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Abstract

Purpose The applicability of laparoscopic-assisted radical gastrectomy for elderly patients with gastric cancer is still not well
clarified. The aim of this double-center study was to explore the feasibility and effectiveness of laparoscopic-assisted radical
gastrectomy on elderly patients with gastric cancer.

Methods We prospectively collected data of patients who underwent gastrectomy for cancer in two centers from June 2016 to
December 2019. Propensity score matching was performed at a ratio of 1:1 to compare the laparoscopic-assisted radical
gastrectomy group and open radical gastrectomy group. Univariate analyses and multivariate logistic regression analyses eval-
uating the risk factors for total, surgical, and medical complications were performed.

Results A total of 481 patients with gastric cancer met the inclusion criteria and were included in this study. After propensity
score analysis, 258 patients were matched each other (laparoscopic-assisted radical gastrectomy (LAG) group, n = 129; open
radical gastrectomy (OG) group, n = 129). LAG group had lower rate of surgical complications (P = 0.009), lower rate of severe
complications (P = 0.046), shorter postoperative hospital stay (P = 0.001), and lower readmission rate (P = 0.039). Multivariate
analyses revealed that anemia, Charlson comorbidity index, and combined resection were independent risk factors in the LAG
group, whereas body mass index and American Society of Anesthesiology grade in the OG group.

Conclusion Laparoscopic-assisted radical gastrectomy was relative safe even effective in elderly gastric cancer patients. We
should pay attention to the different risk factors when performing different surgical procedures for gastric cancer in elderly
patients.
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As one of the means of minimally invasive surgery, laparo-
scopic surgery has many advantages, such as lower intraoper-
ative blood loss, faster postoperative gastrointestinal function
recovery, lower incidence of postoperative complication, and
shorter length of postoperative hospital stays [1, 2].
Laparoscopic surgery has been widely used to treat various
kinds of malignant tumors. In 1994, Kitano et al. introduced
the first case of using laparoscopic-assisted radical gastrecto-
my for a patient with early gastric cancer in the world [3].
From then on, this advanced operation method was widely
spread in the oriental countries. Many studies reported the
efficacy and safety of laparoscopic-assisted radical gastrecto-
my compared with the traditional open radical resection for
gastric cancer [4, 5]. To date, laparoscopic radical gastrectomy
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has been recognized as a minimally invasive treatment for
early gastric cancer because of its several advantages over
traditional open gastrectomy, such as faster and less painful
recovery, and lower rate of postoperative complications [6].
Also, it has been proven to be performed by experienced sur-
geons for advanced gastric cancer [7].

Over the past century, human’s life expectancy has nearly
doubled. The world is currently in the stage of rapid aging.
China is one of the fastest aging countries. The incidence of
cancer is increasing in patients over the age of 65 years [8, 9].
Elderly patients with gastric cancer often company with many
chronic diseases such as cardiovascular disease or diabetes
mellitus. They also had poor nutritional status and slower
recovery from surgical trauma [10]. All of these conditions
may damage the body function and increase the difficulty of
the tumor treatment. Some studies reported that the patients’
age is the most important factor for predicting surgical com-
plications [11, 12]. It seems more important to focus on how
to treat elderly patients with gastric cancer effectively.

Although elderly patients may benefit from laparoscopic
surgery, there remain a lot of problems, such as the effects
of carbon dioxide pneumoperitoneum and operative time
[13, 14]. Recently, there were many researches focusing on
the application of laparoscopic-assisted radical gastrectomy in
elderly patients with gastric cancer [15—18]. Most of these
studies exist choose migration, and the level of evidence is
not very high. In this double-center study, we adopted the
propensity score matching method to explore the feasibility
of laparoscopic-assisted radical gastrectomy on elderly pa-
tients with gastric cancer.

Material and methods
Patients and grouping

This study was performed using data from a prospectively
maintained database of patients in two centers from
June 2016 to December 2019. All patients who underwent
radical gastrectomy in 1 of 2 centers: Gastrointestinal
Surgical Department, the First Affiliated Hospital of
Wenzhou Medical University in Wenzhou, and
Gastrointestinal Surgical Department, Tenth People’s
Hospital Affiliated to TonglJi University in Shanghai, were
included. The inclusion criteria included patients who (1)
were > 65 years old, (2) had an accurate preoperative diagno-
sis of gastric adenocarcinoma on the basis of histological ev-
idence, (3) had ASA grade < III, and (4) planned to receive
elective radical gastrectomy for gastric cancer. Exclusion
criteria included patients with a presence of cancer metastasis
that could not be cured by radical surgery or patients under-
going palliative gastrectomy or emergency surgery or patients
receiving neoadjuvant chemotherapy or radiotherapy. We
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performed standard open and laparoscopic-assisted gastrecto-
my with D2 lymphadenectomy for advanced stage or < D2
lymphadenectomy for early stage based on guidelines [19,
20]. Laparoscopic-assisted surgery was performed on the pa-
tients who met all of the following 3 criteria: estimated tumor
size <5 cm, T stage <3, and N stage < 1. All operations were
performed by 6 experienced surgeons who had abundant ex-
perience with more than 100 cases of radical gastrectomy for
gastric cancer. The patients were divided into two groups ac-
cording to the different types of operation: laparoscopic-
assisted radical gastrectomy (LAG) group and traditional open
radical gastrectomy (OG) group. All patients gave written
informed consent for participation in this study, and the study
was approved by the ethics committee of The First Affiliated
Hospital of Wenzhou Medical University and Tenth People’s
Hospital Affiliated to TongJi University.

