
from the date of surgery to the date of the 5-year follow-up
examination. Data for patients who were alive at the time
of the 5-year follow-up examination, with or without dis-
ease, and data for patients who died from a non-CC-related
cause were censored from the survival analysis. Secondary
study endpoints were 3-year disease-free survival (DFS),
site(s) of recurrence, surgical outcomes, and the incidence
of incisional hernia (IH) at the umbilical scar, which was
evaluated on computed tomography images and/or patients’
medical records. DFS time was calculated from the date of
surgery to the diagnosis of cancer recurrence, date of death
from any cause or diagnosis of a second cancer, or date of
the last known follow-up evaluation. Data for patients who
were disease-free at the last follow-up were censored from
the survival analysis.

Propensity score matching

Propensity score analysis was conducted to adjust for con-
founding factors. Propensity scores predicting treatment
(SILC versus MPLC) based on confounding preoperative
covariates including age, sex, tumor size, BMI, ASA-PS,
cT stage, and cN stage were calculated by means of logistic
regression with a caliper width of 0.2 standard deviations of
the logit of the estimated propensity score.

Statistical analysis

Variables are shown as the number (and percentage) of
patients or as median (and interquartile [IQR] range) val-
ues. Between-group differences in continuous variables were
analyzed by Wilcoxon rank-sum test, and differences in cat-
egorical variables were analyzed by Pearson’s chi-square
test. Survival curves were generated by the Kaplan—Meier
method, and differences were analyzed by log-rank test.
Hazard ratios (HRs) and 95% confidence intervals (CIs)
were calculated on the basis of unstratified Cox proportional
hazard models. All statistical analyses were performed with
JMP 15.1.0 (SAS Institute Inc., Cary, NC), and significance
was accepted at p <0.05.

The study was approved by the institutional review board
of Osaka Police Hospital (IRB code 1247).

Results

Study patients and their clinical and tumor
characteristics

Selection of patients for the study is diagrammed in Fig. 1.
Of 819 patients who underwent elective curative surgery
at our hospital between January 2008 and May 2014 for
histologically confirmed stage I to III CC, 15 were treated
for recurrent cancer, 71 underwent open surgery, and 42
were treated for either synchronous or metachronous can-
cer. These patients were excluded, leaving 691 patients
for our analysis: 393 treated by SILC and 298 treated by
MPLC. Propensity score matching yielded two groups of
263 patients each (distribution of the logit-transformed
propensity scores is shown in Fig. 2). Patients’ clinical and
tumor characteristics are for the entire cohort, per treatment
group, and for the propensity-score-matched patients, also
per treatment group, in Table 1. Among patients in the entire
cohort, only ASA-PS, cT stage, and tumor size differed sig-
nificantly between groups, with ASA-PS being significantly
better, cT stage being significantly lower and tumors being
significantly smaller in the SILC group than in the MPLC
group (p=0.0005, p=0.000, and p=0.0390, respectively).
Among propensity-score-matched patients, there was no
significant between-group difference in patients’ clinical or
tumor characteristics.

Operative outcomes

Operative outcomes and pathological findings are shown
in Table 2. Of the numerous operative outcomes assessed,
only operation time differed significantly between the two
groups, being significantly shorter in the SILC group than
in the MPLC group (p =0.0004). One patient in the SILC

Patients who underwent curative surgery
for stage I-Ill CC (n=819)

Excluded (n=128)
Recurrent cancer, n=15
Open colectomy, n=71
Synchronous/metachronous cancer, n=42

Patients who underwent curative laparoscopic surgery
for primary solitary stage |-l CC (n=691)
SILC (n=393)
MPLC (n=298)

Matching

I Analysis |
[sILC (n=263)| [MPLC (n=263) |

Fig.1 Patient selection flow diagram. CC colon cancer, MPLC,
multiport laparoscopic colectomy, SILC single-incision laparoscopic
colectomy
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Fig.2 Distribution of the 25
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among matched and unmatched
patients, per treatment group.
MPLC multiport laparoscopic
colectomy, SILC single-incision
laparoscopic colectomy
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0.5
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Entire cohort Matched Not matched

Table 1 Characteristics of patients in the entire cohort and of those who made up the propensity-score-matched pairs, per treatment type

Entire cohort (n=691)

Propensity-score-matched pairs (n=526)

