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Abstract

Purpose The effects of laparoscopic colorectal sur-
gery (LAC) on the long-term outcomes of elderly patients
remain unclear. This study aimed to assess the short- and
long-term outcomes of LAC in elderly colorectal cancer
patients and to quantify the effects of LAC on the patient
death patterns.

Methods The clinicopathological data of elderly colorec-
tal cancer patients aged >80 years old who were treated
between 2006 and 2014 were extracted. The relationships
between the clinicopathological factors and overall survival
(OS) were assessed using the Cox proportional hazards
model and Kaplan—Meier analyses. The risk factors for
the types of death were estimated using a competing risk
analysis.

Results A total of 107 patients were included. Fifty-two
patients underwent LAC, whereas 55 underwent open sur-
gery (OC). There were no significant differences in the
American Society of Anesthesiologists grade or comorbid-
ity rate between the groups. The postoperative complication
rate was significantly lower with LAC than OC (p < 0.001).
After adjustment for covariates, laparoscopic surgery was
not a significant risk factor for any of the types of death.
Conclusions LAC is an effective and safe technique for
elderly patients with colorectal cancer. Furthermore, there
was no significant association between the surgical proce-
dure and the pattern of death.
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Introduction

Laparoscopic surgery has gained acceptance for the treat-
ment of colon cancer, and has been widely adopted as a
less invasive procedure. Randomized controlled trials have
reported that the short- and long-term outcomes of lapa-
roscopic surgery (LAC) for colon cancer are equivalent to
those of open surgery (OC) [1-3]. However, most of these
previous studies included only young patients and excluded
elderly patients. Elderly patients are known to have more
comorbidities than younger patients; therefore, they
should be considered separately [4, 5]. Although excel-
lent results of colorectal cancer surgery in elderly patients
were reported in previous studies [6, 7], the risk of com-
plications associated with surgery for colorectal cancer in
elderly patients is expected to be high, and surgeons tend to
select OC rather than LAC. As such, it is unclear whether
the results from randomized control trials performed in
younger patients can be adapted to elderly patients. How-
ever, several studies have reported that age is not a risk fac-
tor for postoperative complications or the survival outcome
following hepatic and biliary tract operations [8—10]. The
efficacy of LAC in elderly colorectal cancer patients needs
to be evaluated to determine whether it is as safe and effec-
tive as the laparoscopic procedures on the hepatic biliary
tract.

Several recent studies have reported the safety of LAC
and its advantages in terms of the short-term outcomes
for elderly patients [11-14]. Mukai et al. [12] reported
that LAC for colorectal cancer could be performed safely,
with better short-term outcomes than OC, in patients
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aged >85 years old. Furthermore, Nakamura et al. [13] sug-
gested that LAC is suitable for elderly patients (=85 years
old) with colorectal cancer because it is less invasive than
OC. However, the short- and long-term outcomes of LAC
in elderly patients remain unclear, because large rand-
omized controlled trials have yet to be performed. Further-
more, no studies have analyzed the potential disadvantages
of LAC that may contribute to death from comorbidities,
such as cardiovascular and pulmonary diseases, in the long-
term for patients aged >80 years old.

This study was designed to compare the short- and long-
term outcomes of elderly patients with colorectal cancer
who underwent OC and LAC. The aim was to clarify the
safety and efficacy of LAC in elderly patients. Finally, the
influence of LAC on the pattern of death following colo-
rectal cancer surgery was assessed using competing risks
models.

Materials and methods
Patients and data extraction

Between January 2006 and June 2014, 974 patients who
underwent colorectal cancer surgery were identified in
our institution retrospectively. The inclusion criteria for
the present study were as follows: (1) elderly patients
aged >80 years old, and (2) histologically confirmed
stage I/II/III colorectal cancer. One hundred and thirty-one
elderly patients were identified. Four patients who under-
went palliative surgery, one patient who underwent transa-
nal resection, two patients with colon perforation, fifteen
patients with bowel obstruction, and two patients with no
lymph node dissection were excluded from the study. The
remaining 107 individuals met the inclusion criteria and
were extracted for the analyses.