Data collection

For each patient, the following data were prospectively col-
lected: (1) patient characteristics, including age, gender, body
mass index (BMI), American Society of Anesthesiology
(ASA) grade, hemoglobin concentration; anemia; plasma al-
bumin concentration; hypoalbuminemia; comorbidity (calcu-
lated by Charlson comorbidity index score) [21], nutritional
risk screening 2002 (NRS 2002) scores, history of previous
abdominal surgery, histologic type, tumor location, and TNM
stage; (2) operative details, including type of resection, extent
ofnode dissection, laparoscopic-assisted operation, number of
lymph nodes harvested, combined resection, and surgical du-
ration; and (3) postoperative short-term outcomes, including
postoperative complications within 30 days after surgery,
postoperative hospital stays, hospitalization costs, and
readmissions within 30 days of discharge.

All patients regularly received telephone interviews or out-
patient visits. Follow-up investigations were scheduled every
3 months for the first 2 years after surgery and every 6 months
thereafter. The last follow-up date was February 2020.

Definition

Total postoperative complications were defined as those meet-
ing the criterion of grade II or higher according to the Clavien-
Dindo classification [22]. Grade III or above complications
were defined as severe complications. Surgical complications
included gastrointestinal dysfunction (including delayed gas-
tric emptying and prolonged postoperative ileus), wound in-
fection, bleeding, intra-abdominal abscess, anastomotic leak-
age, intestinal obstruction, lymphorrhagia, and pancreatic fis-
tula. Medical complications included pneumonia, pleural ef-
fusion, pulmonary atelectasis, cardiac complications, venous
thrombosis, persistent hypoalbuminemia, hepatic dysfunction,
cerebral infarction, urinary infection, thrombocythemia, and
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respiratory failure. Anemia was defined as hemoglobin con-
centration < 120 g/L in men or < 100 g/L in women.
Hypoalbuminemia was defined as a plasma albumin concen-
tration < 35 g/L.

Propensity score analysis

To minimize bias due to the nonrandom allocation of treat-
ments among patients, propensity score matched (PSM) anal-
yses between LAG group and OG group were performed
using multiple logistic regression. In brief, a propensity score
for each patient was calculated. LAG and OG patients were
then paired 1:1 on these propensity scores using neighbor
matching algorithm without replacement, with a caliper width
equal to 0.2 of the standard deviation of the logit of the pro-
pensity scores. Following 1:1 propensity score-matching,
some statistical analyses of postoperative outcomes were per-
formed [23].

Statistical analysis

Statistical analyses were performed using SPSS statistics
version 22.0 (IBM, Armonk, New York, USA). For nor-
mally distributed continuous variables, data were present-
ed as the mean and standard deviation (SD); otherwise,
for non-normally distributed variables, data were present-
ed as median and interquartile range (IQR). Categorical
variables are presented as numbers and percentages.
Student’s ¢ test was performed for normally distributed
data, Pearson’s chi-square test or Fisher’s exact test was
performed for categorical data, and the Mann—Whitney U
test was used for non-normally distributed continuous da-
ta and ranked data. Univariate analysis was used to iden-
tify potential risk factors of postoperative complications.
Kaplan—Meier method was used to analyze overall sur-
vive (OS) and disease-free survival (DFS). Variables with
a P < 0.10 were included into subsequent multivariate
(logistic regression or Cox proportional hazards regres-
sion) analyses. All of the tests were two-sided, and P <
0.05 were considered to be statistically significant.

Results
Patients’ characteristics

From June 2016 to December 2019, a total of 481 patients met
the inclusion criteria and constituted the original dataset. A
total of 367 (76.3 %) patients were male, and 114 (23.7 %)
were female. All of patients received complete tumor resec-
tion. The median age was 72 years, and the mean BMI was
22.61 kg/mz. The median preoperative plasma albumin con-
centration and hemoglobin concentration of the original

dataset was 39.1 g/L and 119 g/L, respectively. Median
NRS2002 score was 2. Laparoscopic-assisted radical gastrec-
tomy was performed in 133 (27.7%) patients. Comparison of
the baseline characteristics of the two groups is showed in
Table 1. Between LAG and OG group, gender, BMI, preop-
erative serum hemoglobin, Charlson comorbidity index, his-
tory of previous abdominal surgery, histologic type, tumor
location or combined resection did not differ significantly.
However, patients in the OG group were older (P = 0.019),
had higher tumor stage (P < 0.001), higher NRS2002 score (P
= 0.002), higher ASA grade (P = 0.009), and lower preoper-
ative serum albumin (P = 0.001). After propensity score anal-
ysis, there were 129 matched patients in each group. The
standardized differences in the demographic and preoperative
variables of interest disappeared when matched patients were
compared (Table 2).

