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A randomized controlled trial was started in Japan to evaluate the non-inferiority of overall
survival of laparoscopic surgery to open surgery for palliative resection of primary tumor in
incurable Stage IV colorectal cancer. Symptomatic, Stage IV colorectal cancer patients with
non-curable metastasis are pre-operatively randomized to either open or laparoscopic colorec-
tal resection. Surgeons in 56 specialized institutions will recruit 450 patients. The primary end-
point is overall survival. Secondary endpoints are progression-free survival, the proportion of
conversion from laparoscopic surgery to open surgery, the proportion of patients who fulfill the
criteria of starting chemotherapy by 6 weeks after operation, intraoperative and post-operative
complications, adverse events during chemotherapy and serious adverse events.

Key words: colorectal cancer — palliative resection — laparoscopic surgery — randomized
controlled trial

INTRODUCTION

Laparoscopic resection has become an accepted therapeutic
option for patients with curable colorectal cancer following
the publication of large randomized trials confirming the
safety and efficacy of these procedures to open resection
(1—3). These trials showed that laparoscopic resections
were associated with faster recovery, decreased morbidity,
decreased pain and shorter hospital stay while maintaining

similar cancer-related survival. Also the Japan Clinical
Oncology Group (JCOG) has completed patient accrual of
the Phase III study that confirmed short- and long-term clinic-
al outcomes from a randomized controlled trial (RCT) to
evaluate the laparoscopic (LAP) and open surgery (OP) for
Stage II and III colon cancer: JCOG0404 (NCT00147134/
UMIN-CTR: 000000105) (4). In ASCO 2012, safety and
short-term clinical benefits of LAP for Stage II and III colon
cancer were demonstrated (5).

© The Author 2014. Published by Oxford University Press. All rights reserved.
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1124 Laparoscopic surgery for colorectal cancer

These findings cannot necessarily be extrapolated to Stage
IV patients because surgery is sometimes difficult due to
tumor volume, tumor invasion and lymph node (LN) enlarge-
ment and is at high risk for complication. In addition, there
is no RCT of LAP which focuses on Stage IV patients. A
large-scale observational study was reported from Japan,
which suggested that the efficacy and safety of LAP was
comparable with those of OP (6,7). Thus, we designed a
study, which investigates whether LAP is suitable for symp-
tomatic, incurable Stage IV colorectal cancer with respect to
survival and post-operative morbidity. The Protocol Review
Committee of JCOG approved the protocol in November
2012, and the study was activated in January 2013, This trial
was registered at the UMIN Clinical Trials Registry as
UMINO000009715 (http:/www.umin.ac.jp/ctr/).

PROTOCOL DIGEST OF THE JCOG 1107
PURPOSE

To confirm the non-inferiority of laparoscopic primary tumor
resection in terms of overall survival compared with open
resection for symptomatic incurable colorectal cancer.

StupY SETTING

A multi-institutional randomized Phase III trial.

RESOURCES

This study was supported by the National Cancer Center
Research and Development Fund (23-A-16, 23-A-19, and 26-
A-4), Grants-in-Aid for Cancer Research (24S-5 and 24S-6),
and Health and Labour Sciences Research Grants for Clinical
Cancer Research (H24-05) from the Ministry of Health,
Labour and Welfare, Japan.

ENDPOINTS

The primary endpoint is the overall survival which is mea-
sured from the date of randomization to the date of death from
any cause, and it is censored at the last day when the patient is
alive. Secondary endpoints are progression-free survival
(PFS), the proportion of conversion from LAP to OP, the pro-
portion of patients who fulfill the criteria of starting chemo-
therapy by 6 weeks after operation, intraoperative and
post-operative complication, adverse events during chemo-
therapy and serious adverse events. PFS is measured from the
date of randomization to the date of progression or death from
any cause which is earlier, and it is censored at the last day
when the patient is alive without any evidence of progression.
When the skin incision is longer than 8 cm due to any cause,
they are defined as conversion from LAP to OP. Operative
complications and adverse events are recorded in accordance
with Common Terminology Criteria for Adverse Events
(CTCAE), version 4.0.

