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Abstract
AIM: To evaluate the 5-year survival after laparoscopic 
surgery vs  open surgery for stages Ⅱ and Ⅲ rectal 
cancer. 

METHODS: This study enrolled 406 consecutive 
patients who underwent curative resection for stages 
Ⅱ and Ⅲ rectal cancer between January 2000 and 
December 2009 [laparoscopic rectal resection (LRR), n  
= 152; open rectal resection (ORR), n  = 254]. Clinical 
characteristics, operative outcomes, pathological 
outcomes, postoperative recovery, and 5-year survival 
outcomes were compared between the two groups.

RESULTS: Most of the clinical characteristics were 
similar except age (59 years vs  55 years, P  = 0.033) 
between the LRR group and ORR group. The proportion 
of anterior resection was higher in the LRR group than 
that in the ORR group (81.6% vs  66.1%, P  = 0.001). 
The LRR group had less estimated blood loss (50 
mL vs  200 mL, P  < 0.001) and a lower rate of blood 
transfusion (4.6% vs  11.8%, P  = 0.019) compared 
to the ORR group. The pathological outcomes of the 
two groups were comparable. The LRR group was 
associated with faster recovery of bowel function (2.8 d 
vs  3.7 d, P  < 0.001) and shorter postoperative hospital 
stay (11.7 d vs  13.7 d, P  < 0.001). The median follow-
up time was 63 mo in the LRR group and 65 mo in the 
ORR group. As for the survival outcomes, the 5-year 
local recurrence rate (16.0% vs  16.4%, P  = 0.753), 
5-year disease-free survival (DFS) rate (63.0% vs  
63.1%, P  = 0.589), and 5-year overall survival (OS) 
rate (68.1% vs  63.5%, P  = 0.682) were comparable 
between the LRR group and the ORR group. Stage 
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rectal cancer[12]. The present study was conducted to 
evaluate the long-term oncologic outcomes of LRR for 
stages Ⅱ and Ⅲ rectal cancer.

MATERIALS AND METHODS
Four hundred and sixty-two consecutive stages Ⅱ and 
Ⅲ rectal cancer patients who underwent LRR or ORR 
from January 2003 to December 2009 were extracted 
from the clinical colorectal database of Department 
of General Surgery of Nanfang Hospital, Southern 
Medical University, which is one of the members of 
the Southern Chinese Laparoscopic Colorectal Surgery 
Study (SCLASS) group[19]. After excluding 44 patients 
who underwent emergency resection and 12 patients 
with recurrent disease, 406 cases were finally included 
in the present study, with 152 undergoing LRR and 
254 undergoing ORR. 

The tumors were subdivided into three types 
according to the distances between their distal borders 
and the anal verge (upper rectal cancer, 10-15 cm; 
middle rectal cancer, 5-10 cm; and lower rectal cancer, 
< 5 cm). Patients chose the surgical approach of LRR 
or ORR based on an understanding of the risks and 
benefits inherent to laparoscopic and open resection 
after having received an extensive explanation without 
any pressure from the surgeon. LRR and ORR were 
performed by three colorectal surgeons who were 
experts in both laparoscopic and open procedures.

Before operation, all patients underwent colono
scopy plus biopsy, pelvic magnetic resonance imaging 
(MRI) or abdominal computed tomography (CT). 
A liquid diet was started after the first flatus had 
been passed. Patients were discharged if they were 
analgesia-free, afebrile and can tolerate food for 24 h, 
without major complications. Patients with high risk 
factors were recommended to receive postoperative 
adjuvant chemotherapy with 5-fluorouracil-based 
regimens. The last follow-up was December 2013.