The 1:1 matched dataset included 258 patients, with 199
males (77.1%) and 59 females (22.9%). The median age was
71 years, and the mean BMI was 22.82 kg/m2. The median
preoperative plasma albumin concentration and hemoglobin
concentration of the original dataset was 38.1 g/L and 121.5
g/L, respectively. Median NRS2002 score was 2. The distri-
bution of the TNM stages in the patients was 108 (41.9 %), 68
(26.3 %), and 82 (31.8 %) for TNM stages I, II, and III,
respectively.

Postoperative outcomes

As shown in Table 3, in the 258 matched patients, the
overall incidence of postoperative complications was
25.2%. The most common postoperative complications
were pneumonia, gastrointestinal dysfunction, bleeding,
and intra-abdominal abscess. Patients in the LAG group
had lower rate of surgical complications (9.3% vs 20.9%,
P = 0.009), lower rate of severe complications (9.3% vs
17.8%, P = 0.046), shorter postoperative hospital stay
(median, 13 days vs 14 days, P = 0.001), lower readmis-
sion rate (3.1% vs 9.3%, P = 0.039), higher hospitaliza-
tion costs (median, 65458.48 yuan vs 58719.07 yuan, P =
0.003), and longer surgical durations (median, 210 min vs
195 min, P < 0.001). The median number of lymph nodes
harvested in this study was 16. There was no significant
difference in numbers of lymph nodes harvested between
two groups. The combined resected organ or tissue in-
cluded partial transverse colon or mesentery, partial liver,
spleen, and distal pancreas.

Subgroup analysis
In the subgroup of 65-75 years old, patients in the LAG
group had lower rate of surgical complications (9.8% vs

20.6%, P = 0.039), lower rate of severe complications
(8.7% vs 18.6%, P = 0.049), and longer surgical durations
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Table 1 Patient demographic and clinical characteristics of original dataset

Factors Total (n = 481) LAG group (n = 133) OG group (n = 348) P-value
Age, median (IQR), years 72 (8) 70 (9) 73 (7) 0.019*
Gender 0.909
Male 367 (76.3) 101 (75.9) 266 (76.4)

Female 114 (23.7) 32 (24.1) 82 (23.6)
BMI, mean (SD) (kg/m?) 22.61 (3.17) 22.68 (2.84) 22.59 (3.29) 0.791
Albumin, median (IQR) (g/L) 37.1(5.8) 38.1(6.25) 36.85 (5.98) 0.001*
Hemoglobin, median (IQR) (g/L) 119 (33) 121 (28.5) 118 (35) 0.139
NRS2002 median, (IQR) 2(1) 2(2) 2(2) 0.002*
ASA grade 0.009*
1 33(6.9) 13(9.8) 20 (5.7)

I 346 (71.9) 101 (75.9) 245 (70.4)

11T 102 (21.2) 19 (14.3) 83 (23.9)

Charlson comorbidity index 0.720
0 300 (62.4) 81 (60.9) 219 (62.9)

1 113 (23.5) 33 (24.8) 80 (23.0)

>2 68 (14.1) 19 (14.3) 49 (14.1)

Previous abdominal surgery 0.075
Yes 65 (13.5) 12 (9.0) 53(15.2)

No 416 (86.5) 121 (91.0) 295 (84.8)
Histologic type 0.086
Undifferentiated® 230 (47.8) 72 (54.1) 158 (45.4)

Differentiate® 251 (52.2) 61 (45.9) 190 (54.6)

Tumor location 0.675
Upper 1/3 75 (15.6) 19 (14.3) 56 (16.1)

Middle 1/3 109 (22.7) 32 (24.1) 77 (22.1)

Lower 1/3 270 (56.1) 72 (54.1) 198 (56.9)

2/3 or more 27 (5.6) 10 (7.5) 17 (4.9)

TNM stage <0.001*
1 142 (29.5) 55(41.4) 87 (25.0)

I 124 (25.8) 35(26.3) 89 (25.5)

1L 212 (44.1) 43 (32.3) 169 (48.6)

v 3 (0.6) 0(0) 3(0.9)

Type of resection 0.950
Subtotal gastrectomy 281 (58.4) 78 (58.6) 203 (58.3)

Total gastrectomy 200 (41.6) 55(41.4) 145 (41.7)

Extent of node dissection 0.493
<D2 89 (18.5) 22 (16.5) 67 (19.3)

>D2 392 (81.5) 111 (83.5) 281 (80.7)

Combined resection 0.393
Yes 37(7.7) 8 (6.0) 29 (8.3)

No 444 (92.3) 125 (94.0) 319 (91.7)

Values in parentheses are percentages unless indicated otherwise

LAG laparoscopic-assisted radical gastrectomy, OG open radical gastrectomy, SD standard deviation, /OR interquartile range, BMI body mass index,

