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Abstract
Laparoscopy-assisted distal gastrectomy (LADG) is widely used for gastric cancer (GC) patients nowadays. This study aimed to
investigate the time trend of outcomes so as to describe the learning curve for GC patients with LADG at a single medical institution in
western China over a 6-year period.
A total of 246 consecutive GC patients with LADGwere divided into 5 groups (group A: 46 patients from 2006 to 2007; group B: 47

patients in 2008; group C: 49 patients in 2009; group D: 73 patients in 2010; and group E: 31 patients in 2011). All surgeries were
conducted by the same surgeon. Comparative analyses were successively performed by Mann–Whitney U test or Student t test
among the 5 different groups for the clinical data, including clinicopathologic characteristics, surgical parameters, postoperative
course, and survival outcomes, through which the learning curve was described.
There were no differences in the baseline information among the 5 groups (P>0.05), and the proportion of advanced GC patients

with LADG slightly increased from 58.7% to 77.4% during the 6 years. Besides, the proportion of D2/D2+ lymphadenectomy and the
number of retrieved lymph nodes gradually grew from 60.9% to 80.6% and from 20.0 to 28.8, respectively. In addition, the operation
time decreased from 299.2 to 267.8 minutes, while the estimated blood loss dropped from 175.2 to 146.8mL. Furthermore, some
surgical parameters (surgical duration and blood loss) and postoperative course (such as postoperative complications, the time to
ambulation, to first flatus, and to first liquid intake as well as the length of hospital stay) were all observed to be significantly different
between group A and other groups (P<0.05), illustrating a similar downward trend and remaining stable to form a plateau after 46
cases in group A. However, no difference on overall survival was found among these 5 groups, andmultivariate analysis indicated that
factors, such as age, tumor differentiation, tumor size, and T stage as well as N stage, were independent prognostic factors for
patients with LADG.
Improvement on surgical parameters and postoperative course can be seen over the past years, and the cutoff value of the learning

curve of LADG for surgeons with rich experience in open operation might be 46 cases.

Abbreviations: GC = gastric cancer, LADG = laparoscopy-assisted distal gastrectomy, OS = overall survival.
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1. Introduction

With the development of advanced laparoscopic instrument,
improved techniques, and accumulated experience of laparo-
scopic surgery as well, laparoscopy-assisted distal gastrectomy
Editor: Emmanuel Melloul.

L-YZ and W-HZ contributed equally to the article.

Funding sources: Domestic support from (1) National Natural Science Foundation of C
Technology Innovative Research Team (no. 2015TD0009); (3) 1.3.5 project for discipli

The authors have no conflicts of interest to disclose.

Supplemental Digital Content is available for this article.
a Department of Gastrointestinal Surgery, West China Hospital, Sichuan University, b La
Innovation Center of Biotherapy, West China Hospital, cWest China School of Medicin
∗
Correspondence: Prof Jian-Kun Hu, Department of Gastrointestinal Surgery, and Lab

Hospital, Sichuan University, No. 37 Guo Xue Xiang Street, Chengdu 610041, Sichuan

Copyright © 2016 the Author(s). Published by Wolters Kluwer Health, Inc. All rights re
This is an open access article distributed under the terms of the Creative Commons A
tweak, and build upon the work non-commercially, as long as the author is credited a

Medicine (2016) 95:37(e4875)

Received: 18 March 2016 / Received in final form: 22 August 2016 / Accepted: 24 Au

http://dx.doi.org/10.1097/MD.0000000000004875

1

(LADG) has nowadays become a widely used procedure of choice
for patients with gastric cancer (GC) located in the lower third of
stomach in the Eastern countries, especially in Japan, Korea, and
China,[1–6] where there is a high prevalence of GC.[7,8] The
benefits of LADG, such as better visualization, less-estimated
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blood loss, lower complication rate, shorter length of
hospital stays,[10,11] and better survival outcomes[1,6] have been
well documented. In addition to being safe and technically
feasible, LADG has been demonstrated in several studies to yield
acceptable oncologic outcomes, not only for early GC
patients,[3,9,10,12] but also for those who were with advanced
GC.[4–6,11,13,14]

