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Abstract
Aim: To clarify and evaluate the long-term outcomes of laparoscopic surgery for clini-
cal stage 0/I rectal carcinoma patients.
Methods: This single-arm phase II trial involved accredited surgeons from 43 
Japanese institutions. Patients were registered preoperatively. The planned sample 
size was 490. The primary endpoint was overall survival, and long-term outcomes 
were evaluated.
Results: A total of 495 patients were registered between February 2008 and August 
2010. Eight patients (1.6%) required conversion to open surgery. Sphincter-preserving 
procedures were performed in 477 (97%) patients. Positive radial resection margin 
was found in two (0.4%) patients. Of 490 patients, 22, 314, 38, 115, and one patient 
had final pathological stages (p-stage) 0, I, II, III, and IV, respectively. Pathologically, 
31.4% (154/490) of the patients did not have p-stage 0/I. The 5-year overall survival 
(OS) rates in p-stages 0, I, II, and III were 100%, 98%, 97%, and 94%, respectively. The 
5-year OS of all patients at 96.6% (95% CI 94.6-97.9) was significantly better than the 
expected 5-year OS of 81.1% (P < .0001). The 5-year relapse-free survival in p-stages 
0, I, II, and III were 100%, 93%, 81%, and 79%, respectively. The 5-year relapse-free 
survival of all patients was 90.1%. Fifty patients (10.2%) had recurrence; lung recur-
rence was found in 22 patients, local recurrence in 14, liver in seven, distant lymph 
node in nine, and bone in three.
Conclusions: Laparoscopic surgery for clinical stage 0/I rectal carcinoma has feasible 
long-term outcomes. (ClinicalTrials.gov No.NCT00635466.)
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1  | INTRODUC TION

Total mesorectal excision (TME), introduced by Heald and Ryall1 in 
the 1980s, has remained the gold standard surgical treatment for 
rectal cancer. Preoperative chemoradiotherapy (CRT) following 
TME has improved clinical results of locoregional recurrence rates 
to below 10%,2–5 and these combinations of TME and CRT are still 
widely used as the main axis of rectal cancer surgical treatment.

Laparoscopic surgery began to be introduced clinically from the 
1990s, and its equivalence with laparotomy surgery has been veri-
fied by some randomized control trials.6–8 As a result, laparoscopic 
surgery for colon cancer had equal long-term survival rates to open 
surgery as well as favorable short-term outcomes. Laparoscopic sur-
gery for rectal cancer required a narrow pelvic operation and com-
plex procedures compared to colon cancer had been indicated to 
have some potential risks for curative resection.7 The COLOR II trial 
and COREAN trial successfully showed that laparoscopic surgery 
in rectal cancer patients had similar locoregional recurrence, dis-
ease-free survival (DFS), and OS rates to open surgery.9,10 However, 
two recent randomized trials showed that positive circumferential 
resection rate (CRM) in the laparoscopic surgery group was higher 
than that in the open surgery group for rectal cancer, and whether 
laparoscopic surgery for rectal cancer has feasible long-term survival 
remains to be discussed. Laparoscopic rectal excision has technically 
demanding aspects, which might be the reasons for the higher anas-
tomotic leakage rate or worse curative resection rate in case of stage 
II/III rectal cancer with estimated CRM < 1 mm.11

In the 2000s, the usefulness of laparoscopic surgery for rectal 
carcinoma remains uncertain because of concerns over the safety of 
the procedure, especially low anterior resection for middle or lower 
rectal carcinoma. Therefore, we conducted a clinical trial in patients 
with a preoperative diagnosis of relatively early-stage rectal carci-
noma to examine the technical and oncological feasibility of laparo-
scopic surgery for rectal carcinoma. Our past report showed feasible 
short-term results including an anastomotic leakage rate of 8%.12

As a final report, the aim of this study was to clarify the long-
term oncological results after 5 years, conducted under the direction 
of the Japan Society of Laparoscopic Colorectal Surgery, of which 
the leading hospitals in laparoscopic surgery for colorectal carci-
noma in Japan are members.

