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Abstract

Background: In most previous studies, single-incision laparoscopic surgery (SILS) for colorectal cancer (CRC) was
feasible and safe in the short term. However, long-term oncologic outcomes remain uncertain, as only a few studies
contained long-term survival data. SILS for CRC is still in the early stages of research. Further studies, particularly large-
scale, prospective randomized controlled trials, are necessary to assess the value of SILS for CRC.

Methods: This study is a prospective, multicentre, open-label, noninferiority, parallel-group randomized controlled
trial that investigates the long-term oncologic outcomes of SILS compared to conventional laparoscopic surgery (CLS)
for CRC. A total of 710 eligible patients will be randomly assigned to the SILS group or the CLS group at a 1:1 ratio
using a central, dynamic, and stratified block randomization method. Patients with ages ranging from 18 to 85 years
old, of both sexes, with CRC above the peritoneal reflection diagnosed as cT1-4aN0-2M0 and a tumour size no larger
than 5 cm will be considered for the study. The primary endpoint is 3-year disease-free survival (DFS). The secondary
endpoints include: intraoperative outcomes, postoperative recovery, postoperative pain assessment, pathological
outcomes, early morbidity and mortality rate, cosmetic effects, quality of life, 3-year overall survival (OS), incidence of
incisional hernia, 5-year DFS and 5-year OS. The first two follow-up visits will be scheduled at one month and three
months postoperatively, then every three months for the first two years and every six months for the next three years.
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compared to CLS for CRC to promote its widespread use.

Randomized controlled trial

Discussion: Currently, no randomized controlled trials (RCTs) have been designed to investigate the long-term onco-
logic outcomes of SILS for CRC. This study is expected to provide clinical evidence of the oncologic outcomes of SILS

Trial registration: ClinicalTrials.gov: NCT 04527861 (registered on August 27, 2020).
Keywords: Study protocol, Colorectal cancer, Oncologic outcomes, Single-incision, Laparoscopic surgery,

Background

Rationale

Colorectal cancer (CRC) is a common malignant
tumour of the digestive tract, and its global incidence
ranks third among all malignancies [1]. Surgery is a
major treatment for CRC. Laparoscopic surgery for
CRC has been proven to be safe and effective compared
with laparotomy by many randomized controlled trials
[2-7], which provides many advantages, including less
surgical trauma, better cosmetic results, and a shorter
hospital stay [2-7].

Recently, with the extensive development of laparo-
scopic surgery and the extension of the concept of mini-
mally invasive surgery, many institutions have begun
studies on "scarless" surgery to reduce trauma and post-
operative pain and improve the cosmetic effect. These
studies mainly focused on natural orifice transluminal
endoscopic surgery (NOTES) and single-incision lapa-
roscopic surgery (SILS). The current clinical application
of NOTES is greatly limited due to difficulties in ethics,
gastrointestinal anastomosis, infection prevention, oper-
ation platforms, and instrument research [8, 9]. In con-
trast, SILS is attracting increasing attention. It is a way to
transition to “scarless” surgery that is more feasible for
generalized use in the future.

Single-incision surgery was reported as early as 1969,
when Wheeless et al. [10] performed tubal ligation with
laparoscopy through a single surgical channel. In 1997,
Navarra et al. [11] first reported transumbilical sin-
gle-incision cholecystectomy, performed through two
10-mm trocars set in a small transumbilical incision
combined with suspension technology. Complete tran-
sumbilical cholecystectomy without any additional tro-
car was first performed by Podolsky et al. in 2007 [12],
marking the development of SILS. CRC surgery is gener-
ally a semielective surgery. Radical resection is relatively
complex and requires a higher degree of proficiency and
precision. Therefore, it was not until 2008 that SILS was
first reported for colorectal surgery. Bucher et al. [13]
and Remzi et al. [14] independently performed right
hemicolectomy for benign colonic polyps with good out-
comes. In 2009, Bucher et al. [15] successfully performed
single-incision laparoscopic radical left colectomy, being
the first to apply SILS in malignant colorectal tumours.

