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significantly higher in the laparoscopic surgery group than 
in the open surgery group in rectal cancer (13.8% for lapa-
roscopic surgery vs. 0% for open surgery, p = 0.038). In 
subgroup analysis according to tumor location, there were 
no significant differences in the 3-year overall survival rate 
or 3-year recurrence-free survival rate between the two 
treatment groups.
Conclusion  The midterm outcomes of laparoscopic sur-
gery are similar to those of open surgery in elderly patients 
with colorectal cancer.
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Colorectal cancer is the second most common cancer in 
both sexes in Western countries, and more than 70% of the 
patients are 65 years or older [1]. In Japan, colorectal can-
cer ranked as the second most common cancer in women 
and the fourth most common cancer in men in 2015 [2]. 
Surgical resection of colorectal cancer remains the only 
curative treatment. During the past decade, large rand-
omized trials have demonstrated the oncological safety and 
effectiveness of laparoscopic surgery as compared with 
conventional open surgery in patients with colorectal can-
cer [3–5]. In Japan, the Japan Clinical Oncology Group 
(JCOG) conducted a randomized trial comparing laparo-
scopic surgery with conventional open surgery in patients 
with advanced colon and rectosigmoid cancer. However, 
patients 75 years or older were not included in that study 
[6]. Elderly patients generally have higher medical comor-
bidity rates and morbidity rates than younger patients [7, 
8]. Few studies have compared the surgical and oncological 
outcomes of laparoscopic surgery with those of open sur-
gery in this age group, and most have been observational 
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[9]. We previously performed a randomized controlled 
study comparing open surgery with laparoscopic surgery 
in only elderly patients and reported the short-term out-
comes [9]. In that study, the duration of surgery was sig-
nificantly longer, and the blood loss was significantly less 
in the laparoscopic surgery group than in the open surgery 
group. Furthermore, the laparoscopic surgery group had a 
significantly lower all-grade complication rate, especially 
in patients with colon cancer. We concluded that the short-
term results of laparoscopic surgery, apart from the dura-
tion of surgery, were excellent. Laparoscopic surgery was 
thus considered an effective procedure for elderly patients 
with colorectal cancer (especially colon cancer) [9].

We now report the 3-year follow-up data, including the 
secondary endpoints of recurrence-free survival (RFS) and 
overall survival (OS), in elderly patients with colorectal 
cancer.

Materials and methods

Patients

This was a randomized controlled trial performed in a sin-
gle institution, Yokohama City University Medical Center, 
Yokohama, Japan. A total of 200 elderly patients (142 
with colonic cancer and 58 with rectal cancer) were ran-
domly assigned to open surgery or laparoscopic surgery 
between August 2008 and August 2012. The inclusion cri-
teria included an age of 75 years or older, a histologically 
confirmed diagnosis of adenocarcinoma, a clinical stage of 
up to T4a tumors, any N stage, no evidence of metastasis 
(M0), and elective surgery. The details of the treatment pro-
tocol, surgical procedures, and justification for the sample 
size have been reported previously [9]. The protocol of this 
trial was approved by the ethics committee of Yokohama 
City University Medical Center.

Randomization, treatment allocation, and blinding

Written informed consent was obtained from all patients. 
After agreement of the patients to participate in the study 
was confirmed, the patients were randomly assigned to 
receive laparoscopic surgery or open surgery. A randomiza-
tion schedule was created using a random number genera-
tor and stratified according to site. To balance the operative 
backgrounds between the laparoscopic surgery group and 
the open surgery group, the patients were stratified accord-
ing to tumor location (right colon, left colon, or rectum). 
Patients with transverse colon cancer were allocated to 
the right colon group. Blinding could not be performed 
because of the obvious difference in the surgical procedure.

Follow‑up

The follow-up schedule was specified according to disease 
stage. Patients with stage 0 or I disease underwent outpa-
tient examinations, including tumor marker measurements 
and computed tomography (CT) of the chest, abdomen, and 
pelvis, once a year for 5 years. Patients with stage II or IIIA 
disease underwent CT and tumor marker measurements 
every 6 months for the first 2  years, followed by once a 
year from years 3 to 5. Patients with stage IIIB or IIIC dis-
ease underwent CT and tumor marker measurements every 
4 months for the first 2 years, followed by every 6 months 
from years 3 to 5.

Statistical analysis

Secondary endpoints were 3-year RFS and 3-year OS. We 
estimated that a sample size of 200 patients would provide 
a power of higher than 80% to detect a difference between 
the groups on analysis using a two-sided Chi-square test 
with a type I error rate of 0.05, when the actual complica-
tion rates were 20% for laparoscopic surgery and 40% for 
open surgery.

