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Abstract

Background The advantages of reduced-port laparoscopic

surgery (RPLS) for rectosigmoid cancer treatment have

been disputed. This study evaluated the outcomes of RPLS

compared to conventional laparoscopic surgery (CLS) for

rectosigmoid cancer.

Methods Data from 211 patients who underwent a selec-

tive sigmoidectomy or anterior resection from August 2011

to June 2014 at a single institution were collected and

analyzed via propensity score matching. Operative out-

comes, inflammatory responses, pain intensity, oncologic

outcomes, quality of life, and cosmetic results were com-

pared between groups.

Results After matching, 96 patients (48 CLS and 48 RPLS)

were evaluated. Sixteen RPLS cases underwent single-in-

cision laparoscopic surgery (SILS), and 32 underwent

single-incision plus one port laparoscopic surgery

(SILS ? 1). Baseline clinical characteristics were compa-

rable between the RPLS and the CLS groups. Morbidity,

pathologic outcomes, and 3-year disease-free survival and

overall survival rates were also comparable between the 2

groups. Compared with the CLS group, the RPLS group

had a shorter total incision length (p\ 0.001); shorter time

to liquid diet (p = 0.027), ambulation (p = 0.026), and

discharge (p\ 0.001); and lower visual analogue scale

scores during mobilization at postoperative days 3–5

(p\ 0.05). The total operation times, C-reactive protein

levels at 24 h and 96 h, and interleukin-6 levels at 24 h

postoperatively were significantly lower in the SILS ? 1

group than those in the CLS and SILS groups (p\ 0.05).

Compared with the CLS group, the RPLS group showed

better social functioning at 6 months postoperatively

(p = 0.011). The SILS and SILS ? 1 groups showed

similar cosmetic results, and both groups showed better

results than the CLS group (p\ 0.001).

Conclusions RPLS for rectosigmoid cancer is feasible,

with short-term safety and long-term oncological safety

comparable to that of CLS. Better cosmesis and accelerated

recovery can be expected. SILS ? 1 is a better choice than

CLS or SILS for rectosigmoid cancer because it minimizes

invasiveness and reduces technical difficulties.
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Abbreviations

CLS Conventional laparoscopic surgery

RPLS Reduced-port laparoscopic surgery

SILS Single-incision laparoscopic surgery

SILS ? 1 Single-incision plus one port laparoscopic

surgery

QOL Quality of life

BMI Body mass index

EORTC European Organization for Research and

Treatment of Cancer

PCIA Patient-controlled opioid-based intravenous

analgesia

POD Postoperative day

WBC White blood cell

CRP C-reactive protein

IL-6 Interleukin-6

TNF-a Tumor necrosis factor-a
DFS Disease-free survival

OS Overall survival

VAS Visual analogue scale

Conventional laparoscopic surgery (CLS) is a minimally

invasive technique that has been shown to be as safe as open

surgery for colorectal cancer [1, 2]. Reduced-port laparo-

scopic surgery (RPLS) is also a minimally invasive tech-

nique that reduces the length of the abdominal incision by

reducing the number and/or size of the trocars used. RPLS

includes both single-incision laparoscopic surgery (SILS)

and single-incision plus one port laparoscopic surgery

(SILS ? 1) [3]. SILS is performed entirely through one

extraction site, typically the umbilicus, which can conceal a

surgical scar [4, 5]. SILS offers potential benefits over CLS,

including a reduced risk of trocar-related complications,

reduced postoperative pain, and improved convalescence

and cosmetic results [4–6]. However, SILS is technically

challenging because of limited instrumentmovement, loss of

triangulation, and limited in-line viewing [6–9]. Particularly

for rectosigmoid cancer, performing a rectal transection and

double-stapling anastomosis intracorporeally through the

umbilical incision is difficult [4, 9, 10]. To minimize the

abdominal trauma and these technical difficulties in the

treatment of rectosigmoid cancer, SILS ? 1, which includes

an additional port in the right-lower quadrant, has gained

increasing attention from surgeons [10, 11]. However, only a

few studies have reported on the differences in short-term

outcomes among the SILS, SILS ? 1, and CLS methods

[12], and no study has reported on the differences in long-

term oncologic outcomes, pain intensity, postoperative

inflammatory responses, quality of life (QOL), or cosmetic

results among the 3 methods.

This study aimed to evaluate the short-term safety, long-

term oncologic safety, pain intensity, postoperative

inflammatory responses, QOL, and cosmetic results of

RPLS compared with CLS for rectosigmoid cancer. In

addition, we aimed to determine the potential risks and

benefits among the SILS, SILS ? 1, and CLS methods by

comparing SILS ? 1 with CLS, and SILS ? 1 with SILS.

Materials and methods

Patients

This study was based on the colorectal cancer database

of prospectively collected data at the authors’ hospital.

Overall, 295 patients had confirmed rectosigmoid cancer

from August 2011 to June 2014, 211 of those met the

inclusion criterion (Table 1), and 184 patients were

analyzed (Fig. 1). The allocation depended on the

patient’s willingness to participate. The patients in both

groups were treated by the same surgeon, who had

performed C100 successful laparoscopic colorectal

resections and C10 successful RPLS colorectal resec-

tions. All patients were informed about the possible

advantages and limitations of RPLS and signed an

informed consent form. Data regarding demographics and

clinical information were obtained from the prospective

database. This study was approved by the Ethics Com-

mittee of Nanfang Hospital.