Although the number of studies on this new method
of surgery has increased year by year, the majority are
retrospective studies with small sample sizes, and few
are high-quality randomized controlled trials (RCTs).
Although the feasibility and short-term safety of SILS
were confirmed in most previous studies, the potential
benefits are still controversial. Furthermore, the long-
term oncologic outcomes remain uncertain, as only a few
studies contained long-term survival data [16—18].

To the best of our knowledge, in addition to our single-
centre RCT study [19], seven other RCT studies [18, 20—
26], including three multicentre studies [18, 23, 25, 26]
have been published on SILS for CRC. In the four earlier
reported RCT studies [20-22, 24], the sample sizes were
calculated inadequately, leading to less reliable conclu-
sions. In addition, in Maggiori et al’s multicentre study
[25], the value of SILS for CRC could not be well assessed
due to limited malignant cases. The SIMPLE trial [26]
had the largest sample size and multicentre participa-
tion, making it the best-designed published RCT study to
date. However, similar to Watanabe et al’s study [18, 23],
patients with cancers located in the rectum, descending
colon, or transverse colon were excluded. No previous
RCT studies were designed with long-term outcomes as
the primary study endpoint.

Studies on SILS for CRC are still in the early stage.
Therefore, further studies, particularly large-scale, pro-
spective randomized controlled trials, are needed to
assess its safety, efficacy, potential benefits, and long-
term outcomes to evaluate its value in CRC.

Objective and hypothesis

This study will investigate the long-term oncologic out-
comes of SILS compared to CLS for CRC. The hypothesis
is that the oncologic outcomes of SILS for CRC are non-
inferior to CLS.

Methods/Design

Settings

This CSILS study will be a prospective, multicentre,
open-label, noninferiority, parallel-group randomized
controlled trial. The trial will be conducted at 10 quali-
fied clinical centres in China (Table 1). The CSILS pro-
tocol and this manuscript were prepared following the
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Table 1 Participating centers

Centers Location

Ruijin Hospital, Shanghai Jiao Tong University School of Medicine Shanghai

Dongfang Hospital Affiliated to Tongji University Shanghai

Shanghai Cancer Center, Fudan University Shanghai

RenlJi Hospital, Shanghai Jiao Tong University School of Medicine Shanghai

Changhai Hospital, Navy Medical University Shanghai

Zhejiang Provincial People’s Hospital, People’s Hospital of Hangzhou Medical College

Shengjing Hospital, China Medical University
Liaoning Cancer Hospital & Institute

Shandong Provincial Hospital Affiliated to Shandong First Medical University

The General Hospital of Western Theater Command

Hangzhou, Zhejiang
Shenyang, Liaoning
Shenyang, Liaoning
Jinan, Shandong
Chendu, Sichuan

Standard Protocol Items: Recommendations for Inter-
ventional Trials (SPIRIT). This manuscript refers to ver-
sion 1.1 of the full study protocol released on 6 February
2021.

Eligibility criteria
Patients between 18 and 85 years old, of both sexes, with
cT1-4aN0-2MO0 CRC diagnosed via computed tomogra-
phy (CT) and/or colonoscopy according to the 8th Edi-
tion of the American Joint Committee on Cancer (AJCC)
Cancer Staging Manual, with a tumour located above the
peritoneal reflection and a tumour size no larger than
5 cm will be further screened for inclusion. Table 2 shows
the detailed inclusion, exclusion, and withdrawal criteria.
Before participating in this study, surgeons will be
required to pass a blinded evaluation of their surgical
videos. They will be required to provide the CSILS study
committee with 3 surgical videos of SILS and 3 of CLS
for CRC performed within the last 6 months. The study
committee will randomly select 2 surgical videos each
and arrange a blind review with 3 peer experts. The sur-
geon will be permitted to join the study if the 3 reviewers
unanimously approve the surgical technique and onco-
logical outcomes shown in the videos.