Evriaisiiry CRITERIA
INCLUSION CRITERIA

For inclusion in this study, patients must fulfill the following
requirements pre-operatively: (1) pathologically proven
adenocarcinoma or adenosquamous carcinoma; (2) primary
tumor located at the cecum, ascending, transverse, descend-
ing, sigmoid and rectosigmoid; (3) primary tumor with bowel
stenosis (no obstruction: one or more factors of the following
four are fulfilled; (i) impossibility of oral intake, (ii) no flatus,
(iii) abdominal distension and (iv) abnormal intestinal gas in
the abdominal X-ray image) and/or bleeding (Hb < 9.0 or
blood transfusion within 4 weeks before registration). If an
emergency operation is needed, the patient is ineligible; (4)
having at least one to three incurable factors among the fol-
lowing four factors: (a) hepatic metastases with the predicted
remnant functional parenchyma of <30%; (b) pulmonary me-
tastases meeting any of the followings: (i) invasion suspected
to the mediastinum, heart, large vessels, trachea, esophagus,
vertebral body or tracheal bifurcation; (ii) predicted post-
operative lung function (%FEV1.0) of <40%; (iii) requiring
total pneumonectomy for removal of all metastatic tumors;
(iv) malignant pleural effusion or pleural dissemination; (c)
distant LN metastases with 10 mm or greater short axis which
fulfill any of the followings by computed tomography (CT)
scan: (i) LN enlargement located above the lower edge of
renal vein; (ii) LN enlargement along the common hepatic
artery or the hepatoduodenal ligament with hepatic metasta-
ses; (iii) mediastinal or hilar LN enlargement with pulmonary
metastases; (d) peritoneal metastases meeting any of the fol-
lowings: (i) multiple irregularities or strictures of the intestinal
walls confirmed by imaging; (ii) peritoneal tumor above the
transverse colon; (5) no apparent invasion to adjacent organs;
(6) no ascites above the pelvic cavity; (7) neither bone meta-
stases nor brain metastases; (8) no history of abdominal
surgery except gynecologic surgery for benign tumor, append-
ectomy and cholecystectomy; (9) PS of 0, 1 or 2; (10) aged
20-74 years old; (11) no prior treatment of chemotherapy or
radiation therapy against any other malignancies, including
colorectal cancer; (12) adequate organ functions and (13)
written informed consent.

EXCLUSION CRITERIA

(1) Synchronous or metachronous (within 5 years) malignan-
cies other than carcinoma in situ or mucosal carcinoma; (2)
active infectious disease requiring systemic therapy; (3) hepa-
titis B surface antigen positive; (4) body temperature >38°C;
(5) women during pregnancy, possible pregnancy or breast-
feeding; (6) severe mental disease; (7) currently treated with
systemic steroids; (8) interstitial pneumonia, pulmonary fibro-
sis or severe emphysema; (9) uncontrollable diabetes mellitus
or routine administration of insulin; (10) uncontrolled hyper-
tension, defined as a systolic pressure > 150 and/or a diastolic
pressure >100 mmHg; (11) New York Heart Association
Class III/IV cardiac disease or congestive heart failure that
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would take medication in order to prevent lethal ventricular
arrhythmias; (12) gastrointestinal fistula, perforation or
abscess within 6 months; (13) unstable angina pectoris, previ-
ous myocardial infarction or arterial thrombotic event within
6 months; (14) abdominal aortic aneurysm (>5 cm), thoracic
aortic aneurysm (>6 cm) or aortic dissection; (15) congenital
hemorrhagic diathesis, coagulation disorder or significant epi-
sodes of acute bleeding of Grade 3 or more according to
CTCAE ver. 4.0 within the past 28 days and (16) episodes of
hemoptysis within 28 days.

RANDOMIZATION

After confirmation of the inclusion/exclusion criteria by
telephone, fax or web-based system to the JCOG Data Center,
the patients are randomized by the minimization method with
balancing the arm according to ECOG PS (0 vs. 1 vs. 2) and
institution.

QuALITY CONTROL OF SURGERY

To control the quality of the operation, we limit the operator to
accredited surgeons. All operations are done or directly super-
vised by surgeons who are certified by the Study Chair. In the
OP arm, the experience of at least 30 cases of OP is needed to
be certificated as an accredited surgeon. In the LAP arm, the
experience of at least 30 cases of both open and laparoscopic
surgeries and the board certification by the Japanese Society
for Endoscopic Surgery are needed.

TREATMENT METHOD
SURGERY

In both the arms, palliative resection of the primary tumor is
performed. Systematic LN dissection is not allowed and
minimal LN dissection to ligate feeding arteries is performed.
If severe invasion to the adjacent organ is found out, resection
of the invaded region is not allowed. Only slight invasion to
the mesentery, small intestine, omentum, ovary, bladder,
uterus or abdominal wall is allowed to be resected. Minor
surgeries for benign disease such as cholecystectomy, hernia
operation, etc. are acceptable. In the LAP arm, pneumoperito-
neal and intracorporeal approaches are used to explore the
abdomen, mobilize the colon, identify critical structures and
ligate the vascular pedicle. Mobilization of the colon and
identification of critical structures are performed by the pneu-
moperitoneal approach only. Resection of the colon, ligation
of the vascular pedicle and reconstruction are performed by
the pneumoperitoneal approach or the intracorporeal approach
via a small incision (<8 cm). A hand-assisted LAP is permit-
ted, but sliding window and moving window methods are not
permitted.