2  | METHODS

2.1 | Study design and participants

The inclusion criteria have been reported previously.13 Eligibility 
criteria included histologically proven rectal cancer, clinically diag-
nosed as Tis-T2/N0/M0 lesions on the basis of colonoscopy, pelvic 
computed tomography, transanal ultrasonography, or magnetic res-
onance imaging. When the tumor was located between the inferior 
margin of the second sacral vertebra and the peritoneal reflection, 
the location was recorded as the upper rectum. When the tumor was 

located below the peritoneal reflection, its location was recorded as 
the lower rectum.14 Tumor location was determined by pelvic com-
puted tomography, colonoscopy, and/or barium enema preopera-
tively and was confirmed during surgery.

The study protocol was approved by the Ethics Committee of the 
Japanese Society for Cancer of the Colon and Rectum and approved 
and overseen by the institutional review board of each participating 
hospital. All patients gave written informed consent.

This confirmatory, multi-institutional, nonrandomized, sin-
gle-arm (laparoscopic) trial (phase II) was conducted to evaluate 
short- and long-term outcomes of laparoscopic surgery for clinical 
stage (c-stage) 0/I rectal carcinoma. Patients were recruited at 43 
specialized centers in Japan. The primary endpoint in the study is 
OS, and patients are still being followed for this endpoint.

2.2 | Registration

Eligible patients were registered preoperatively by calling the reg-
istration office at Kitasato University after confirmation of the in-
clusion/exclusion criteria. An eligibility report form was sent to the 
Data Center at the Clinical Trial Coordinating Office at the National 
Cancer Center Hospital.

2.3 | Procedures and quality control

Surgery was performed by 61 accredited surgeons. Surgeons with 
experience of more than 30 laparoscopic and 30 open operations 
for rectal carcinoma were accredited by the study chair to partici-
pate in this study. We performed a central review of the surgical 
procedure by photograph in all patients and by video in arbitrarily 
selected patients.

Surgical procedures were performed as described previously.13 
In brief, laparoscopic resection of the rectum with adequate lymph-
adenectomy was performed. The extent of lymphadenectomy and 
ligation site and division of the inferior mesenteric vessels were de-
cided by the surgeon in charge.

Mobilization of the rectum, excision of the mesorectum, rectal 
transection, removal of the specimen, and reconstruction were per-
formed by pneumoperitoneal approach or extracorporeal approach 
via an incision smaller than 8 cm. Bowel anastomoses were per-
formed intracorporeally via a small incision using the double stapling 
technique or by transanal hand-sewn sutures.

For sphincter-preserving operations, the decision to make a 
protective ileostomy was based on the surgeon's technical evalu-
ation of the quality of anastomosis. When an incision longer than 
8 cm was required for the control of intraoperative complications 
or tumor extension, the operation was considered a conversion. 
Operative methods and pathology results were recorded according 
to the Japanese Classification of Colon and Rectal Carcinoma (sixth 
edition) and TNM classification (sixth edition).14,15 For surveillance 
after curative surgery, blood tests, abdominal and pelvic computed 
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tomographic scans, and plain chest radiographs were obtained at 
each visit, and colonoscopy at 1, 3, and 5 years after the operation 
was carried out.

2.4 | Statistical analysis

In this study, the expected 5-year OS rate was 88% and the thresh-
old value was 83%. The sample size was originally estimated as 
350 (one-sided α = 0.05 and β = 0.2) with an expected pathologi-
cal stage (p-stage) I:II:III ratio of 0.8:0.1:0.1; however, we examined 
the p-stage I:II:III ratio at the analysis of the first stage, and it was 
0.70:0.08:0.22. As expected, the number of p-stage I patients was 
limited; hence, the sample size was increased to 490 patients to 
maintain the required statistical power. The planned accrual period 
was 3 years, and the follow-up period was set at 5 years after com-
pletion of accrual. This study is registered with ClinicalTrials.gov No. 
NCT00635466.

3  | RESULTS

3.1 | Patients and short-term outcomes

A total of 495 patients were registered between February 2008 
and August 2010. Five patients were ineligible after registration. 
After their exclusion, 490 patients were included in the long-term 
analysis.

The number of patients with c-stage Tis, T1, and T2 was two, 
291, and 197, respectively. Overall, 336 patients (68.6%) had final 
p-stage 0/I and 38, 115, and one patient had p-stages II, III, and IV, 
respectively. The median number of harvested lymph node was 17. 
Positive resection margin which was defined as exposed cancer cells 
in the resected margin was found in two patients (0.4%; Table 1).