The patients in the RPLS group (n = 48) were com-

pared with the patients in the CLS group (n = 136) to

assess imbalances of covariates, and 1:1 propensity score

matching was then performed to control for confounding

factors and to obtain more reliable evidence. The matching

covariates included age, gender, body mass index (BMI),

American Society of Anesthesiologists score, surgical

approaches (sigmoidectomy or anterior resection), tumor

diameter, and pathologic tumor-node-metastasis stage

according to the 7th edition of the AJCC Cancer Staging

Manual [13]. These 2 groups were compared based on the

following variables: perioperative outcomes; pathologic

and oncologic outcomes; QOL (measured using the Euro-

pean Organization for Research and Treatment of Cancer

[EORTC] QLQ-C30 [14] and the EORTC QLQ-CR29 [15]

preoperatively and at 1 month, 3 months, and 6 months

postoperatively); and cosmetic results (measured using the

Body Image Questionnaire [16]) at 1 month, 3 months, and

6 months postoperatively and the Photo Series Question-

naire (Fig. 2) at 6 months postoperatively [16]. Briefly, the

patients who completed the Photo Series Questionnaire

were first asked to grade their own surgical scar on a scale

from 1 to 10; then asked to grade photographs of other

surgical scars after CLS (Fig. 3A), SILS ? 1 (Fig. 3B),

and SILS (Fig. 3C); and finally asked to grade their own

scar again. Next, they were asked for their preference for
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one of the three surgical approaches if, hypothetically, they

had the choice. In another question, they were asked for

their preference in a hypothetical situation where the only

differences among SILS, SILS ? 1, and CLS were the

level of difficulty in postoperative morbidity evaluation

and management.

Table 1 Inclusion and exclusion criteria

Inclusion criteria Exclusion criteria

18 years\ age\ 80 years BMI[ 30 kg/m2

Tumor located in the rectosigmoid (defined as 10–30 cm from the anal

verge)

Need for simultaneous surgery for another disease

Pathological rectosigmoid cancer Severe mental disease

Clinically diagnosed cT1-4aN0-2 M0 lesions according to the 7th

edition of the AJCC Cancer Staging Manual

Malignant disease within the previous 5 years (except superficial

squamous or basal cell cancer of the skin or in situ cancer of the

cervix)

Tumor size of 5-cm or less Pregnant or lactating women

ECOG performance status of 0–1 Emergency operation

ASA classification I–III Previous abdominal surgery (except extraperitoneal surgery)

Informed consent Non-speaker of Chinese or English

AJCC, American Joint Committee on Cancer, ECOG, Eastern Cooperative Oncology Group; ASA, American society of anesthesiologists and

BMI, body mass index

Fig. 1 Time schedule and flow of participants
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Surgical techniques

For the SILS group, a 4-cm transverse suprapubic incision

was made 3 cm above the pubic symphysis. Two 12-mm

trocars and two 5-mm trocars were inserted through the

glove fingers. Then, the homemade multichannel device,

comprising a soft tissue retractor with a surgical glove, was

inserted (Fig. 4). For the SILS ? 1 group, an initial 4-cm

periumbilical transverse incision was made, and the

homemade multichannel device was inserted. Two 12-mm

Fig. 2 Photo Series

Questionnaire
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trocars and one 5-mm trocar were inserted through the

glove fingers. One 12-mm trocar was placed in the right-

lower quadrant. For the CLS group, 5 ports were used,

including a camera port. The size of the left-upper, left-

lower, and right-upper ports was 5 mm. The size of the

umbilicus and right-lower ports was 12 mm. The surgery

technique used for the SILS and SILS ? 1 groups was

identical to the technique used in the CLS group. The

rectosigmoid was mobilized using a medial-to-lateral

approach. Mobilization of the splenic flexure was not

performed routinely except in cases with a lack of redun-

dancy in the sigmoid colon. Adding ports or converting to

open surgery was allowed at the surgeon’s discretion

because of technical difficulties. The distal rectum was

dissected by inserting a linear stapling device through the

suprapubic incision in the SILS group and through the

right-lower channel in CLS and SILS ? 1 groups. For the

SILS ? 1 and CLS groups, a drainage tube was placed in

the pelvic cavity through the right-lower quadrant channel,

but the drain was not routinely placed in the SILS group.

Only standard straight laparoscopic instruments were used.

Perioperative management and follow-up

For the RPLS and CLS groups, perioperative management,

laboratory blood tests, and discharge criteria were the

same.

Perioperative management

Postoperatively, patient-controlled opioid-based intra-

venous analgesia (PCIA) was routinely administered

immediately after surgery in the recovery room and dis-

continued on postoperative day (POD) 2. Additional anal-

gesics were allowed in cases of breakthrough pain. The

patients were encouraged to start a liquid diet after they

had passed gas and a soft diet after they had defecated. The

times to liquid diet and soft diet were at the discretion of

the surgeon and influenced by the willingness of the

patient. The drain was removed at the surgeon’s discretion

based on the amount of drainage and the properties of the

drained fluid. Patients were discharged when they were

able to tolerate a soft diet and ambulate independently.