CHEMOTHERAPY

In the all cases, post-operative chemotherapy (mFOLFOX6
plus bevacizumab, bevacizumab 5 mg/kg on Day 1,
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L-leucovorin 200 mg/m? and oxaliplatin 85 mg/m? as a 2 h in-
fusion on Day 1, 5-FU 400 mg/m* bolus on Day 1 followed by
2400 mg/m? over 46 h, repeated every 2 weeks) are adminis-
tered between 29 and 56 days from the surgery. If patients
fulfill any of the following criteria such as having a history of
hypertensive crisis or hypertensive encephalopathy, having
a history of surgery or serious trauma within 28 days, having a
history of intervention including a needle biopsy or having
a serious and unhealed wound, mFOLFOX6 without bevaci-
zumab is administered.

FoLLow-up

All patients are followed up every 8 weeks after discharge
from hospital until disease progression. Blood tests including
tumor markers and enhanced chest/abdominal CT are carried
out at each visit.

StuDY DESIGN AND STATISTICAL METHOD

This trial is designed to evaluate the non-inferiority of LAP to
standard OP in terms of overall survival. Other endpoints,
such as intraoperative and post-operative complications and
the proportion of patients who fulfill the criteria of starting
chemotherapy by 6 weeks after operation, are set to evaluate
less invasiveness of LAP. If the non-inferiority of LAP is con-
firmed with statistical significance in terms of overall survival
and the superiority of LAP in terms of the other endpoints as
shown above, LAP will be the preferred treatment. This trial
was designed to achieve at least 70% power to confirm the
non-inferiority of LAP with a non-inferiority margin of 1.25
in terms of hazard ratio, and this corresponds to 4 months to
the median survival time of 20 months in the both arms and a
one-sided alpha of 0.05. The planed sample size was 450
patients by Schoenfeld and Richter’s methods (8) with 3 years
accrual and 4-year follow-up.

INTERIM ANALYSIS AND MONITORING

Interim analysis is planned to take place twice, taking multi-
plicity into account by the Lan—DeMets method with O’Brien
and Fleming type boundaries. The JCOG Data and Safety
Monitoring Committee (DSMC) will independently review
the interim analysis report and consider stopping the trial
early. In-house interim monitoring will be performed by the
Data Center to ensure data submission, data quality and study
progress. The monitoring reports will be submitted to and
reviewed by the CCSG every 6 months.

PARTICIPATING INSTITUTIONS (FROM
NORTH TO SOUTH)

Sapporo-Kosei General Hospital, Iwate Medical University,
Miyagi Cancer Center, Yamagata Prefectural Central
Hospital, Tochigi Cancer Center, Gunma Prefectural Cancer
Center, National Defense Medical College, Saitama Cancer
Center, Saitama Medical Center, Jichi Medical School,
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Saitama Medical University International Medical Center,
National Cancer Center Hospital East, Chiba Cancer Center,
Juntendo University Urayasu Hospital, National Cancer
Center Hospital, Kyorin University School of Medicine,
Tokyo Metropolitan Cancer and Infectious diseases Center
Komagome Hospital, Keio University Hospital, Tokyo
Medical and Dental University Hospital, Toho University
School of Medicine Ohashi Hospital, Kitasato University East
Hospital, Kanagawa Cancer Center, Kitasato University
School of Medicine, Showa University Northern Yokohama
Hospital, Yokohama City University Medical Center,
Saiseikai Yokohamashi Nanbu Hospital, Niigata Cancer
Center Hospital, Nagaoka Chuo General Hospital, Ishikawa
Prefectural Central Hospital, Nagano Municipal Hospital,
Gifu University School of Medicine, Shizuoka Cancer Center,
Aichi Cancer Center Hospital, Fujita Health University,
National Hospital Organization Kyoto Medical Center, Osaka
University Faculty of Medicine, Osaka Medical Center for
Cancer and Cardiovascular Diseases, Osaka National
Hospital, Osaka General Medical Center, Osaka City General
Hospital, Osaka Medical College, Minoh City Hospital, Suita
Municipal Hospital, Kansai Rosai Hospital, Hyogo College
Of Medicine, Sano Hospital, Shimane University Faculty of
Medicine, Okayama Saiseikai General Hospital, Hiroshima
Prefectural Hospital, Hiroshima City Asa Hospital, Hiroshima
City Hospital, Fukuyama City Hospital, National Hospital
Organization Shikoku Cancer Center, Kochi Health Sciences
Center, Kurume University School of Medicine, Kumamoto
University School of Medicine and Oita University Hospitals.
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introduction

Abstract

Introduction: We recently observed an increased incidence of severe
enterocolitis following laparoscopic low anterior resection (LAR) in some
patients with stage I/III rectal cancer. This study aimed to examine the
influence of laparoscopic LAR on postoperative enterocolitis compared with
open LAR for Stage I/IN rectal cancer.