However, the fact is that, though LADG is regarded as an
acceptable choice and feasible technique for treating GC,
previous findings relating to tumor features, surgical parameters,
survival outcomes, and learning curve vary from study to study.
Even so, there are few studies which reported time-related trend
on tumor features and survival prognosis in Chinese patients with
GC.[15,16] Therefore, this study was conducted to investigate the
time trend of clinicopathologic characteristics, surgical param-
eters, postoperative course as well as survival outcomes, and to
evaluate the learning curve, with the aim of further identifying the
safety and feasibility of LADG for resectable GC patients at a
single medical institution in western China.
Figure 1. The flowchart of patients enrolled in this study.
2. Patients and methods

2.1. Patients

The West China Hospital Research Ethics Committee approved
the retrospective analysis of anonymous data involved in this
study. Patient records were anonymized and deidentified before
analysis, and signed patient informed consent was waived as per
the committee approval because it was a retrospective analysis.
From January 2006 to June 2011, a total of 276 consecutive

patients with GC who received LADG at the Department of
Gastrointestinal Surgery, West China Hospital, were retrospec-
tively evaluated in this study. The diagnosis of gastric adenocarci-
noma for all patients was confirmed by upper endoscopy and
biopsy. Patients were excluded if they had any of the following
situations: pathological examination confirmed that they had not
received R0 resection,[17] a curative resection with negative
residual margins; with any preoperative chemotherapy or
radiotherapy; with another malignancy or any other life-
threateningdiseases diagnosedduring3years before the operation;
and with surgical findings of distant metastasis.[18] Finally, 246
patients were enrolled in this study as shown in Fig. 1.

2.2. Clinicopathologic characteristics analysis

Thepatients’ clinicopathologic features (suchasage, gender, tumor
size, tumor location, differentiation, T stage, N stage, and TNM
stage),[18] surgical parameters (such as lymphadenectomy, recon-
struction types, mean number of retrieved lymph nodes, surgical
duration, and estimated blood loss), postoperative course (time to
ambulation, time to first flatus, time to first liquid intake and
postoperative stay, surgical postoperative complications including
morbidity and mortality which were recorded according to the
Clavien–Dindo classification),[19] and survival outcomes as well
were included in the data and analyzed in this study. Tumor size
was divided into 3 subgroups by the cutoff points, 2.5 and 4.5cm,
produced by X-tile with the strongest discriminatory capacity
(figure S1, http://links.lww.com/MD/B266).

2.3. Treatment

All patients underwent LADG with D1, D1+, D2, or D2+
lymphadenectomy for GC, defined by the Japanese Classification
of Gastric Carcinoma.[17] Billroth I, Billroth II, or Roux-en-Y
2

anastomosis with hand-sewn or mechanical staples was used to
reconstruct the digestive tract after distal subtotal gastrectomy
according to surgeon’s preference. All the operations were
conducted by a surgeon who is specialized in gastrointestinal
surgery, with abundant experience in open surgery. The surgeon
intended to perform D2 lymphadenectomy routinely, but D1 was
conducted only when the depth of invasion was less than T2
without lymph nodes metastasis through preoperative evalua-
tion. The patient was placed in the reverse Trendelenburg
position with the 2 legs apart, and the operator stood on the right
side of the patient. Five abdominal trocar ports were used: 2 left
5-mm assistant ports, 2 right operator ports (5-mm upper and 12-
mm lower port), and 1 umbilical port for laparoscope insertion.
Lymphadenectomy was performed intracorporeally with lapa-
roscope, while the anastomosis and reconstruction were
performed extracorporeally through a minilaparotomy with a
5- to 6-cm midline upper abdominal incision at the epigastrium.
With pneumoperitoneum of 12 to 14mm Hg, gastric dissection
was started by dividing the greater omentum and by moving
toward the left gastroepiploic area. After completing perigastric
lymph nodes dissection, the duodenum was transected using
endoscopic linear staplers intracorporeally, whereas the distal
two-thirds of the stomach were then resected using a linear
stapler extracorporeally.