ASA American Society of Anesthesiologists

*Statistically significant (P < 0.05)

* Undifferentiated carcinomas include poorly differentiated adenocarcinomas, signet ring cell carcinomas, and mucinous carcinomas

® Differentiated carcinomas include well or moderately differentiated, tubular or papillary adenocarcinomas

(median, 214 min vs 195 min, P = 0.008). In the subgroup
of older than 75 years old, there was no significant
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difference in short-term outcomes between two groups

(Table 4).
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Table 2  Patient demographic and clinical characteristics of 1:1 matched Dataset
Factors Total (n = 258) LAG group (n =129) OG group (n =129) P-value
Age, median (IQR), years 71 (8) 70 (8) 71 (8) 0.836
Gender 0.882
Male 199 (77.1) 99 (76.7) 100 (77.5)

Female 59 (22.9) 30(23.3) 29 (22.5)
BMI, mean (SD) (kg/m?) 22.82 (3.00) 22.61 (2.84) 23.02 (3.15) 0.273
Albumin, median (IQR) (/L) 38.1 (5.73) 37.6 (5.90) 38.5 (5.65) 0.773
Hemoglobin, median (IQR), (g/L) 121.5 (28.25) 120 (28.5) 123 (27.5) 0.524
NRS2002 median, (IQR) 2 (1) 2(2) 2(1) 0.575
ASA grade 0.254
I 20 (7.8) 12 (9.3) 8(6.2)

1I 195 (75.5) 98 (76.0) 97 (75.2)

I 43 (16.7) 19 (14.7) 24 (18.6)

Charlson comorbidity index 0.128
0 170 (65.9) 79 (61.2) 90 (69.8)

1 59 (22.9) 33 (25.6) 28 (21.7)

>2 29 (11.2) 17 (13.2) 11 (8.5)
Previous abdominal surgery 0.528
Yes 25(9.7) 11(8.5) 14 (10.9)

No 233 (90.3) 118 (91.5) 115 (89.1)
Histologic type 0.171
Undifferentiated® 131 (50.8) 71 (55.0) 60 (46.5)

Differentiate” 127 (49.2) 58 (45.0) 69 (53.5)

Tumor location 0474
Upper one-third 42 (16.3) 19 (14.7) 23 (17.8)

Middle one-third 59 (22.9) 31 (24.0) 28 (21.7)

Lower one-third 143 (55.4) 69 (53.5) 74 (57.4)

Two-thirds or more 14 (54) 10 (7.8) 4 3.1

TNM stage 0. 461
I 108 (41.9) 51 (39.5) 57 (44.2)

I 68 (26.3) 35(27.2) 33 (25.6)

I 82 (31.8) 43 (33.3) 39 (30.2)

Type of resection 0.525
Subtotal gastrectomy 155 (60.1) 75 (58.1) 80 (62.0)

Total gastrectomy 103 (39.9) 54 (41.9) 49 (38.0)

Extent of node dissection 0.741
<D2 44 (17.1) 21 (16.3) 23 (17.8)

>D2 214 (82.9) 108 (83.7) 106 (82.2)

Combined resection 0.126
Yes 23(8.9) 8(6.2) 15(11.6)

No 235 (91.1) 121 (93.8) 114 (88.4)

Values in parentheses are percentages unless indicated otherwise

LAG laparoscopic-assisted radical gastrectomy, OG open radical gastrectomy, SD standard deviation, /OR interquartile range, BMI body mass index,

ASA American Society of Anesthesiologists

# Undifferentiated carcinomas include poorly differentiated adenocarcinomas, signet ring cell carcinomas, and mucinous carcinomas

® Differentiated carcinomas include well or moderately differentiated, tubular or papillary adenocarcinomas

Oncologic outcome

The survival curves for patients in LAG and OG group
are shown in Fig. 1. For patients in LAG group, the 1-
and 3-year OS rates were 89.5% and 70.1%. The 1- and 3-
year DFS rates were 88.6% and 67.0%. For patients in
OG group, the 1- and 3-year OS rates were 91.4% and
70.8%. The 1- and 3-year DFS rates were 90.7% and
69.5%. There was no significant difference in long-term
outcomes between two groups (OS: P = 0.864; DPS: P =
0.841).