MPLC (n=298) SILC (n=393) p value MPLC (n=263) SILC (n=263) p value
Age (years) 69 (61-76) 70 (63-78) 0.0670 69 (61-76) 69 (62-77) 0.9715
Sex 0.4837 0.4837
Female 135 (45.3) 198 (50.4) 124 (47.2) 116 (44.1)
Male 163 (54.7) 195 (49.6) 139 (52.9) 147 (55.9)
BMI (kg/m?) 21.9 (19.8-24.3) 22.3(20.0-24.1) 0.9826 21.9 (19.8-24.3) 22.2(19.9-24.4) 0.2534
ASA-PS 0.0005 0.9415
1 52 (17.5) 118 (30.0) 52 (19.8) 52(19.8)
2 194 (65.1) 208 (52.9) 164 (62.4) 161 (61.2)
3 52 (17.5) 67 (17.1) 47 (17.9) 50 (19.0)
Tumor location® 0.6597 0.6591
Right 124 (41.6) 157 (40.0) 114 (43.4) 109 (41.4)
Left 174 (58.4) 236 (60.1) 149 (56.7) 154 (58.6)
Clinical T stage 0.0001 0.9386
cT1 66 (22.2) 99 (25.2) 64 (24.4) 69 (26.2)
cT2 30 (10.1) 70 (17.8) 30 (11.4) 27 (10.3)
cT3 88 (29.5) 132 (33.6) 88 (33.5) 89 (33.8)
cT4 114 (38.3) 92 (23.4) 81 (30.8) 78 (29.7)
Clinical N stage 0.4940 0.9818
cNO 199 (66.8) 260 (66.2) 179 (68.1) 177 (67.3)
cN1 67 (22.5) 80 (20.4) 54 (20.5) 55 (20.9)
cN2 32 (10.7) 53 (13.5) 30 (11.4) 31 (11.8)
Tumor size (cm) 40 (24-60) 35 (21-50) 0.0390 40 (20-55) 40 (25-60) 0.9003

Data are shown as n (%) or median (interquartile range)

MPLC multiport laparoscopic colectomy, SILC single-incision laparoscopic colectomy, BMI body mass index, ASA-PS American Society of

Anesthesiologists physical status

*Right indicates cecum to transverse colon; left indicates descending to rectosigmoid colon

group required conversion to MPLC due to the inaccessibil-
ity of hepatic flexure from the umbilicus, and nine required
conversion to open surgery—three because of severe adhe-
sions and six because of poor visibility. Eight MPLC group
patients required conversion to open surgery—five because
of severe adhesions and three because of poor visibility.

@ Springer

Postoperative outcomes are shown per study group in
Table 3. The overall incidence of Clavien-Dindo complica-
tions was significantly greater in the MPLC group than in the
SILC group (p=0.016). However, the incidences per grade
did not differ significantly between the two groups. IH at the
umbilical scar occurred in 21 (8.0%) patients in the SILC
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Table2 Operative and MPLC (n=263) SILC (=263) p value
pathological outcomes, per
propensity-score-matched group  Qperation time (minutes) 194 (158-233) 180 (142-222) 0.0004
Blood loss volume (mL) 0 (0-50) 0 (0-80) 0.9322
Conversion 8 (3.08 10 3.8)° 0.6315
Intraoperative morbidity 6(2.3) 7Q2.7) 0.7788
Vascular injury 3(1.1) 2(0.8)
Adjacent organ injury 3(1.1) 5(1.9)
Lymph node dissection 0.5035
D2 80 (29.7) 73 (27.1)
D3 189 (70.3) 196 (72.9)
Number of lymph nodes harvested 27 (17-36) 25 (16-33) 0.2316
Pathological T stage 0.4656
pT1 64 (24.3) 69 (26.2)
pT2 27 (10.3) 18 (6.8)
pT3 101 (38.4) 110 (41.8)
pT4 71 (27.0) 66 (25.1)
Pathological N stage 0.2424
pNO 181 (68.8) 167 (63.5)
pN1 50 (19.0) 66 (25.1)
pN2 32 (12.2) 30 (11.4)
Pathological stage 0.4344
pStage I 84 (31.9) 83(29.7)
pStage 11 97 (36.9) 89 (33.8)
pStage 11T 82 (31.2) 96 (36.5)

Data are shown as n (%) of patients or median (interquartile range) values

MPLC multiport laparoscopic colectomy, SILC single-incision laparoscopic colectomy

“Conversion to open due to severe adhesion (n=15) or poor visibility (n=3)

®Conversion to MPLC (n=1) due to the inaccessibility of the hepatic flexure from the umbilicus or to open
surgery (n=9) (due to severe adhesions [n=3] or poor visibility [n=6])

group and 17 (6.5%) patients in the MPLC group, without a
significant difference between them (p =0.6139).