Fifty-two patients underwent LAC and 55 patients
underwent OC. The patient data, including clinical char-
acteristics [age, gender, weight, height, body mass index
(BMI), American Society of Anesthesiologists (ASA)
score, comorbidities, tumor location, presence of synchro-
nous metastasis], pathological status [tumor differentia-
tion, depth of invasion, lymphovascular invasion, number
of dissected lymph nodes (LN), and number of metastatic
LN], surgical outcomes (length of operation, intraoperative
blood loss, postoperative hospitalization), postoperative
complications and status at the most recent follow-up were
collected during a retrospective review of medical records.
All data regarding weight and height were obtained at the
time of admission. The BMI was calculated using the fol-
lowing formula: patient weight (kg)/the square of their
height (m?).

Surgical procedures

Expert colorectal surgeons or surgical residents under the
supervision of experts performed all LAC and OC proce-
dures. In addition, LAC was performed with consultant
colorectal surgeons who were officially qualified by the
Japan Society of Endoscopic Surgery (JSES). LAC was
selected more frequently for colorectal cancer cases with-
out advanced disease and previous laparotomy.

Endpoints

The primary endpoint was the overall survival (OS),
defined as the time between the day of the operation and
the date of death or last follow-up. Deaths were classified
as cancer-related (death caused by colorectal cancer), car-
diac or pulmonary (death caused by cardiac or pulmonary
dysfunction), or other causes. The secondary endpoint was
the quality of the oncological surgery, including the length
of the operation time, estimated blood loss, the number of
resected LN, the length of postoperative hospital stay, and
the occurrence of postoperative complications.

Oncological management

Adjuvant chemotherapy was suggested for patients with
stage 2 or 3 tumors. Follow-up involved a combination
of physical examinations, ultrasound studies, computed
tomography scans at 6-month intervals, and colonoscopies
annually. Recurrence was evaluated comprehensively on
the basis of the results of these imaging studies and histo-
pathological examinations.

Statistical analysis

All statistical analyses were performed using the Stata soft-
ware program, version 11.0 (Stat Corp, College Station,
TX, USA). Patients were grouped according to whether
they underwent OC or LAC. Continuous variables were
presented as medians with interquartile ranges (IQR). The
relationships between the two groups and among clinico-
pathological variables were evaluated using Chi squared
tests or Mann—Whitney U tests. p values <0.05 were con-
sidered to be statistically significant. The survival distri-
butions were estimated using the adjusted Kaplan—Meier
method and compared using a log-rank test.

Univariate and multivariate Cox proportional hazards
models were used to quantify the prognostic impact of indi-
vidual covariates on the OS, and the hazard ratios (HRs)
and their 95 % confidence intervals (Cls) were calculated.
Covariates with values of p < 0.10 in the univariate Cox
models were included in further multivariate analyses.
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Unadjusted and covariate-adjusted models were used in
these analyses.

To analyze the death patterns, the cumulative incidences
were estimated using a competing risk analysis. Cardiovas-
cular or pulmonary-related and other deaths were treated as
competing events. The cumulative incidence of death was
compared for the types of procedures (LAC vs. OC). A
competing risks regression model, as defined by Fine and
Gray [15], was then applied.

Results
Patient characteristics

In total, data from 107 patients (54/110 males, 49 %; 56/110
females, 51 %) were included in this analysis. The median
age at diagnosis was 83 years old (IQR 81-86 years). The
tumors of 95 patients were located in the colon and the other
12 were located in the rectum. Twenty-six patients had stage
I disease, 47 had stage II, and 34 had stage III disease. The
median OS was 29 months (IQR 13-48).