Risk factors of total complications

Results of univariate and multivariate analyses for risk factors
of total postoperative complications in elderly patients with
gastric cancer were showed in Table 5. In univariate analysis,
BMI (P = 0.005), hypoalbuminemia (P = 0.017), anemia (P =
0.012), ASA grade (P = 0.006), and Charlson comorbidity
index (P = 0.008) were associated with postoperative compli-
cations. In the multivariate logistic regression analysis after
controlling for potential confounders, BMI (< 18.5; OR
3.994 (1.303-12.240); P = 0.015; > 24; OR 1.969 (1.048—
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Table 3  Short-term outcomes
Factors Total (n =258) LAG group (n = 129) OG group (n = 129) P
Total complications 65 (25.2) 28 (21.7) 37 (28.7) 0.197
Surgical complications 39 (15.1) 12 (9.3) 27 (20.9) 0.009*
Gastrointestinal dysﬁmction# 9(3.5) 1(0.8) 8(6.2) 0.036*
Wound infection 2(0.8) 0 (0.0) 2 (1.6) 0.498
Bleeding 9(3.5) 539 4(3.1) 1.000
Intra-abdominal abscess 9 (3.5) 32.3) 6 (4.7) 0.500
Anastomotic leakage 8 (3.1) 4(3.1) 4 (3.1) 1.000
Intestinal obstruction 1(0.4) 0(0.0) 1 (0.8) 1.000
Lymphorrhagia 2(0.8) 0(0.0) 2 (1.6) 0.498
Medical complications 30 (11.6) 18 (14.0) 12 (9.3) 0.244
Pneumonia 14 (5.4) 7(5.4) 7(5.4) 1.000
Pleural effusion 5(1.9) 2 (1.6) 3(2.3) 1.000
Pulmonary atelectasis 1(0.4) 0(0.0) 1(0.8) 1.000
Cardiac complications 4(1.6) 3(2.3) 1(0.8) 0.622
Venous thrombosis 1(04) 1(0.8) 0 (0.0) 1.000
Persistent hypoalbuminemia 5(1.9) 5@3.9) 0 (0.0) 0.060
Cerebral infarction 2(0.8) 1(0.8) 1 (0.8) 1.000
Urinary infection 1(0.4) 1(0.8) 0 (0.0) 1.000
Respiratory failure 1(0.4) 0(0.0) 1(0.8) 1.000
Infectious complications 36 (14.0) 15(11.6) 21 (16.3) 0.281
Non-infectious complications 32 (12.4) 16 (12.4) 16 (12.4) 1.000
Severe complications 35(13.6) 12 (9.3) 23 (17.8) 0.046*
Lymph nodes harvested, median (IQR), number 16 (7) 16 (8) 16 (7) 0918
Postoperative hospital stays, median (IQR) (days) 13(7) 13 (5.5) 14 (7) 0.001*
Costs, median (IQR) (yuan) 62123.19 (23004.47) 65458.48 (21208.95) 58719.07 (24987.8) 0.003*
Surgical durations, median (IQR) (min) 202.5 (66.5) 210 (64.5) 195 (56.5) <0.001*
Readmissions within 30 days of discharge 16 (6.2) 4@3.1) 12 (9.3) 0.039*

Values in parentheses are percentages unless indicated otherwise

LAG laparoscopic-assisted radical gastrectomy, OG open radical gastrectomy, /QR interquartile range

*Statistically significant (P < 0.05).
#Prolonged postoperative ileus and diarrhea

3.700); P = 0.035), anemia (OR 2.140 (1.175-3.897); P =
0.013) and ASA grade (> III, OR 2.392 (1.176-4.865); P =
0.016) remained as the independent risk factors for postoper-
ative complications after gastrectomy in elderly patients with
gastric cancer.

To compare risk factors of total complications in the
LAG and OG groups, subgroup analyses were performed
according to surgical approaches. In the LAG group,
anemia (OR 2.917 (1.160-7.338); P = 0.023), Charlson
comorbidity index (> 2, OR 5.336 (1.553-18.332); P =
0.008), and combined resection (OR 6.096 (1.165—
31.900); P = 0.032) were proven as independent risk
factors for total postoperative complications (Table 6).
In the OG group, BMI (< 18.5; OR 14.392 (1.515-
136.730); P = 0.020) and ASA grade (> III, OR 3.805
(1.412-10.251); P = 0.008) were demonstrated to be
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independent factors associated with total postoperative
complications (Table 7).

Discussion

In the coming decades, it is expected that the worldwide pop-
ulation of patients with gastric cancer will continue to grow,
especially in East Asia, Eastern Europe, and South America,
where the number of elderly patients diagnosed with gastric
cancer is expected to increase [24]. Although some elderly
patients with gastric cancer have no obvious comorbidity,
their mortality risk, postoperative complication rate, and
length of hospital stay are expected to increase in comparison
to young patients [25, 26]. In addition, for patients with gastric
cancer aged > 70 years, the risk of death increases by 10% for
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Table 4  Subgroup analysis based on age
Factor 6575 years Older than 75 years
Total LAG(n=92) OGn=97) P Total (n=69) Ic (n=37) Non-lc P
(n=189) (n=32)
Total complications 43 (22.8) 18 (19.6) 25(25.8) 0309 22(31.9) 10 (27.0) 12 (37.5) 0.352
Surgical complications 29 (15.3) 9 (9.8) 20 (20.6) 0.039" 10 (10.5) 3(8.1) 7(21.9) 0.202
Medical complications 18 (9.5) 11 (12.0) 7(7.2) 0267 12(17.4) 7 (18.9) 5(15.6) 0.719
Infectious complications 23 (12.2) 10 (10.9) 13 (13.4) 0.595 13 (18.8) 5(13.5) 8 (25.0) 0.224
Non-infectious complications 22 (11.6) 10 (10.9) 12 (12.4) 0.748 10 (14.5) 6(16.2) 4.(12.5) 0.925
Severe complications 26 (13.8) 8 (8.7) 18 (18.6) 0.049" 9 (13.0) 4(10.8) 5(15.6) 0.815
lymph nodes harvested, median 17 (9) 16.5 (9) 17 (7.5) 0461 15(5) 15 (6) 15 4) 0.227
(IQR), number
Postoperative hospital stays, median 13 (6.5) 12 (5.75) 14 (7) 0.144 13 (7) 13 (7.5) 14 (7.75) 0.370
(IQR), days
Costs, median (IQR), yuan 208 (60) 214 (54.75) 195 (65) 0.008" 198 (68) 200 (82.5) 195 (45) 0.129
Surgical durations, median (IQR), 61416.2 65314.7 58066.3 0.070 64704.9 68361.3 62772.1 0.103
minutes (22215.5) (20893.1) (23405.0) (26727.6) (32635.1) (30410.6)
Readmissions within 30 days of 12 (6.3) 4(4.3) 8(8.2) 0272 4(5.8) 0 (0) 4(5.8) 0.089
discharge