Surgical technique
For laparoscopic surgery, the patients were placed in 
the Lloyd-Davis position with forced Trendelenburg 
(30°). The monitor was placed at the patient’s feet on 
the left side. The surgeon stood on the patient’s right 
side, the first assistant stood on the patient’s left side, 
and the second assistant holding the laparoscope 
stood at the patient’s cranial side next to the surgeon. 
Pneumoperitoneum was generated with a pressure 
of 12-15 mmHg. The five trocars were inserted: 
supraumbilical (10 mm), right iliospinale anterius 
medial 3 cm (10 mm), right rectus abdominis outer 
at the umbilical level (5 mm), midpoint of the line 
from left iliospinale anterius to umbilical (10 mm), 
and upper margin of the pubic bone 3 cm (5 mm). 
The medial-to-lateral approach was used, with the 
roots of the inferior mesenteric vascular pedicles being 
dissected with lymphadenectomy, and the mesentery 
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by stage, there were also no statistical differences 
between the LRR group and the ORR group in terms 
of the 5-year local recurrence rate (stage Ⅱ: 6.3% 
vs  8.7%, P  = 0.623; stage Ⅲ: 26.4% vs  23.2%, P  = 
0.747), 5-year DFS rate (stage Ⅱ: 77.5% vs  77.6%, P  
= 0.462; stage Ⅲ: 46.5% vs  50.9%, P  = 0.738), and 
5-year OS rate (stage Ⅱ: 81.4% vs  74.3%, P  = 0.242; 
stage Ⅲ: 53.9% vs  54.1%, P  = 0.459).

CONCLUSION: LRR for stages Ⅱ and Ⅲ rectal cancer 
can yield comparable long-term survival while achieving 
short-term benefits compared to open surgery.

Key words: Laparoscopic surgery; Locally advanced 
rectal cancer; Oncologic outcomes

© The Author(s) 2015. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: This retrospective study specially evaluates 
the oncologic outcomes after laparoscopic resection 
for locally advanced rectal cancer. Results suggest that 
laparoscopic rectal resection for stage Ⅱ or Ⅲ rectal 
cancer is a safe procedure, yielding comparable 5-year 
oncologic outcomes to open surgery.

Zhou ZX, Zhao LY, Lin T, Liu H, Deng HJ, Zhu HL, Yan J, Li 
GX. Long-term oncologic outcomes of laparoscopic vs open 
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INTRODUCTION
Laparoscopic rectal resection (LRR) is regarded as a 
technically demanding approach and many colorectal 
surgeons attempt LRR for early-stage rectal cancer or 
tumors in small size in their initial stages[1,2]. With the 
improvement in surgical technique and instruments, 
experienced surgeons have attempted to apply LRR 
for locally advanced rectal cancer. However, long-
term oncologic outcomes of laparoscopic surgery for 
locally advanced rectal cancer remains controversial. 
Among the published trials comparing the long-term 
oncologic outcomes of rectal cancer between LRR and 
open rectal resection (ORR) groups[3-11], there were 
rare trials involving subgroup comparison of stage Ⅱ 
or Ⅲ rectal cancer[9]. The 5-year oncologic outcomes 
of the trial for stage Ⅱ or Ⅲ rectal cancer is not 
persuasive enough for the limited cases[9]. There were 
retrospective studies providing different long-term 
oncologic outcomes between laparoscopic and open 
surgery for stages Ⅱ and Ⅲ rectal cancer[12-18]. LRR for 
rectal cancer has been widely performed by Chinese 
colorectal surgeons. However, few studies evaluated 
long-term oncologic outcomes of LRR for stage Ⅱ or Ⅲ 



and relevant bowel being mobilized in sequence. 
With preservation of the autonomic nerves, partial 
mesorectal excision was carried out for upper rectal 
cancer with a mesorectal margin of ≥ 5 cm distally to 
the cancer, and total mesorectal excision (TME) was 
performed for the middle and lower rectal cancer. 

The patients who underwent laparoscopic anterior 
resection (AR) with intraabdominal anastomosis 
received a 4-6 cm incision in the left-lower quadrant 
of the abdomen for the removal of specimen and 
placement of the staple gun head, except for the 
patients undergoing protective ileostomy with their 
specimens removed through the stoma in the right-
lower quadrant of the abdomen. No abdominal incision 
was made when patients underwent abdominal perineal 
resection (APR). Conversion to open procedure was 
decided when the surgeon was unable to complete the 
laparoscopic surgery.

