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Conclusion  Laparoscopic surgery in octogenarians with 
CRC is a safe, low-invasive alternative to open surgery with 
less blood loss and a shorter hospital stay.
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Introduction

An increase in the number of elderly people has been 
observed in Japan, the US, and Europe [1]. According to 
2016 statistics, the proportion of the population ≥80 years 
of age (very elderly) is approximately 8.2%. Life expectancy 
is increasing, along with the number of elderly patients with 
surgically correctable diseases. Recent reports suggest that 
age per se in the absence of significant disease should not be 
considered a prognostic factor in gastrointestinal surgery [2].

Colorectal cancer (CRC) is one of the most common 
malignancies worldwide, and in recent years, its incidence 
rates in Japanese males have exceeded the peak incidence 
observed in the US, Canada, and New Zealand [3]. CRC is 
also the third-most common cause of cancer-related death 
in Japan, following lung cancer and gastric cancers. This 
results in an increasing proportion of elderly patients suffer-
ing from CRC becoming prospective candidates for surgery. 
As compared with open surgery, laparoscopic surgery has 
been proven to reduce hospitalization time, postoperative 
pain, and cardiopulmonary stress; to better preserve immune 
and metabolic responses; and to allow for an earlier return 
to routine activities [4–6]. The advantages of laparoscopic 
surgery may be more beneficial for elderly patients with 
comorbid conditions than open surgery [7]. Several stud-
ies have demonstrated that laparoscopic colorectal surgery 
(LCS) has superiority over traditional surgery in terms of the 
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short-term outcomes and a substantial equality with regard 
to the functional and oncological results [8–12]. However, 
the number of randomized controlled trials is limited, and 
the literature lacks adequate information on the outcomes for 
elderly and/or high-risk patients who have undergone lapa-
roscopic surgery. The diffusion of LCS for CRC in elderly 
patients is still limited, and published data lack sufficient 
supporting evidence. In the current situation, treatment deci-
sions in aged patients with CRC depend on the policies of 
each institution and physician because no standard guide-
lines are available in Japan, Europe, or the US.

Therefore, the aim of this study was to evaluate the sur-
gical outcomes of laparoscopic surgery as compared with 
those of open surgery for elderly patients ≥80 years of age 
with CRC in a single institution using a propensity score-
matched analysis while considering patients’ background 
characteristics, such as their nutritional state, and their 
effects on postoperative morbidity and mortality.

Methods

Patients and methods

From 2010 to 2015, 158 consecutive colorectal cancer 
patients ≥80 years of age who underwent curative resec-
tion in Hiroshima City Asa Citizens Hospital were studied 
retrospectively. The exclusion criteria were synchronous 
CRC or distant metastasis; a medical history of other pri-
mary malignancy; combined operations for other disease; 
emergency operation; and/or the reception of preoperative 
chemotherapy, radiotherapy, or chemoradiotherapy. Of the 
158 patients included in this study, 102 underwent laparo-
scopic surgery, and 56 underwent open surgery. Among the 
158 patients, 104 were matched using propensity scoring. 
Data were collected in a prospectively maintained database 
that was supplemented by a retrospective chart review. This 
study was conducted with the approval of the ethics com-
mittee of Hiroshima City Asa Citizens Hospital (approval 
number: 29-2-9).

Perioperative factors were compared, including the opera-
tive time, blood loss, type of operation, conversion rate, post-
operative morbidity, mortality, postoperative hospital stay, and 
readmission within 30 days. Conversion to open operation was 
defined as an abdominal incision larger than necessary for 
specimen retrieval. The results of a pathological examination 
were classified according to the tumor-node-metastasis (TNM) 
classification of the International Union Against Cancer 
(UICC). The patient characteristics assessed were the age, gen-
der, body mass index (BMI), Eastern Cooperative Oncology 
Group (ECOG) performance status (PS), prognostic nutritional 
index (PNI), Charlson Comorbidity Index score, pathological 
TNM stage, and tumor location. The PNI was calculated based 

on the serum albumin concentration (Alb) and total lympho-
cyte count of the peripheral blood (TLC), which was calcu-
lated using the following formula: 10 × Alb + 0.005 × TLC.