Values in parentheses are percentages unless indicated otherwise

LAG, laparoscopic-assisted radical gastrectomy; OG, open radical gastrectomy; /QOR, interquartile range

* Statistically significant (P < 0.05)

every l-year increase in age [27]. Therefore, surgeons often
recommend localized surgery for elderly patients with gastric
cancer in order to reduce the incidence of postoperative
complications.

Nowadays, laparoscopic-assisted radical gastrectomy is be-
coming well known, and studies have confirmed that
laparoscopic-assisted radical gastrectomy with D2 lymph
node dissection performed by experienced surgeons is safe
and effective [28, 29]. Since laparoscopic-assisted surgery is
relatively less traumatic, elderly patients with gastric cancer
may be able to benefit from its minimal invasion. However,
whether these benefits equally apply to elderly patients remain

Fig. 1 Kaplan—Meier curves for

Overall survival

to be determined. One problem in laparoscopic-assisted radi-
cal gastrectomy is that it requires carbon dioxide pneumoperi-
toneum, which can be harmful to elderly patients. In addition,
elderly patients with gastric cancer have more comorbidities
and reduced physical functions, indicating that they may suf-
fer from higher incidence of complications and death postop-
eratively [30]. Several recent multicenter clinical trials have
reported conflicting results regarding the effects of age on the
outcomes of laparoscopic-assisted radical gastrectomy.
Therefore, the applicability of laparoscopic-assisted radical
gastrectomy for elderly patients with gastric cancer is still
not well clarified.

Disease-free survival

overall survival and disease-free
survival, according to the
laparoscopy-assisted gastrectomy
and open gastrectomy
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Table 5 Univariate and multivariate logistic regression analysis of risk factors for total postoperative complications

Factors Univariate analysis Multivariate analysis
Case with complication (%) P OR (95% CI) P

Gender 0.698

Male/Female 49 (24.6)/16 (27.1)
BMI 0.005*

<185 8 (53.3) 3.994 (1.303-12.240) 0.015*
18.5-24 31 (19.5)

>24 26 (31.0) 1.969 (1.048-3.700) 0.035*
Hypoalbuminemia 0.017*

Yes/No 23 (36.5)/42 (21.5)
Anemia 0.012%

Yes/No 34 (33.7)/31 (19.7) 2.140 (1.175-3.897) 0.013*
NRS 2002 0.307

>3/<3 20 (29.9)/45 (23.6)
ASA grade 0.006*

AL T 18 (41.6)/47 (21.9) 2.392 (1.176-4.865) 0.016*
Charlson comorbidity index 0.008%*

0 34 (20.1)

1 20 (32.8)

>2 11 (39.3)
Previous abdominal surgery 0.190

Yes/No 9 (36.0)/56 (24.0)
Histologic type 0.251

Undifferentiated/Differentiated 29 (22.1)/36 (28.3)
Tumor location 0.131

Upper one-third 13 (31.0)

Middle one-third 9(15.3)

Lower one-third 41 (28.7)

Two-thirds or more 2 (14.3)
TNM stage 0.971

1 26 (24.1)

I 20 (29.4)

I 19 (23.2)
Extent of node dissection 0.427

>D2/< D2 56 (26.2)/9 (30.5)
Type of resection 0372

Total/Subtotal 29 (28.2)/36 (23.2)
Combined resection 0.267

Yes/No 8 (34.8)/57 (24.3)
Laparoscopic-assisted surgery 0.197

Yes/No

28 (21.7)/37 (28.7)

OR odds ratio, CI confidence interval, BMI body mass index, ASA American Society of Anesthesiologists, TNM tumor—node—metastasis

*Statistically significant (P < 0.05)