Measured outcomes and definitions
This study compared the following variables: 
characteristics, surgical outcomes, pathologic results, 
postoperative recovery, and 5-year survival outcomes. 
Morbidity was defined as a complication that required 
additional treatment or prolonged hospital stay 
within 30 d after operation. Operative mortality was 
defined as death during or within 30 d after operation. 
Local recurrence was defined as the presence of 

radiologically confirmed or histologically proven tumor 
restricted to the anastomosis or in the pelvis within 
the region of the primary surgery. Patients that were 
transferred to open procedure were included in the 
LRR group.

Statistical analysis
SPSS 18.0 for windows (SPSS, Chicago, IL, United 
States) was used for all statistical analyses. A χ 2 
analysis or Student’s t-test, as appropriate, was used 
to assess for differences in patient characteristics, 
according to the surgical approach. Non-parametric 
equivalents were applied when normality and 
homogeneity assumptions were violated. Survival 
probability was estimated by the Kaplan-Meier method 
and compared by log-rank testing. The independent 
prognostic effect of surgical approaches on local 
recurrence, disease-free survival (DFS), and overall 
survival (OS) in rectal cancer were estimated using 
Cox proportional hazard regression models. All 
P-values were two-sided and P < 0.05 was considered 
statistically significant. 

RESULTS
Clinical characteristics
There were no significant differences between the LRR 
and ORR groups in terms of sex, body mass index 
(BMI), ASA (American Society of Anesthesiologists) 
status, tumor location, neoadjuvant chemoradiotherapy, 
or postoperative chemotherapy. The median age of 
patients in the LRR group was older than that in the 
ORR group [59 (24-90) years vs 55 (19-86) years, P = 
0.033]. The median follow-up time was 63 (28-112) mo 
in the LRR group and 65 (32-118) mo in the ORR group 
(P = 0.211) (Table 1). 

Operative and pathological outcomes
The anterior resection rate was significantly higher 
in the LRR group than in the ORR group (81.6% 
vs 66.1%, P = 0.001). The operative times were 
comparable in the two groups. There was less 
estimated blood loss (50 mL vs 200 mL, P < 0.001) 
and a lower rate of blood transfusion (4.6% vs 11.8%, 
P = 0.019) in the LRR group than those in the ORR 
group. Conversion to open procedure was required in 
7 (4.6%) patients in the LRR group, for difficulty in 
pelvic exposure in 3 cases, severe adhesion in 2, and 
uncontrolled bleeding in 2. The protective ileostomy 
rates were comparable between the two groups. There 
were no significant differences between the two groups 
in terms of the R0 resection rate, distances of proximal 
resection margin and distal resection margin, number 
of lymph nodes harvested, number of metastatic 
lymph nodes or tumor size (Table 2). 

Postoperative recovery
The time to first flatus (2.8 d vs 3.7 d, P < 0.001), to 
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Table 1  Characteristics of the patients  n  (%)

LRR (n  = 152) ORR (n  = 254) P  value

Age1 (yr) 59 (24-90) 55 (19-86) 0.033
Sex 0.600
   Male    95 (62.5)    151 (59.4)
   Female    57 (37.5)    103 (40.6)
BMI (kg/m2) 22.7 (11.1) 23.1 (9.5) 0.369
ASA 0.542
   1 36   50
   2 98 177
   3 18   27
Tumor location 0.837
   Upper rectum 
   (10.1-15.0 cm)

  39 (25.7)   59 (23.2)

   Middle (5.1-10.0 cm)   60 (39.5) 101 (39.8)
   Lower rectum (0-5 cm)   53 (34.9)   94 (37.0)
Tumor stage 0.259
   II   78 (51.3) 115 (45.3)
   III   74 (48.7) 139 (54.7)
Cell differentiation 0.192
   Low 15 (9.9)   41 (16.1)
   Middle 101 (66.4) 161 (63.4)
   High   36 (23.7)   52 (20.5)
Neoadjuvant 
chemoradiotherapy

13 (8.6) 16 (6.3) 0.429

Postoperative chemotherapy 0.745
   Total cycle   30 (19.7)   51 (20.1)
   Partial cycle   18 (11.8) 24 (9.4)
Abdominal surgery 
history

  21 (13.8)   28 (11.0) 0.433

Follow-up1 (mo) 63 (28-112) 65 (32-118) 0.211

1Values are median (range).
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0.599-1.198, P = 0.348), or OS (HR = 1.044, 
95%CI: 0.726-1.501, P = 0.817), after adjusting for 
covariates, such as age, gender, number of harvested 
lymph nodes, and tumor stage.