2.4. Follow-up and survival

All patients, after undergoing laparoscopy-assisted resection of
GC, were periodically followed up by outpatient visits, telephone
interviews, and letters as well. Overall survival (OS) was the
primary end point and the survival time was calculated from the
date of operation to the date of death or the last follow-up time,
June 2016. Patients who were lost to the long-term follow-up
were also recorded and the main reasons for follow-up losses
were patients’ refusal to the outpatients visit and changed contact
address or telephone numbers. Of the 246 patients, 233 (94.7%)
were followed up.

2.5. Statistical analysis

Data were presented as mean± standard deviation for continuous
variables and as numbers (%) for categorical variables.
Chi-square test in the SPSS version 19.0 for windows (SPSS,

http://links.lww.com/MD/B266


Table 1

Clinicopathologic characteristics of GC patients who underwent LADG from 2006 to 2011 (n, %).

Factors
Group A 2006–2007

(N=46)
Group B 2008

(N=47)
Group C 2009

(N=49)
Group D 2010

(N=73)
Group E 2011

(N=31)
Total

(N=246) P

Age, y 0.302
<60 29 (63) 31 (66) 39 (80) 53 (73) 19 (61) 171 (70)
≥60 17 (37) 16 (34) 10 (20) 20 (27) 12 (39) 75 (30)

Gender 0.817
Male 30 (65) 32 (68) 30 (61) 50 (69) 18 (58) 160 (65)
Female 16 (35) 15 (32) 19 (39) 23 (31) 13 (42) 86 (35)

Tumor size, cm 0.117
0–2.5 18 (39) 17 (36) 19 (39) 28 (38) 8 (26) 90 (37)
2.5–4.5 18 (39) 19 (40) 11 (22) 15 (21) 11 (35) 74 (30)
>4.5 10 (22) 11 (24) 19 (39) 30 (41) 12 (39) 82 (33)

Macroscopic type 0.443
Types 0–2 29 (63) 25 (53) 23 (47) 34 (47) 15 (48) 126 (51)
Types 3–4 17 (37) 22 (47) 26 (53) 39 (53) 16 (52) 120 (49)

Tumor differentiation 0.073
Well and moderately 10 (22) 15 (32) 20 (41) 32 (44) 15 (48) 92 (37)
Poorly/undifferentiated 36 (78) 32 (68) 29 (59) 41 (56) 16 (52) 154 (63)

Cross-sectional location 0.736
Lesser curvature 23 (50) 24 (51) 26 (53) 35 (48) 13 (42) 121 (49)
Greater curvature 7 (15) 8 (17) 8 (16) 11 (15) 6 (19) 40 (16)
Anterior/posterior wall 11 (24) 10 (21) 9 (18) 15 (21) 6 (19) 51 (20)
≥2 walls 5 (11) 5 (11) 6 (12) 12 (16) 6 (13) 34 (14)

Adjuvant chemotherapy 0.558
Present 19 (41) 20 (43) 22 (45) 39 (53) 17 (55) 117 (48)
Absent 27 (59) 27 (57) 27 (55) 34 (47) 14 (45) 129 (52)

T stage 0.137
pT1 19 (41) 22 (47) 14 (29) 18 (25) 7 (23) 80 (33)
pT2 16 (35) 12 (26) 21 (42) 26 (36) 11 (35) 86 (35)
pT3 11 (24) 13 (27) 14 (29) 29 (39) 13 (42) 80 (33)

N stage 0.054
pN0–N1 27 (59) 26 (55) 19 (39) 27 (37) 11 (35) 110 (45)
pN2–N3 19 (41) 21 (45) 30 (61) 46 (63) 20 (65) 136 (55)

pTNM stage 0.052
I 5 (11) 8 (17) 9 (18) 18 (25) 7 (23) 47 (19)
II 26 (56) 22 (47) 32 (65) 42 (57) 18 (54) 140 (57)
III 15 (33) 17 (36) 8 (16) 13 (18) 6 (23) 59 (24)
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Inc., Chicago, IL) was performed to evaluate differences in
proportions, whereas Mann–Whitney U test and student t test
were applied to analyze continuous variables. X-tile program
(Version 3.1.2, Yale University, USA) was used to calculate the
optimal cutoff points for tumor size using minimum P value from
log-rank x2 statistics. Univariate and multivariate survival
analyses were performed by Cox proportional hazard regression
model with conditional backward stepwise in the SPSS version
19.0. The OS rates were calculated using the Kaplan–Meier
method, with subgroups compared by the log-rank test through
GraphPad Prism 5. A P value of<0.05 (2-sided) was defined to be
statistically significant.