Participant timeline and recruitment

Before the screening, the informed consent form will be
verbally explained to all participants. Written informed
consent will be acquired from all patients prior to their
participation in this study. After enrolment, the baseline
characteristics of the participants will be measured pre-
operatively. Surgery will be performed within 7 days of
enrolment. Adjuvant chemotherapy will be considered
according to the National Comprehensive Cancer Net-
work (NCCN) guidelines. The first two follow-up visits
will be scheduled at one month and three months postop-
eratively, then every three months for the first two years

and every six months for the next three years. This trial
is scheduled to last for 96 months and the recruitment
started on April 8, 2021. Recruitment advertisements for
the study will be posted on notice boards in participat-
ing centres. The CSILS flowchart was designed based on
consolidated standards of reporting trials (CONSORT
2010 Flow Diagram, Fig. 1). The study schedule is shown
in Table 3.

Interventions

Preoperative nutritional support, bowel preparation, pro-
phylactic systemic antibiotics, prophylactic anticoagula-
tion, respiratory function training, and prophylaxis for
other potential high-risk complications are administered
according to the patient’s condition and the routine of
each study centre. Nasogastric tubes will not be routinely
used.

Radical resection (RO) based on the same oncological
principles is required for all operations. The principles
include adequate surgical resection margins, complete
or total mesocolic excision (CME/TME), and D3 lymph
node dissection. Intraperitoneal operations must be per-
formed using laparoscopic instruments supported by
a camera system. In the SILS group, the operations will
be performed through a single incision, usually with a
transumbilical approach. A single port device and laparo-
scopic instruments will be placed through the small inci-
sion. In the CLS group, the operation will be performed
with 3 to 5 trocars. Conventional laparoscopic instru-
ments, precurved instruments, articulating instruments,
3D laparoscopes, and flexible laparoscopes, among oth-
ers., may be used during the operation. Intestinal seg-
ment mobilization, lymph node dissection, and vascular
ligation should be performed under laparoscopy. The
specimen excision and the anastomosis will be allowed
to be performed in an open state using an auxiliary small
incision (usually the same size as the tumour). Auxiliary
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Fig. 1 CSILS Flow Diagram

Analysed (n=)
+ Excluded from analysis (give reasons) (n= )

incisions will generally be limited to one, except in cases
where a stoma is needed. According to the site of the
tumour, appropriate surgical methods, including right
colectomy, left colectomy, sigmoidectomy, and anterior
resection, will be selected. Prophylactic ileostomy will be
performed when necessary. Placement of drainage tubes
will be decided by the surgeons. Unedited video record-
ings of the laparoscopic operations, photographs of the
incisions, and photographs of the specimens will be
documented.

The treatment strategy will be required to change (SILS
to additional trocar/laparotomy; CLS to laparotomy) if
one of the following happens: intractable intra-abdomi-
nal haemorrhage, severe organ damage, other serious or
life-threatening complications related to surgical proce-
dures or carbon dioxide pneumoperitoneum, or other
technical or instrumental factors requiring conversions.
When the length of the auxiliary incision is larger than
10 cm, conversion to laparotomy will be considered.

Primary endpoint

The primary endpoint is 3-year disease-free survival
(DFS) measured at 36 months postoperatively. DFS will
be calculated from the time of surgery to the time of
tumour recurrence or death from tumour reasons (in
the case of an unknown tumour recurrence date). If nei-
ther death nor tumour recurrence is observed during the
follow-up, the final date of confirmation of disease-free
survival will be marked as the date of the latest outpatient
visit or the examination received. Recurrence will be con-
firmed by radiological or histological methods.

Secondary endpoint

The secondary endpoints include intraoperative out-
comes, postoperative recovery, postoperative pain
assessment, pathological outcomes, early morbidity and
mortality rate, cosmetic effects, quality of life, 3-year
overall survival (OS), incidence of incisional hernia,
5-year DFES and 5-year OS. The intraoperative outcomes
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POD Postoperative day, M Month, SILS Single-incision laparoscopic surgery, CLS Conventional laparoscopic surgery, VAS Visual analogue scale, CT Computed
tomography, MRI Magnetic Resonance Imaging, EKG Electrocardiogram, QLQ-C30 Quality of Life Questionnaire-Core 30, QLQ-CR29 Quality of Life Questionnaire-
Colorectal 29, EORCT European Organization for Research and Treatment of Cancer