The median operative time was 270 minutes, and median blood 
loss was 28 mL. Operations in eight (1.6%) patients were converted 
to open surgery. Sphincter-preserving surgeries were possible in 477 
(97%) patients, including 77 (15.7%) patients. Intersphincteric resec-
tion (ISR) was also performed (Table 2).

3.2 | OS and DFS

The 5-year OS rate of all patients was 96.6% (95% CI 94.6-97.9), 
which was significantly better than the expected 5-year OS of 81.1% 
in the initial plan of the protocol (P < .0001) (Figure 1A). The 5-year 
relapse-free survival (RFS) rate of all patients was 90.1% (Figure 1B). 
The 5-year OS rates in p-stages 0, I, II, and III were 100%, 98%, 97%, 
and 94%, respectively (Figure 2A), and the 5-year RFS rates in p-
stages 0, I, II, and III were 100%, 93%, 81%, and 79%, respectively 
(Figure 2B). The total number of patients with recurrence was 50 
(10.2%). Lung recurrence was found in 22 patients, local recurrence 
in 14, liver in seven, distant lymph node in nine, and bone in three.

3.3 | Locoregional recurrence

Among all 490 cases, locoregional recurrence was found in 14 cases 
(2.8%). Three cases of local recurrences were found in mesorectal 

TA B L E  1   Clinical and pathological characteristics of the patients

Characteristic  

Total number of patients 490

Sex - no (%)

Male 281 (57.3)

Female 209 (42.7)

Age - yr; mean ± SD 59.7 ± 9.8

American Society of Anesthesiologists classification - no (%)

I 356 (72.7)

II 134 (27.3)

Body mass index - kg/m2, mean ± SD 22.7 ± 3.2

Tumor location - no (%)

Upper rectum 218 (44.5)

Lower rectum 272 (55.5)

Clinical T stage - no (%)

Tis 2 (0.4)

T1 291 (59.4)

T2 197 (40.2)

Pathological stage - no (%)

Stage 0 22 (4.5)

Stage I 314 (64.1)

Stage II 38 (7.8)

Stage III 115 (23.4)

Stage IV 1 (0.2)

Lymph nodes harvested 17

Resection margin - no (%)

Positive 2 (0.4)

Negative 488 (99.6)

TA B L E  2   Operative results

Laparoscopic procedures - no (%)

Anterior resection 400 (81.6)

Intersphincteric resection 77 (15.7)

Abdominoperineal resection 12 (2.4)

Abdominosacral resection 1 (0.2)

Temporaｒy stoma at the first operation - no (%)

Anterior resection 89 (18.1)

Intersphincteric resection 68 (13.8)

Operative time, median (range), min 270 (110-565)

Blood loss, median (range), mL 28 (1-2103)

Conversion - no (%) 8 (1.6)
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lymph node, three in lateral lymph node, two in anastomotic site, 
two in presacral region, and four were unknown.

In the p-stage, locoregional recurrence was observed in five 
cases in p-stage I, one case in stage II, and eight cases in stage III. 
Analysis of each rectal site revealed locoregional recurrence in three 
cases (1.4%) located in the upper rectum. Locoregional recurrence 
was observed in 11 cases in the lower rectal cancer, which included 
four cases (2.1%) in stage 1, one case (7.7%) in stage 2, and six cases 
(10.7%) in stage 3. According to the operation procedure, locore-
gional recurrence was confirmed in eight of 400 cases (2.0%) of an-
terior resection and in six of 77 cases (7.8%) of ISR (Table 3).

4  | DISCUSSION

4.1 | Summary

In the 2000s, non-inferiority of the long-term oncological outcome 
between open surgery and laparoscopic surgery was demonstrated 
by several randomized trials for colon cancer. However, laparoscopic 
surgery for rectal cancer is still a challenging procedure, and our 

Japanese study group conducted a clinical, one-arm, phase II trial 
to clarify the short- and long-term results of laparoscopic surgery 
for c-stage 0/I low rectal cancer. The primary endpoint of this study 
was 5-year OS rate of 96.6%, which was higher than the estimated 
5-year OS rate of 81.1%, and this long-term survival rate could meet 
the primary endpoint in the current study.

