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Abstract

Purpose: The purpose of this study was to compare the short- and long-term outcomes after
laparoscopic total gastrectomy (LTG) between elderly and non-elderly patients with gastric cancer.

Methods: A retrospective analysis was performed using clinical and follow-up data from 168
patients treated with LTG for gastric cancer at our institution from January 2010 to December
2017. For this study, the short- and long-term outcomes (including tumor recurrence rate,
disease-free survival rate, and overall survival rate) were compared between the elderly group (270
years) and non-elderly group (<70 years).

Results: The preoperative American Society of Anesthesiologists score and Charlson Comorbidity
Index were higher in the elderly group than in the non-elderly group, while there was no significant
difference between the two groups in terms of operation duration, intraoperative blood loss, and
rate of conversion to laparotomy. The incidence of postoperative 30-day complications in the
elderly group was higher than that in the non-elderly group due to a higher incidence of pulmonary
infection, while the incidence of major complications was similar in both groups. The tumor
recurrence rate was also similar in both groups. There was no statistically significant difference
between the two groups in terms of 5-year disease-free survival and 5-year overall survival rate.

Conclusions: LTG is safe and feasible for elderly patients with gastric cancer and is associated with
relatively good long-term outcomes.
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Introduction

Gastric cancer is one of the most common
gastrointestinal malignancies in East Asia [1, 2]. As
the aging population continues to increase, the
proportion of elderly patients with gastric cancer has
shown an associated rising trend [3, 4]. Surgery is the
only cure for patients with gastric cancer which can
create a problem for elderly patients [5-8]. Due to the
impaired reserve function of important organs
combined with medical comorbidities, many elderly
patients have poor tolerance to surgery and higher
risks of perioperative complications and death [5-8].
In recent years, randomized control trials (RCT) have
shown that laparoscopic gastrectomy (LG) has
advantages for patients since it is generally less

invasive, associated with a faster recovery, has
comparable or fewer complications, and similar
long-term outcomes to laparotomy [9-14]. Therefore,
its application in the treatment of gastric cancer has
been increasingly widespread [15-32]. As this
approach has become more accepted, LG has also
been gradually used in the treatment of elderly
patients with gastric cancer [33-45]. However, as
reported in the literatures, laparoscopic distal
gastrectomy (LDG) has been the main approach of LG
used in the treatment of elderly patients with gastric
cancer [33, 35-45]. Currently, only two English studies
have reported on the use of laparoscopic total
gastrectomy LTG in the treatment of elderly patients
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with gastric cancer [34, 35]. So far, there has been no
comparison made regarding long-term outcomes of
LTG between elderly and non-elderly patients with
gastric cancer. This study aims to explore the clinical
application value of LTG in the treatment of elderly
patients with gastric cancer by comparing the short-
and long-term outcomes of LTG between elderly and
non-elderly patients.

Patients and methods

This study complied with the Declaration of
Helsinki rules. This retrospective research was
approved by the Ethics Committee of China-Japan
Union Hospital of Jilin University. The need for
informed consent from all patients was waived
because this was retrospective study.

A total of 168 patients with gastric cancer
underwent LTG at our institution from January 2010
to December 2017. Patients satisfying the following
criteria were included in this study: (1) Definitive
diagnosis of gastric adenocarcinoma was made by
pathological examination based on preoperative
endoscopic  biopsy; (2) Clinical and follow-up
information was complete; (3) The mode of operation
was LTG, including intraoperative conversion to
laparotomy; (4) Clinical stage I-1II; (5) No neoadjuvant
therapy was performed. Exclusion criteria included
the following: (1) History of other malignant tumors,
such as gastric lymphoma, squamous cell carcinoma,
stromal tumors and neuroendocrine tumors confirm-
ed by preoperative or postoperative pathological
examination; (2) Patients with esophageal-gastric
junction adenocarcinoma that required thoracoabdo-
minal surgery; (3) Patients that required combined
organ resection due to local tumor invasion; (4)
Patients with other concurrent malignant tumors.
After screening, a total of 159 cases were included in
this study. The short- and long-term outcomes
(including tumor recurrence rate, disease-free
survival and overall survival rate) were compared
between the elderly group (270 years, 64 cases) and
the non-elderly group (<70 years, 95 cases). Our
institution began to perform laparoscopic distal
gastrectomy for gastric cancer in March 2008. After
performing this procedure for two years, the authors
have mastered laparoscopic distal gastrectomy for
gastric cancer. The authors began performing
laparoscopic total gastrectomy (LTG) for gastric
cancer in January 2010.