Methods: Prom April 2002 to March 2012, we evaluated 65 patients with stage
II/TTI cancer of the upper or lower rectuin who underwent LAR. Among these,
27 patients underwent open LAR and 38 underwent laparoscopic LAR. First,
we compared short-term outcomes between the two groups. Next, we evalu-
ated the incidence of postoperative enterocolitis in the laparoscopic LAR
group. The clinicopathological factors were examined by univariate and odds
ratio (OR) analysis.

Results: Univariate analysis revealed significant differences in the occupancy
rate, tumor location, depth of tumor invasion, operative time, amount of
intraoperative blood loss, and postoperative enterocolitis between the lapavo-
scopic and open groups. Postoperative enterocolitis developed in 6 of 38
patients (15.8%) in the laparoscopic group and in no patient in the open
group. The occurrence of postoperative enterocolitis was significantly associ-
ated with BMI {228 kg/m?), operative time, and wound infection in the
laparoscopic LAR group (OR: 0.1}, 95% confidence interval: 0.044-0.280,
P < 0.05; OR: 1.40, 95% confidence interval: 1.068-1.835, P < 0.05; and OR:
15.0, 95% confidence interval, 1.752-128.310, P < 0.05, respectively).
Conclusion: Postoperative enterocolitis occurred more frequently after laparo-
scopic LAR than after open LAR in patients with stage I/ rectal cancer.
Clinical management in the perioperative period of laparoscopic LAR is nec-
essary to prevent postoperative enterocolitis in obese patients and those with
a prolonged operative time,

surgery for colon cancer is recognized as a standard
therapeutic modality, and the indications of this proce-

The use of laparoscopic surgery for colorectal cancer has
become widespread because of its minimal invasiveness.
According to the 11th Nationwide Survey of Endoscopic
Surgery performed by the Japan Society for Endoscopic
Surgery, 16 417 patients with colorectal cancer under-
went laparoscopic surgery in 2011 (1). Laparoscopic

dure for rectal cancer have been gradually expanded.
Some studies have reported no significant differences
in short-term and long-term outcomes between laparo-
scopic and open surgery for colon cancer (2-5). With
regard to rectal cancer, some studies have reported that
the complication rate after laparoscopic surgery is similar
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to that after open surgery and that there is no compro-
mise in oncological outcomes with the former (6-8).
However, the complication rate with laparoscopic
surgery is reportedly higher for rectal cancer than for
colon cancer (9). According to a report by McKay-et al.,
the anastomotic leakage rate after laparoscopic surgery
for rectal and colon cancer was 5.1% and 1.2%, respec-
tively, while the intra-abdominal abscess rate was 6.4%
and 0.9%, respectively {9). Additionally, Yamamoto et al.
also reported that the anastomotic lcakage rate in
patients with stage O/I rectal cancer who underwent
laparoscopic anterior resection was 8.3% (10).

We recently observed the development of severe
enterocolitis in some patients who underwent laparo-
scopic low anterior resection (LAR) for stage II/III rectal
cancer. However, the frequency of postoperative
enterocolitis is not mentioned in the 11lth Nationwide
Survey of Endoscopic Surgery performed by the Japanese
Society for Endoscopic Surgery, In addition, no reports
on severe enterocolitis in patients who have undergone
taparoscopic LAR for rectal cancer are available. We
reported the development of transient liver dysfunction
in patients who underwent laparoscopic gastrectomy
under CO; pneumoperitoneum, and three patients who
underwent laparoscopic gastrectomy among a cohort of
27 patients with liver discase suffered severe enteritis
{11). It has been hypothesized that mesenteric hypoxia
and related gut ischemia-reperfusion injury. which occur
during and after pneumoperitoneum, pose a significant
clinical problem (12). However, only a few clinical
reports of oxidative stress from laparoscopic surgery exist
{11,13).

In this study, we examined the rate of postoperative
ischemia-related complications, including enterocolitis
after laparoscopic LAR, and compared it with the rate
after open LAR in patients with stage II/III rectal cancer.
In-addition, we examined whether laparoscopic LAR
influences the development of postoperative enterocolitis
in patients with stage II/IIL rectal cancer.

Materials and Methods

From April 2002 to March 2012, 252 patients with rectal
cancer underwent initial surgery at the Department of
Gastroenterological and Pediatric Surgery, Oita Univer-
sity Faculty of Medicine (Oita, Japan). We excluded
patieats with distant metastasis and those who under-
went abdominoperineal resection because of the absence
of anastomosis. In Japan, D3 lymphadenectomy is
defined as the dissection of the inferior mesenteric artery
lymph nodes and lateral pelvic lymph nodes. We also
excluded patients with preoperatively diagnosed lateral
pelvic lymph node enlargement because they required
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lateral pelvic lymph wnode dissection. Therefore, we
selected 65 patients with stage I/I cancer of the upper
or lower rectum who required LAR with total mesorectal
excision or tumor-specific mesorectal excision mth infe-
rior mesenteric artery lymph node dissection, Cancer
stage weas assessed according to the seventh edition of the
UICC-TNM Classification of Malignant Tumors.