? Laboratory tests include routine blood tests, liver and kidney function tests, electrolytes tests, and coagulation tests

b These examinations are optional depending on the patient’s condition
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include operative time, estimated blood loss, complica-
tions, incision length, total incision length, and conver-
sion rate measured intraoperatively. The postoperative
recovery outcomes include time to first flatus/stool, time
to liquid diet and soft diet, and length of theoretical hos-
pital stay measured upon daily visits during hospitaliza-
tion. To adjust for the potential impact of the nonmedical
variables of different centres, a theoretical length of hos-
pital stay will be used, defined as the postoperative day
when patients meet the following predefined discharge
criteria: no fever; no need for intravenous nutritional
support; passage of first flatus/stool; able to leave the bed
with limited assistance. The postoperative pain assess-
ment will be measured on postoperative Days 1, 2, and
3, including the postoperative pain score, which will be
recorded using the visual analogue scale (VAS) pain
score and dosage of postoperative pain killer intake. The
pathologic outcomes, including tumour size, number
of harvested lymph nodes, proximal and distal resec-
tion margins, and mesangial integrity evaluation (rec-
tum), will be determined postoperatively by pathological
examination. Early morbidity, graded according to the
Clavien—Dindo classification is defined as postoperative
complications observed within 30 days after surgery. The
cosmetic effect will be measured by a questionnaire at 1,
6, and 12 months postoperatively. Quality of life will be
measured using the European Organization for Research
and Treatment of Cancer (EORTC) Quality of Life Ques-
tionnaire-Core 30 (QLQ-C30) and the EORTC Quality
of Life Questionnaire-Colorectal 29 (QLQ-CR29) pre-
operatively and at 1, 6, and 12 months postoperatively.
The incidence of incisional hernia will be measured at
60 months postoperatively. Incisional hernia will be con-
firmed by physical examination or radiological methods.
Other long-term outcomes include 3-year overall sur-
vival (OS), 5-year DFS, and 5-year OS.

Randomization and blinding

This will be an open-label trial. Surgical procedures and
postoperative intervention will not be concealed from
patients or investigators. The participants will be ran-
domly assigned to either the CLS or SILS group at a 1:1
ratio using a central, dynamic, and stratified block rand-
omization method. The control factors include age, pre-
operative stage, and planned surgical intervention. An
investigator from each centre will fill in the information
of every participant through the network, and the central
random system will analyse the information and give the
random number and grouping.

Data management
An electronic data capture (EDC) system designed by the
Clinical Research Center, Shanghai Jiao Tong University
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School of Medicine, will be used for data collection and
query handling. The investigators will log into the EDC
system via the website and record the data on the elec-
tronic case report form (eCRF). The investigators are
required to submit the data within 7 days of its genera-
tion to ensure the timeliness of the data recorded. The
clinical research associates are responsible for verifying
the raw data and the eCRF to ensure the authenticity,
accuracy and completeness of the data recorded.

Data monitoring

An Independent Data Monitoring Committee (IDMC)
composed of an independent contract research organi-
zation (CRO) will be set up to ensure the protection of
patients, to ensure the ethical conduct of the study, to
ensure the accuracy, completeness, and timeliness of the
data, to evaluate the benefit/risk ratio of the study and to
ensure an independent review of the scientific outcomes
during and at the completion of the study. The committee
is independent from the sponsor and has no competing
interests. Monitoring will be conducted at each centre on
a monthly basis during the enrolment period and every
two months during the follow-up period.