Postoperative management was the same for both surgery 
groups. Patients were discharged when they had sufficient 
oral intake, no complications or well-controlled complica-
tions, and no excessive anxiety about discharge from the 
hospital. Short-term morbidity and mortality were defined as 
30-day or in-hospital morbidity and mortality. Tumor stage 
was based on the final pathologic assessment. Tumor loca-
tion was divided into three areas: right colon, left colon, and 
rectum. The right colon was defined as the cecum, ascending 
colon, hepatic flexure colon, and transverse colon; the left 
colon was defined as the splenic flexure colon, descending 
colon, and sigmoid colon. Complications designated as more 
severe than grade I according to the Clavien–Dindo classi-
fication system were categorized as wound infection, ileus, 
delirium, anastomotic leakage, pneumonia, intra-abdominal 
bleeding, heart failure, urinary tract infection, voiding dif-
ficulty, or cholecystitis [13].

Statistical analyses

For categorical variables, data were presented as frequencies 
and percentages, and the Fisher’s exact probability test or 
Chi-square test was applied to evaluate the significance of 
differences in proportions. Continuous variables were pre-
sented as mean ± standard deviation (SD) or medians (from 
minimum value to maximum value) and were estimated 
using the Mann–Whitney U test or a t test. Associations 
were considered significant when p < 0.05. The survival 
time was measured from the surgery for CRC to the date of 
last follow-up or death. The Kaplan–Meier method was used 
to construct survival curves.

A propensity score matching analysis was performed 
using logistic regression analysis to create a propensity score 
for the laparoscopic and open operation groups with a logis-
tic regression model. The following variables were entered 
into the propensity model: gender, age, BMI, ECOG PS, 
PNI, Charlson Comorbidity Index score, TNM stage, and 
tumor location. Subsequently, a one-to-one match between 
the two groups was obtained using nearest neighbor match-
ing with a caliper method. All statistical analyses were per-
formed using the JMP 13 software program (SAS Institute 
Inc., Cary, NC, USA).

Results

Baseline characteristics

Of the 158 patients included in this study, 35.4% (56/158) 
underwent open resection, and 64.6% (102/158) underwent 
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laparoscopic resection. The median age of the patients was 
85 years, and there were 71 males and 87 females. More than 
two-thirds of patients had some kind of comorbidity. The 
midterm outcomes (the 3-year overall survival and relapse-
free survival) are shown by tumor stage in Figs. 1 and 2. 
After performing propensity score matching for the entire 
study population, 52 matched pairs of patients were selected. 
The baseline characteristics of the pre- and post-matching 
groups are outlined in Table 1. Before matching, there were 
differences between the two groups. The patients tended to 
be older in the open (OP) group than in the laparoscopic 
(LP) group (p = 0.06). The BMI tended to be higher in the 
LP group than in the OP group (p = 0.09). The ECOG PS 
and PNI tended to be lower in the OP group than in the LP 
group (p = 0.08, 0.07). Tumor stage was higher in the OP 
group than in the LP group (p = 0.01). After matching, the 
two groups were well balanced in terms of gender, age, BMI, 
ECOG PS, PNI, Charlson Comorbidity Index score, tumor 
location, and stage of the tumor.

Short‑term outcomes

Operative outcomes in the matched cohorts are presented 
in Table 2. The type of operation did not statistically differ 
between the two groups. The operative time was longer 
in the LP group than in the OP group (222 vs. 168 min, 
p = 0.002). Blood loss was greater in the OP group than 
in the LP group (140 vs. 40 ml, p < 0.001). Blood transfu-
sion was performed more frequently in the OP group than 
in LP group. Conversion to open surgery was necessary in 

3 (5.8%) LP patients; adhesion after appendectomy, right 
accessary colic vein injury, and superior mesenteric vein 
injury occurred in 1 patient each. With regard to oncologi-
cal outcomes, the extent of lymph node dissection, num-
ber of retrieved lymph nodes, length of resected bowel, 
proximal resection margin, distal resection margin, and 
radial margin were not statistically different between the 
two groups.

Postoperative recovery, morbidity, and mortality data 
are presented in Table 3. Overall postoperative complica-
tions occurred in 40.4 and 21.2% of the OP and LP groups, 
respectively (p = 0.03). The LAP group had a significantly 
lower rate of grade I wound infection than the OP group 
(3.9 vs. 17.3%, p = 0.02). Grade II or higher complica-
tions occurred in 25 and 17.3% of the OP and LP groups, 
respectively (p = 0.34). In the OP group, the most common 
morbidity was wound infection in 12 patients (23.1%), fol-
lowed by postoperative ileus in 6 patients (11.5%), and 
delirium in 4 patients (7.7%). In the LP group, the most 
common morbidity was wound infection in 6 patients 
(11.5%), followed by postoperative ileus in 4 patients 
(7.7%) and delirium in 2 patients (3.9%). There was one 
30-day postoperative mortality in the OP group because of 
heart failure. The length of postoperative hospital stay was 
also shorter in the LP group than in the OP group (9.0 vs. 
10.0 days, p < 0.001). One (1.9%) and 2 patients (3.9%) 
required hospital readmission within 30 days in the OP and 
LAP group, respectively; ileus occurred in 2 patients, and 
enterocutaneous fistula occurred in 1 patient.Fig. 1   The overall survival curve and 3-year overall survival rate by 