This study utilized propensity score matching analysis
method to overcome the bias in clinical data, balance the
baseline data of each variable between the two groups, and
obtain more reliable results [31, 32]. Based on the results of
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this study, prior to the propensity score matching analysis,
differences in age, TNM stage, NRS2002 score, ASA grade,
and preoperative serum albumin were observed between two
groups. However, after the propensity score matching
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Table 6 Univariate and multivariate logistic regression analysis of risk factors for total postoperative complications after laparoscopic-

assisted distal gastrectomy

Factors Univariate analysis Multivariate analysis
Case with complication (%) P OR (95% CI) P

Gender 0.796

Male/Female 22 (22.2)/6 (20.0)
BMI 0.127

<185 3(33.3)

18.5-24 13 (16.0)

>24 12 (30.8)
Hypoalbuminemia 0.012%

Yes/No 12 (37.5)/16 (16.5)
Anemia 0.007*

Yes/No 17 (34.0)/11 (13.9) 2917 (1.160-7.338) 0.023*
NRS 2002 0.147

>3/<3 13 (28.9)/15 (17.9)
ASA grade 0.560

/LI 5(26.3)/23 (20.9)
Charlson comorbidity index 0.003*

0 11 (13.9)

1 9(27.3)

>2 8 (47.1) 5.336 (1.553-18.332) 0.008*
Previous abdominal surgery 0.703

Yes/No 3(27.3)25(21.2)
Histologic type 0.301

Undifferentiated/Differentiated 13 (18.3)/15 (25.9)
Tumor location 0.540

Upper 1/3 4 (21.1)

Middle 1/3 5(16.1)

Lower 1/3 18 (26.1)

2/3 or more 1(10.0)
TNM stage 0.644

1 9 (17.6)

I 10 (28.6)

I 9 (20.9)
Extent of node dissection 1.000

>D2/< D2 24 (22.2)/4 (19.0)
Type of resection 0.156

Total/Subtotal 15 (27.8)/13 (17.3)
Combined resection 0.012*

Yes/No 5(62.5)/23 (19.0) 6.096 (1.165-31.900) 0.032*

OR odds ratio, CI confidence interval, BMI body mass index, ASA American Society of Anesthesiologists, 7NM tumor—node—metastasis

*Statistically significant (P < 0.05)

analysis, the difference disappeared between two groups.
These observations suggest that the general information after
matching is more uniform and comparable.

Compared with open gastric cancer surgery,
laparoscopic-assisted radical gastrectomy is characterized
by its longer operation time [33], which is due to the lack

of tactile sensation and longer time to conduct delicate
operations in a narrow space and clean a series of lymph
nodes during laparoscopic surgery. In addition, the sur-
geon’s experience, the size and malignancy of the tumor,
and the complexity of the abdominal cavity during lapa-
roscopic surgery also lead to the extension of surgery time
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Table 7  Univariate and multivariate logistic regression analysis of risk factors for total postoperative complications after open distal gastrectomy

Factors Univariate analysis Multivariate analysis
Case with complication (%) P OR (95% CI) P

Gender 0.433

Male/Female 27 (27.0)/10 (34.5)
BMI 0.006*

<185 5(83.3) 14.392 (1.515-136.730) 0.020%*
18.5-24 18 (23.1)

> 24 14 (31.1)
Hypoalbuminemia 0.337

Yes/No 11 (35.5)/26 (26.5)
Anemia 0.345

Yes/No 17 (33.3)/20 (25.6)
NRS 2002 0.721

>3/<3 7 (31.8)/30 (28.0)
ASA grade 0.002°*

MI/ILI 13 (54.2)/24 (22.9) 3.805 (1.412-10.251) 0.008*
Charlson comorbidity index 0.292

0 23 (25.3)

1 11(39.3)

>2 3 (30.0)
Previous abdominal surgery 0.224

Yes/No 6 (42.9)/31 (27.0)
Histologic type 0.637

Undifferentiated/Differentiated 16 (26.7)/21 (30.4)
Tumor location 0.231

Upper one-third 9(39.1)

Middle one-third 4(14.3)

Lower one-third 23 (31.1)

Two-thirds or more 1(25)
TNM stage 0.688

1 17 (29.8)

I 10 (30.3)

11 10 (25.6)
Extent of node dissection 0417

>D2/< D2 32 (30.2)/5 (21.7)
Type of resection 0.983

Total/Subtotal 14 (28.6)/23 (28.7)
Combined resection 0.552

Yes/No 3 (20)/34 (29.8)

OR odds ratio, CI confidence interval, BMI body mass index, ASA American Society of Anesthesiologists, TNM tumor—node—metastasis

*Statistically significant (P < 0.05)

[7, 34]. Kitano et al. have reported that the average length
of laparoscopic gastric cancer surgery is 271 min, which
is longer than the average length of traditional open gas-
tric cancer surgery [35]. The results of the current study
found that the median operative time of laparoscopic-
assisted radical gastrectomy was 210 min, while the