Inflammatory responses

White blood cell (WBC), C-reactive protein (CRP), inter-

leukin-6 (IL-6), and tumor necrosis factor-a (TNF-a) levels
were used as parameters for the extent of inflamed and

damaged tissue. Peripheral blood and serum (Vacutainer

Systems, Chengdu, China) were collected preoperatively

(baseline) and at 4, 24, and 96 h after surgery. All samples

were collected within 15 min of the precise postoperative

Fig. 3 Photographs of the abdomen after conventional laparoscopic surgery A, single-incision plus one port laparoscopic surgery B, and single-

incision laparoscopic surgery C for rectosigmoid cancer that were used in the Photo Series Questionnaire

Fig. 4 Homemade multichannel device for single-incision laparo-

scopic surgery
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time. Transportation of the serum to the laboratory was

accomplished within 15 min. Serum IL-6, CRP, and TNF-

a samples were obtained by centrifugation for 10 min at

3000 rpm at 4 �C. The serum samples were subsequently

stored at -20 �C until assay. WBC was analyzed directly

with full-blood samples. The IL-6 concentrations in serum

were measured using a commercially available electro-

chemiluminescence immunoassay (Roche Diagnostics

GmbH, Mannheim, Germany). CRP was measured by the

immunoturbidimetric method (Roche Diagnostics GmbH,

Mannheim, Germany). TNF-a was measured with a

chemiluminescent immunoassay (SIEMENS, Gwynedd,

UK). The WBC count was determined with an automated

hematology analyzer (XE-2100, Sysmex, Kobe, Japan).

Follow-up

Follow-up visits were scheduled at 1 month and 3 months

postoperatively and then every 3 months for the first

2 years and every 6 months for the next 3 years. A colo-

noscopy and abdominal and pelvic computed tomography

scans were performed every 6 months for the first 2 years

and then annually for the next 3 years.

Statistics

Categorical variables were described as numbers with

percentages and were compared using the chi-square test

(v2) or Fisher’s exact test. Continuous variables were

described as the mean ± standard deviation and were

compared using Student’s t test or the Mann–Whitney

U test. The disease-free survival (DFS) rate was calcu-

lated from the time of surgery to the time of either local

or distant progression or to the time of the last known

follow-up without evidence of recurrence. The overall

survival (OS) was calculated from the time of surgery to

the time of the last visit for a regular follow-up. The

Kaplan–Meier method was used to estimate survival

rates, and the log-rank test was used to analyze the OS

and DFS differences between the two groups. A linear

regression model and the Kruskal–Wallis H test were

performed as needed. A p value of less than 0.05 was

considered statistically significant. The statistical analysis

was performed using SPSS version 18.0 (SPSS, Inc.,

Chicago, IL, USA).

For the EORTC QLQ-C30 and QLQ-CR29, scores were

reported on a scale from 0 to 100 according to the EORTC

Scoring Manual [15, 17]. On the function scales, a higher

score indicated better function. On the symptom scales, a

higher score indicated more severe symptoms.

Results

Baseline clinical characteristics of the patients

Baseline characteristics of the prematched groups are

shown in Table 2. After propensity score matching, no

significant differences were found between the RPLS and

CLS groups or between the SILS ? 1 and CLS groups

(Table 2).

Perioperative outcomes

Perioperative outcomes are shown in Table 3. No intra-

operative complications, mortality, or readmission within

30 days of surgery occurred in the RPLS and CLS groups.

Four patients in the RPLS group had ports added during

surgery (2 patients in the SILS group had 1 port added and

2 patients in the SILS ? 1 group had 3 ports added)

because of surgical difficulties, but the differences between

the RPLS and CLS groups were not statistically different

(P = 0.117). No procedure was converted to open surgery.

No additional analgesics were used. There were no sig-

nificant differences in morbidity within 30 days of surgery

(p = 0.463) or in the Clavien-Dindo classification

(p = 0.482) between the RPLS and CLS groups. Using a

linear regression model, we found that the length of the

minilaparotomy had a direct correlation with BMI

(slope = 0.170, R2 = 0.300, 95 % confidence inter-

val = 0.117–0.223, p\ 0.001) and tumor diameter

(slope = 0.330, R2 = 0.214, 95 % confidence inter-

val = 0.200–0.459, p\ 0.001). Time to liquid diet

(p = 0.027) and ambulation (p = 0.026), length of hospital

stay (p\ 0.001), and length of total incision (p\ 0.001)

were significantly shorter in the RPLS group than in the

CLS group. The total operation time in the SILS ? 1 group

was significantly shorter than that in the CLS (p = 0.023)

and SILS (p = 0.018) groups. The length of total incision

(p\ 0.001) and length of hospital stay (p\ 0.001) were

significantly shorter in the SILS ? 1 group than in the CLS

group.

