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Abstract
The employment of laparoscopic gastrectomy (LG) in the management of gastric cancer (GC) is increasing. Despite recent 
results from randomized trials, its effectiveness and oncological results in different scenarios remain controversial, especially 
in western centers. The aim of this study was to compare the short-term outcomes and survival of LG with open gastrectomy 
(OG) for GC. We reviewed all GC patients who underwent curative gastrectomy from a prospective database. Propensity 
score-matched (PSM) analysis including 10 variables was conducted to reduce patient selection bias using a 1:1 case–control 
match. A total of 530 GC were eligible for inclusion (438 OG and 92 LG). Older age, lower hemoglobin levels, total gas-
trectomy, larger tumor size, greater depth of tumor invasion and advanced pTNM stage was more frequent in the OG group. 
After PMS analysis, 92 patients were matched in each group. All variables assigned in the score were well matched. LG 
group had a slightly higher number of retrieved lymph nodes (42.3 vs 37.6), however, without reaching statistical significance 
(p = 0.072). No differences were recorded about the frequency of major postoperative complications (POC) and mortality 
rates between OG and LG groups (12% vs 15.2%, p = 0.519, respectively). In survival analysis, after matching, there was no 
difference in survival between the two groups. Multivariate analysis showed that only ASA and pN stage were independent 
factor associated with survival after PSM. In conclusion, laparoscopic gastrectomy was a safe and effective surgical technique 
for gastric cancer, with short-term and oncological outcomes comparable to open surgery.

Keywords Gastric cancer · Laparoscopic gastrectomy · Open gastrectomy · Minimally invasive surgery · Short-term 
outcomes · Propensity score matching

Introduction

Gastric cancer (GC) is the third most common cause of 
cancer-related mortality in the world [1]. Radical gastrec-
tomy associated with lymph node dissection is considered 
the standard surgical treatment for locally advanced GC, and 
open gastrectomy (OG) remains the main surgical approach 
in the management of the disease [2, 3] .

In the last few years, the popularization of minimally 
invasive laparoscopic techniques has reached a rapid devel-
opment. For some surgical procedures, laparoscopic method 
is currently preferred over open surgery, since some surgical 

short-term outcomes—such as earlier postoperative recov-
ery, shorter hospital stay, alleviated pain, reduced blood loss 
and shorter time to resumption of oral intake—appear to 
be potential advantages of a less invasive procedure [4–6].

However, when it comes to laparoscopic gastrectomy 
(LG), a major concern regarding its safety and effectiveness 
is the achievement of an adequate lymphadenectomy. This 
part of the procedure is the cornerstone of surgical treatment 
and demands advanced expertise from surgeons [5, 7]. The 
non-compliance to D2 lymphadenectomy may favor short-
term surgical outcomes, but impairs long-term oncological 
survival.

Several studies have shown comparable surgical outcomes 
and survival data between LG and OG for the treatment of 
GC [8, 9]. However, these studies are predominantly con-
ducted in Asian countries, in large centers, where extensive 
experience is available [8, 10]. Furthermore, GC in western 
countries is usually diagnosed at a more advanced stage in 
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patients with a different profile [10, 11]. Accordingly, data 
on surgical and oncological outcomes of LG that reflect the 
reality of Western countries, including stages II and III, are 
still required [8, 12, 13].

Thus, the aim of this study was to evaluate the short-term 
surgical outcomes and survival of patients who underwent 
laparoscopic gastrectomy (LG) for GC compared with open 
gastrectomy (OG) in a single western cancer center.

Methods

All patients who underwent curative surgery for GC from 
2009 to 2019 in our Institution were evaluated. Only histo-
logically proven gastric adenocarcinoma and patients who 
underwent distal or total gastrectomy with lymphadenec-
tomy (D1 or D2) were considered eligible.

The exclusion criteria were as follows: (1) remnant gastric 
cancer; (2) multivisceral resection; (3) robotic surgery; (4) 
conversion therapy; (5) emergency surgery; and (6) meta-
static patients.

Clinical, surgical and pathological data were retrospec-
tively reviewed from a prospective database maintained at 
our center. Comorbidities at the time of surgery were clas-
sified according to the Charlson Comorbidity Index (CCI), 
without the inclusion of age and neoplasia in the score, and 
American Society of Anesthesiologists classification (ASA) 
[14]. Postoperative morbidity was graded according to the 
Clavien–Dindo classification, in which grade III to V were 
defined as major postoperative complications (POC) [15]. 
Postoperative morbidity and mortality were defined as any 
event occurring within 30 days after surgery or during the 
hospital stay. Perioperative or adjuvant treatment was pre-
scribed according to clinical indication (T3/T4 and/or N+) 
with platinum-based chemotherapy regimens. Tumor staging 
was performed according to 8th TNM edition [16].

All patients underwent preoperative staging, consisting of 
computed tomography or magnetic resonance imaging and 
upper digestive endoscopy with biopsy. Endoscopic ultra-
sonography was performed in selected cases. Laboratory 
tests were performed before surgery. Indications for surgery 
were defined based on pre-operative staging and multidisci-
plinary team meeting (medical oncologist, surgeon, radiolo-
gist and pathologist). The decision to perform laparoscopic 
was based on the surgeon´s decision during the meeting.

Total or distal gastrectomy was performed according to 
the location and size of the tumor to achieve a R0 resec-
tion. The extent of lymph node dissection (D1 or D2) was 
defined by the surgeon responsible for the case. All patients 
underwent gastrectomy with Roux-en-Y reconstruction. 
All procedures were performed according to the guidelines 
of Japanese Gastric Cancer Association (JGCA) [2] by an 
extensively experienced team.