4.2 | Comparison of eligibility with randomized 
control trials

At present, results of four large randomized control trials on lapa-
roscopic rectal cancer surgery have been published.9,10,16,17 In par-
ticular, two recent randomized trials from Australia and the USA 
demonstrated higher positive CRM rates in the laparoscopic group 
than the open group.16,17 Therefore, the safety of laparoscopic sur-
gery for rectal cancer still needs to be established, and the poten-
tial risk of impaired surgical quality should be recognized. Four large 
randomized trials, namely, COLOR II trial, COREAN trial, ALaCaRT 
trial, and ACOSOG Z6051, included rectal cancer patients with T1 to 
T3 and N0 to N2, located within 12-15 cm from the anal verge, and 

F I G U R E  1   (A) Overall survival. (B) 
Disease-free survival
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preoperative CRT was introduced in 50%-100% of the patients in 
these studies as standard therapy.

Strictly, eligible patients in the COREAN trial and ACOSOG trial 
were limited to those with c-stages II and III, but 201 patients with 
c-stage I were included in the COLOR II trial and some patients in the 
ALaCaRT trial. Moreover, the patient backgrounds of these four ran-
domized controlled trials varied. Similarly, the inclusion criteria in tumor 
location are different among the studies. The eligibility criteria of the 
COLOR II trial and ALaCaRT trial included tumors within 15 cm from 
the anal margin, which ranged from the upper to the lower rectum. 
On the contrary, the COREAN trial is limited to the mid-low rectum. 
According to the current Japanese classification of colorectal, appen-
diceal, and anal carcinoma, lower rectal cancer is defined as having a 
tumor below the peritoneal reflex and the upper rectum is defined as 
the location between the peritoneal reflex and the lower border of the 
second sacrum. That is, according to the present Japanese definition, 
the Japanese upper rectum is obviously different from the upper rec-
tum defined in other international trials and may be interpreted as being 
close to the middle rectum. Inclusion criteria in this study correspond to 

the lower two-thirds of the rectum, which was globally recognized as 
middle or lower rectum. Therefore, our clinical trial can be interpreted 
as not significantly different from other tests in terms of tumor location.

4.3 | Interpretation of local recurrence

CRM has been used as an index for evaluating the curability of rec-
tal cancer surgery. A study reported that CRM predicted by preop-
erative MRI can distinguish curability,18 requires at least 1 mm CRM 
after preoperative radiochemotherapy,19 and more than 2 mm CRM 
is necessary for surgery alone.20 A positive CRM could predispose 
patients to locoregional recurrence, as observed in 10% of the pa-
tients after laparoscopic surgery in the COLOR II trial, in 3% in the 
COREAN trial, and in 7% in the ALaCaRT trial. Given the limited 
number of institutions that measure CRM from pathological speci-
mens in Japan at the time of the protocol preparation, we could not 
evaluate CRMs. Instead, two cases (0/4%) of all cases in this study 
where tumor cells were clearly exposed by surgical margin were ob-
served in our pathological evaluation. No locoregional recurrences 
were observed in two cases with positive surgical margin.

The 5-year locoregional recurrence rate in our study was 2.8%, 
although all c-stage 0/I rectal cancer cases were treated by surgery 

F I G U R E  2   (A) Overall survival of laparoscopic surgery by 
pathological stages. (B) Relapse-free survival of laparoscopic 
surgery by pathological stages

(A)

(B)

TA B L E  3   Locoregional recurrence

Tumor location and procedure (n)

Number of 
locoregional 
recurrence (%)

Tumor locationa 

Total rectum

All stage (490) 14 (2.8%)

p-stage 0 (22) 0 (0%)

p-stage I (314) 5 (1.6%)

p-stage II (38) 1 (2.6%)

p-stage III (115) 8 (7.0%)

Upper rectum

All stage (218) 3 (1.4%)

p-stage 0 (12) 0 (0%)

p-stage I (122) 1 (0.8%)

p-stage II (25) 0 (0%)

Low rectum

All stage (272) 11 (4.0%)

p-stage 0 (10) 0 (0%)

p-stage I (192) 4 (2.1%)

p-stage II (13) 1 (7.7%)

p-stage III (56) 6 (10.7%)

Operative procedure

Anterior resection (400) 8 (2.0%)

Intersphincteric resection (77) 6 (7.8%)

Abnomino-perineal resection (12) 0 (0%)

aData of p-stage IV was excluded in this table due to only one case. 
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alone. On the contrary, the 3-year locoregional recurrence rates in the 
COLOR II trial and COREAN trial were 5.0% and 2.6%, respectively. In 
our study, the 5-year locoregional recurrence rate was 1.4% for upper 
rectal cancer and 4.0% for lower rectal cancer after laparoscopic sur-
gery. In the subgroup analysis of this study, relatively high 5-year lo-
coregional recurrence rates were observed in p-stage II lower rectal 
cancer (7.7%), p-stage III lower rectal cancer (10.7%), and ISR patients 
(7.8%), who might require preoperative CRT before surgery.

