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Abstract: It has been controversial whether laparoscopic surgery was a suitable treatment for elderly patients (aged 
65 years or older) with rectal cancer. The aim of this study was to clarify the value of laparoscopic surgery in the el-
derly patients using a propensity score matching method. We collected data from 354 elderly rectal cancer patients 
who underwent radical surgery at one center between January 2008 and January 2015. Propensity score matching 
was applied at a ratio of 1:1 to compare the laparoscopic surgery and open surgery groups. The short-term data and 
survival data were compared between the matched groups. The laparoscopy group had a significantly less blood 
loss. The pathological data were similar in the two groups. Postoperatively, the length of hospital stay was shorter 
in the laparoscopy group than in the open group. No significant differences were found in morbidity or mortality be-
tween the two groups. The 5-year overall survival rate was similar between the two groups. The 5-year disease-free 
survival rate was also similar between the two groups. In summary, laparoscopic surgery for elderly rectal cancer 
is feasible and safe with acceptable survival outcomes. Therefore, advanced age should not be considered a con-
traindication in the decision between laparoscopic surgery and open surgery treatment decision. A high-volume, 
multi-center prospective trial is needed to confirm this rationale.
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Introduction

Most literatures about geriatric medicine define 
older patient as age of 65 or more [1-6]. During 
the last decade, the life expectancy is constant-
ly increasing. About 60% of malignant disease 
incidences and 70% of cancer-related death 
occur in elderly patients [7-9]. In China, rectal 
cancer is one the most common death in elder-
ly patients, but surgery with radical intent for 
elderly patient has been controversial [10-12]. 
Previous literatures have reported a high inci-
dence of medical comorbidities, such as hyper-
tension, diabetes mellitus, postoperative death 
and major complications related to radical sur-
gery associated with elderly patients who have 
undergone open rectal resection [13-15]. For 
reasons mentioned above, minimized surgical 
trauma for elderly patients with rectal cancer is 
recommended [16-18], and the comparative 
effectiveness of laparoscopic and open 
approaches to radical rectal resections in 

elderly rectal cancer patients needs to be stud-
ies. In this study, we analyzed the long-term sur-
vival outcomes for elderly patients with rectal 
cancer after laparoscopic surgery and open 
radical resection based on a large number of 
cases using propensity score matching. 

Materials and methods

This study complied with the Declaration of 
Helsinki. This retrospective research was 
approved by the Ethics Committee of The 
People’s Hospital of AnQiu City. The need for 
informed consent from all patients was waived 
because of retrospective study, not prospective 
study. 

Patients were selected from the database of 
the Department of General Surgery at The 
People’s Hospital of AnQiu City between January 
2008 and January 2015. The inclusion criteria 
were as follows: (1) age 65 years or older, (2) 
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histologically proven rectal carcinoma, (3) radi-
cal resection for rectal cancer as a primary 

chemoradiotherapy [23]. The operative tech-
nique of laparoscopic resection with radical 

Table 1. Clinical characteristics of patients undergoing laparoscopic 
or open surgery

Laparoscopy 
(n = 71)

Open  
(n = 71) P value

Age (years, median and range) 71 (65-81) 70 (66-78) 0.588
Gender (Male: Female) 42:29 38:33 0.499
BMI (kg/m2, median and range) 22 (18-25) 23 (19-28) 0.324
No. of medical comorbidities 0.881
    0 35 31
    1 20 28
    2 10 8
    >2 6 4
Clinical stage (cTNM) 0.903
    I 39 37
    II 20 24
    III 12 10
Type of resection 0.489
    Low anterior resection 46 42
    Abdominoperineal resection 25 29
Laparoscopy: laparoscopic surgery; Open: open surgery.

treatment, and (4) without 
distant metastasis. 

Tumor stage was evaluated 
by preoperative examina-
tions, which included preop-
erative biopsy and pathologi-
cal exam, endoscopic ultra- 
sonography, basic blood test-
ing, chest radiography, 12 
lead electrocardiogram, mag- 
netic resonance imaging of 
pelvis, computed tomograph-
ic scans of brain and abdo-
men, and liver ultrasonogra-
phy. Preoperative endosco- 
pic ultrasonography, abdomi-
nal computed tomography 
and liver ultrasonography 
were performed to diagnose 
invasion depth and lymph 
node staging [19-21]. Tumor 
TNM stages were determin- 
ed according to classification 
of the Union International 
Contre le Cancer (UICC) and 
American Joint Committee 
on Cancer (AJCC), seventh 
edition. For those of the 
patients operated before 
2010, their TNM stage was 
recalculated to match the 
7th edition of TNM classifica-
tion of rectal cancer pro-
posed by UICC and AJCC 
[22]. Neoadjuvant chemora-
diotherapy was recommend-
ed for patients with clinical 
stage that were clinical T3, 
T4 or N+ (lymph node posi-
tive in preoperative examina-
tions). Radiotherapy was 
given to the whole pelvis at a 
dose of 45 Gy in 25 frac-
tions, followed by a boost  
to the primary tumor of 5.4 
Gy in three fractions during 
5.5 weeks. Chemotherapy 
was 5-fluorouracil or Xeloda-
based. Surgery with radical 
intent was performed 6-8 
weeks after neoadjuvant 