At rest, no significant difference was observed in the

visual analogue scale (VAS) between the RPLS and CLS

groups or among the SILS, SILS ? 1, and CLS groups

(Fig. 5A, C). During mobilization, the VAS was signifi-

cantly higher in the CLS group than in the SILS and

SILS ? 1 groups on POD 3–5 (Fig. 5B, D).

The CRP level was lower in the SILS ? 1 group than

in the CLS and SILS groups at 24 h and 96 h postop-

eratively (p\ 0.05) (Fig. 6A), and the differences were

statistically significant at both time points. The IL-6

level was statistically significantly lower in the SILS ? 1

group than in the CLS and SILS groups at 24 h
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postoperatively (p\ 0.05; Fig. 6B). No significant dif-

ferences were observed in WBC and TNF-a levels

among the CLS, SILS, and SILS ? 1 groups at each

time point (Fig. 6C, D).

Pathologic and oncologic outcomes

Pathologic and oncologic outcomes were similar between

the RPLS and CLS groups (Table 4). There were no

loco-regional recurrences in the 2 groups. Distant

metastasis was experienced by 9 patients, and the most

common site was the liver. All patients were alive at the

writing of this article except one in the CLS group, who

died of disease progression at 23 months after primary

surgery. DFS and OS at 3 years postoperatively were

91.7 versus 89.6 % (p = 0.686) (Fig. 7) and 100.0 versus

97.2 % (p = 0.424) in the RPLS and CLS groups,

respectively.

Quality of life

No significant differences were seen among the preopera-

tive and 1-month, 3-month and 6-month postoperative

assessments between the RPLS and CLS groups except for

social functioning scores at 6 months postoperatively

(95.1 ± 9.7 in the RPLS group vs. 90.3 ± 11.3 in the CLS

group, p = 0.011) (Table 5, 6 and Supplemental Tables 1

and 2).

Body image and cosmetic assessment

Body Image Questionnaire

For body image and the cosmetic scale, no significant

difference was found between the CLS and RPLS groups at

anytime point (Supplemental Fig. 1). At 6 months post-

operatively, the self-confidence scores were significantly

Table 2 Baseline clinical characteristics

Overall cohort After propensity

matching

SILS ? 1 versus SILS SILS ? 1

versus CLS

CLS

(n = 136)

RPLS

(n = 48)

p value CLS

(n = 48)

p value SILS

(n = 16)

SILS ? 1

(n = 32)

p value p value

Male gendera 92 (67.6) 26 (54.2) 0.094 26 (54.2) 1.000 13 (81.3) 13 (40.6) 0.008 0.235

Age (years)a 58.7 ± 12.4 57.1 ± 11.6 0.440 55.5 ± 12.4 0.515 56.4 ± 13.4 57.5 ± 10.8 0.775 0.473

BMI (kg/m2)a 22.4 ± 3.0 22.5 ± 2.8 0.893 22.3 ± 3.4 0.752 21.9 ± 3.6 22.8 ± 2.3 0.386 0.443

ASA scorea 0.691 0.357 0.583 0.588

I/II 127 (93.4) 41 (85.4) 45 (93.8) 14 (87.5) 27 (84.4)

III 9 (6.6) 7 (14.6) 3 (6.3) 2 (12.5) 5 (15.6)

Comorbidities 76 (55.9) 26 (54.2) 0.837 24 (50.0) 0.683 10 (62.5) 16 (50.0) 0.413 1.000

Preoperative CEA

(ng/mL)

0.869 0.799 0.002 0.075

B5 109 (80.1) 39 (81.3) 38 (79.2) 9 (56.3) 30 (93.8)

[5 27 (19.9) 9 (18.8) 10 (20.8) 7 (43.8) 2 (6.3)

Surgery

approachesa
0.001 1.000 0.138 0.458

Sigmoidectomy 74 (54.4) 39 (81.3) 39 (81.3) 11 (68.8) 28 (87.5)

Anterior resection 62 (45.6) 9 (18.8) 9 (18.8) 5 (31.3) 4 (12.5)

Tumor

diametera(cm)

3.9 ± 1.3 3.6 ± 1.5 0.303 3.6 ± 1.1 0.958 3.6 ± 2.0 3.6 ± 1.3 0.884 0.878

Pathologic TNM

stagea
0.507 0.846 0.734 0.727

I 22 (16.2) 11 (22.9) 9 (18.8) 5 (31.3) 6 (18.8)

II 63 (46.3) 20 (41.7) 25 (52.1) 5 (31.3) 15 (46.9)

III 51 (37.5) 17 (35.4) 14 (29.2) 6 (37.5) 11 (34.4)

Values are presented as the number (%) or the mean ± SD unless otherwise stated
a Matched factors

CLS, conventional laparoscopic surgery; RPLS, reduced-port laparoscopic surgery; SILS, single-incision laparoscopic surgery; SILS ? 1, single-

incision plus one port laparoscopic surgery; BMI, body mass index; ASA, American society of anesthesiologists; CEA, carcinoembryonic antigen;

and TNM, tumor-node-metastasis
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higher than the preoperative scores in the SILS (p = 0.005)

and SILS ? 1 groups (p = 0.031), but this was not found

in the CLS group (p = 0.578) (Supplemental Fig. 2).