Electronic endoscopy, endoscopic ultrasonogr-
aphy, cranial, chest and abdominal CT scan,
abdominal ultrasonography and other tests were
performed prior to the surgery to determine the
clinical stage and rule out metastasis [6]. PET-CT and
bone scans were performed when necessary.

Laboratory tests, pulmonary function tests,
electrocardiography, echocardiography and other
tests were also performed prior to the surgery to
evaluate whether the patients could tolerate it.
Preoperative comorbidities were evaluated using the
Charlson Comorbidity Scoring System [7]. Details on
LTG have been reported in previous literature [35].
The severity of postoperative 30-day complications
was graded using the Clavien-Dindo classification
[45], which ranks the severity of postoperative
complications into 5 grades. Mild complications are
classified as grades 1 and 2, while severe
complications are classified as grades 3, 4, and 5 [45].

This study adopted a fast-track method for
perioperative management. Solid food was prohibited
for 6 hours and liquids were prohibited for 2 hours
before surgery; no routine indwelling gastric tube was
used before surgery, and any indwelling gastric tube
already in place was removed one to two days after
surgery; mechanical bowel preparation was not
performed before surgery; prophylactic antibacterial
agents were administered half an hour before surgery;
general anesthesia or general anesthesia combined
with epidural anesthesia was used; a urinary catheter
was inserted after successful anesthesia and was
removed one to two days after surgery; strict
intraoperative  thermal insulation was used;
multimodal analgesia was given after surgery; a
routine indwelling abdominal drainage tube was used
and was removed after drainage ceased; careful
rehydration was performed after surgery; oral intake
of solid foods resumed as soon as possible after
surgery; ambulation began on the first postoperative
day [7].

Follow-up treatment was provided in different
settings, which included outpatient visits, telephone
calls, e-mails and home visits. The patients were
followed-up once every 3 to 6 months within 2 years
after the surgery, once every 6 months within 2 to 5
years after the surgery, and once a year over 5 years
after the surgery [6]. Patient assessments at follow up
appointments included physical examinations,
laboratory tests, and imaging studies. Follow-up
appointments until January 1, 2018 were included in
this study. The overall survival was assessed from the
date of LTG until the last follow-up or death of any
cause. The disease-free survival was calculated from
the date of the LTG until the date of cancer recurrence
or death from any cause [6].

Statistics

Variables were presented as mean and standard
deviations for variables following normal distribution
and were analyzed by ¢ test. For variables following
non-normal distribution, data were expressed as
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median and range and were compared by Wilcoxon
test. Differences of semiquantitative results were
analyzed by Mann-Whitney U-test. Differences of
qualitative results were analyzed by chi-square test or
Fisher exact test. Survival rates were analyzed using
the Kaplan-Meier method and differences between
two groups were analyzed with the log-rank test.
Univariate analyses were performed to identify
prognostic variables related to overall survival and
disease-free survival. Univariate variables with
probability values less than 0.10 were selected for
inclusion in the multivariate Cox proportional hazard
regression model. Adjusted hazard ratios (HR) along
with the corresponding 95% confidence intervals (CI)
were calculated. All statistical tests were two-sided,
with the threshold of significance set at P<0.05
level.SPSS 14.0 for Microsoft ® Windows® version
(SPSS Inc., Chicago, IL, USA) was used for all
statistical analyses.