Patients’ baseline characteristics were summarized as 
numbers and percentages and were compared between 
groups by means of Chi-square tests. Recurrence rates at 
various sites (liver, lung, peritoneal lymph nodes, distant 
lymph nodes, local recurrence, others) were also compared 
using Chi-square tests. The 3-year RFS and 3-year OS were 
compared using Kaplan–Meier analyses, and statistical sig-
nificance was determined by log-rank tests. In all analyses, 
p < 0.05 was considered to indicate statistical significance. 
All analyses were performed using IBM SPSS software, 
version 21 (SPSS Inc., Chicago, IL, USA).

The present study is registered with Clinical Trials.gov 
(NCT01862562).

Results

A CONSORT diagram summarizing the allocation of 
patients during the study is shown in Fig. 1. Seven patients 
in the open surgery group and two patients in the laparo-
scopic surgery group were excluded because metastatic dis-
ease was diagnosed at surgery. One patient in the open sur-
gery group in whom malignant lymphoma was diagnosed 
postoperatively was also excluded from analysis.

The two groups were balanced with respect to baseline 
characteristics and pathological disease stage (Table  1). 
No patient received preoperative radiotherapy or chemo-
therapy. Adjuvant chemotherapy was given to 10 (10.8%) 
patients in the open surgery group and 16 (16.3%) patients 
in the laparoscopic surgery group. All patients received 
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oral 5-fluorouracil derivatives only. No patient received 
oxaliplatin- or irinotecan-based regimens.

Overall survival

The 3-year OS is shown in Fig.  2. The median follow-
up time of OS was 43 months (range, 4–74 months). The 
3-year OS rate in the study group as a whole was 91.1%. 
The 3-year OS rate in the laparoscopic surgery group did 
not differ significantly than that in the open surgery group 
(91.5% for laparoscopic surgery vs. 90.6% for open surgery, 
p = 0.638).

The 3-year OS rate was 93.8% in patients with colon 
cancer and 84.7% in patients with rectal cancer. In colon 
cancer, the 3-year OS rate was 93.5% for open surgery 
versus 93.9% for laparoscopic surgery (p = 0.901). In rec-
tal cancer, the 3-year OS rate was 83.1% for open surgery 
versus 85.7% for laparoscopic surgery (p = 0.557). When 
the patients were analyzed according to disease stage, 
there were no significant differences in the 3-year OS rate 
between the treatment groups (stage I: 96.3% for laparo-
scopic surgery vs. 100% for open surgery, p = 0.845; stage 
II: 91.4% for laparoscopic surgery vs. 87.4% for open sur-
gery, p = 0.553; stage III: 85.5% for laparoscopic surgery 
vs. 90% for open surgery, p = 0.319). It is important to note 
that the stage-specific comparisons were underpowered.

Recurrence‑free survival

The 3-year RFS is shown in Fig. 3. The median follow-up 
time of RFS was 42.5 months (range, 3–74 months). The 

3-year RFS rate in the study group as a whole was 86.6%. 
The 3-year RFS did not differ significantly between the 
laparoscopic surgery group and the open surgery group 
(84.8% for laparoscopic surgery vs. 88.2% for open surgery, 
p = 0.324).

The 3-year RFS rate was 91.5% in patients with colon 
cancer and 76.9% in patients with rectal cancer. The 3-year 
RFS rate did not differ significantly between the two sur-
gical techniques in patients with colon cancer (91.5% for 
open surgery vs. 89.6% for laparoscopic surgery, p = 0.73) 
or in patients with rectal cancer (80.5% for open surgery 
vs. 71.9% for laparoscopic surgery, p = 0.212). When the 
patients were analyzed according to disease stage, there 
were no differences in 3-year RFS between the treatment 
groups (stage I: 100% for laparoscopic surgery vs. 95% for 
open surgery, p = 0.845; stage II: 91.3% for laparoscopic 
surgery vs. 91% for open surgery, p = 0.553; stage III: 
60.9% for laparoscopic surgery vs. 76.8% for open surgery, 
p = 0.319).

Recurrence

The overall recurrence rate at 3 years was 11.9% in the 
open surgery group and 17.3% in the laparoscopic sur-
gery group. The recurrence sites in each group are shown 
in Table  2. The local recurrence rate was 2.1% and is 
presented separately for the open surgery group and 
laparoscopic surgery group in Table  3. The local recur-
rence rate was significantly higher in the laparoscopic 
surgery group than in the open surgery group (4.1% for 
laparoscopic surgery vs. 0% for open surgery, p = 0.05). 