DISCUSSION
LRR was reported a technically demanding procedure 
for the difficulties in pelvic exposure and TME with the 
autonomic nerves preserved[12,20-22]. The application 
of LRR in early rectal cancer was usually accepted 
by laparoscopic surgeons[2,13]. Although more and 
more locally advanced rectal cancer cases have 
undergone LRR by experienced surgeons, there was 
still skepticism on the application of LRR for locally 
advanced rectal cancer for the limited data on the long-
term oncologic outcomes. To date, the multi-center 
randomized controlled trial (RCT) of CLASSICC has 
provided the highest level of evidence on equivalent 
3-year and 5-year local recurrence, DFS and OS 
rates of LRR compared to ORR[3,10]. However, there 
was no subgroup analysis of locally advanced rectal 
cancer in this trial and the maturity of the technique of 
laparoscopy had been questioned for a relatively high 
conversion rate and morbidity[23-25]. 

This study showed that, compared to ORR, LRR 
for locally advanced rectal cancer had less estimated 
blood loss, faster bowel function recovery, and, most 
importantly, similar 5-year local recurrence, DFS, and 
OS rates. The Cox regression indicated that surgical 
approach was not the factor that significantly impacted 
on 5-year local recurrence, DFS, and OS rates. 

Studies demonstrated that circumferential 
resection margin (CRM) status was highly associated 
with long-term survival[26-28]. Pathological involvement 
of the CRM after rectal cancer surgery is a well-
established prognostic indicator[29]. Clear CRMs are of 
great importance because the risk of local recurrence 
increases three to four times when these margins are 

the start of a liquid diet (3.7 d vs 4.5 d, P < 0.001), 
and the time of postoperative hospital stay (11.7 d 
vs 13.7 d, P < 0.001) were significantly shorter in 
the LRR group than in the ORR group. Postoperative 
morbidity rate in the LRR group was similar to that in 
the ORR group (25.0% vs 22.4%, P = 0.907). The 
mortality rate after surgery between the two groups 
was comparable (2.6% vs 2.0%, P = 0.733) (Table 3).

Survival outcomes
There were no statistical differences in 5-year local 
recurrence rate between the LRR group and the 
ORR group (16.0% vs 16.4%, P = 0.753) (Figure 
1A). Stage by stage, there were also no statistical 
differences between the two groups (stage Ⅱ: 6.3% 
vs 8.7%, P = 0.623; stage Ⅲ: 26.4% vs 23.2%, P = 
0.747) (Figure 1B).

The 5-year DFS were comparable between the 
LRR group and the ORR group (63.0% vs 63.1%, P = 
0.589) (Figure 2A), and there were also no statistical 
differences in the 5-year DFS rates between the two 
groups when stratifying by tumor stage (stage Ⅱ: 
77.5% vs 77.6%, P = 0.462; stage Ⅲ: 46.5% vs 
50.9%, P = 0.738) (Figure 2B).

The 5-year OS rate was similar in the LRR group to 
that in the ORR group (68.1% vs 63.5%, P = 0.682) 
(Figure 3A). By subgroup analysis, the similar results 
were respectively conducted (stage Ⅱ: 81.4% vs 
74.3%, P = 0.242; stage Ⅲ: 53.9% vs 54.1%, P = 
0.459) (Figure 3B).