The patients were divided into two groups according to
the surgical procedure: LAC (n = 52) and OC (n = 55).
The demographic and oncological characteristics of the
patient populations are shown in Table 1. There were no
significant differences in the age, gender, BMI, or ASA
scores between the LAC and OC groups. The patients had
various comorbidities, including hypertension, heart dis-
ease, pulmonary functional disorder, diabetes mellitus,
central nervous system disease, and liver dysfunction. The
overall presence of comorbidities was 29 % in the LAC
group compared with 40 % in the OC group; however,
there was no significant difference between the two groups.

The oncological outcomes were also compared between
the two groups. No differences were found with regard to
the tumor location, tumor differentiation, the number of
dissected LN, vascular invasion, or the administration of
adjuvant chemotherapy. In contrast, significant differences
between LAC and OC were identified in terms of the indica-
tors of advanced disease, including the depth of tumor inva-
sion (p = 0.014), LN metastasis (p = 0.024) and lymphatic
invasion (p = 0.050), suggesting that LAC was applied
more often for less-advanced disease compared with OC. In
addition, the TNM cancer stage was significantly higher in
the OC group than in the LAC group (p = 0.032).

Postoperative outcomes
Short-term outcome

The surgical background data are summarized in Table 2.
There were no significant differences in the length of the
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operation (p = 0.099) or the surgical procedure (high liga-
tion resection, p = 0.220). However, there was a significant
reduction in blood loss in the LAC group compared with
the OC group (p < 0.001). No patients required conversion
to open surgery in the LAC group.

A faster return of postoperative bowel function was
observed in the LAC group than in the OC group. The
median times to liquid intake (1 day, IQR 1-2 vs. 2 days,
IQR 1-3; p < 0.001) and to dietary intake (3 days, IQR 3-5
vs. 4 days, IQR 3-5; p = 0.020) were both significantly
shorter in the LAC group than in the OC group. Furthermore,
the length of the postoperative hospital stay was significantly
shorter in the LAC group than in the OC group (9 days, IQR
8—12 vs. 13 days, IQR 10-23, respectively; p < 0.001).

There was a significant difference in the overall postop-
erative complication rates between the LAC and OC groups
(8 vs. 35 %, respectively; p = 0.001). Wound infections
tended to occur more frequently in the OC group than in
the LAC group. There was no mortality in either group.

Long-term outcomes

There was no significant difference in the follow-up periods
between the LAC and OC groups (30.5 months, IQR 12-48
vs. 27 months, IQR 14-52, respectively; p = 0.861). Recur-
rence was identified in 17 patients (16 %). Although the
difference was not statistically significant, the three-year
OS rate (LAC 90 % vs. OC 76 %, p = 0.053) was higher
in the LAC group. However, there was no significant differ-
ence in the cancer-specific mortality rate between the two
surgical procedures (LAC 6 % vs. OC 13 %, p = 0.217).

According to a univariate analysis, the ASA score (HR
2.70, 95 % CI 1.01-7.20; p = 0.047), depth of tumor invasion
(HR 2.95; 95 % CI 1.30-6.69; p = 0.010), and the number
of metastatic LN (HR 1.31; 95 % CI 1.09-1.57; p = 0.003)
were significantly associated with the OS (Table 3). The BMI
(HR 0.89, 95 % CI 0.79-1.02; p = 0.087), LAC (HR 0.43;
95 % CI1 0.18-1.02; p = 0.055), and the amount of blood loss
(HR 1.00; 95 % CI 0.99-1.00; p = 0.063) were the factors
that seemed to have a relationship with the OS. Furthermore,
a multivariate analysis revealed that the ASA score was the
only significant factor that affected the OS (HR 5.04; 95 %
CI 1.69-15.03; p = 0.004); while the procedure did not (HR
0.60; 95 % CI 0.23-1.62; p = 0.316). There was no signifi-
cant difference in the covariate-adjusted OS (adjusted for the
depth of tumor invasion and the number of metastatic LN)
between the LAC and OC groups (log-rank test, p = 0.108).
The Kaplan—Meier survival curves are shown in Fig. 1.