3. Results

3.1. Clinicopathologic characteristics of patients

A total of 246 consecutive patients with GC were divided into 5
groups (group A: 46 patients from 2006 to 2007; group B: 47
patients in 2008; group C: 49 patients in 2009; group D: 73
patients in 2010; and group E: 31 patients in 2011) according to
the time they received LADG. Clinicopathologic characteristics
of patients are summarized by each group from 2006 to 2011 in
Table 1. There was no significant difference between these 5
groups in terms of various clinicopathologic characteristics, such
3

as age, gender, tumor size, tumor location, macroscopic type,
tumor differentiation, cross-sectional location, adjuvant chemo-
therapy, T stage, N stage, and TNM stage, so that the baseline
between these groups was balanced. There were 160 male and 86
female GC patients with a mean age of 54.5 years, and it revealed
a slight increase in tumor size from 3.9cm in 2006 to 4.4cm in
2011. Besides, the proportion of macroscopic types 3 to 4 grew
from 37.0% to 53.4%, whereas types 0 to 2 fell from 63.0% in
2006 to 48.3% in 2011. Tumor was more likely to be located at
the lesser curvature (49%), and there was no obvious changing in
terms of years. In addition, in terms of T stage, it presented a
decreasing tendency for patients with stage T1, while there were
an increasing number of patients who were postoperative
pathologically diagnosed in stage T3 and received adjuvant
chemotherapy, which means the proportion of advanced GC
patients with LADG was increasing from 58.7% in 2006 to
77.4% in 2011. It also revealed that patients with stages N0 and
N1 had a downward trend, but patients with stages N2 and N3
increased from 41.3% in 2006 to 64.5% in 2011.
3.2. Surgical parameters and postoperative course

As it can be seen in Table 2, of the 246 patients in this study,
Billroth II reconstruction after gastrectomy was performed on

http://www.md-journal.com


Table 2

Surgical parameters and postoperative course of patients underwent LADG from 2006 to 2011 (n, %).

Factors
Group A 2006–2007

(N=46)
Group B 2008

(N=47)
Group C 2009

(N=49)
Group D 2010

(N=73)
Group E 2011

(N=31)
Total

(N=246) P

Reconstruction type 0.452
Billroth I 4 (9) 6 (13) 9 (18) 6 (8) 2 (6) 27 (11)
Billroth II 25 (54) 18 (51) 22 (45) 40 (55) 18 (58) 123 (50)
Roux-en-Y 17 (37) 23 (36) 18 (37) 27 (37) 11 (36) 96 (39)

Lymphadenectomy
∗

0.098
D1/D1+ 18 (39) 14 (30) 10 (20) 14 (19) 6 (19) 62 (25)
D2/D2+ 28 (61) 33 (70) 39 (80) 59 (81) 25 (81) 184 (75)

No. of retrieved lymph nodes
mean±SD 20.0±8.9 28.8±11.8 29.1±10.1 31.2±11.3 30.5±12.1 28.8±11.7 0.271
median (range) 19 (15–26) 27 (17–38) 29 (19–39) 30 (18–42) 31 (17–43) 29 (15–42)

Surgical duration, min
mean±SD 299±66 272±63 269±52 271±60 268±45 278±69 0.197
median (range) 292 (260–310) 267 (230–305) 262 (225–290) 262 (210–280) 263 (205–285) 264 (210–310)

Estimated blood loss, mL
mean±SD 185±63 145±65 146±54 145±61 147±48 154±64 0.245
median (range) 170 (140–260) 150 (120–240) 145 (110–225) 140 (100–210) 145 (95–190) 145 (100–260)
Total complication 18 (39) 10 (21) 10 (20) 15 (21) 6 (19) 59 (22) 0.865
Morbidity 17 10 10 15 6 55
Mortality 1 0 0 0 0 4

Time to ambulation, d
mean±SD 3.7±1.3 3.2±1.6 3.1±1.5 2.9±1.2 3.0±1.4 3.1±1.8 0.689
median (range) 4 (2–8) 4 (2–6) 3 (2–5) 3 (2–5) 3 (2–7) 3 (2–8)