In our institution, we have been performing laparo-
scopic LAR for advanced rectal cancer since 2007. There-
fore, in this study, open LAR was performed for advanced
rectal cancer {rom 2002 to 2006, For advanced rectal
cancer with invasion to other organs (T4b), we have
performed open LAR since 2007. During the procedure,
prneumoperitonewn was induced and maintained under
10-mmHg CO,. The left colic artery was preserved during
both laparoscopic and open LAR. Anastomosis was
achieved by the double stapling technique or hand-sewn
when the patient required super-LAR. We also intro-
duced a clinical pathway during surgery for colorectal
cancer at our institution: protocol, patients were
preoperatively prepared according to the Guideline for
Prevention of Surgical Site Infection, 1999 (14). All
patients were asked to take polyethylene glycol,
neomycin, and erythromycin on the day before surgery.
Cefmetazole, an antibiotic, was administered on the day
of surgery.

In this study, six patients were treated by preopezative
chemoradiotherapy {(CRT). Preoperative CRT was
selected according to several preoperative sequential
treatment protocols developed at our institute befween
2001 and 2012. This involved the TS-1 chemotherapy
regimen, which includes tegafur, gimeracil, and oteracil
potassium (80 mg/m?/day), and five fractions of radio-
therapy (45 Gy at the rate of 1.8 Gy/day) every week.
Our criteria for preoperative CRT was advanced rectal
cancer pathologically diagnosed as adenocarcinoma and
preoperatively diagnosed as T3/T4, N0-3 cancer. Primary
tumor and nodal staging before and after CRT was per-
formed using pelvic MRI and CT. Lymph nodes measur-
ing 10 mm in diameter were considered to be metastases.
I metastatic lateral pelvic lymph nodes could not be
detected, lateral pelvic lymph node dissection was not
performed. After surgery, the patients were examined at
follow-up visits conducted every 3 months for the fixst 2
years and every 6 months thereafter. )

At each follow-up visit, carcinoembryonic antigen and
CA19-9 levels were determined, Thoracoabdominal and
pelvic CT or abdominal ultrasonography was performed
alternately every 3-6 months. Colonoscopy was per-
formed annually.

We fixst divided the patients into two groups according
to surgical procedure: the open group (n=27) and the
laparoscopic group {# = 38). Age and sex of the patients,
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tumor location, tumor size, histological type, depth of
tumor invasion, extent of lymphatic and vascular tumor
invasion, number of positive lymph nodes, operative
time, and amount of intracperative blood loss were
reviewed from the patients’ surgical and pathological
records. These dinicopathological characteristics and the
short-term outcormes of LAR were compared between the
open and laparoscopic groups. The pathological charac-
teristics of patients in the open and laparoscopic groups
were compared using the Fisher's exact test or Mann—
Whitney U-test.

Next, we focused on the incidence of enterocolitis
after surgery. Postoperative enterocolitis was defined
using the Common Terminology Criteria for Adverse
Events version 4.0. Because severe enterocolitis
occurred only after laparoscopic LAR, patients were
divided into two groups according to the absence
{n=132) or presence (n=46) of this complication (grade
3 or higher). Similarly, the pathological characteristics
of patients in these two groups were compared using
the Fisher's exact test or Manu~Whitney U-test. The
Wilcoxon rank test was used to compare median age,
size of tumor, operative time, amount of intraoperative
blood loss, and postoperative hospitalization duration
armong groups. Variables with P-values less than 0.05 in
univariate analysis were included in odds ratios and
corresponding 95% confidence intervals {CI). A P-value
greatér than 0.05 was considered statistically significant
for all analyses.

All statistical analyses were performed using the SPSS
11,0 statistical software program for Windows {(SPSS Inc.,
Chicago, USA). This study was conducted according to
the Ethical Guidelines for Clinical Studies of Oita Univer-
sity Faculty of Medicine.

Results

In this study, all 65 patients with stage I/II rectal cancer
underwent curative LAR. Univariate analysis revealed
that the occupancy rate, tumor location, and depth of
tumor invasion were significantly different between the
open and laparoscopic LAR groups (P < 0.05) (Table 1).
In addition, there were significant differences in the
operative time, amount of intraoperative blood loss, and
incidence of enterocolitis between the open and laparo-
scopic LAR groups (P <0.05) (Table 2). Postoperative
enterocolitis occurred in six patients (five men, one
woman; median age, 74.5 years; interquartile range
[IQR], 61.2-78.7 years; mean BMI, 26.3 + 8.09 kg/m?) in
the laparoscopic LAR group. The clinicopathological fea-
tures and short-term outcomes of the six patients with
postoperative enterocolitis are shown in Table 3. The
median onset period of enterocolitis was 3 days after