tumor stage in all elderly patients

Fig. 2   The relapse-free survival curve and 3-year relapse-free sur-
vival rate by tumor stage in all elderly patients
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Discussion

This single-institutional, propensity score-matched study 
compared the short-term outcomes for elderly patients who 
underwent either laparoscopic or open resection for CRC. 
Our results suggested that LCS in octogenarian patients 
achieved better short-term outcomes than open surgery.

LCS has been shown to lead to better short-term out-
comes than open surgery in general, and a long-term analysis 
after LCS has highlighted that its oncological outcomes are 
substantially comparable to those following open surgery, 
definitively validating the minimally invasive treatment 
of cancers of the colon and, more recently, of the rectum 
[14–17]. In Japan, the Japan Clinical Oncology Group 
(JCOG) conducted a randomized trial to compare the onco-
logical outcomes between patients who underwent LCS and 

open surgery for stage II/III CRC [18, 19]. A total of 1050 
patients were registered, and the short-term outcomes were 
the same between the LCS and open surgery groups, while 
the long-term results were similar. Despite these outcomes, 
LCS is still much less widespread in the elderly than in 
younger patients because elderly patients tend to be excluded 
from randomized controlled trials.

Several retrospective studies comparing the outcomes of 
LCS to those of open surgery for elderly patients found that 
LCS may be of benefit to elderly patients, as it results in 
shorter admission duration, earlier recovery, less pain, and, 
ultimately, lower mortality and morbidity rates than open 
surgery, with the presupposition that these procedures are 
performed by surgeons experienced in the technique [12, 
20–25]. Furthermore, the long-term results of a few prospec-
tive randomized trials comparing LCS and open surgery for 

Table 1   Baseline characteristics of the pre- and post-matching groups

Open surgery (n = 56) Laparoscopic sur-
gery (n = 102)

p value Open surgery (n = 52) Laparoscopic 
surgery (n = 52)

p value

Gender 0.51 0.69
 Male 23 (41.1) 48 (47.1) 22 (42.3) 19 (36.5)
 Female 33 (58.9) 54 (52.9) 30 (57.7) 33 (63.5)

Age, years 0.06 0.52
 Median (range) 85 (80–98) 84 (80–100) 85 (80–98) 85 (80–100)

BMI 0.09 0.68
 Median (range) 20.8 (11.9–29.7) 21.8 (15.7–29.9) 20.9 (13.2–29.7) 21.3 (16.3–28.2)

ECOG PS 0.08 0.77
 0 25 (44.6) 62 (60.8) 25 (48.1) 30 (57.7)
 1 20 (35.7) 31 (30.4) 19 (36.5) 16 (30.8)
 2 7 (12.5) 5 (4.9) 6 (11.5) 4 (7.7)
 3 2 (3.6) 4 (3.9) 2 (3.9) 2 (3.9)
 4 2 (3.6) 0 0 0

PNI 0.07 0.34
 Median (range) 41 (30–69.8) 44 (21.5–59) 41.8 (30–69.8) 44.5 (21.5–53.9)

Charlson Comorbidity Index 0.4 0.89
 0 24 (42.9) 35 (34.3) 24 (46.2) 23 (44.2)
 1 19 (33.9) 33 (32.4) 19 (36.5) 19 (36.5)
 2 6 (10.7) 19 (18.6) 6 (11.5) 5 (9.6)
 3 5 (8.9) 5 (4.9) 3 (5.8) 5 (9.6)
 4 1 (1.8) 3 (2.9) 0 0
 5 1 (1.8) 7 (6.9) 0 0

Tumor location 0.2 0.96
 Right colon 35 (62.5) 57 (55.9) 33 (63.5) 34 (65.4)
 Left colon 13 (23.2) 18 (17.7) 11 (21.2) 11 (21.2)
 Rectum 8 (22.9) 27 (26.5) 8 (15.4) 7 (13.5)