@ Springer

median operative time of open radical gastrectomy was
195 min, which were statistically different from each oth-
er and consistent with the results of earlier studies.
Studies have also found that the operation time of
laparoscopic-assisted surgery is gradually decreasing and
may be shorter than traditional open surgery in the future.
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Elderly patients with gastric cancer are often associated
with comorbidities such as diabetes, chronic obstructive pul-
monary disease, heart disease, arthritis, and hypertension; all
of which can affect the surgical outcomes and long-term sur-
vival [36]. The results of present study showed that the pro-
portion of elderly patients with gastric cancer who had preop-
erative comorbidities was 34.1%, and the most common co-
morbidity was respiratory disease. It has been reported that the
probability of incision problems, intestinal obstruction, or re-
spiratory complications after laparoscopic-assisted radical
gastrectomy is higher in patients with preoperative cardiopul-
monary function-related comorbidities [37]. This may be re-
lated to the requirement of carbon dioxide pneumoperitoneum
during laparoscopic-assisted surgery. On one hand, laparo-
scopic pneumoperitoneum increases the pressure inside the
abdominal cavity. On the other hand, the abdominal cavity
absorbs a large amount of carbon dioxide into the circulation
system, resulting in a series of hemodynamic changes.
Therefore, elderly patients with gastric cancer who also have
respiratory dysfunction may suffer from hypercapnia, acido-
sis, and respiratory-related complications after laparoscopic-
assisted radical gastrectomy. As a result, some doctors suggest
using low-pressure pneumoperitoneum or laparoscopic sur-
gery without gas generation for elderly patients with cardio-
pulmonary comorbidities [38].

The incidence of postoperative complications in
laparoscopic-assisted radical gastrectomy is between 11.0
and 25.3% [39, 40]. Results from the current study showed
that the incidence of postoperative complications in elderly
patients who underwent laparoscopic-assisted radical gastrec-
tomy was 21.7%. Especially, the incidence of postoperative
surgical complications and severe complications after
laparoscopic-assisted radical gastrectomy was significantly
lower than those of open radical gastrectomy. Results from
this study also showed that after laparoscopic-assisted radical
gastrectomy, the length of hospital stays significantly short-
ened and readmission rate significantly decreased. However,
hospital costs increased, which is likely caused by higher
prices of laparoscopic surgery relative to open surgery.
Overall, these results demonstrated that the applicability of
laparoscopic-assisted radical gastrectomy was safe and effec-
tive for elderly patients with gastric cancer. In addition, in our
study, laparoscopic-assisted radical gastrectomy was conduct-
ed mostly on advantaged stages of gastric cancer among the
elderly population. So future studies may focus on the effect
of laparoscopic-assisted radical gastrectomy on elderly pa-
tients with advantaged gastric cancer. Moreover, the preven-
tion of complications can extend their postoperative survival
time [41]. At last, the result of oncologic outcomes also sug-
gested that laparoscopic-assisted radical gastrectomy was not
inferior to open surgery in terms of long-term outcomes.

The results of the current study showed that pneumonia,
bleeding, and hypoproteinemia were the most common

complications experienced by elderly patients with gastric
cancer after laparoscopic-assisted radical gastrectomy.
Pneumonia is especially common. A meta-analysis reported
that the probability of lung-related complications following
laparoscopic-assisted radical gastrectomy was lower com-
pared with open radical gastrectomy. This may be due to the
smaller incision of laparoscopic surgery. Small incision can
cause less pain, and thus, patients can leave bed and exercise
earlier, which helps prevent atelectasis and pneumonia caused
by long-term bedrest [42].

Risk factors for total postoperative complications in the
LAG group were different from those in the OG group.
Factors such as anemia, Charlson comorbidity index,
BMI, and ASA grade were found to be significant in the
LAG group or OG group. These factors were all related to
patient’s physical status. In addition, factor related to
technical difficulty such as combined resection was found
to be significant in the LAG group. More emphasis should
be placed on patients with these risk factors for total post-
operative complications. When performing surgical proce-
dures in elderly patients, especially when attempting
laparoscopic-assisted radical gastrectomy, the authors rec-
ommend selecting patients carefully.

This study has some limitations. First, although the overall
sample size was large, the sample size after using the propen-
sity score matching analysis was relatively small. Therefore,
the applicability and effectiveness of laparoscopic-assisted
radical gastrectomy in elderly patients with gastric cancer re-
quire further confirmation with future randomized controlled
studies. Second, due to the limited duration, this study did not
analyze the 5- or 10-year outcomes, or postoperative therapy.
Future studies are required to extend the follow-up time to
explore the long-term prognosis.

In conclusion, through the analysis of the propensity score
matching, laparoscopic-assisted radical gastrectomy was rela-
tive safe even effective in elderly gastric cancer patients,
which can decrease postoperative surgical complication and
severe complication rate, shorten the length of hospital stay,
and decrease the rate of readmission after discharge. In the
population of elderly gastric cancer patients, anemia,
Charlson comorbidity index, and combined resection were
independent risk factors for total postoperative complications
after laparoscopic-assisted radical gastrectomy, while BMI
and ASA grade were independent factors for total postopera-
tive complications after open radical gastrectomy.
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