Sample size calculation

In this study, the 3-year DES is the main effectiveness
evaluation index for noninferiority evaluation. Accord-
ing to previous studies [27-29], the 3-year DFS of the
CLS group was approximately 75%. This study assumes
that the 3-year DFS of the study group is the same as
that of the control group. The expected enrolment time
is 3 years, and the follow-up time to reach the primary
endpoint is 3 years. If the acceptable noninferiority limit
of DFS in the three years of this study is 10%, when DFS
is exponentially distributed, the corresponding HR limit
is 1.49. This number will be combined with "Log-Rank
Tests for Noninferiority" in the professional sample size
estimation software NCSS-PASS (14th edition, NCSS,
LLC, Utah, USA). When the unilateral statistical signifi-
cance level is 0.025, the inspection efficiency is 80%, and
the study group and the control group will be allocated
in the ratio of 1:1, the required sample size of each group
will be 284. Considering that the largest abscission rate
in this clinical study is approximately 20%, it was finally
determined that the sample size of each group will be 355
cases, and the total number of cases required will be 710.

Statistical methods

SAS 9.4 statistical software will be used to perform the
statistical analyses. The noninferiority analysis for the pri-
mary endpoint of 3-year DFS will be conducted by com-
paring 95% confidence intervals of survival rates between
the test and control groups on a modified intent-to-treat
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(MITT) population basis. Baseline data and validity
analyses will be conducted on a modified intent-to-treat
(MITT) basis. The primary endpoint will also be analysed
on a per-protocol (PP) basis, with the MITT analysis
results prevailing. Safety evaluation, including laboratory
test data, will be conducted in the safety analysis popula-
tion (SAP). There is no planned interim analysis for the
3-year DFS rate. Continuous data will be described as the
means with standard deviations or medians with inter-
quartile ranges, and categorical data will be expressed
as frequencies and percentages. Comparisons between
groups will be conducted using the Wilcoxon rank-sum
test, Student’s t test, Pearson x2 test, and Fisher exact
test, as appropriate. Survival data will be analysed using
the Kaplan—-Meier method and log-rank test. A general
linear model for quantitative indicators, logistic regres-
sion for qualitative indicators, and Cox’s proportional
hazards model for survival data will be used to assess
the effects of baseline, treatment, centre, and treatment-
by-centre interactions. A two-sided p value <0.05 will be
considered statistically significant.

Adverse events

Based on the qualifications of the participating centres
and surgeons in this study, treatment-related deaths or
life-threatening complications due to surgery are gen-
erally unlikely to occur. All adverse events (AEs) will be
graded according to the Clavien-Dindo classification
or Common Terminology Criteria for Adverse Events
(CTCAE) version 5.0 and recorded. Any death or unex-
pected Grade 4 adverse event will be reported urgently
to the principal investigator within 24 h. It will also be
reported to the Ethics Committee within 72 h, and a
detailed medical report will be generated within 15 days.
The CSILS Efficacy and Safety Evaluation Committee
will be responsible for assessing the quality of surgery
by reviewing surgical videos and monitoring each cent-
er’s safety. If treatment-related deaths or life-threatening
complications occur in up to 3% of the preallocated pro-
portion of patients at each centre, patient enrolment will
be terminated immediately and the Ethics Committee
will reassess the safety of the trial.

Discussion

As an emerging minimally invasive approach, SILS is
considered the next major advance in minimally invasive
surgical approaches for CRC treatment [30]. However, its
use is limited by technical challenges, including loss of tri-
angulation, in-line orientation, and instrument collision,
among others, as well as inconclusive long-term onco-
logical outcomes. The skill sets and ergonomic demands
of this new method of surgery cannot be directly adapted
from CLS experience [31]. Therefore, to ensure the quality
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of the surgery, surgeons participating in this study must
pass a blind review of the surgical videos.

Patients with tumours below the peritoneal reflection
will be excluded, as our prior surgical experience showed
that SILS treatment is very difficult to complete for these
patients and often requires conversions intraoperatively. The
slim and narrow pelvic space makes it difficult to expose the
surgical field and the surgical instruments collide frequently,
resulting in poor mobilization of the low rectum [32]. Jung
et al. [33] reported that in 144 SILS low anterior resection
(LAR) cases and 3 SILS abdominoperineal resection (APR)
cases, an additional trocar was added in 107 patients. They
consider SILS plus one additional trocar a second-string
procedure during SILS LAR because of its unique complex-
ity and difficulty in achieving distal division with an insuf-
ficiently angled stapler and without proper total mesorectal
excision. Patients with neoadjuvant treatment will also be
excluded, as these patients often develop tissue oedema and
fibrosis, making SILS surgery more difficult.