Competing risk regression analysis

A total of 25 patients died during the long-term follow-
up, which comprised 12 colorectal cancer-related deaths,
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Table 1. Demograp hi.c "_md Laparoscopic surgery n = 52 Open surgery n = 55 )4
oncological characteristics of
the study population Number of patients % Number of patients %
Sex
Male 28 54 26 47  0.497
Female 24 46 29 53
Median age (years)** 82 (81-84) 83 (81-87) 0.259*
Median overall survival (months)** 30.5 (12-45) 27 (14-52) 0.861*
BMI (kg/m>)** 21.1 (18.9-24.0) 20.4 (17.1-22.3) 0.090*
ASA risk score
1I 48 92 51 93  0.934
1 4 8 7
Comorbidities
Overall 15 29 22 40  0.225
Neurological 8 15 5 9 0.319
Cardiovascular 10 19 13 24 0.579
Pulmonary 8 15 4 7 0.184
Diabetes 7 13 12 22 0.258
Liver 2 3 5 0.336
Oncological factors
Tumor location
Colon 47 90 48 87 0.610
Rectum 5 10 7 13
Tumor differentiation
tubl, tub2 47 90 50 91  0.926
por, muc, pap 5 10 5 9
Depth of tumor invasion
T1-3 48 92 41 75 0.014
T4 4 8 14 25
Number of dissected lymph nodes** 18 (12-28) 17 (11-26) 0.777*
Number of metastatic lymph nodes** 0 (0-0) 0(0-2) 0.024*
Lymphatic invasion
Negative 37 71 29 53 0.050
Positive 15 29 26 47
Vascular invasion
Negative 36 69 32 58  0.235
Positive 16 31 23 42
Stage
1 18 35 8 15 0.032
1I 22 42 25 45
1 12 23 22 40
Adjuvant chemotherapy access rate 1 2 3 5 0.336
Recurrence
No 46 88 44 80  0.231
Yes 6 12 11 20
Reason for death
None (still alive) 45 87 37 67 0.120
Cancer-related death 4 7 8 15
Caridiopulmonary death 2 4 6 11
Other cause of death 1 2 4 7

* Mann—Whitney U test

** Median (Interquartile range)
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Table 2 Surgical outcomes and
postoperative complications

Table 3 The results of the
univariate and multivariate
analyses of risk factors
associated with the overall
survival

eight cardiac or pulmonary deaths, and five other deaths
(four other cancer-related deaths and one suicide). The
5-year cumulative incidence of cancer-related death in the
covariate-adjusted model was estimated to be 11.0 % in
the OC group and 8.5 % in the LAC group, whereas the