Photo series questionnaire

Before seeing the results of alternative approaches, the

scores that patients gave to their own scars were similar

between the RPLS and CLS groups and between the

SILS and SILS ? 1 groups at each time point. After

viewing the photographs of the alternative approaches,

the scores that patients gave to their own scars signifi-

cantly decreased in the CLS group (from 8.5 ± 1.3 to

7.3 ± 1.1, p\ 0.001) but remained similar in the RPLS

group. After viewing the photographs, all patients graded

the photograph of the CLS scar (6.8 ± 1.3) significantly

lower than either the SILS ? 1 scar (8.8 ± 1.0,

p\ 0.001) or the SILS scar (9.0 ± 0.8, p\ 0.001), but

they chose similar scores for the SILS and SILS ? 1

scars (p = 0.297).

When asked their preference of surgical type if they had

to undergo the surgery again (Fig. 2, question 6), 46.9 % of

Table 3 Perioperative outcomes

After propensity matching SILS ? 1 versus SILS SILS ? 1 versus

CLS

CLS

(n = 48)

RPLS

(n = 48)

p value SILS

(n = 16)

SILS ? 1

(n = 32)

p value p value

Total operation timea (min) 109.0 ± 27.2 105.8 ± 34.8 0.203 123.8 ± 43.1 96.8 ± 26.2 0.018 0.023

Time for building trocarsb (min) 4.2 ± 2.2 4.5 ± 2.3 0.383 4.8 ± 2.0 4.4 ± 2.4 0.472 0.661

Closure timec (min) 17.7 ± 5.8 14.8 ± 4.4 0.008 13.9 ± 5.1 15.3 ± 4.1 0.328 0.045

Procedure timed (min) 87.5 ± 26.6 86.3 ± 36.6 0.242 105.1 ± 46.4 76.9 ± 26.8 0.019 0.020

Estimated blood loss (ml) 49.5 ± 43.9 40.6 ± 40.7 0.189 44.1 ± 62.0 38.9 ± 25.3 0.077 0.581

Insertion of additional port(s) 0 4(8.3) 0.117 2(12.5) 2(6.3) 0.592 0.157

Conversion to open surgery 0 0 – 0 0 – –

Additional analgesics 0 0 – 0 0 – –

Length of minilaparotomye (cm) 4.7 ± 1.0 4.6 ± 1.0 0.901 4.5 ± 1.1 4.6 ± 0.9 0.730 0.852

Length of total incision(cm) 7.5 ± 1.3 5.5 ± 1.3 \0.001 4.8 ± 1.5 5.9 ± 0.9 0.001 \0.001

Time to flatus (days) 2.6 ± 0.9 2.4 ± 0.9 0.058 2.4 ± 1.0 2.4 ± 0.9 0.784 0.118

Time to defecation (days) 3.6 ± 1.3 3.2 ± 1.1 0.126 3.3 ± 0.9 3.2 ± 1.1 0.647 0.156

Time to liquid diet (days) 3.4 ± 2.3 3.1 ± 2.8 0.027 3.3 ± 3.3 3.0 ± 2.5 0.506 0.087

Time to soft diet (days) 5.5 ± 2.6 5.4 ± 3.7 0.188 5.2 ± 3.3 5.6 ± 3.9 0.373 0.432

Time to ambulation (days) 3.5 ± 1.3 3.0 ± 1.3 0.026 2.6 ± 1.0 3.3 ± 1.3 0.046 0.258

Length of hospital stay (days) 9.5 ± 3.3 8.3 ± 5.2 \0.001 8.4 ± 5.3 8.2 ± 5.3 0.212 \0.001

Morbidity within 30 days of

surgery

3 (6.3 %) 5 (10.4 %) 0.463 1 (6.3 %) 4 (12.5 %) 0.508 0.335

Superfical SSI 0 1 (2.1 %) 0 1 (3.1 %)

Anastomotic dehiscence 1 (2.1 %) 2 (4.2 %) 1 (6.3 %) 1 (3.1 %)

Intra-abdominal bleeding 1 (2.1 %) 1 (2.1 %) 0 1 (3.1 %)

Urinary retention 1 (2.1 %) 1 (2.1 %) 0 1 (3.1 %)

Clavien–Dindo classification 0.482 0.550 0.362

I 1 (2.1 %) 3 (6.3 %) 0 3 (9.4 %)

II 2 (4.2 %) 2 (4.2 %) 1 (6.3 %) 1 (3.1 %)

Readmission within 30 days of

surgery

0 0 – 0 0 – –

Mortality within 30 days of surgery 0 0 – 0 0 – –

Values are presented as the number (%) or the mean ± standard deviation unless otherwise stated

CLS conventional laparoscopic surgery, RPLS, reduced-port laparoscopic surgery, SILS single-incision laparoscopic surgery, SILS ? 1 single-

incision plus one port laparoscopic surgery, SSI surgical site infection
a Total operation time was measured from skin incision to skin closure. b Time for building trocars was measured from skin incision to when all

trocars were built. c Closure time = time for abdominal incision closure. d Procedure time = Total operation time–time for building trocars-

closure time. e The minilaparotomy is the incision for specimen retrieval
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all patients preferred SILS; 31.3 % preferred SILS ? 1;

and 13.5 % preferred CLS. In terms of postoperative

morbidity evaluation and management (Fig. 2, question 7),

79.2 % of all patients preferred SILS ? 1; 18.8 % pre-

ferred CLS; and 2.1 % preferred SILS.