Time to first flatus, d
mean±SD 4.9±1.2 4.0±1.7 3.9±1.4 3.8±1.3 4.1±1.4 4.1±1.6 0.665
median (range) 4.5 (2–6) 5 (2–7) 4 (2–7) 5 (2–7) 4 (2–7) 5 (2–7)

Time to first liquid intake, d
mean±SD 6.7±2.2 5.9±2.1 5.9±2.3 5.8±2.4 5.9±2.2 5.9±2.5 0.731
median (range) 7 (3–10) 6 (3–10) 6 (2–8) 5 (2–7) 6 (2–7) 6 (210)

Postoperative stay, d
mean±SD 11.0±5.2 10.1±4.8 10.2±5.4 9.9±4.1 10.2±4.4 10.3±6.3 0.675
median (range) 12 (9–14) 11 (8–14) 10 (9–13) 10 (9–13) 10 (9–12) 10 (8–14)

∗
Lymphadenectomy: lymph nodes dissection degree, which was according to the Japanese gastric cancer treatment guidelines 2010 (version 3).

SD = standard deviation.
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123 patients (50.0%), while Roux-en-Y anastomosis was
conducted on 96 patients (39.0%). The total percentages of
D1/D1+ and D2/D2+ lymphadenectomy of the 6 years were
25.2% and 74.8%, respectively. In addition, the proportion of
Figure 2. Time trend of clinicopathologic characteristic

4

patients with D2/D2+ lymphadenectomy gradually grew from
60.9% in 2006 to 80.6% in 2011 (Fig. 2A). Besides, the mean
number of retrieved lymph nodes was 28.6, growing up abruptly
from 20.0 in 2006 to 28.8 in 2007, and then with a slight
s and surgical parameters for patients with LADG.



Figure 3. Time trend of postoperative course for patients with LADG.
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increase, reaching 30.5 in 2011 (Fig. 2C). However, the surgical
duration decreased from 299.2 minutes in 2006 to 267.8 minutes
in 2011 (Fig. 2B and figure S2, http://links.lww.com/MD/B266).
Likewise, the estimated blood loss dropped from 175.2mL in
2006 to 146.8mL in 2011, being significantly different between
groups A and B (P=0.011), but without any significant difference
in the comparison of groups B, C, D, and E (P=0.218), indicating
that it reached a plateau in 2008 after a decreasing trend in 46
cases from 2006 to 2007 (Fig. 2D and figure S2, http://links.lww.
com/MD/B266).
The same trend could be found in postoperative course in

Table 2. The 6 years witnessed a stable decline in the
postoperative complications from 39.1% to 19.4%. The list
of detailed postoperative complications and Clavien–Dindo
classification are shown in table S1, http://links.lww.com/MD/
B266. There was only 1 patient who died postoperatively in
group A because of anastomotic leakage combined with
pulmonary infection and intra-abdominal infection. Figure 3
demonstrated that the time to ambulation, the time to first
flatus, and the time to first liquid intake during the 6 years
declined from 3.7 to 3.0 days, from 4.9 to 4.1 days, and from
6.7 to 5.9 days, respectively, and there seemed to be a plateau
after a sharp decline from 2006 to 2008. Furthermore, a
decreasing time that patients with LADG spent on postoperative
stay could be easily noticed, from 11.0 days in 2006 to 10.2 days
in 2011.

3.3. Prognosis of patients and independent prognostic
factors

At the time of the last follow-up (June 10, 2016), 160 patients
were alive, while 73 patients were dead with 13 patients being
lost to follow-up. The median length of follow-up was 66
(range, 1–98) months for all patients. Cox regression analyses in
Table 3 showed that age, tumor differentiation, tumor size, and
T stage as well as N stage were significantly independent
prognostic factors, while gender, reconstruction type, cross-
sectional location, lymphadenectomy, and year of operation
were not independently associated with the survival prognosis.
Furthermore, the survival curves for each factor mentioned
above were shown in Figs. 4 and 5, and subgroups were
compared by log-rank test.
5