Oncological outcomes

The median observation period was 61.3 (59.4-63.4) months
for patients in the SILC group and 61.2 months (160.7-65.9)
for patients in the MPLC group. HRs for CCS and DFS
in the propensity-matched SILC group were 1.24 (95%
CI 0.63-2.46) (p=0.5286) and 0.31 (95% CI 0.80-2.14
(p=0.2844), respectively. Kaplan—Meier survival curves are
shown for each of the two groups in Fig. 3. Overall 5-year
CSS in the propensity-score-matched SILC group was 93.7
(95% CI 89.6-96.2)%, and CSS per pathological disease
stage (I, II, and III) was 98.5 (95% CI 90.0-99.8)%, 96.0%
(95% CI 88.2-98.7)%, and 88.3 (95% CI, 79.6-93.6)%,
respectively, whereas overall 5-year CSS in the propen-
sity-score-matched MPLC group was 93.3% (95% CI,
89.4-95.9), and CSS per pathological disease stage (I, II,
and IIT) was 100% (95% CI not applicable), 95.4 (95% CI
88.3-98.3)%, and 84.1 (95% CI 74.1-90.8)% (p =0.5278,

0.2679, 0.7666 and 0.9073), respectively. Overall 3-year
DFS in the propensity-score-matched SILC group was 94.0
(95% CI1 90.2-96.4)%, and 3-year DFS per pathological dis-
ease stage was 98.6 (95% CI 90.4-99.8)%, 90.1% (95% CI
81.4-95.0)%, and 79.0 (95% CI 69.4-86.2)%, respectively,
whereas overall 3-year DFS in the propensity-score-matched
MPLC group was 93.2 (95% CI 89.4-95.7)%, and 3-year
DFS per pathological disease stage (I, II and III) was 100%
(95% CI, not applicable), 94.5 (95% CI 87.4-97.7)%, and
75.5 (95% C1 64.7-83.8)% (p=0.2829, 0.7401, 0.4335 and
0.8518), respectively. Thus, oncological outcomes did not
differ significantly between groups. Sites and treatment of
recurrence are shown per propensity-score-matched group
in Table 4. Neither the incidence nor sites of recurrence dif-
fered significantly between groups. Overall, the rate at which
recurrence was treated did not differ significantly between
groups, and the rates at which recurrence was treated by
surgery or chemotherapy specifically did not differ signifi-
cantly between groups, although chemotherapy was much
less common in the SILC group. The incidence and sites of
recurrence among patients with pathological stage II disease
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Table 3 Postoperative course, per propensity-score-matched group

MPLC (n=263) SILC (n=263) p value

Length of stay (days) 10 (8-14) 9 (8-12) 0.0662

Operative mortality® 0(0.0) 0(0.0)

Reoperation 5(1.9) 7.7) 0.5592

Readmission within 30 1(0.4) 1(0.4) 0.9935
postoperative days

Postoperative complication (CD grade)?
All grades 88 (33.5) 63 (24.0) 0.0160
Grade [ 26 (9.9) 15(5.7) 0.0736
Grade I1 31(11.8) 25(9.5) 0.3963
Grade 1T 28 (10.7) 13 (8.8) 0.4613
Grade IV 3(1.1) 0(0.0) 0.0824

Postoperative complication (type)?
Anastomotic leakageb 9(3.4) 11 4.2) 0.6484
Intra-abdominal 2(0.8) 1(0.4) 0.5626

bleeding®

Intraluminal bleedingb 2(0.8) 5(1.9) 0.2537
Abdominal abscess® 11 (4.2) 14 (5.3) 0.5387
Wound infection® 21 (8.0) 13(4.9) 0.1560
Cardiac problem® 8 (3.0) 2(0.8) 0.0554
Pneumonia® 72.7) 3(L.1D) 0.2016
Enteroparallys,isb 16 (6.1) 11 4.2) 0.3232
Delirium® 17 (6.5) 11 (4.2) 0.2439
Cerebral infarction” 1(0.4) 0(0.0) 0.3169
Urinary tract infection® 4 (1.5) 2 (0.8) 04115