M tnomata ef ol

Table 1 Cinicopathological features of patients who underwent low

anterior resection for stage il rectal cancer

Open Laparoscopy
Patlentdemogrephy . in=27)  (1=38) Pl
Sex {n} 0.918
Male 16.{59.3%} 23 {60.5%)
Female 11 {40.7%) 15 {38.5%)
Age {years) 0.370
Median &7 645
Range 26-85 32-82
“BMI {ka/m?) 0:190
<28 23 {85.2% 36 (94.7%)
228 4 {14.8% 2 {5.3%}
Size of tumor Imm} 0:344
Median 55 45,5
Range 30-120 20~90
Circumferential occupying
rate {n)
<50% 1 3:7%) 14 {36.8%) 0.002
>50% 26 {96.3%) 24 (63.2%)
Preoperative CRT {n)
Performed 1{3.7%) 51{13.2% 0412
Not performed 26 {96.3%} 33 (86.8%)
tocation )
Upper 22 (81.5% 20 {52.6%) 0,017
Lower 5{185% 18 (47.4%)
T
13 16 {59.3%) 34 {89.5%) <0.01
T4 11 (40.7%) 4{10.5%)
N
NO 10 {37.0%) 19 (50,0%) 0.633
Nt 11 {40.7%) 10 (26,3%
N2 5 (18.5% 8 {21.1%)
N3 1{3.7%} 142;:6%)
Stage {n}
Stage 1] 10 {37.0%) 19 {50.0%) 0.544
Stage Il A 10 {37.0%) 10 {26:3%)
Stage 11 B

70608 90370

CRT, chemoradiation therapy,.

surgery, and all six patients developed grade 3 postopera-
tive enterocolitis. The median operative time and amount
of intra-operative blood loss of patients with postopera-
tive enterocolitis were 405 min (IQR, 362.7-470.7 min)
and 185 mL (IQR, 142.5-205.0 mL}, respectively. The
median tumor size was 44 cm (IQR, 39.0-61.7 cm) and
the median length of hospitalization was 27 days (IQR,
23.5-71.0 days). The incidence of wound infection was
50% (3/6). Regarding clinical data such as fever, white
blood cell count, and C-reactive protein (CRP), the
median fever was 38.8°C {IQR, 38.3-3%9.2°C). The
median white blood cell count was 7945/mm® (IQR,
6572-9040/mm?) and the median C-reactive protein was
15.6 mg/L (IQR, 13.4-23.1 mg/L).

In the laparoscopic group, there were siguificant dif-
ferences in BMI (228 kg/m?), operative time, postopera-
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Table 2 Shortterm outcomes of patients who underwent low anterior

rese for stage I/lli rectal cancer
© open Laparoscopy
=27} n= 38) P~\{ayluem
Operative findings
Cperation
Operative time (min)
Median 265 352 0.01
Range 155-570 2111340
Intraoperative blood loss
{mt}
tedian 360 155 0.015
Range 30-2800 5-2000
intracperative blood
transfusion ()
Performed 6 (22.2%) 3(7.9%) 0.099
Not performed 21 (77.8% 35{92.1%)
Anastomotic method (n}
Stapied 25 {92.6%) 33 {86.8%) 0,461
Hand-sewn 2{7.4%) 5 {13.2%)
Short-term outcomes
Postoperative course
Length of hospitalization
{day}
tedian 18 17 0.354
Renge 11-88 9-92
Operative complications
g
Present 6 §22.2%) 7 {18.4%)
Leakage o] 2 0.22
Intra-abdominal 1 4 0.31
abscess
eus 2 0 0.089
Wound infection 3 5 0.80
Neurcgenic bladder 4 1 0.07
Enterocolitis 0 6 0.03
Ahsent 21 (77.8%  31(81.6%)
3C-days mortality ()
Present 0 (0%) 0 (0%) 0.99
Apsent 271009

38 (100%)

CRY, chemoradiation therapy.

tive hospitalization, and incidence of wound infection
between the absence of ‘postoperative enterocolitis and
presence of postoperative enterocolitis groups (P < 0.05)
{Table 4). Regarding subanalysis of the laparoscopic LAR
group, cases with an operative time of more than
330 min were associated with occurrence of postopera-
tive enterocolitis (P £ 0.05).

Subsequent odds ratio analysis using factors significant
in univariate analysis revealed that BMI (2 28 kg/m?),
Operative time, and incidence of wound infection were
0.111 (95%CI, 0.044-0.280, P<0.05), 1.40 (95%C],

Severe enterocolitis after lap LAR

Discussion

In this study, laparoscopic surgery for rectal cancer was
associated with a less intraoperative blood loss than open
surgery, and the operative time in the laparoscopic group
was longer than in the open group. These results are
consistent with those of other reports (15,16). The inci-
dence of postoperative enterocolitis in the laparoscopic
group was higher than in the open group. The occur-
rence of enterocolitis after laparoscopic LAR was associ-
ated with BMI (228 kg/m?), operative time, and wound
infection. In this study, although only 15% (6/38) of
patients who underwent laparoscopic LAR went on to
develop enterocolitis, these patients developed severe
enterocolitis of grade 3 or higher (Common Terminology
Criteria for Adverse Events version 4.0). This suggests
that clinical management for postoperative enterocolitis
is necessary in patients who undergo laparoscopic LAR
for advanced rectal cancer.