Fig. 1   CONSORT diagram depicting allocation of patients at the 3-year follow-up analysis
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All local recurrences in the laparoscopic surgery group 
occurred in patients with rectal cancer. Four patients in 
the laparoscopic surgery group had local recurrence. One 
had a T2 tumor and the site of recurrence was anasto-
motic; recurrence was apparently caused by tumor cell 
implantation. The other three patients with recurrence 

had T4 tumors. The overall distant recurrence rate at 3 
years was 19.7% in the study group as a whole and is pre-
sented separately for the open surgery group and laparo-
scopic surgery group in Table  3. There were no signifi-
cant differences in the distant recurrence rates at 3 years 
between the two groups.

Table 1   Clinical and pathological characteristics of patients

Characteristic Open (n = 92) Laparoscopic (n = 98) p-value

n % n %

Age
 <80 53 57.6 54 55.1 0.884

y ≧80 39 42.4 44 44.9
Gender
 M 55 59.8 49 50.0 0.191
 F 37 40.2 49 50.0

ASA
 I 7 7.6 7 7.1 0.523
 II 71 77.2 82 83.7
 III 14 15.2 9 9.2

BMI
 <25 78 84.8 83 84.7 0.961
 ≧25 14 15.2 15 15.3

CEA
 <5 58 63.0 65 66.3 0.762
 ≧5 34 37.0 33 33.7

Tumor site
 Colon 63 68.5 69 70.4 0.875
 Rectum 29 31.5 29 29.6

pT stage
 Tis 2 2.2 5 5.1 0.594
 T1 16 17.4 19 19.4
 T2 14 15.2 18 18.4
 T3 36 39.1 38 38.8
 T4a 18 19.6 11 11.2
 T4b 6 6.5 7 7.1

pN stage
 N0 61 66.3 68 69.4 0.293
 N1a 16 17.4 8 8.2
 N1b 8 8.7 15 15.3
 N2a 5 5.4 5 5.1
 N2b 2 2.2 2 2.0

pStage
 0 2 2.2 5 5.1 0.675
 I 24 26.1 27 27.6
 II 33 35.9 36 36.7
 III 33 35.9 30 30.6

Adjuvant chemotherapy
 Yes 10 10.8 16 16.3 0.296
 No 82 91.2 82 83.7
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Discussion

To our knowledge, our study is the first randomized con-
trolled trial to compare open surgery with laparoscopic 
surgery in only elderly patients. Our trial demonstrated that 
the 3-year RFS and 3-year OS were similar for laparoscopic 
surgery and conventional open surgery in elderly patients 
with colorectal cancer.

Laparoscopic colorectal surgery has been widely 
accepted for the management of colorectal cancer. Several 
studies and our previous study have demonstrated that lapa-
roscopic surgery for colorectal disease in elderly patients 
has short-term benefits, such as earlier recovery of bowel 
function and a shorter hospital stay [9–13]. A few studies 
have reported the long-term outcomes of laparoscopic sur-
gery for colorectal cancer in the elderly [14–16]. A large 
multicenter case–control study conducted by Niitsu et  al. 
reported that the 3-year OS, disease-free survival, and 
cancer-specific survival did not differ between laparoscopic 
surgery and open surgery in patients with colorectal cancer 
who were 80  years or older [14]. Moon et  al. also found 

no difference in OS or RFS between laparoscopic surgery 
and open surgery on propensity-matched analysis [16]. 
The results of these studies indicated that laparoscopic sur-
gery is comparable to open surgery in terms of long-term 
outcomes in elderly patients with colorectal cancer. How-
ever, these previous trials were not randomized controlled 
studies focusing exclusively on elderly patients. Our rand-
omized controlled trial demonstrated that the 3-year RFS 
and 3-year OS were similar for laparoscopic surgery and 
open surgery in elderly patients with colorectal cancer.

In our study, secondary endpoints were 3-year RFS and 
3-year OS. The 5-year OS rate is appropriate to evaluate 
when determining whether laparoscopic surgery influences 
survival, which is the true target of the surgical treatment 
of malignant, but potentially curable colorectal cancer. 
However, there are many other potential causes of death, 
such as other diseases, in elderly patients. We therefore 
decided that the 3-year RFS rate was an appropriate sec-
ondary endpoint.