Incisional hernia 17 (6.5) 21 (8.0) 0.6139

Data are shown as n (%) of patients or median (interquartile range)
values

CD Clavien-Dindo classification, MPLC multiport laparoscopic
colectomy, SILC single-incision laparoscopic colectomy

“Death or a postoperative complication within 30 days after the sur-
gery

5This complication occurred with one or more complications in some
patients

are shown per group in Table 5. Neither the incidence nor
sites of recurrence differed between patients in the SILC
group and those in the MPLC group (p =0.3240). Admin-
istration vs. non-administration of adjuvant chemotherapy
among patients with pathological stage III disease is shown
per group in Table 6. There was no significant between-
group difference in the percentage of patients given adjuvant
chemotherapy or in the percentage of patients who com-
pleted such therapy (p=0.9127 and 0.9555, respectively).

Discussion
Our data indicate that CCS, DFS, site of recurrence, and

short-term postoperative complications do not differ between
treatment of CC by SILC or by MPLC.

@ Springer

It is difficult to compare our data with data reported from
past studies on SILC for CRC due to differences in inclusion
and exclusion criteria and/or study endpoints, but there are
some notable distinctions. Although the quality of the sur-
gery is best reflected in the 5-year survival of patients with
pathological stage II and III disease, some studies of SILC
performed for CRC included not only patients with advanced
disease but also patients with early-stage disease, and the
majority did not cover overall survival and/or DFS at 5 years
[34-36]. Some studies used postoperative factors including
pathological T and pathological N stages for propensity
score matching [37, 38], although, in theory, preoperative
factors should be used. In a previously reported retrospec-
tive study of 5-year survival in a propensity-matched cohort,
96% of the patients were of ASA-PS <2 [37], a percentage
that does not well represent patients treated in real-world
clinical practice. In the study described herein, we applied
minimal exclusion criteria so that we could evaluate surgi-
cal and oncological outcomes of SILC vs. those of MPLC
obtained in real-world settings. The 88.3% 5-year CSS and
71.9% 5-year DFS achieved as a result of SILC were even
better than the 82% 5-year CCS and the 62% 5-year DFS
documented in a SILC case series [39], and the 79.0% 3-year
DEFS achieved as a result of SILC was better than the 65%
3-year DFS documented through pooled analysis of rand-
omized trials of various adjuvant chemotherapy regimens
used in cases of pathological stage III CC [40]. The ques-
tion of whether the surgical technique, especially open or
conventional laparoscopic surgery, is responsible for the
recurrence of CRC remains [41, 42], but we note here that
we found no significant difference in the sites of recurrence
between SILC and MPLC.

We also found short-term surgical outcomes to be fairly
consistent with those of previously reported studies. How-
ever, we did find operation time to be significantly shorter
for patients who underwent SILC than for those who under-
went MPLC, a finding not consistent with that of previously
reported studies [35, 37, 43]. A possible explanation for the
discrepancy is that the surgeons who perform MPLC may be
less experienced than those who perform SILC and require
assistance, thus, taking the same amount of time to per-
form MPLC as that taken by surgeons who perform SILC.
Although the rate of conversion from SILC to MPLC or
open surgery among our study patients was 3.8% and within
previously reported range of 0% to 9.5% [34-38], the need
we encountered to add a port was specific to SILC, namely,
an inability to access the splenic flexure from the umbilicus.
That inability would have been overcome in MPLC with use
of an alternative port. This means that the feasibility of SILC
is influenced by patients’ anatomy even above the pelvis,
if protrusion of the sacral promontory is exaggerated [44].