The multivariate Cox regression analysis showed 
that the laparoscopic approach was not associated 
with inferior local recurrence (HR = 0.796, 95%CI: 
0.463-1.367, P = 0.408), DFS (HR = 0.847, 95%CI: 
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Table 2  Operative and pathological outcomes

LRR (n  = 152) ORR (n  = 254) P  value

Surgical procedure    0.001
Anterior resection    124 (81.6)    168 (66.1)
Abdominoperineal 
resection 

     28 (18.4)      86 (33.9)

Protective ileostomy      32 (21.1)      49 (19.3)    0.701
Operating time1, min 188.9 (67.7) 188.7 (65.4)    0.982
Estimated blood loss2, mL 50 (20-1500) 200 (60-3000) < 0.001
Blood transfusion      7 (4.6)      30 (11.8)    0.019
Conversion, n (%)      7 (4.6)
Resection margin 
involvement

   0.809

   R0    144 (94.7)    243 (95.7)
   R1      8 (5.3)    11 (4.3)
Proximal resection 
margin1, cm

11.2 (3.4) 11.7 (3.6)    0.148

Distal resection margin1, 
cm

  3.1 (1.7)   3.0 (1.5)    0.182

No. of lymph nodes 
harvested1

12.9 (6.1) 12.2 (6.2)    0.240

No. of metastatic lymph 
nodes

  1.7 (2.9)   1.8 (3.3)    0.760

Tumor size, cm   3.9 (1.2)   4.0 (1.1)    0.425

1Values are mean ± SD; 2Values are median (range).

Table 3  Postoperative recovery outcomes  n  (%)

Laparoscopic Open P  value

(n  = 152) (n  = 254)

Time to first flatus, d   2.8 (1.0)   3.7 (1.1) < 0.001
Time to liquid diet, d   3.7 (1.1)   4.5 (1.3) < 0.001
Postoperative hospital stay, d 11.7 (3.7) 13.7 (4.3) < 0.001
Postoperative morbidity     38 (25.0)      66 (22.4)    0.907
   Wound infection      6 (3.9)    11 (4.3)    0.851
      Ileus      4 (2.6)      5 (2.0)    0.733
      Anastomotic leak      6 (3.9)      5 (2.0)    0.343
      Anastomotic stenosis      1 (0.7)      0 (0.0)    0.377
      Hemorrhage      4 (2.6)    17 (6.7)    0.103
      Abdominal infection      5 (3.3)      2 (0.8)    0.108
      Respiratory infection      6 (3.9)    12 (4.7)    0.807
      Cardiac disease      1 (0.7)      6 (2.4)    0.264
      Renal failure      0 (0.0)      3 (1.2)    0.296
      Urinary tract infection      5 (3.3)      3 (1.2)    0.157
      Cerebrovascular diseases      0 (0.0)      2 (0.8)    0.530
Postoperative mortality      4 (2.6)      5 (2.0)    0.733
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Figure 2  Cumulative disease-free survival between the LRR and ORR groups. A: 5-year: 63.0% vs 63.1%, P = 0.589; B: 5-year: stage Ⅱ 77.5% vs 77.6%, P = 
0.462; stage Ⅲ 46.5% vs 50.9%, P = 0.738.
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stage Ⅲ 53.9% vs 54.1%, P = 0.459.
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invaded by tumor cells[30]. Changes in awareness of the 
requirements for pathologic evaluation of rectal cancer 
specimens began in 2007. However, the SCLASS 
database collected patient clinical data prior to 2009. 
Consequently, data on CRMs were not recorded in the 
current SCLASS database for the sake of consistency, 
which is one limitation of our study. Nevertheless, our 
results showed that laparoscopic approach did not 
have an adverse effect on local recurrence or DFS, 
which may be considered putative proxies for CRM. 
Wang et al[31] reported CRM involvement in patients 
with rectal cancer of approximately 1.9% at a leading 
single institution in China. This may indirectly reflect 
the status of CRM involvement in China. Additionally, 
during the last 20 years, the treatment of rectal cancer 
has changed dramatically. The reinforcement of TME 
by our understanding of the mesorectum and CRM has 
led to fewer positive margins and consequently fewer 
local recurrences[32]. 