Stage TNM 0.01 0.82
 0 2 (3.6) 3 (2.9) 2 (3.9) 3 (5.8)
 I 5 (8.9) 29 (28.4) 5 (9.6) 6 (11.5)
 II 32 (57.1) 38 (37.3) 29 (55.8) 31 (59.6)
 III 17 (30.4) 32 (31.4) 16 (30.8) 12 (23.1)
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CRC have been published in recent years [11, 26]. LCS for 
CRC in elderly patients has short-term benefits in terms of 
an earlier recovery of the bowel function and a shorter length 
of hospital stay than open surgery. However, reports on very 
elderly patients (≥80 years of age) with CRC are rare.

A case-matched retrospective study compared the out-
comes for 71 patients >80 years of age after LCS with 
those for the same number of patients undergoing open 
surgery and reported a faster recovery of bowel function 
(3.0 vs. 4.0 days, p < 0.001), a shorter hospital stay (9.0 
vs. 10.0 days, p = 0.037), a lower rate of postoperative 
complications (22.5 vs. 40.8%, p = 0.019) and an equiva-
lent long-term prognosis in the LCS group than in the open 
surgery group [20]. A multicenter-matched case–control 
study in Japan reported that the complication rates of LCS 
were lower than those of open surgery (24.9 vs. 36.3%, 
p < 0.001) in CRC patients >80 years of age [27]. A ran-
domized control study that compared the outcomes for 
elderly patients ≥75 years of age after LCS with those 
of patients undergoing open surgery showed that LCS 
resulted in a shorter hospital stay (10.0 vs. 13.0 days, 

p = 0.026) and a lower rate of postoperative complica-
tions (22.5 vs. 39.4%, p = 0.029) than open surgery [26].

In contrast, however, several studies have reported simi-
lar rates of postoperative complications between LCS and 
open surgery in elderly patients [23, 28]. A propensity 
score matching analysis comparing the short-term out-
comes after LCS between elderly and younger patients 
reported that the rate of postoperative complications and 
length of hospital stay did not differ markedly between 
the two age groups [29]. A systematic review targeting 
CRC elderly patients identified 15 studies that discussed 
1436 LCS and 1810 open surgery procedures. Among the 
short-term outcomes, blood loss was greater and morbid-
ity, incisional surgical site infection, bowel obstruction, 
and cardiovascular complications more frequent in patients 
who underwent open surgery than in those who underwent 
LCS, although the operation time was shorter in the open 
surgery group. There were no significant differences in the 
long-term outcomes. The review concluded that LCS is 
an effective procedure for elderly patients with CRC [30].

Table 2   Operative outcomes in 
the matched cohorts

Open surgery (n = 52) Laparoscopic surgery 
(n = 52)

p value

Types of operation (%) 0.18
 Right colectomy 24 (46.2) 32 (61.5)
 Left colectomy 7 (13.5) 6 (11.5)
 Anterior resection 1 (1.9) 3 (5.8)
 Abdominoperineal resection 2 (3.9) 3 (5.8)
 Others 18 (34.6) 8 (15.4)

Operative time (min) 0.002
 Median (range) 168 (55–544) 222 (131–490)

Blood loss (ml) <0.001
 Median (range) 140 (30–2450) 40 (20–1100)

Blood transfusion 0.01
 Yes (%) 12 (23.1) 3 (5.8)

Conversion (%) 3 (5.8)
Extent of lymph node dissection (%) 0.51
 D1 5 (9.6) 2 (3.9)
 D2 28 (53.9) 30 (58.8)
 D3 19 (36.5) 19 (37.3)

Number of retrieved lymph nodes 0.96
 Median (range) 20 (5–66) 20 (7–48)

Length of resected bowel (cm) 0.31
 Median (range) 21.6 (4.1–44.5) 18.9 (9.3–45.8)

Proximal resection margin (cm) 0.38
 Median (range) 7.4 (1–35) 6.6 (1–395)

Distal resection margin (cm) 0.21
 Median (range) 5.8 (1–27) 6 (1–19.5)

Radial margin
 Positive/negative 0/52 0/52 1
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Consistent with most previous reports, our study 
showed a lower frequency of morbidity and a shorter 
length of hospital stay for the LCS group than for the open 
surgery group. There were no significant differences in 
rates of complications, probably due to the relatively small 
number of subjects in our study. However, wound infection 
tended to more frequently occur in the OP group than in 
the LP group. Reports on the incidence of wound infection 
have varied in previous studies. Studies in elderly CRC 
patients reported that the incidence of wound infection was 
6.7–8.1% in the LCS group and 10.2–16.1% in the OCS 
group [7, 20, 23]. In the present study, 102 CRC patients 
≥80 years of age underwent laparoscopic surgery, with 

conversion to open surgery required in only 4 cases (3.9%) 
due to extensive adhesion and vessel injury. The conver-
sion rate in our study was comparable to that of other trials 
[14, 17] and studies including elderly patients [12, 20, 31].