Although the incidence of IH following SILS, especially
single-incision laparoscopic cholecystectomy, is reported
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Fig.3 Kaplan—Meier curves for cancer-specific survival among the
total matched patients (A), matched pStage I patients (B), matched
pStage II patients (C), matched pStage III patients (D), and disease-
free survival among the total matched patients (E), matched pStage
I patients (F), matched pStage II patients (G), matched pStage III

from some studies to be higher than that following MPLS
[45, 46], the incidence of SILC-associated IH remains
unclear [47, 48]. The documented incidence of IH did not
differ significantly between our SILC group and our MPLC
group, possibly due to the fact that some known risk fac-
tors for IH, including obesity, specimen extraction through
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patients (H). 3YCSS, 3-year cancer-specific survival; 5YCSS, 5-year
cancer-specific survival; 3YDFS, 3-year disease-free survival;
SYDES, 5-year disease-free survival; MPLC multiport laparoscopic
colectomy, SILC single-incision laparoscopic colectomy

the umbilical port site, and surgical site infection [47, 49],
did not differ significantly between our propensity-score-
matched SILC and MPLC groups.

Our study findings should be interpreted in light of our
study limitations. Because the study was retrospective in
nature and included patients from a single institution, there
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Fig.3 (continued)

Table 4 Sites and treatment of recurrence, per propensity-score-
matched group
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Table 5 Recurrence among patients with pathological stage II dis-
ease, per propensity-score-matched group

MPLC (n=263) SILC (n=263) p value MPLC (n=97) SILC (n=89) p value
Site of recurrence At one or more sites 7 (7.2) 10 (11.2) 0.3420
One or more site 31 (11.8) 37 (14.4) 0.4355 Liver 2 (2.1 5(5.6) 0.2030
Lymph node(s) 18 (6.8) 11 4.2) 0.1811 Lung 33D 2(2.3) 0.7217
Liver 9334 18 (6.8) 0.0754 Peritoneum 33D 334 0.9146
Lung 11 4.2) 934 0.6486 Local 2(2.1) 1(1.1) 0.6119
Peritoneum 12 (4.6) 33.0) 0.3618 Lymph node(s) 3@3.1 0(0.0) 0.0944
Local 5(1.0) 3(1.D) 0.4761 .
Bone 2(0.8) 2(0.8) 1.0000 Data are shlo.wn asln (%) of pjatlen:s SR
Ovary 1 (0.4) 1(0.4) 1.0000 i\giigign;loféi?;:n;paroscoplc colectomy, SILC single-incision lapa
Brain 0(0.0) 1(0.4) 0.3169
Muscle 1(0.4) 0(0.0) 0.3169
Treatment of the recur- 27 (87.1)° 29 (78.4)" 0.3476 Table 6 Administration vs. non-administration and completion vs.
rence non-completion of adjuvant chemotherapy among patients with path-
Surgery 14 (45.2)° 16 (43.2)° 0.8739 ological stage III disease, per propensity-score-matched group
Chemotherapy 20 (64.5)* 16 (43.2)* 0.0800 MPLC (n = 82) SILC (n =96) p value
Data are shown as n (%) of patients Not administered 25 (30.5) 32 (33.3) 0.9127
MPLC multiport laparoscopic colectomy, SILC single-incision lapa- Administered 57 (69.5) 64 (63.8)
roscopic colectomy Completed 43 (75.4)* 48 (75.0)* 0.9555
*n (%) of patients with recurrence Not-completed 14 (24.6)* 16 (25.0)*

is a potential for selection bias despite the propensity score
matching. Further, variables such as perioperative care
were not factored into the analysis. Advances in treatment,
including systemic chemotherapy, which were imple-
mented during the study period [50] might also have influ-
enced our study results, although the rates of induction
and completion of adjuvant chemotherapy were similar
between the two groups. The possibility of a type 2 statis-
tical error cannot be ruled out. Randomized clinical trials
have been conducted, and results in terms of long-term
outcomes are expected to be released in the near future
[17, 35]. Nonetheless, considering that reports of SILC

@ Springer

Data are shown as n (%) of patients, with % being the number of
patients in who adjuvant chemotherapy was administered divided by
the number of pathological stage III disease patients in the group or
the number in whom adjuvant chemotherapy was initiated

MPLC multiple-port laparoscopic colectomy, SILC single-incision
laparoscopic colectomy

*number of patients in who adjuvant chemotherapy was adminis-
tered; i.e., in MPLC Completed, 43/57 = 0.754

in the real-world CC population are limited, we believe
the data reported herein will help surgeons in considering
SILC for CC surgery. On the basis of our experience thus
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far, we conclude that SILC is a possible option for surgical
treatment of CC. We caution that the procedure should be
performed by surgeons with expertise in SILS.
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