Discussion

Since Bucher et al. performed the first SILS for colorectal

diseases, many surgeons have reported their experiences

[18]. Multiple studies have shown that the short-term safety

Fig. 5 Visual analogue scale

(VAS) at rest and during

mobilization on postoperative

day 1–5. A higher score

indicates severe pain. Dots show

mean scores for conventional

laparoscopic surgery (CLS)

(blue), reduced-port

laparoscopic surgery (RPLS)

(green), single-incision plus one

port laparoscopic surgery

(SILS ? 1) (red), and single-

incision laparoscopic surgery

(SILS) (purple). *p\ 0.05

when comparing RPLS with

CLS. ?p\ 0.05 when

comparing SILS ? 1 with CLS.
$p\ 0.05 when comparing

SILS with CLS

Fig. 6 The median values of

C-reactive protein (CRP) A,
interleukin-6 (IL-6) B, tumor

necrosis factor-a (TNF-a) C,
and white blood cell (WBC)

D. Whiskers indicate 95 %

confidence interval. CLS,

conventional laparoscopic

surgery; SILS ? 1, single-

incision plus one port

laparoscopic surgery; SILS,

single-incision laparoscopic

surgery. *p\ 0.05
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and oncological safety of SILS are equal to those of CLS

for colorectal cancer, and SILS has the potential to improve

both convalescence and cosmetic results [4–7, 19]. How-

ever, the widespread clinical use of SILS is seriously

impeded by technical difficulties. To minimize the

abdominal trauma and technical difficulties, SILS ? 1 has

gained increasing attention from colorectal surgeons

[10, 11]. Many studies have reported that SILS ? 1 offers

short-term safety results that are comparable to those of

CLS [8, 11], but whether SILS ? 1 is simple enough for

clinical promotion and whether it is as safe as CLS for

colorectal cancer while still retaining the minimally

invasive benefits of SILS are still unknown. Our institute

designed this prospective study to evaluate the safety and

benefits of SILS ? 1, SILS, and CLS and aimed to answer

to the questions presented above.

In our study, the short-term safety and 3-year long-term

oncologic safety were comparable between the RPLS and

CLS groups, while the RPLS group experienced faster

convalescence, less pain, and better cosmetic satisfaction,

self-confidence, and social functioning than the CLS group.

The SILS ? 1 group showed comparable cosmetic results

with the SILS group and the lowest inflammatory responses

compared to both the SILS and CLS groups. To the best of

Table 4 Pathologic and oncologic outcomes

After propensity matching SILS ? 1 vs SILS SILS ? 1

vs CLS

CLS (n = 48) RPLS (n = 48) p value SILS (n = 16) SILS ? 1

(n = 32)

p value p value

Differentiation 0.631 0.390 0.928

Well/moderate 40 (83.3) 44 (91.7) 16 (100.0) 28 (87.5)

Poor/others 8 (16.7) 4 (8.3) 0 4 (12.5)

Depth of invasion 0.582 0.310 0.995

T1 3 (6.3) 8 (16.7) 4 (25.0) 4 (12.5)

T2 7 (14.6) 5 (10.4) 2 (12.5) 3 (9.4)

T3 6 (12.5) 4 (8.3) 1 (6.3) 3 (9.4)

T4a 32 (66.7) 31 (64.6) 9 (56.3) 22 (68.8)

Lymph node metastasis 0.556 0.736 0.699

N0 34 (70.8) 31 (64.6) 10 (62.5) 21 (65.6)

N1 10 (20.8) 13 (27.1) 4 (25.0) 9 (28.1)

N2 4 (8.3) 4 (8.3) 2 (12.5) 2 (6.3)

Number of lymph nodes harvested 20.5 ± 7.8 22.5 ± 7.0 0.064 21.3 ± 8.1 23.2 ± 6.3 0.245 0.026

Proximal resection margin 11.0 ± 4.1 10.0 ± 3.2 0.298 10.1 ± 2.7 9.9 ± 3.5 0.828 0.285

Distal resection margin 6.6 ± 3.1 6.3 ± 2.6 0.743 5.8 ± 2.3 6.6 ± 2.7 0.446 0.961

Adjuvant chemotherapy 0.302 0.683 0.268

No 18 (37.5) 23 (47.9) 7 (43.8) 16 (50.0)

Yes 30 (62.5) 25 (52.1) 9 (56.3) 16 (50.0)

FOLFOX 11(22.9) 7(14.6) 4(25.0) 3(9.4)

XELOX 19 (39.6) 15 (31.3) 5 (31.3) 10 (31.3)

Capecitabine 0 3 (6.3) 0 3 (9.4)

Recurrence 5 (10.4) 4 (8.3) 1.000 3 (18.8) 1 (3.1) 0.101 0.393

Locoregional recurrences 0 0 0 0

Distant metastasis 5 (10.4) 4 (8.3) 3 (18.8) 1 (3.1)