Currently, no RCT has been designed to investigate
the long-term oncologic outcomes of SILS for CRC. In
addition, it remains controversial whether SILS has the
potential benefits of better cosmetic effects and less post-
operative pain and whether SILS increases the incidence
of incisional hernias. This study is expected to provide
relevant high-quality clinical evidence, particularly of the
oncologic outcomes of SILS compared to CLS for CRC,
and promote its widespread use.

Abbreviations

AE: Adverse events; AJCC: American Joint Committee on Cancer; APR: Abdomi-
noperineal resection; ASA: The American Society of Anaesthesiologists; BMI:
Body mass index; CLS: Conventional laparoscopic surgery; CME: Complete
mesocolic excision; CRC: Colorectal cancer; CT: Computed tomography; CTCAE:
Common Terminology Criteria for Adverse Events; CRO: Contract research
organizations; DFS: Disease-free survival; eCRF: Electronic case report form;
ECOG: Eastern Cooperative Oncology Group; EDC: Electronic data capture; EKG:
Electrocardiogram; EORTC: European Organization for Research and Treatment
of Cancer; IDMC: Independent Data Monitoring Committee; IEC: Independent
Ethics Committee; LAR: Low anterior resection; MITT: Modified intent-to-treat;
MRI: Magnetic Resonance Imaging; NCCN: National Comprehensive Cancer
Network; NOTES: Natural orifice transluminal endoscopic surgery; OS: Overall
survival; POD: Postoperative day; PP: Per-protocol; RCT: Randomized controlled
trials; SAP: Safety analysis population; SILS: Single-incision laparoscopic surgery;
TME: Total mesorectal excision; VAS: Visual analogue scale.

Acknowledgements

We are grateful to the Clinical Research Center, Shanghai Jiao Tong University
School of Medicine for their support with the study design and the data
management and supervision. We thank all the patients, doctors, nurses and
other staff involved in the study.

Authors’ contributions

RZ is the principal investigator of this study. ZS, KL and TZ contributed equally

to the article. ZS, KL and YS wrote the original study protocol. ZS and TZ wrote
the manuscript. BW was responsible for the data analysis plan. YJ, CW and XC
participated in the recruitment of patients and designed the case report form. RZ
and XJ participated in the design of the trial and modified the manuscript. The
final manuscript was read and approved by all authors (ZS, KL, TZ, BW,YS, YJ, CW,
XC, XJ,R2).



Song et al. BMC Cancer (2022) 22:743

Funding

This study is supported by the Three-Year Program of Promoting Clinical Skills
and Innovation in Municipal Hospitals (2020-2022) of Shanghai Hospital
Development Center (SHDC2020CR1026B). The Shanghai Hospital Develop-
ment Center is not involved in the study design; in the collection, analysis and
interpretation of data; in the writing of the report; or in the decision to submit
the article for publication.

Availability of data and materials

The datasets generated during the current study will be available from the
CSILS Research Committee on reasonable request after the publication of the
main findings.

Declarations

Ethics approval and consent to participate

This study received ethical approval from Ruijin Hospital Ethics Committee,
Shanghai Jiaotong University School of Medicine (IEC-2021-28) on March
23,2021.The Ruijin Hospital Ethics Committee will be informed of important
protocol revisions. Patients will be enrolled in this study only after signing the
informed consent. After obtaining informed consent, each enrolled patient
will be assigned a subject number (allocation number). This number will rep-
resent the patient’s identity throughout the study and database. The patient
data collected during the study will be stored under this number.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of General Surgery, Ruijin Hospital, Shanghai Jiao Tong Univer-
sity School of Medicine, No. 197, Ruijin Er Road, Huangpu District, Shang-

hai 200025, China. “Department of Biostatistics and Clinical Research Center,
Shanghai Jiao Tong University School of Medicine, No. 227, South Chongging
Road, Huangpu District, Shanghai 200025, China.