In the survival analysis, 3-year RFS and OS did not dif-
fer significantly between open surgery and laparoscopic 

Fig. 2   Three-year OS according to the randomly assigned procedure. A All patients. B Patients with colon cancer. C Patients with rectal cancer. 
(Solid line laparoscopic surgery. Broken line open surgery)
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surgery in elderly patients with colorectal cancer. In addi-
tion, because recurrence rates are known to vary according 
to the location of the primary tumor, we analyzed outcomes 
after stratifying the patients according to whether they had 
colon cancer or rectal cancer. Our results showed no dif-
ference in the 3-year RFS or OS between open surgery and 
laparoscopic surgery in either colon cancer or rectal cancer. 
In addition, there were no significant differences between 
the treatment groups in 3-year RFS or OS on subgroup 

analysis according to disease stage. In the famous, large 
CLASICC and COLOR randomized controlled trials, the 
3-year RFS rates were 67.7 and 76.2% for open surgery and 
66.3 and 74.2% for laparoscopic surgery, respectively. The 
3-year OS rates were, respectively, 66.7 and 84.2% for open 
surgery and 68.4 and 81.8% for laparoscopic surgery [5, 
17]. The midterm outcomes in our study were better than 
those obtained in these previous Western trials.

The Japanese standard procedure for colectomy in 
patients with rectal cancer involves complete tumor resec-
tion with extended D2/D3 lymph node dissection, including 
the pericolic, intermediate, and mostly central lymph nodes 
[18], and total mesorectal excision [19]. Our previous study 
revealed acceptable short-term outcomes in elderly patients 
who underwent standard Japanese surgical procedures, and 
favorable midterm outcomes were obtained in the present 
study.

We also analyzed recurrence patterns in both treat-
ment groups. Previous large randomized trials found no 
significant differences in distant, local, or wound/port-site 
recurrence between open surgery and laparoscopic surgery 
[3, 5]. However, our trial showed that open surgery was 

Fig. 3   Three-year RFS according to the randomly assigned procedure. A All patients. B Patients with colon cancer. C Patients with rectal can-
cer. (Solid line laparoscopic surgery. Broken line open surgery)

Table 2   Recurrence patterns in the open surgery group and laparo-
scopic surgery group

Open surgery Laparoscopic 
surgery

Recurrence site n % n % p-value

 Liver 3 3.3 8 8.2 0.148
 Lung 5 5.4 6 6.1 0.839
 Peritoneal dissemination 2 2.2 2 2.0 0.949
 Distant lymph node 1 1.1 4 4.1 0.197
 Local recurrence 0 0 4 4.1 0.050
 Other 1 1.1 1 1.0 0.964
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associated with a lower risk of local recurrence than laparo-
scopic surgery in patients with rectal cancer.

The CLASICC trial reported that the rate of circum-
ferential resection margin (CRM) positivity was higher in 
patients undergoing laparoscopic anterior resection (i.e., 
6.3% for open surgery vs. 12.4% for laparoscopic surgery), 
whereas local recurrence rate did not differ significantly 
[3, 20]. The ACOSOG Z6051 randomized trial compar-
ing open surgery with laparoscopic surgery in patients 
with stage II or III rectal cancer showed that the rate of a 
negative CRM was 87.9% for laparoscopic resection and 
92.3% for open resection [21]. The findings did not support 
the use of laparoscopic resection in patients with stage II 
or III rectal cancer. In our study, the rate of circumferen-
tial margin involvement did not differ significantly between 
open surgery and laparoscopic surgery (4.0% for open sur-
gery vs. 3.0% for laparoscopic surgery) [9]. However, some 
patients with local recurrence after laparoscopic surgery 
had T4 tumors. Therefore, the CRM of these patients may 
have been too close to the primary tumor. In our study, 
no patient received preoperative radiotherapy or chemo-
therapy. In Japan, extended surgery including lateral pelvic 
node dissection (LPND) without preoperative chemoradio-
therapy (CRT) has been the standard surgical procedure 
for locally advanced rectal cancer [22, 23]. Sugihara et al. 
suggested that LPND might reduce local recurrence and 
improve survival rates [24]. However, there are no large 
randomized trials comparing preoperative CRT + TME 
with TME + LPND. In our study, some patients with T4 
tumors had local recurrence. In such patients, preoperative 
CRT might be necessary to obtain wide surgical margins. 
In rectal cancer, we should carefully determine the indica-
tions of laparoscopic surgery.

The present study had several limitations. First, our 
study was underpowered to conclude that laparoscopic 
surgery was noninferior to open surgery in elderly patients 
with colorectal cancer, because the sample size was based 
on the expected complication rates. Furthermore, because 

we included patients with colon cancer as well as those 
with rectal cancer, this study also has the potential to be 
underpowered in this respect. Second, our study was small 
and conducted at a single hospital. A larger, multicenter 
randomized trial is needed to confirm the results of survival 
analysis.

In conclusion, our study is the first randomized con-
trolled trial to show that the midterm outcomes of lapa-
roscopic surgery are similar to those of open surgery in 
elderly patients with colorectal cancer.
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