4. Discussion

LADG, as a minimally invasive surgical approach, has gained
increasing popularity since it was introduced in the surgical
treatment for GC by Kitano et al[20] in the early 1990s. This study
investigated our hospital experience with resectable GC patients
who underwent LADG over a 6-year period, from the year 2006
to 2011. First of all, despite no significant difference among the
5 groups, a slight increasing proportion of advanced GC patients
with LADG was found in our study due to the development of
surgeon’s accumulated experience, and because of the safety and
feasibility confirmed by previous studies, which resulted in the
expansion of operative indication for GC patients.[4,5,11,14]

Normally, patients in advanced stage featured with more
aggressive tumor behavior than those in early stage, which
might be the reason why tumor size was increasing and the
proportion of early macroscopic type was decreasing during the 6
years in this study.
Debate on the lymphadenectomy in surgical treatment for GC

has been existing for decades, and no consensus has reached by
far between the Western and Eastern countries. In the Western
countries, D2 lymph node dissection is regarded as a recom-
mended, but not required, procedure despite its contribution to
accurate staging of the disease, given that several large
randomized trials conducted in the Western countries failed to
demonstrate a significant survival benefit for D2 over D1
lymphadenectomy.[21,22] However, in eastern Asia, gastrectomy
with D2 lymph node dissection is the standard treatment for
curable GC in advanced stage. D2 lymphadenectomy, particu-
larly in Japan and Korea, has been performed for resectable GC
since 1980.[23] Although laparoscopic D2 lymphadenectomy
requires a significant degree of training and expertise, and a
relatively long operative time,[11] the percentage of D2
lymphadenectomy in our study increased during the 6-year
period, and D2 lymphadenectomy had been performed on more
than 80% of patients in our study since 2010, being consistent
with previous studies,[4,11] which is due to the downward trend of
early GC patients enrolled in our study and because patients with
advanced GCwere majorly selected in the laparoscopic treatment
with the extended operation indications.
The number of lymph nodes retrieved by laparoscopy-assisted

gastrectomy varies broadly from the West to East. Previous
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Table 3

Univariate and multivariate analyses of the patients’ clinicopathologic factors by Cox regression model.

Univariate analysis Multivariate analysis

Factors HR (95% CI) P HR (95% CI) P

Age
≥60 1 1
<60 0.737 (0.555–0.882) 0.027 0.866 (0.543–0.901) 0.028

Gender
Female 1
Male 1.188 (0.771–1.830) 0.435 � �

Reconstruction type
Billroth II 1
Billroth I/Roux-en-Y 1.190 (0.900–1.574) 0.223 � �

Tumor differentiation
Well and moderately 1 1
Poorly/undifferentiated 0.433 (0.217–0.862) 0.017 0.767 (0.504–0.891) 0.039

Cross-sectional location
Lesser curvature 1
Greater curvature 0.946 (0.677–1.264) 0.413 � �
Anterior/posterior/≥2 walls 1.063 (0.901–1.383) 0.648 � �

Tumor size
0–2.5 1 1
2.5–4.5 1.421 (1.134–2098) <0.001 1.102 (1.019–1.387) 0.021
>4.5 1.830 (1.421–2.357) <0.001 1.243 (1.067–1.449) 0.040

Macroscopic type
Types 0–2 1 1
Types 3–4 2.105 (1.088–2.883) 0.021 1.246 (0.918–1.487) 0.154

Lymphadenectomy
D1/D1+ 1
D2/D2+ 0.973 (0.647–1.463) 0.894 � �

T stage
pT1 1 1
pT2 1.412 (1.263–1.675) <0.001 1.245 (1.102–1.474) 0.014
pT3 1.792 (1.454–2.207) <0.001 1.532 (1.286–1.845) 0.021

N stage
pN0–N1 1 1
pN2–N3 1.885 (1.569–2.264) <0.001 1.307 (1.065–1.604) 0.001

Year of operation
2006–2007 1
2008 0.963 (0.632–1.321) 0.543 � �
2009 0.932 (0.745–1.229) 0.238 � �
2010 0.906 (0.712–1.345) 0.437 � �
2011 0.899 (0772–1.226) 0.291 � �

CI = confidence interval, HR = hazard ratio. –: not entered in the regression model because of P>0.05 in univariate analysis.
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studies showed that the number of retrieved lymph nodes differed
from 27 to 35,[2,13,14,24] and the number of lymph nodes retrieved
by laparoscope was significantly lower than that of open surgery,
but lymph nodes staging appeared with no difference.[10] In this
study, the number of retrieved lymph nodes grew gradually from
20 to 31.2, with a mean number of 28.6, which was similar to the
results of the studies mentioned above. Actually, the number of
retrieved lymph nodes can be influenced by many factors, for
example, race, gender, age, tumor characteristics, and surgeons’
expertise.[25] There is uniform agreement that dissection of a
sufficient number of lymph nodes (15 or greater) is of great
benefit to provide adequate and accurate postoperative N
staging,[8,17] which is mainly due to the consideration that N
stage might be incorrect unless a sufficient number of lymph
nodes was harvested,[26] and that the number of examined lymph
nodes as an independent factor was potentially associated with
the prognosis of GC.[27] Furthermore, the type of lymphadenec-
tomy was also regarded as an important reason for the upward
trend of the number of retrieved lymph nodes in this study,
6

because that the extent of D2 lymphadenectomy was larger than
that of D1 lymphadenectomy.
Surgical duration, estimated blood loss, incidence of morbidity

and mortality, as significant indices for evaluating surgical safety,
are closely correlated with the laparoscopic experience of
surgeons. Thanks to the development of advanced surgical
equipment, improved expertise, and accumulated experience of
laparoscopic surgery, the 6 years witnessed a decreasing trend on
the operation time, estimated blood loss, morbidity, and
mortality. Our postoperative morbidity was within the 6.6%
to 24.2% range of rates described in previous studies.[2,11,14] In
addition, the indices mentioned before, together with the
postoperative course, such as the time to ambulation, the time
to first flatus, and the time to first liquid intake, presented a
similar downward trend when LADG performed for the 46
patients was finished in the Group A in our study, and thereafter,
a plateau was reached during the following years, which may
indicate that the operation skill reached a mature and stable level
after the first 46 operations, being similar to previous



[28–30]

Figure 4. Kaplan–Meier survival analysis regarding age, tumor differentiation, macroscopic type, and tumor size.
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studies. Therefore, the learning curve for LADG might be
46 cases in this study, and LADG, being a safe and feasible
procedure in a certain degree, could help patients with quick
postoperative recovery, resulting in short hospital stay.
We also focused on the evaluation of prognosis and prognostic

factors of the patients with LADG, given that the long-term
outcome is normally one of the extremely important issues to be
concerned in the surgical treatment of GC. The 3- and 5-year OS
rates were 78.1% and 56.2%, respectively, which were slightly
higher than the OS rates for all patients regardless of surgical
methods (open or laparoscopic surgery),[31] being still lower than
that in Japan or Korea. In addition, no difference inOSwas found
among these 5 groups, though the proportion of advanced GC
patients was slightly increasing. We attributed this to that this
Figure 5. Kaplan–Meier survival ana
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change could not be large enough to affect the OS because there
was no difference among these 5 groups regarding T stage, which
is showed in Table 1. Apart from age, T stage, N stage, and tumor
differentiation as well, tumor size, which has been already
demonstrated to be significantly associated with survival in our
previous study,[32] when divided into 3 groups by the cutoff
points, 2.5 and 4.5cm in this study, was also illustrated to be an
independent prognostic factor of OS.
There are also several limitations in our study. First of all, its

retrospective design has the drawbacks of being observational or
nonexperimental in nature, and the selection criteria bias of
patients undergoing the laparoscopic approach needs to be
considered. Second, as a nonrandomized single-center study, our
findings are also limited by information bias, and the samples are
lysis in terms of different stages.

http://www.md-journal.com
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not relatively large enough. Moreover, description of temporal
trends only over 6 years might be not informative enough.
5. Conclusion

In conclusion, on one hand, some changes and improvements on
tumor features, surgical parameters, and postoperative course in
this study can be seen over the last years in the laparoscopic
treatment of the GC. On the other hand, the learning curve for
LADG for surgeons with rich experience in open operation might
be 46 cases, and LADG can be safely adopted without increasing
operative risk during the learning process even for the advanced
GC.
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