Table 2. Surgical results of patients undergoing laparoscopic or 
open surgery

Laparoscopy  
(n = 71)

Open  
(n = 71) P value

Operative time (min) 170 (140-220) 150 (130-2100) 0.098
Blood loss (ml) 140 (110-330) 200 (180-400) 0.001
Analgesic injection 3 (1-4) 3 (2-8) 0.008
Time to first flatus (days) 4 (3-6) 1 (2-7) 0.020
Postoperative hospital stay (days) 8 (5-18) 10 (7-23) 0.021
Pathological stage (pTNM) 0.339
    pCR 6 7
    I 17 21
    II 29 28
    III 19 15
Histologic differentiation 0.916
    Well 35 33
    Moderately 13 19
    Poorly 23 19
Circumferental resection margin 1.000
    Positive (≤1 mm) 2 3
    Negative (>1 mm) 69 68
Retrieved lymph nodes 12 (5-17) 11 (4-17) 0.580
Residual tumor (R0/R1/R2) 71/0/0 71/0/0 1.000
Laparoscopy: laparoscopic surgery; Open: open surgery; pCR: pathological complete 
response.
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intent for rectal cancer has been described 
elsewhere [24]. 

Morbidity, postoperative complications within 
30 postoperative days, was classified using 
Clavien-Dindo classification. The definition of 
Clavien-Dindo system was as follows: Grade 1: 
oral medication or bedside medical care 
required; Grade 2: intravenous medical therapy 
required; Grade 3: radiologic, endoscopic, or 
operative intervention required; Grade 4: chron-
ic deficit or disability associated with the event; 
and Grade 5: death related to surgery. Major 
complications were defined as grades 3, 4 and 
5. Minor complications were classified as 1 and 
2 [25]. Mortality was defined as death occur-
ring within 30 postoperative days. 

date of radical surgery until the date of tumor 
recurrence or death [26]. The follow-up was 
closed in August 2015.

We performed a 1-to-1 propensity score match-
ing analysis between the laparoscopy and open 
groups based on the estimated propensity 
scores of each patient. The propensity scores 
were estimated using a logistic regression 
model and the following covariates: age, gen-
der, BMI (body mass index), clinical TNM stage 
and surgical procedures.

Data were presented as mean and standard 
deviations for data following normal distribu-
tion and were analyzed by t test. For data fol-
lowing non-normal distribution, data were 
expressed as median and range and were com-
pared by nonparametric test. Differences of 
semiquantitative results were analyzed by 
Mann-Whitney U-test. Differences of qualitative 
results were analyzed by chi-square tests or 
Fisher exact test as appropriate. The indepen-
dent risk factors for overall survival and dis-
ease-free survival were evaluated using a logis-
tic regression analysis. P<0.05 was considered 
statistically significant. SPSS 13.0 (SPSS Inc., 
Chicago, IL, USA) for Microsoft® Windows® 
versions was applied.

Results

Using the 1-to-1 propensity score matching, 71 
pairs of laparoscopic surgery and open surgery 
patients were selected for this analysis. No sig-
nificant difference between the laparoscopy 
and open group was observed in terms of age, 

Patients were regu-
larly followed in the 
outpatient depart-
ment every 3 mon- 
ths for the first 
postoperative year, 
every 4 months for 
the next 2 years, 
and then annually 
until the death of 
the patient. The 
overall survival was 
calculated from the 
date of surgery to 
the last follow up or 
death. The disease-
free survival was 
evaluated from the 

Table 3. Postoperative data of patients undergoing laparoscopic or open 
surgery

Laparoscopy 
(n = 71)

Open  
(n = 71) P value

Post-operative complications 12 14 0.664
    Pneumonia 3 4
    Ileus 2 3
    Anastomotic leakage 2 3
    Cardiovascular complication 2 1
    Intra-abdominal bleeding 2 2
    Intra-abdominal infection 1 1
Severity of complications (Clavien-Dindo classification) 1.000
    Major (3, 4 and 5) 2 3
    Minor (1 and 2) 10 11
Laparoscopy: laparoscopic surgery; Open: open surgery.