Beyond all of the factors that affect the postoperative 
morbidity and mortality, the nutritional state of a patient 
is the most important [32]. The predictive value of the 
PNI for postoperative complications is widely accepted 
in various solid organ cancers, including gastrointestinal 
cancer [33–35]. In patients with CRC who are undergoing 
primary tumor resection, it has been shown that a weight 
loss of greater than 10% prior to surgery [36] and under-
nutrition [37] are mortality risk factors, and that a low pre-
operative PNI predicts severe complications, recurrence, 
and a poor prognosis [38, 39]. Therefore, it is important 
that a patient’s nutritional status be evaluated prior to sur-
gery, especially in elderly patients. However, there are no 
propensity score-matched analyses that have compared the 
short-term outcomes of LCS and open surgery consider-
ing nutritional status as a matching factor. In all cases 
of the present study, the PNI of patients who underwent 
open surgery tended to be lower than that of patients who 
underwent LCS, which may result in bias in baseline char-
acteristics. Therefore, we conducted a propensity score-
matched analysis comparing LCS and open surgery in 
elderly patients, including the PNI as matching factor.

Several limitations associated with the present study 
warrant mention. First, this study was conducted at a sin-
gle institute. The impact of this study is thus lower than 
that of a large-scale multicenter trial. Second, the data on 
patient recovery during the early postoperative period were 
not evaluated in the present study except for the length of 
postoperative hospital stay, because we performed post-
operative management according to clinical pathways in 
that the intake of liquids and dietary was started on the 
same postoperative day in patients who underwent both 
LCS and open surgery. Therefore, we believe that the data 
on patient recovery during the early postoperative period 
do not reflect early bowel recovery. Third, this study was 
an analysis of early results; the long-term results remain 
unknown. Oncological long-term outcomes are most 
important in clarifying the true feasibility of laparoscopic 
surgery. We will report long-term results when the obser-
vation period is sufficiently long.

Conclusion

Compared with open surgery, LCS resulted in benefits for 
octogenarians with CRC in terms of the short-term results. 
LCS might result in a reduction in postoperative complica-
tions and a shortening of the postoperative hospital stay.

Table 3   Postoperative recovery, morbidity, and mortality

Open 
surgery (n 
= 52)

Laparoscopic 
surgery (n = 
52)

p value

Postoperative morbidity n (%)
 Summary of complications according to Clavien–Dindo classifica-

tion system
  Grade I
   Wound infection 9 (17.3) 2 (3.9) 0.02
   Ileus 1 (1.9) 2 (3.9) 0.56
   Delirium 0 1 (1.9) 1
   Pneumonia 0 1 (1.9) 1
   Voiding difficulty
  Grade II
   Wound infection 1 (1.9) 3 (5.8) 0.31
   Ileus 2 (3.9) 1 (1.9) 0.56
   Delirium 4 (7.7) 1 (1.9) 0.17
   Anastomotic leakage 0 1 (1.9) 1
   Pneumonia 1 (1.9) 0 1
   Intra-abdominal bleeding, 1 (1.9) 0 1
   Urinary tract infection 0 1 (1.9) 1
   Voiding difficulty 0 1 (1.9) 1
  Grade IIIa
   Wound infection 2 (3.9) 1 (1.9) 0.56
   Ileus 3 (5.8) 1 (1.9) 0.31
   Anastomotic leakage 0 1 (1.9) 1
   Grade IIIb
   Cholecystitis 1 (1.9) 0 1
  Grade V
   Heart failure 1 (1.9) 0 1

 Overall 21 (40.4) 11 (21.2) 0.03
 Grade II or higher 13 (25) 9 (17.3) 0.34
 Grade III or higher 6 (11.5) 3 (5.8) 0.3

Mortality 1 (1.9) 0 1
Postoperative hospital stay (days) <0.001
 Median (range) 14 (9–65) 11 (3–32)

Hospital readmission within 30 days 1
 Yes 1 (1.9) 2 (3.9)
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