Received: 25 May 2022 Accepted: 24 June 2022
Published online: 07 July 2022

References

1. BrayF, Ferlay J, Soerjomataram |, Siegel RL, Torre LA, Jemal A. Global cancer
statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide
for 36 cancers in 185 countries. CA Cancer J Clin. 2018,68:394-424.

2. Lacy AM, Garcia-Valdecasas JC, Delgado S, Castells A, Taura P, Piqué
JM, et al. Laparoscopy-assisted colectomy versus open colectomy for
treatment of non-metastatic colon cancer: a randomised trial. Lancet.
2002;359:2224-9.

3. Clinical Outcomes of Surgical Therapy Study Group, Nelson H, Sargent
DJ, Wieand HS, Fleshman J, Anvari M, et al. A comparison of laparo-
scopically assisted and open colectomy for colon cancer. N Engl J Med.
2004;350:2050-9.

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

5. Guillou PJ, Quirke P, Thorpe H, Walker J, Jayne DG, Smith AM, et al.
Short-term endpoints of conventional versus laparoscopic-assisted
surgery in patients with colorectal cancer (MRC CLASICC trial): multi-
centre, randomised controlled trial. Lancet. 2005;365:1718-26.

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

7. van der Pas MH, Haglind E, Cuesta MA, Furst A, Lacy AM, Hop WC,
et al. Laparoscopic versus open surgery for rectal cancer (COLOR I1):
short-term outcomes of a randomised, phase 3 trial. Lancet Oncol.
2013;14:210-8.

20.

22.

23.

24.

25.

26.

27.

28.

Page 9 of 10

Atallah S, Martin-Perez B, Keller D, Burke J, Hunter L. Natural-orifice
transluminal endoscopic surgery. Br J Surg. 2015;102:e73-92.
Chamberlain RS, Sakpal SV. A comprehensive review of single-incision
laparoscopic surgery (SILS) and natural orifice transluminal endoscopic
surgery (NOTES) techniques for cholecystectomy. J Gastrointest Surg.
2009;13:1733-40.

. Wheeless CR Jr. A rapid inexpensive and effective method of surgical

sterilization by laparoscopy. J Reprod Med. 1969;3:65-9.

. Navarra G, Pozza E, Occhionorelli S, Carcoforo P, Donini I. One-wound

laparoscopic cholecystectomy. Br J Surg. 1997;84:695.

. Podolsky ER, Rottman SJ, Poblete H, King SA, Curcillo PG. Single port

access (SPA) cholecystectomy: a completely transumbilical approach. J
Laparoendosc Adv Surg Tech A. 2009;19:219-2217.

. Bucher P, Pugin F, Morel P. Single port access laparoscopic right hemi-

colectomy. Int J Colorectal Dis. 2008;23:1013-6.

. Remzi FH, Kirat HT, Kaouk JH, Geisler DP. Single-port laparoscopy in

colorectal surgery. Colorectal Dis. 2008;10:823-6.

. Bucher P, Pugin F, Morel P. Single-port access laparoscopic radical left

colectomy in humans. Dis Colon Rectum. 2009;52:1797-801.

. Katsuno G, Fukunaga M, Nagakari K, Yoshikawa S, Azuma D, Kohama

S. Short-term and long-term outcomes of single-incision versus multi-
incision laparoscopic resection for colorectal cancer: a propensity-
score-matched analysis of 214 cases. Surg Endosc. 2016;30:1317-25.

. Yun JA, Yun SH, Park YA, Huh JW, Cho YB, Kim HC, et al. Oncologic

outcomes of single-incision laparoscopic surgery compared with
conventional laparoscopy for colon cancer. Ann Surg. 2016;263:973-8.
Watanabe J, Ishibe A, Suwa H, Ota M, Fujii S, Kubota K, et al. Long-
term outcomes of a randomized controlled trial of single-incision
versus multi-port laparoscopic colectomy for colon cancer. Ann Surg.
2021;273:1060-5.