Figure 1. Comparison of overall survival rate between 
laparoscopy group and open group (P = 0.486).
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gender, BMI, clinical TNM stage, surgical proce-
dures and medical comorbidity. The data were 
shown in Table 1. 

riate analysis revealed that tumor size, histo-
logical type, lymphatic invasion and TNM stage 
were associated with 5-year overall survival 
(Table 4). Multivariate analysis using a Cox pro-
portional hazard model, as shown in Table 5, 
showed that AJCC-UICC TNM stage was a sig-
nificant predictor of overall survival. However, 
the operative approach was not a risk factor for 
5-year overall survival.

The 5-year disease-free survival rate was 45% 
among patients who underwent laparoscopic 
surgery and 40% among those who underwent 
open surgery (Figure 2, P = 0.294). Univariate 
analysis revealed that age more than 75 years, 
histological type and TNM stage were associ-
ated with 5-year disease-free survival (Table 6). 
Multivariate analysis using a Cox proportional 
hazard model, as shown in Table 7, showed 
that AJCC-UICC TNM stage was a significant 
predictor of disease-free survival. However, the 
operative approach was not a risk factor for 
5-year disease-free survival.

Table 4. Univariate overall survival analysis of patients following 
surgery for rectal cancer
Variable OR 95% CI P value
Age (>75 years vs. ≤75 years) 2.321 0.510-2.587 0.320
Gender (Male vs. Female) 0.840 0.410-1.541 0.581
Tumor size (>5 cm vs. ≤5 cm) 1.218 1.120-3.084 0.039
Histological type
    Well vs. Poorly 1.350 1.257-2.584 0.020
    Moderately vs. Poorly 2.510 2.214-4.587 0.012
Lymphatic invasion (Yes vs. No) 1.987 1.258-3.842 0.037
Surgical approach (Laparoscopy vs. Open) 0.789 0.548-1.890 0.315
Cancer stage
    II vs. pCR+ I 3.587 2.014-4.322 0.028
    III vs. pCR+ I 5.789 3.587-6.874 0.010

Table 5. Multivariate overall survival analysis of patients following 
surgery for rectal cancer
Variable OR 95% CI P value
Tumor size (>5 cm vs. ≤5 cm) 1.257 0.841-2.014 0.077
Histological type
    Well vs. Poorly 1.570 0.510-2.574 0.140
    Moderately vs. Poorly 3.578 0.890-5.079 0.064
Lymphatic invasion (Yes vs. No) 2.002 0.458-3.870 0.061
Cancer stage
    II vs. pCR+ I 3.874 1.587-5.874 0.002
    III vs. pCR+ I 5.874 2.587-10.502 0.000

Figure 2. Kaplan-Meier disease-free survival curves 
of the laparoscopy group and the open group (P = 
0.294).

Except for the operative time 
and the pathological data, 
which did not differ significant-
ly between the two groups (P 
values of 0.201 and 0.167, 
respectively), all other major 
intra- and postoperative data, 
such as blood loss, analgesic 
injection, time to first flatus 
and hospital stay, were signifi-
cantly superior with laparos-
copy compared to those with 
open resection. Further details 
are shown in Table 2.

Table 3 summarized the post-
operative 30-day complica-
tions. There were no signifi-
cant differences in severity 
and rate of complications 
between the two groups. 
There was no reported postop-
erative 30-day death in our 
series.

The 5-year overall survival rate 
was 56% among patients who 
underwent laparoscopic sur-
gery and 51% among those 
who underwent open surgery 
(Figure 1, P = 0.486). Univa- 
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Discussion

Since the first laparoscopic surgery for rectal 
cancer reported in 1990s [10], many litera-
tures have demonstrated the advantages of 
laparoscopic surgery over open resection [23, 
24, 27, 28]. With advances in surgical tech-
niques and instruments, laparoscopic resec-
tion for rectal cancer is increasingly being used 
by many general surgeons. However, the feasi-
bility and safety of laparoscopic surgery for the 
treatment of elderly patients with rectal cancer 
patients has not been fully analyzed [29]. Our 
study found that laparoscopic surgery is a safe 
and effective treatment for elderly patients 
with operable rectal cancer and advanced age 
should not be considered a contraindication in 
the decision between laparoscopic surgery and 
open resection.