@ Springer

Laparoscopic surgery Open surgery n = 55 )4
n=>52
Number of patients %  Number of patients %
Surgical outcomes
Median length of operation (min)** 203 (164-237) 177 (129-229) 0.099*
Median estimated blood loss (ml)**  25.5 (10-50) 120 (56-301) <0.001*
High ligation resection
No 25 48 20 36 0.220
Yes 27 52 35 64
Conversion to open surgery 0 -
Time to dietary intake (days)** 3(3-5) 4 (3-5) 0.020*
Postoperative hospitalization (days)** 9 (8-12) 13 (10-23) <0.001*
Postoperative complications
Wound infection 0 0 5 9 0.026
Anastomotic leakage 1 2 2 4 0.592
Bowel obstruction 3 6 8 15 0.135
Absccess formation 0 0 1 2 0.329
Pneumonia 0 0 2 4 0.165
Total 4 7 19 35 0.001
* Mann—Whitney U-test
** Median (interquartile range)
Variables Univariate analysis Multivariate adjusted
HR 95 % CI p HR 95 % C1 p
Age 1.05 0.93-1.18 0.441
Sex (male vs. female) 0.77 0.35-1.72 0.523
BMI 0.89 0.79-1.02 0.087 0.90 0.79-1.03 0.115
ASA score (1-2 vs. 3) 2.70 1.01-7.20 0.047 5.04 1.69-15.03 0.004
Overall comorbidities (no vs. yes) 1.13 0.50-2.57 0.767
Tumor location (colon vs. rectum) 1.75 0.60-5.10 0.308
Surgical procedure (OC vs. LAC) 0.43 0.18-1.02 0.055 0.60 0.23-1.62 0.316
High ligation resection (no vs. yes) 0.85 0.39-1.87 0.685
Length of operation 1.00 0.99-1.01 0.399
Blood loss 1.00 0.99-1.00 0.063 1.00 0.99-1.00 0.115
Tumor differentiation 1.35 0.40-4.54 0.624
Depth of tumor invasion (T1-3 vs. T4) 2.95 1.30-6.69 0.010 1.90 0.74-4.91 0.183
Lymphatic invasion (no vs. yes) 1.69 0.76-3.74 0.198
Vascular invasion (no vs. yes) 1.48 0.66-3.29 0.342
Number of resected lymph nodes 1.01 0.97-1.05 0.720
Number of metastatic lymph nodes 1.31 1.09-1.57 0.003 1.16 0.93-1.45 0.187
Adjuvant chemotherapy (no vs. yes) N.S

HR hazard ratio, CI confidence interval

5-year cumulative incidence of cardiac- or pulmonary-
related death was estimated to be 10.1 % in the OC group
and 3.9 % in the LAC group (Fig. 2a, b). The effects of the
surgical procedure on the three types of death are shown
in Table 4. Although it was not statistically significant, the
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lower after LAC than OC. These results suggest that LAC
is a safe procedure for elderly as well as younger patients.
The comparisons revealed large differences in the char-
acteristics of patients in the LAC and OC groups. This was
likely because oncological and technical factors strongly
affected patient selection. Although there was a significant
difference in the patient background, multivariate analyses
revealed that the number of metastatic LN was the only
prognostic factor for the OS in elderly colorectal cancer
patients. Furthermore, no previous studies reported the
cumulative incidence of cause-specific deaths; therefore,
the covariate-adjusted model in the current study demon-
strated for the first time that LAC was not associated with
increased or decreased cause-specific death rates in elderly
patients, even in those with a high comorbidity rate.
Several previous studies reported that laparoscopic sur-
gery is beneficial and less invasive for the treatment of

Time (month)

Fig. 2 The cumulative incidence curves for each type of death in a
covariate-adjusted model. a Colorectal cancer-related deaths; b cardi-
opulmonary-related deaths; ¢ other cancer-related deaths

gastrointestinal disease, particularly colorectal cancer [1,
16, 16—-18]. However, these previous randomized control
studies included younger and excluded elderly patients.
Several studies have recently reported the safety and ben-
efits of LAC in elderly patients [11, 19]. For example,
Hatakeyama et al. compared the short-term outcomes of
LAC and OC in elderly patients aged >80 years old, and
concluded that LAC improved the short-term outcome 20.
Another previous study suggested that the use of LAC for
colorectal cancer in patients aged >85 years old could be
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Table 4 The risk factors for each type of death determined using a covariate adjusted model

Variables Cancer-related death Cardiopulmonary death Other death
SHR 95 % CI p SHR 95 % CI p SHR 95 % CI p

Laparoscopic surgery 0.75 0.14-4.05 0.736 0.37 0.08-1.76 0.210 0.31 0.04-2.67 0.284
BMI 1.03 0.86-1.24 0.722 0.77 0.59-1.02 0.070 1.07 0.92-1.26 0.380
ASA score 2.79 0.80-9.71 0.107 10.78 2.24-51.75 0.003 N.S

Blood loss 0.99 0.99-1.00 0.866 0.99 0.99-1.00 0.593 1.00 0.99-1.00 0.093
Depth of tumor invasion 3.45 0.91-13.45 0.068 1.17 0.16-8.60 0.877 4.02 0.76-21.45 0.103
No. of metastatic lymph nodes 1.07 0.72-1.58 0.743 1.15 0.90-1.47 0.255 0.91 0.69-1.22 0.541

SHR subhazard ratio, CI Confidence interval

performed safely, and with better short-term outcomes than
open surgery [12]. These results are similar to those of the
current study, suggesting that the design and results of our
study were reliable.