Liver 2 (4.2) 3 (6.3) 3 (18.8) 0

Lung 1 (2.1) 0 0 0

Peritoneal seeding 2 (4.2) 1 (2.1) 0 1(3.1)

Follow-up, median (range) (months) 29.5 (13.0–47.0) 22.0 (13.0–47.0) 0.060 24.5 (13.0–47.0) 21 (14.0–47.0) 0.630 0.053

CLS conventional laparoscopic surgery, RPLS reduced-port laparoscopic surgery, SILS single-incision laparoscopic surgery, SILS ? 1 single-

incision plus one port laparoscopic surgery, FOLFOX, 5-fluorouracil, leucovorin, oxaliplatin; and XELOX, capecitabine/oxaliplatin

Values are presented as the number (%) or the mean ± standard deviation unless otherwise stated
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our knowledge, this is the first study to compare RPLS and

CLS for rectosigmoid cancer in terms of quality of life. In

addition, this is a pioneering study that thoroughly com-

pared the short- and long-term safety and minimally

invasive results among the SILS, SILS ? 1, and CLS

methods.

Short-term safety

The short-term safety is greatly influenced by the technical

difficulties of the procedure. In the present study, the

estimated blood loss, morbidity, conversion rate, and

operation time were comparable between the RPLS and

CLS groups, as many previous studies have reported

[6, 7, 11]. When it was difficult to finish the surgery with

SILS, adding one additional port allowed a successful

finish of the surgery. Katsuno et al. [19] reported that 107

patients underwent SILS, and 8 of those were converted to

SILS ? 1 because of surgical difficulties and were suc-

cessfully completed. No conversions to a multiport

approach or open surgery were reported. As for operation

time, the total time and the procedure time were the

shortest in the SILS ? 1 group of the present study. This

indicates that SILS ? 1 may significantly reduce the

technical difficulties compared with SILS and may mini-

mize the influence of unskilled assistants in terms of

operation time without significantly increasing technical

difficulties compared with CLS. Moreover, the additional

port used with SILS ? 1 was also convenient for drainage.

As the total operation time was the shortest in the

SILS ? 1 group compared to the SILS and CLS groups

without jeopardizing short-term safety, the clinical pro-

motion of SILS ? 1 is suggested for experienced surgeons.

Minimally invasive results

Pain intensity and postoperative recovery

Postoperative pain is an important factor affecting post-

operative recovery. Whether RPLS can reduce postopera-

tive pain remains controversial [4, 6, 7, 19, 20]. To

improve the reliability and accuracy of the pain scores, we

measured pain intensity (both at rest and during mobi-

lization) until POD 5 and routinely used PCIA until POD 2

in both groups. Interestingly, the pain intensity was sig-

nificantly less only on POD 3–5 during mobilization in the

RPLS group compared to the CLS group, but no significant

difference was found at rest or on POD 1–2 during mobi-

lization between the 2 groups. We concluded that com-

pared to CLS, RPLS could reduce postoperative pain

during mobilization but not at rest. This may be because

the stretching of the wound during mobilization increases

pain. However, it is not known why no difference was

found between the 2 groups during mobilization on POD

1–2. Theories include the following: (1) The movement of

the patients on POD 1–2 was slight, which may not seri-

ously stretch the wound and (2) the routine use of PCIA on

POD 1–2 may diminish the differences in pain intensity

between the 2 groups. The other postoperative recovery

measurements (such as time to liquid diet and ambulation

and length of hospital stay) were faster in the RPLS group

than in the CLS group, which may be because the patients

who underwent RPLS had less postoperative pain, and the

belief that they were undergoing minor surgery may have

helped them be more willing to resume their normal daily

life activities [21].

Inflammatory responses

Surgical trauma induces an inflammatory response and

may lead to a transient impairment of the immune system,

and therefore is potentially associated with morbidity, local

recurrences, and distant metastases [22, 23]. In the present

study, no difference was found at anytime point between

the SILS and CLS groups, as reported in the previous

studies [20, 22]. Interestingly, the CRP levels at 24 and

96 h postoperatively and the IL-6 levels at 24 h postoper-

atively in the SILS ? 1 group were significantly lower

than in the SILS and CLS groups. The first possible reason

is that the total operative time in the SILS ? 1 group was

significantly shorter than in the SILS and CLS groups. The

Fig. 7 Disease-free survival rates at 3 year postoperatively were 91.7

versus 89.6 % (p = 0.686) in the reduced-port laparoscopic surgery

(RPLS) and conventional laparoscopic surgery (CLS) groups,

respectively
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second possible reason is the incision length contributes to

less surgically induced stress. Therefore, we concluded that

the SILS ? 1 procedure could reduce surgical stress

compared with the SILS and CLS groups.

Cosmesis results

In the present study, we have not only investigated the

patients’ satisfaction with their scars and with the alterna-

tive approaches but also asked their preference in terms of

surgical approaches while taking postoperative safety into

consideration. The results indicate that RPLS has better

cosmetic results than does CLS, and this could also explain

why the self-confidence of patients in the RPLS group

improved at 6 months postoperatively. In addition,

SILS ? 1, which is more convenient for postoperative

drainage without reducing the cosmetic results compared

with SILS, might be preferred by more patients with rec-

tosigmoid cancer.