The number of elderly patients with rectal can-
cer is correspondingly increasing due to the 
increasing life expectancy. Surgical resection 
with radical intent is the most important  

Previous studies have showed that operation 
time and blood loss are risk factors for morbid-
ity and mortality after rectal resection for elder-
ly patients [10, 28]. Due to advanced tech-
niques of total mesenterium excision, the lack 
of tactile sensation and a narrow operating 
field the laparoscopic surgery was once regard-
ed as a time-consuming procedure. With tech-
nological improvements, the more cooperation 
of the surgical team and the familiarity with the 
laparoscopic improvements, a reduction in the 
operation time has been observed in our series. 
We observed less blood loss in patients under-
going laparoscopic resection. In addition, the 
results of this study favored laparoscopic 
resection for the shorter hospital stay.

One of the major concerns in performing lapa-
roscopic surgery is the long-term survival out-
comes. Whether laparoscopic surgery is suit-
able for elderly patients in terms of the 
long-term survival outcome remains controver-
sial [10, 22, 28, 32]. Our series indicate that 
the long-term survival outcomes in terms of 

Table 6. Univariate overall survival analysis of patients following 
surgery for rectal cancer
Variable OR 95% CI P value
Age (>75 years vs. ≤75 years) 1.510 1.114-2.580 0.040
Gender (Male vs. Female) 0.741 0.540-1.301 0.370
Tumor size (>5 cm vs. ≤5 cm) 1.320 0.740-2.120 0.090
Histological type
    Well vs. Poorly 1.540 1.300-2.050 0.018
    Moderately vs. Poorly 2.012 1.789-3.021 0.025
Lymphatic invasion (Yes vs. No) 1200 0.541-2.100 0.123
Surgical approach (Laparoscopy vs. Open) 0.789 0.548-1.890 0.515
Cancer stage
    II vs. pCR+ I 2.058 1.550-3.988 0.029
    III vs. pCR+ I 4.025 2.587-8.780 0.008

Table 7. Multivariate overall survival analysis of patients following 
surgery for rectal cancer
Variable OR 95% CI P value
Age (>75 years vs. ≤75 years) 1.453 0.789-2.570 0.093
Histological type
    Well vs. Poorly 1.874 0.458-3.200 0.115
    Moderately vs. Poorly 2.300 0.750-5.450 0.079
Cancer stage
    II vs. pCR+ I 2.894 1.546-3.440 0.011
    III vs. pCR+ I 5.841 1.205-9.520 0.000

curative modalities for the  
treatment of rectal cancer 
[30-32]. However, many elder-
ly patients with rectal cancer 
have medical comorbidities 
and decreased functional re- 
serves. Because of reasons 
mentioned above, some pati- 
ents refused surgical resec-
tion and only receive palliative 
care, with a five-year survival 
rate being nearly 0%.

With the advancement of 
instruments and surgical tech- 
niques for laparoscopic sur-
gery, laparoscopic rectal re- 
section has become widely 
used for the treatment of rec-
tal carcinoma. However, only 
few studies on the efficacy 
and safety of laparoscopic 
surgery for elderly rectal can-
cer patients have been issued 
[33-36]. Therefore, we con-
ducted a propensity score 
matched analysis to compare 
the long-term survival out-
comes of the two groups. 
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5-year overall survival and 5-year disease-free 
rates in elderly patients who underwent laparo-
scopic surgery were comparable to those of 
patients who underwent open resection at 
pathological TNM stage. In our series, the rate 
of positive circumferental resection margin in 
laparoscopy and open group were 2.8% and 
4.2%, respectively. Thus, laparoscopic rectal 
resection is oncologically comparable for elder-
ly patients with rectal cancer. In addition, multi-
variate analysis revealed that pathological TNM 
stage was the only independent prognostic fac-
tor for overall survival and disease-free surviv-
al, which is similar to previous studies on the 
prognostic factors for survival in elderly patients 
with rectal cancer [10, 22, 28, 32].

We recognize that our study has several limita-
tions. Firstly, this is not a randomized controlled 
trial, and inherent selection biases exist that 
can be adjusted but not completely eliminated 
by using propensity score matching. Secondly, 
this was a single-center study performed in 
Eastern Asia. However, despite this limitation 
mentioned above, considering the increase in 
difficulty of performing multi-center random-
ized clinical trials recently, more investigators 
are conducting observational studies, as a 
means of performing less costly research. We 
believe that our study could serve as useful 
research for future multi-center randomized 
clinical trials investigating laparoscopic resec-
tion in elderly rectal carcinoma patients.

In summary, our data suggest that laparoscop-
ic resection is a safe and effective treatment 
for elderly rectal cancer patients and that 
advanced age alone should not be considered 
a contraindication in the decision between lap-
aroscopy and open resection. However, well-
designed multi-center randomized clinical trials 
will be needed to make a definitive statement 
on the efficacy of laparoscopic resection in 
elderly rectal cancer patients.
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