4.4 | Comparison of DFS

In this study, 153 patients with p-stage II/III were included. The 
5-year RFS in patients diagnosed with p-stage II and III were 81% 
and 79% and the 5-year OS in p-stage II and III were 97% and 94%, 
respectively. The 5-year survival rate for patients with more than p-
stage II seemed to be good in this study. However, it may be due to 
the bias that all included patients were diagnosed as clinical stage I.

The 3-year DFS in the laparoscopic group with p-stage II/III was 
evaluable in both COLOR II trial and COREAN trial, which showed 
74.8% and 79.2%, respectively. Moreover, the 3-year OS rate was 
86.7% in the COLOR II trial and 91.7% in the COREAN trial. In the 
COLOR II trial, analyzed only for p-stage III, the 3-year DFS of lap-
aroscopic surgery was 64.9%. In our study, the 3-year DFS of lapa-
roscopic surgery for p-stage III was 79%. Since the patients in our 
study were preoperatively diagnosed with c-stage 0/1 and under-
went laparoscopic surgery without preoperative CRT, long-term 
outcomes in p-stage II/III were equal or had better survival rates 
compared with other international randomized trials.

4.5 | Comparison of long-term survival rates with 
other Japanese trials

A recent Japanese randomized control trial (JCOG0212) comparing 
mesorectal excision (ME) and ME plus lateral lymph node dissection 
showed 5-year OS and 5-year RFS rates in c-stage II/III lower rectal can-
cer treated by open surgery.21,22 The 5-year OS and 5-year RFS rates 
in c-stage II/III low rectal cancer in JCOG0212 were 90.2% and 73.3%, 
respectively, treated by ME alone without preoperative treatment. The 
current study included 152 patients with p-stage II/III treated by surgery 
alone, which indicated a 5-year RFS rate of 81% in p-stage II and 79% in 
p-stage III and 5-year OS rate of 97% in p-stage II and 94% in p-stage III. 
The long-term survival rate of laparoscopic surgery for rectal cancer with 
p-stages II and III in this study, despite the direct and careful comparison 
of the results of two different clinical trials, was not worse than that of 
conventional surgery for rectal cancer shown in JCOG0212 study.

4.6 | Limitation of this study

A limitation of our study is the absence of randomized study design 
between laparoscopic surgery and open surgery, as our study group 

included 43 specialized hospitals for colorectal surgery, in which lap-
aroscopic experts had already performed laparoscopic surgery for 
early-staged rectal cancer as clinical practice. Therefore, since we 
planned the study design, it was difficult to conduct a randomized 
trial comparing open surgery and laparoscopic surgery.

This is the first control study that focused on rectal cancer with 
c-stage I, and we could have accumulated a large number of cases, 
although the study only included laparoscopic surgery group as a 
one-arm study. Long-term results in laparoscopic surgery are appro-
priate for rectal cancer preoperatively diagnosed as at least c-stage I. 
However, our study also indicated that locoregional recurrence rates 
in lower rectal cancer with p-stage II/III and ISR patients were around 
7%-10%. Especially, in ISR, CRM shortage is a concern because of the 
required laparoscopic skill and understanding of the pelvic anatomy. In 
these cases, it may be necessary to consider other therapeutic options 
for preoperative CRT and conversion to abdominoperineal resection. 
Currently, we are conducting a phase II study in Japan for patients 
with rectal cancer closed to the anal canal, and we are waiting for the 
results on locoregional recurrence rate and function preservation.

5  | CONCLUSIONS

Recent results indicate that stage II/III low rectal cancers are associ-
ated with some factors that limit the performance of safe surgery 
with curative content. C-stage I low rectal cancer is a reasonable 
indication, and we could, therefore, offer safe operation for low rec-
tal cancer. In conclusion, laparoscopic surgery for c-stage 0/I rectal 
carcinoma has feasible long-term outcomes.
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