Recently, Yamamoto et gl. reported that laparoscopic
surgery can be used for safe resection of clinical stage 0/1
rectal carcinoma {10). According to their report, the rate
of postoperative -enterocolitis was 0.25% {1/400). Bvi-
dence indicates that postoperative enterocolitis is a rare
comnplication. For stage 0/, which was excluded from
this study, the rate of enterocolitis after open and lapa-
roscopic LAR was 6.6% (1/15) and 2.9% (1/34), respec-
tively (data not shown). There was no significant
difference in the incidence of postoperative enterocplitis
between the open and laparoscopic groups with stage 0/1
rectal cancer. Interestingly, only patients who underwent
laparoscopic LAR for advanced rectal cancer went on to
develop enterocolitis in the present study. We therefore
believe that the incidence of postoperative enterocolitis
may be associated with laparoscopic procedures for
patients with advanced rectal cancer.

Some studies have examined the surgical risk factors
for enterocolitis. Evasovich etal. reported that CO;
pneumoperitoneum  increased the incidence of
Escherichia coli bacterial translocation in a rat model (17).
In clinical settings, there have been some reports of
mesenteric ischemia, reduction of portal venous flow,
and bowel infarction after laparoscopic surgery {18-22).
During laparoscopic LAR for rectal cancer in the present
study, patients were maintained in the Lloyd-Davies
position. Therefore, we hypothesize that the intestine
becomes congested by the decrease in portal venous flow
subsequent to a rise in portal pressure and the intestine
becomes susceptible to a mucosal membrane disorder.
Furthermore, we hypothesize that enterocolitis:is assogi-
ated with prolonged pneumoperitoneum subsequent to

1.068-1.835, P<0.05), and 150 (95%CIL 1.752- prolonged operative time, As a result, subamalysis
128.310, P £ 0.05), respectively (Table 5). revealed that the cases with an operative time greater
Asian § Endosc Surg 7 {2014} 214221
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Sex  lyears)  BMI Location  size (mm) fminy - blood loss (mb) T stage N stage Histologicaltype Ly vV

® 1 F 78 252 lower 35 355 100 3 o Mod ‘ -
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g  complication Clinical data . - S
& Intra-abdomina Wound Other Peak of hospitalization
;5 ‘Patient  abscess infection complication Bleeding  fever {°C} COtoxin  (day) Recurrence
jgp 2 - + - - 383 - 25 -
> 3 - + - - 39.4 29 -
s ) : : - . ' - -

5 - - - 38,4 - % .

6 - . - 392 « : - 85

le; CRP, Cyeactive protein; i famaje; HAR, high anterior resection; Lap, Kaparos;cop?c; LAR, low anterior resection; Ly, lymphatic invasion; M, male; Mod, moderately differentiated
tubular adenocarcinoma; Pap, papifiary adenacarcinoma; POD, postoperative day; SLAR; super low anteflor resection; V, venous invasion; WBC, white blood cell,
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f4 Inomata ef of, Severe enterocolitis after jap LAR

Table 4 Clinicopathological features and short-term outcomes of patients after laparoscopic low anterlor resection for stage Wil rectal cancer with/
without postaperative enterocolitis

Enterbeolitis

Absent {n = 32)

s o o Presentin=6)  ~ Fyalue
Patient demography
Sex i1 0.219
Male 18 {56.3%) 5 (83,3%)
female 14 (43.8%) 1{16.7%)
Age lysars) 0:279
Median 64 74.5
Range 3282 4982
BMI tkgim3 0.021
<28 32 (100%) 4 (667%)
228 0 {0% 21(33.3%)
Size of tumer {mm) 0.384
Median 47,5 44
Range 20-90 35-90
Circumferential occupying rate {n) - 0.401
<50% 27 (B4.4%} 2{33.3%)
250% 5(15.6%) 4 (66,7%)
Preoperative CRT {n) 0,412
Parformed 5(15.6% 0 {0%)
Not performed 27 {84.4%) 6 {100%)
Lacation in) 0.069
Upper 19.{59.4%) 1{16.7%;
Lower 13 (40.6%) 5 (83.3%)
T
T3 28 {87.5%) & (160%) 0.487
T4 4 {12.5%) (0%
N {4
NG 17 {53.1%) 2 (33.3%) 0.241
N1 8 {25.0%) 2 {33,3%}
N2 7 {21.9%) 1(16.7%)
N3 010%) 1 {16:7%)
Stage:{n}
Stage !t 17 (53.1%) 2 {33.3%) 0.816
Stage HIA 10 {31,3%) 2 {33,3%)
Stage 1B 5 (15.6%) 2 (33.3%)
Operative findings
Operation
Operative time (min} 0.020
Median 3325 405,5
Range 210-730 : 336-1340
Intracperative blood ioss {mu) G.571
Median 125 185
Range 5-560 1002000
Intracperative blood transfusion () 8.412
Performed 30 {93:8%) 1 {16.7%)
Nat performed . 2{6:3% 5 {83,3%)
Anastomotic methad () '
Stapled 29 {90:6%) 4 166.7%) 0,169
Hand-sewn 319.4%) 21{33.3%
Shert-term outcomes
Postoperative course
Length of pestoperative hospitalization (day) <0005
Median 155 7
Range 9-67 14-92
Operative complication i
Present 4 {12,5%)
Leakage 2 0.65
Intra-abdominal abscess 3 0.39
fleus 3 0.75
Wound infection 2 0.003
Neurcgenic bladder ¢l .75
Absent 28 {87:5%;
Aslan § Endosc Surg 7 (2014) 214-221
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Severe enterocolitis after lap LAR