The use of neoadjuvant therapy has only 
been highly recommended by NCCN guidelines in 
recent years, while the clinical data of the present 
study began from January 2003. This discrepancy 
contributed to the relatively low rate of patients who 
received neoadjuvant therapy in the present study. 
Only < 10% patients in our study had received 
treatment for rectal cancer with neoadjuvant therapy 
in both groups. Though a low rate of neoadjuvant 
therapy and adjuvant therapy, the proportions of 
them between the LRR group and ORR group were 
comparable, which helped result in similar long-term 
oncological outcomes between the two groups. 

Although one RCT and two non-randomized studies 
have demonstrated that laparoscopic approach was 
an independent predictor of improved survival after 
colorectal surgery[14,33,34], laparoscopic approach 
was not associated with differences in survival or 
recurrence in our study. One of the reasons for the 
difference in our findings may be that > 50% of 
patients in the abovementioned studies were colon 
cancer patients. Therefore, their findings may not 
be applicable to rectal cancer. In our study, patient 
survival following LRR for rectal cancer was similar to 
survival following ORR, with acceptable complications 
and earlier recovery. The present study showed less 
estimated blood loss, a lower rate of blood transfusion, 
and quicker postoperative recovery. These non-inferior 
parameters relevant to surgical stress response and 
postoperative immune function of the LRR group 
may help result in non-inferior long-term oncological 
outcomes of the LRR group in the present study[35,36]. 
Together, the data suggest that it is not necessary to 
prove a survival benefit of LRR over ORR to justify its 
use in the treatment of rectal cancer. 

The retrospective design was one main limitation of 
the present study and selective biases were unavoidable 
in the present study, such as the average age of the 
patients and the proportion of surgical procedure of AR 

and APR, though they had not significantly different 
impact on the long-term oncologic outcomes by Cox 
regression mode multivariate analysis. Furthermore, 
the rates of noeadjuvant and adjuvant treatment were 
low and the specimen lacked CRM status. Despite these 
limitations, this cohort study was specially created to 
compare local recurrence, DFS and OS rates between 
LRR and ORR for locally advanced rectal cancer in a 
Chinese population. 
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locally advanced rectal cancer.
Research frontiers
There were rare studies involving subgroup comparison of stage Ⅱ or Ⅲ 
rectal cancer among the published reports comparing the long-term oncologic 
outcomes of rectal cancer between laparoscopic surgery and open surgery. The 
5-year oncologic outcomes of the laparoscopic surgery for stage Ⅱ or Ⅲ rectal 
cancer is not persuasive enough for the limited cases. Laparoscopic surgery 
for rectal cancer has been widely performed by Chinese colorectal surgeons. 
However, few studies evaluated long-term oncologic outcomes of laparoscopic 
rectal resection (LRR) for stage Ⅱ or Ⅲ rectal cancer.
Innovations and breakthroughs
Few studies evaluated long-term oncologic outcomes of laparoscopic surgery 
for stage Ⅱ or Ⅲ rectal cancer, especially for the Chinese population. This 
cohort study was specially created to compare local recurrence, disease-free 
survival and overall survival rates between LRR and open rectal resection for 
local advanced rectal cancer in a Chinese population. 
Applications
The study results suggest that LRR for stages Ⅱ and Ⅲ rectal cancer can yield 
comparable 5-year survival rates while achieving short-term benefits compared 
to open surgery.
Terminology
Laparoscopic surgery is a minimally invasive approach for colorectal cancer. 
Since 2000, several multicenter studies on laparoscopic surgery for colon 
cancer suggest that it is associated with improved short-term results, but similar 
long-term survival rates. On the other hand, laparoscopic resection for rectal 
cancer remains controversial.
Peer-review
In this paper, the authors conducted a retrospective cohort study to evaluate 
long-term oncologic outcomes of LRR for stages Ⅱ and Ⅲ rectal cancer in a 
Chinese population. The paper was written basically in accordance with the 
recommendations of the Strengthening the Reporting of Observational Studies 
in Epidemiology Statement.
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