Results

The American Society of Anesthesiologists
(ASA) score and Charlson Comorbidity Index in the
elderly group were higher than those in the
non-elderly group. No statistically significant
difference was found between the two groups of
patients in terms of body mass index (BMI), sex, or
TNM staging (Table 1).

Comparisons of the operation duration, intraop-
erative blood loss, rate of conversion to laparotomy,
postoperative exhaust time and time to first flatus
after surgery did not reveal any statistically
significant difference between the elderly group and
the non-elderly group (Table 2).

The incidence of postoperative 30-day complica-
tions in the elderly group was higher than that in the
non-elderly group because the incidence of
pulmonary infection was higher in the in the elderly
group than in the non-elderly group. However, the
incidence of other complications, including the major
complications was similar in both groups. None of the
patients died during the surgery or within 30 days
after the surgery (Table 2). Comparisons of the
pathological data between the two groups did not
reveal any statistically significant difference (Table 1).

The median follow-up time for the elderly and
non-elderly groups was 34 months and 37 months
respectively, with no statistically significant
difference. During the follow-up period, 18 and 23
deaths occurred in the elderly and non-elderly
groups, respectively (Table 3). The 5-year overall
survival rates in the elderly and non-elderly groups
were 59% and 61%, respectively, with no statistically
significant difference (Figure 1, P = 0.613).
Multivariate analysis showed that the T staging, N

staging and tumor differentiation status were
independent predictors of overall survival rate (Table
4 and Table 5).

During the follow-up period, 24 and 26 patients,
respectively, in the elderly and non-elderly groups
experienced tumor recurrence (Table 3). There was no
statistically significant difference between the two
groups in the rates and sites of tumor recurrence
(Table 3). The 5-year disease-free survival rates in the
elderly and non-elderly groups were 46% and 51%,
respectively, with no significant difference (Figure 2,
P = 0.329). Multivariate analysis showed that T
staging and N staging were independent predictors of
disease-free survival (Table 4 and Table 5).
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Figure 1. Comparison of overall survival rates after laparoscopic total

gastrectomy for gastric cancer between elderly group (270 years) and
non-elderly group (<70 years) (P=0.613).
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Figure 2. Comparison of disease-free survival rates after laparoscopic total
gastrectomy for gastric cancer between elderly group (270 years) and
non-elderly group (<70 years) (P=0.329).
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Table 1. Clinicopathological characteristics of the two groups

Non-elderly Elderly group P value

group (1n=95) (n=64)
Age (years) 62 (51-69) 73 (70-76) 0.000
Sex 0.981
Male 64 43
Female 31 21
Charlson Comorbidity Index 0.001
<2 86 45
>2 9 19
BMI (kg/m?) 23 (19-27) 22 (17-26) 0.258
Tumor location 0.736
Upper 56 36
Middle 39 28
Clinical TNM stage 0.486
1B 23 11
A 45 34
1IB 27 19
ASA score 0.020
I 66 38
I 22 17
I 7 9
Retrieved lymph nodes 19 (16-25) 17 (16-21) 0.177
Residual tumor (R0/R1/R2) 95/0/0 64/0/0 1.000
Histological subtype 0.789
Differentiated 41 29
Undifferentiated 54 35
Pathological TNM stage
1B 17 8 0.818
ITA 31 25
1IB 19 12
1A 14 10
11B 8 5
1IC 6 4
BMI: body mass index; ASA: American Society of Anesthesiologists
Table 2. Short-term outcomes of the two groups

Non-elderly Elderly group P value
group (n1=95)  (n=64)

Operative time (min)
Estimated blood loss (ml)

190 (160-260)
200 (150-300)

210 (150-290)  0.108
220 (180-390)  0.150

Conversion to open surgery 5 4 1.000
Time to first flatus (days) 3 (2-4) 3 (2-5) 0.408
Patients with postoperative 10 15 0.028

30-day complications

Pulmonary infection 1 6 0.034
Anastomotic leakage 3 2 1.000
Ileus 2 2 1.000
Anastomotic stricture 2 1 1.000
Duodenal stump leakage 1 2 0.728
Abdominal infection 2 1 1.000
Liver dysfunction 1 2 0.728
Patients with postoperative 2 2 1.000
30-day major complications