Elderly patients have a high mortality rate due to car-
diovascular and pulmonary diseases [4, 5]. Therefore, car-
diopulmonary complications can be a significant problem
in such cohorts. Gerges et al. reported that laparoscopy
using carbon dioxide for intra-abdominal insufflation could
worsen preexisting cardiopulmonary complications [21]. In
contrast, some other studies reported that intra-abdominal
insufflation for LAC did not affect the patient outcome [22,
23]. In the present study, there were no cardiopulmonary
complications in the LAC group, whereas two patients
experienced pneumonia in the OC group. This suggests that
LAC may be safe in elderly patients with cardiopulmonary
diseases, who are generally recognized as high risk.

A competing risk analysis generalizes standard survival
analyses to evaluate patients who are exposed to more than
one cause of failure. This has advantages over the Kaplan—
Meier method, because it calculates the cumulative inci-
dence of an event of interest by considering competing risk
events 15. Recently, this method was used to assess the
effects of LAC on the pattern of recurrence and to assess
the relationship between obesity and the recurrence of rec-
tal cancer [24, 25]. To the best of our knowledge, this is
the first report in which the patterns of death between LAC
and OC were compared using a competing risk analysis,
which is very informative for treatment selection in elderly
patients.

Several previous studies have reported the advantages of
LAC over OC in the short-term outcome of elderly patients,
including reduced intraoperative blood loss, a shorter hos-
pitalization, and better postoperative complications. How-
ever, the long-term outcomes were unknown. Nakamura
et al. [13] reported the disease-free and OS rates in each
tumor stage; however, there was no statistical assessment
regarding whether LAC was superior to OC in the long-
term outcomes. Dekker et al. [26] focused on the cause of
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death in the first year after curative colorectal cancer sur-
gery, and demonstrated that there was an excess one-year
mortality rate, indicating a prolonged impact of the surgery,
particularly in elderly patients.

These previous studies suggest that there is a need to
assess the effects of LAC on the long-term survival of
elderly patients, because comorbidities may be affected
in the long term. The present study demonstrated that the
number of metastatic LN significantly affected the can-
cer-related deaths. However, the different surgical proce-
dures (LAC vs. OC) did not affect the overall pattern of
deaths. Furthermore, there was no difference between the
Kaplan—Meier survival curves in the LAC and OC groups
after adjustment for covariates. Although further large-
scale studies of elderly patients are required to establish
the benefits and risks of LAC, the results of the present
study suggest that LAC may be safe and effective for
elderly patients in terms of both the short- and long-term
outcomes.

The present study is associated with several limitations
that must be discussed. First, the number of patients in
the current study was too low to yield conclusive results.
Second, the follow-up period was relatively short. Some
patients decided not to return to the hospital for additional
visits, and some are still being treated. A large prospective
study assessing postoperative recurrence and the OS should
be performed to validate the effects of LAC on the pattern
of deaths in elderly colorectal cancer patients. However,
given the lack of evidence for the risks of LAC in elderly
colorectal cancer patients, the results of this study may be
useful to encourage future research and prompt the selec-
tion of less invasive treatments. Finally, the present study
was performed at a single institution and was conducted
retrospectively, thereby limiting the value of the results.

Our present findings indicate that LAC is an effective
and safe technique for elderly patients with colorectal can-
cer, as well as for younger patients. There was no signifi-
cant association between the type of surgical procedure and
the pattern of deaths.
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