Song Z, Liu K, LiY, ShiY, Jiang Y, Wang C, et al. Short-term outcomes of
single-incision laparoscopic surgery for colorectal cancer: a single-
center, open-label, non-inferiority, randomized clinical trial. Front
Oncol. 2021;11:762147.

Poon JT, Cheung CW, Fan JK, Lo OS, Law WL. Single-incision versus con-
ventional laparoscopic colectomy for colonic neoplasm: a randomized,
controlled trial. Surg Endosc. 2012;26:2729-34.

. Huscher CG, Mingoli A, Sgarzini G, Mereu A, Binda B, Brachini G, et al.

nStandard laparoscopic versus single-incision laparoscopic colectomy
for cancer: early results of a randomized prospective study. Am J Surg.
2012;204:115-20.

Bulut O, Aslak KK, Levic K, Nielsen CB, Remer E, Serensen S, et al. A ran-
domized pilot study on single-port versus conventional laparoscopic
rectal surgery: effects on postoperative pain and the stress response to
surgery. Tech Coloproctol. 2015;19:11-22.

Watanabe J, Ota M, Fujii S, Suwa H, Ishibe A, Endo I. Randomized clinical
trial of single-incision versus multiport laparoscopic colectomy. Br J Surg.
2016;103:1276-81.

Kang BM, Park SJ, Lee KY, Lee SH. Single-Port Laparoscopic surgery can be
performed safely and appropriately for colon cancer: short-term results
of a pilot randomized controlled trial. J Laparoendosc Adv Surg Tech A.
2017;27:501-9.

Maggiori L, Tuech JJ, Cotte E, Lelong B, Denost Q, Karoui M, et al. Single-
incision laparoscopy versus multiport laparoscopy for colonic surgery:

a multicenter, double-blinded, randomized controlled trial. Ann Surg.
2018;268:740-6.

LeeYS, Kim JH, Kim HJ, Lee SC, Kang BM, Kim CW, et al. Short-term
outcomes of single-port versus multiport laparoscopic surgery for colon
cancer: the SIMPLE multicenter randomized clinical trial. Ann Surg.
2021;273:217-23.

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

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

. Jayne DG, Guillou PJ, Thorpe H, Quirke P, Copeland J, Smith AM, et al.

Randomized trial of laparoscopic-assisted resection of colorectal carci-
noma: 3-year results of the UK MRC CLASICC Trial Group. J Clin Oncol.
2007;25:3061-8.



Song et al. BMC Cancer

30.

31.

32

33.

(2022) 22:743

Cianchi F, Staderini F, Badii B. Single-incision laparoscopic colorectal
surgery for cancer: state of art. World J Gastroenterol. 2014;20:6073-80.
Pucher PH, Sodergren MH, Singh P, Darzi A, Parakseva P. Have we learned
from lessons of the past? A systematic review of training for single inci-
sion laparoscopic surgery. Surg Endosc. 2013;27:1-7.

Jiang VY, Song Z, Cheng X, Liu K, Shi Y, Wang C, et al. Clinical and oncologi-
cal outcomes of single-incision vs. conventional laparoscopic surgery for
rectal cancer. Surg Endosc. 2020;34:5294-303.

Jung KU, Yun SH, Cho YB, Kim HC, Lee WY, Chun HK. The Role of hand-

assisted laparoscopic technique in the age of single-incision laparoscopy:

an effective alternative to avoid open conversion in colorectal surgery. J
Laparoendosc Adv Surg Tech A. 2018;28:415-21.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 10 of 10

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Oncologic outcomes of single-incision laparoscopic surgery versus conventional laparoscopic surgery for colorectal cancer (CSILS): study protocol for a multicentre, prospective, open-label, noninferiority, randomized controlled trial
	Abstract 
	Background: 
	Methods: 
	Discussion: 
	Trial registration: 

	Background
	Rationale
	Objective and hypothesis

	MethodsDesign
	Settings
	Eligibility criteria
	Participant timeline and recruitment
	Interventions
	Primary endpoint
	Secondary endpoint
	Randomization and blinding
	Data management
	Data monitoring
	Sample size calculation
	Statistical methods
	Adverse events

	Discussion
	Acknowledgements
	References