Postoperative hospital stay (days) 7 (5-23) 9 (7-28) 0.239
Readmission 1 1 1.000
Postoperative 30-day mortality 0 0 -

Discussion

Compared with laparotomy, LG has advantages
as it is less invasive, it is associated with less
intraoperative blood loss, less pain, rapid recovery
after surgery and similar long-term outcomes [9-14].
Therefore, it has been widely implemented in East

Asia where the incidence of gastric cancer has been
high [15-32]. According to the range of surgeries, LG
can be divided into LDG and LTG [7-9]. Compared
with LDG, LTG has characteristics such as a wide
scope of lymph node dissection, a relatively
complicated digestive tract reconstruction process,
longer operation duration and higher rate of
conversion to laparotomy [20-26]. In recent years, LG
has been widely used for elderly patients [33-45].
However, most studies have reported on patients who
received LDG which is less invasive, while only
limited studies have reported on patients who
received LTG which is more difficult to perform [34,
35]. According to a search in MEDLINE, EMBASE,
and other abstract databases by the author, currently
only two English original articles have reported the
use of LTG for the treatment of elderly patients with
gastric cancer [34, 35]. One study, reported by Korean
surgeons Jung et al, compared the short-term
outcomes of LTG between elderly patients (=70 years)
and non-elderly patients, but did not investigate the
long-term outcomes [34]. In another article by Chinese
surgeons Lu et al., the study compared the short- and
long-term outcomes between LTG and open TG in
elderly patients with gastric cancer [35]; however, the
age of elderly patients included in that study was 265
years [35]. To the best of the author’s knowledge, this
study is the first to report a comparison of short- and
long-term outcomes of LTG between elderly patients
(270 years) and non-elderly patients. The results of
this study showed that the short- and long-term
outcomes were similar in both groups except for the
higher incidence of complications in the elderly group
than in the non-elderly group. This indicates that LTG
is safe and feasible for the treatment of elderly
patients with gastric cancer, with similar long-term
outcomes to that in non-elderly patients.

The incidence of postoperative 30-day complica-
tions in the elderly group was higher than that in the
non-elderly group due to the higher incidence of
pulmonary infections. However, studies have shown
that advanced age along is a risk factor for pulmonary
infection [6-9]. In this study, the preoperative ASA
score and Charlson Comorbidity Index were higher in
elderly patients than in non-elderly patients,
indicating decreased tolerance to surgery in elderly
patients, which, combined with perioperative stress,
led to the pulmonary infection. However, the lung
infections in this study were all minor complications
and recovered after intravenous administration of
antibiotics. Comparison of the incidence of major
complications and postoperative recovery between
the two groups did not reveal any difference,
suggesting that LTG is safe and feasible in elderly
patients. If perioperative treatment is strengthened,
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good short-term efficacy can be achieved.

Conversion to laparotomy is unavoidable in LTG
[9-19]. The rate of conversion to laparotomy in LTG
for gastric cancer reported in the literature was 3% to
15%, which varied according the patient’s condition
and surgical experience of the surgeons [15-37]. In this
study, the rates of conversion to laparotomy in the
elderly group and non-elderly group were 6% and
5%, respectively, similar to previously reported
results with larger sample sizes [15-37]. In this study,
most of the cases that converted to laparotomy were
due to uncontrollable bleeding, followed by adhesion,
while for only one case, it was due to a bulky tumor.
So far, no English studies have reported on the rate of
conversion to laparotomy in elderly patients
undergoing LTG. This study for the first time showed
that LTG had similar rate of conversion to laparotomy
in elderly patients with gastric cancer to that in
non-elderly patients.