ratio of inciden

M inomata ef ofi

Enterocolitis
, Absentin=32) P 0dds ratio (95%CH)
BMi#{kg‘/‘mzéy g —————— s g 0021
<28 32 {100%) 4 {66.7%} 0.111 {0,044-0,280)
228 0 {C% 2{33:3%
Operative time (min} 0,020
Median 3325 405.5 1.40 {1.068~1.835)
Range 210-730 336-1340

Wound infection {m}

Cl, confidence interval,

than 330 min were associated with the occurrence of
postoperative enterocolitis (P < 0.05).

There may be several factors underlying the develop-
ment-of enterocolitis. Although enterocolitis is related to
antibiotic-associated diarrhea or radiation, no significant
differences were noted them between the open and lapa-
roscopic groups in this study. Therefore, we investigated
the possibility that postoperative enterocolitis developed
because of a mucosal membrane disorder or mesenteric
ischemia following prolonged pneumoperitoneum. It is
known that 60%-70% of immune cells that control sys-
temic immunity exist in the intestine and not in the
lymph nodes and spleen (23-25). The gut-associated
Iymphoid tissue comprises immune cells in Peyer's
patches in the intestine, and this tissue controls intestinal
iramunity {26-28). Because of mesenteric hypoxia and
related gut ischemia-reperfusion injury that occurs
during and after pneumoperitoneum, the intestine can
‘become extremely susceptible to a mucosal membrane
disorder, which is a risk factor for postoperative bacterial
translocation. In such a setting, severe enterocolitis may
be caused by either the excessive immune response or
failure of the bolly’s protection system. It makes sense
that there was a significant difference in the incidence of
wound infection between the absence of postoperative
enterocolitis and presence of postoperative enterocolitis
groups.

We generally perform laparoscopic LAR with
pneumoperitoneum at 10 mmHg because pneumoperi-
toneum at 12-15 mmHg increases the intra-abdominal
pressure above the normal portal circulation pressure
{29). It has been reported that preumoperitoneum pres-
sure at 10-15 mmHg significantly decreased blood flow
in the stomach by 40%, jejunum by 32%, liver by 39%,
and colon by 44% (30). Because this study is a retrospec-
tive study, blood flow in the splanchnic vessels could not
be measured. Therefore, it is necessary to examine the
relationship between blood flow in the splanchnic vessels
and the incidence of postoperative enterocolitis in the
future.

36008

15,0 {1.752-128.310) 0.003

It has been reported that the Lloyd-Davies position
constitutes a risk factor for acute lower limb compart-
ment syndrome, but the incidence of lower limb and
abdominal compartment syndrome following laparo-
scopic colorectal surgery remains unknown (31). In con-
trast, the same report suggested that decreased venous
return with pooling in the mesentery resulted from
increased intra-abdominal pressure during laparoscopic
surgery in the Lloyd-Davies position (31). Now, based on
the results of this study, we try to return patients to the
flat position from the Lloyd-Davies position and degas
the abdomen every 2 h. Since we initiated these mea-
sures, we have not experienced a single case of postop-
erative enterocolitis. In the future, to elucidate the
mechanisms by which postoperative enterocolitis occurs,
operative time, position, and monitoring of relative
perfusion will be needed. However, the number of cases
of severe postoperative enterocolitis is small within a
single institution, and multivariate analysis may not be
available for such a study. For this reason, it will be
necessary to examine severe enterocolitis after laparo-
scopic surgery in ‘a multicenter study.

In conclusion, we dernonstrated that the incidence of
postoperative enterocolitis was higher after laparoscopic
surgery than after open surgery for stage /T rectal
cancer. Clinical management in the perioperative period

{ laparoscopic LAR is necessary to prevent postoperative
enterocolitis in obese patients and those with a prolonged
operative time.
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