Quality of life

In the present study, RPLS did not offer a QOL benefit over

CLS in patients with rectosigmoid cancer except for the

social functioning score, which may be influenced by scar

satisfaction. The elimination of 3–4 trocar incisions could

improve convalescence during the hospital stay but not

after the 1st month postoperatively.

Oncological safety

Oncological safety is an important measurement for a new

surgical technique in the field of radical cancer resec-

tion. Three main factors greatly influence oncological

outcomes: the quality of the surgical procedure, the

pathologic outcomes, and the adjuvant chemotherapy

completion rate. To improve the surgery quality control, all

surgeries were performed by the same surgeon following

the guidelines [24]. To improve the pathologic outcomes,

Table 5 Actual EORTC QLQ-CR29 scores

Study

arm

N Baseline

mean ± SD

1 month

mean ± SD

3 months

mean ± SD

6 months

mean ± SD

Global quality of life CLS 48 72.2 ± 8.8 70.8 ± 12.9 75.9 ± 10.9 75.3 ± 9.6

RPLS 48 71.5 ± 13.5 71.0 ± 12.3 73.8 ± 11.8 75.5 ± 8.7

Functioning scales

Physical functioning CLS 48 87.4 ± 10.6 71.0 ± 15.4 82.9 ± 13.9 85.4 ± 11.8

RPLS 48 84.7 ± 11.4 72.6 ± 13.4 83.9 ± 9.0 87.8 ± 8.1

Role functioning CLS 48 87.8 ± 15.3 70.5 ± 16.6 83.7 ± 15.6 90.6 ± 10.8

RPLS 48 88.9 ± 17.3 74.0 ± 20.9 87.2 ± 15.1 93.8 ± 11.2

Emotional

functioning

CLS 48 83.2 ± 14.0 79.9 ± 21.3 87.7 ± 11.5 91.0 ± 12.0

RPLS 48 80.0 ± 14.0 79.0 ± 17.0 84.4 ± 14.4 88.5 ± 10.8

Cognitive functioning CLS 48 89.9 ± 14.1 85.4 ± 20.2 89.9 ± 13.2 91.0 ± 14.2

RPLS 48 88.9 ± 17.6 82.6 ± 21.2 84.7 ± 17.1 86.8 ± 17.5

Social functioning CLS 48 87.8 ± 15.3 70.5 ± 16.6 83.7 ± 15.6 90.3 ± 11.3

RPLS 48 88.9 ± 17.3 74.0 ± 20.9 87.2 ± 15.1 95.1 ± 9.7

Symptom scales

Fatigue CLS 48 16.4 ± 17.9 31.2 ± 17.6 19.7 ± 16.6 12.3 ± 13.6

RPLS 48 16.2 ± 12.1 29.2 ± 17.2 22.0 ± 17.7 13.4 ± 16.0

Pain CLS 48 14.9 ± 16.6 7.3 ± 16.5 4.2 ± 11.7 1.7 ± 6.2

RPLS 48 13.2 ± 15.0 7.6 ± 18.8 3.5 ± 10.8 2.8 ± 9.3

Constipation CLS 48 28.5 ± 32.2 9.7 ± 19.4 7.6 ± 17.2 3.5 ± 10.3

RPLS 48 21.5 ± 27.9 7.6 ± 15.7 7.6 ± 17.2 6.2 ± 14.8

Diarrhea CLS 48 24.3 ± 30.6 4.2 ± 13.1 0.7 ± 4.8 1.4 ± 6.7

RPLS 48 16.0 ± 24.8 9.0 ± 20.3 2.8 ± 9.3 2.1 ± 10.7

Higher scores for global quality of life and functioning scales indicate better function, whereas higher scores for symptom scales indicate more

severe symptoms

EORTC, European organization for research and treatment of cancer, N Number of patients, SD, standard deviation, CLS conventional

laparoscopic surgery, RPLS reduced-port laparoscopic surgery
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the specimens were examined according to the AJCC

guidelines [13] by experienced pathologists. To improve

the adjuvant chemotherapy completion rate, we reminded

patients to take adjuvant chemotherapy as needed. The

RPLS and CLS showed equivalent pathological outcomes

and chemotherapy completion rates in our study, so it is not

surprising that the oncological outcomes (3-year DFS and

OS) were also similar in both groups; these results were

also confirmed by the previous studies [6, 7, 19].

The main limitations of this study were as follows: (1)

This study was not a randomized study, although the data

in our database were prospectively collected; (2) the study

was carried out in only one center; and (3) the sample size

was relatively small. In this study, the propensity-matched

analysis may minimize the selection bias. We are currently

conducting a prospective randomized controlled trial with a

large sample size to evaluate the comparability and supe-

riority of SILS ? 1 compared with CLS (ClinicalTrials.-

gov NCT02117557).

Conclusions

SILS ? 1, which retained the minimally invasive benefits

of SILS and significantly reduced the technical difficulties,

is a promising alternative approach for rectosigmoid

cancer.
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