Table 3. The follow-up data of the elderly and middle-aged group

4402
Table 5. Cox proportional hazards model for survival
Variables Hazard ratio (95% CI) P value
Overall survival
Charlson comorbidity index <2 versus >2 1.389 (0.751-1.808) 0.238
ASA score I-1I versus III 1.254 (0.548-1.700) 0.120
T stage Ti-T2versus Ts-Ts 1.980 (1.287-2.950) 0.026
N stage No-N1 versus N2-Ns 2.456 (1.540-3.014) 0.013
Tumor differentiation Differentiated 1.544 (1.187-1.989) 0.030
versus Undifferentiated
Disease-free survival
ASA score I-I versus III 1.387 (0.701-1.547) 0.175
T stage T1-T2 versus Ts-Ts 1.701 (1.400-2.510) 0.030
N stage No-N1 versus N2-N3 2.017 (1.488-3.240) 0.010
Tumor differentiation Differentiated 1.300 (0.874-1.687) 0.071

versus Undifferentiated

Non-elderly  Elderly group P value
group (n=95) (n=64)
Tumor recurrence n 26 24 0.177
Locoregional 6 8
Distant 17 14
Mixed 3 2
Time to first recurrence (median, 23 (8-50) 21 (7-40) 0.159
months)
Last follow up
Died of cancer recurrence 21 16 0.672
Died of non-oncological causes 2 2 1.000
Table 4. Univariate Kaplan—Meier analysis of survival
Variable Five-year =~ Pvalue Five-year P value
overall disease-free
survival survival
Age 0.613 0.329
<70 years 61 51
270 years 59 46
Gender 0.127 0.208
Male 64 54
Female 57 49
Charlson comorbidity index 0.078 0.120
<2 67 56
>2 51 47
ASA score 0.091 0.074
I-II 65 55
1T 52 42
Tumor differentiation 0.017 0.038
Differentiated 71 61
Undifferentiated 48 46
T stage 0.010 0.018
T1-T2 72 64
T5-Tas 43 40
N stage 0.023 0.020
No-N1 69 65
N2-Ns 46 44
Postoperative complications 0.247 0.187
No 63 58
Yes 56 51

In this study, long-term outcomes in both groups
were similar, including tumor recurrence rate, overall
survival and disease-free survival rate. According to
previous reports, patients with gastric cancer who
underwent LTG had a tumor recurrence rate of
10-30%, a 5-year overall survival rate of 50-70% and a
5-year disease-free survival rate of 41-60% [15-37]. The
results of this study were similar to those in previous
reports [15-37]. To the best of our knowledge, so far
there is only one English article that reports the
long-term outcomes of LTG-treated elderly patients
with gastric cancer [35]. In that article, the patients’
3-year overall survival rate was 55.8% [35]. So far,
there is no literature that reports on the 5-year overall
survival rate and 5-year disease-free survival rate in
LTG-treated elderly patients with gastric cancer. This
study for the first time demonstrated that LTG-treated
elderly patients with gastric cancer can achieve
similar long-term outcomes to that in non-elderly
patients.

Currently, there is no a clear definition of age for
“elderly patients” in surgical oncology. In previous
literature, the age limit of elderly patients with
malignant tumors undergoing surgery was generally
65 to 75 years [33-44]. In previous reports on
LTG-treated elderly patients with gastric cancer, the
age limit of the patients was 65 to 70 years [34, 35].
Therefore, in this study, age 270 years was set as the
cutting point for elderly patients with gastric cancer.

However, this study has several limitations.
First, it was based on a single-center, retrospective
analysis, not on a prospective randomized analysis.
Second, the sample size was small, and the follow-up
period was not very long. These limitations should be
considered when interpreting our study results. In the
future, a multicenter, prospective, randomized
controlled study with a longer follow-up period is
necessary to validate the safety of LTG for elderly
patients with gastric cancer.

In conclusion, LTG is safe and effective in elderly
patients with gastric cancer and can achieve
satisfactory short-term and long-term outcomes.
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However, it should be noted that the surgical risk is

generally higher

in elderly patients than in

non-elderly patients. Therefore, perioperative care
and prevention and treatment of postoperative
complications should be emphasized.
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