For analysis, patients were divided into two groups 
according to the surgical approach: laparoscopic gastrec-
tomy (LG) and open gastrectomy (OG). The main outcome 
of the study was the occurrence of major POC, followed by 
disease-free survival (DFS) and overall survival (OS). Mor-
tality at 30 and 90 days were additional outcomes assessed 
as short-term results. To reduce the effect of patient selection 
bias between the two surgical approaches, we conducted a 
propensity score matching (PSM) analysis.

Patients were follow-up in the outpatient clinical visits 
according to a standard protocol, with visits every 3 months 
during the first year, every 6 months during the second 
and third years, and once a year thereafter. The study was 
approved by the institutional review board of our hospi-
tal and register (plataformabrasil.saude.gov.br; CAEE 
62915516.2.0000.0065).

Statistical analysis

Data were expressed as mean (with standard deviation, 
SD ±) or median (interquartile ranges, IQR) for continuous 
variables and as numbers with percentages for categori-
cal data. Continuous and categorical variables were com-
pared between the two groups using the standard t test or 
Mann–Whitney test and Chi-square test, respectively.

Propensity scores were calculated by bivariate logistic 
regression, including the following variables that might be 
considered as potential confounders related to the selec-
tion to laparoscopic procedure between groups: age (< 65 
vs ≥ 65  years), sex (female vs male), body mass index 
(BMI < 25 vs 25–30 vs > 30 kg/m2), American Society of 
Anesthesiologists classification (ASA I/II vs III/IV), comor-
bidity (CCI 0–1 vs ≥ 2), hemoglobin levels (≤ 11 vs > 11 g/
dL, which represents the lower limit between mild and mod-
erate anemia for men and women)[17], type of resection 
(distal vs total gastrectomy), tumor size (< 5 vs ≥ 5 cm), 
depth of tumor invasion (pT4 vs pT1–T3) and lymph node 
metastasis (pN0–N1 vs pN2–N3).

We matched propensity scores 1:1 with a caliper value of 
0.01 (one-to-one nearest neighbor matching). The standard-
ized difference (10% or 0.1) was used to compare the dis-
tribution of all paired covariates between treatment groups. 
Plots were built to compare the distribution of risk scores 
before and after matching.

Survival curves were assessed using the Kaplan–Meier 
method and compared using the log-rank test. Prognostic 
factors associated with survival were estimated by univariate 
and multivariable Cox proportional hazards model. Disease-
free survival (DFS) was calculated from surgery to recur-
rence, death from any cause or last date of follow-up. Overall 
survival (OS) was the duration between surgical resection to 
death or last follow-up.
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All statistical tests were two-sided and p values < 0.05 
were considered significant. Statistical analyses were carried 
out using SPSS software, version 20 (SPSS, Chicago, IL).

Results

In the analyzed period, 530 GC patients were eligible for 
inclusion. Mean age was 63.9 years (range 20–94.5 years), 
with male predominance of 305 cases. The mean BMI of 
patients at the time of surgery was 24.7 kg/m2 and 40% were 
classified as stage III. The median length of hospital stay for 
the entire population was 9 days (mean of 11.9 days, SD 9.1; 
range 4–63 days).

Among them, 438 (82.6%) patients underwent open 
gastrectomy (OG) and 92 (17.4%) underwent laparoscopic 
gastrectomy (LG). The characteristics of the two groups 
are demonstrated in Table 1. Older age, lower hemoglobin 
levels, total gastrectomy, larger tumor size, greater depth 
of tumor invasion and advanced pTNM stage were more 
frequent in the OG group. The number of lymph nodes 
retrieved was similar between the two groups. In OG and 
LG, 13.5% and 6.5% of patients received neoadjuvant chem-
otherapy, respectively (p = 0.065). Considering the postoper-
ative morbidity, there were no statistical differences between 
OG and LG groups (p = 0.837). The median hospital stay 
and mortality rate were also similar between open and lapa-
roscopic approach (Table 2).

After a propensity score model estimated using the 10 
variables previously described, 92 patients were stratified 
for each group. A flow chart of patient selection scheme 
is demonstrated in Fig. 1. Histograms of propensity score 
distribution before and after PSM are presented in Fig. 2.

As a result of the PSM, OG and LG groups were similar 
for all variables assigned in the score (Table 1). In addi-
tion, pN status was perfectly superimposable between the 
two groups (p = 1.0). Neoadjuvant therapy was administered 
to 6.5% of patients in both groups (p = 1.0). Only Lauren’s 
diffuse type and poorly differentiated GC were more com-
mon in the LG group (p = 0.039 and p = 0.005, respectively). 
LG group had a slightly higher number of retrieved lymph 
nodes (42.3 vs 37.6), however, without reaching statisti-
cal significance (p = 0.072). TNM stage was comparable 
between groups.

In relation to the postoperative outcomes, no statistical 
differences were recorded about the frequency of major 
POC (p = 0.519). Considering the type of complication, 
the frequency of clinical and surgical POC was also similar 
between the groups (Table 2).

The frequency of major POC in the LG group consider-
ing the subgroups distal and total gastrectomy was 15.7% 
and 13.6%, respectively. Regarding the stage of the disease, 
the frequency of major POC in patients who underwent LG 

with early gastric cancer (EGC) and advanced gastric cancer 
(AGC) was 11.4% and 18.8% respectively. Furthermore, the 
rate of major POC complication was higher in patients with 
AGC who underwent total gastrectomy (23.1%) (Supple-
mentary Table 2).

The mortality rate at 30 and 90 days was the same in 
both groups (p = 1.0). The median length of hospital stay 
was 8 days for both OG and LG group (IQR 6–12 and IQR 
5–11.75, respectively) (p = 0.802).

Survival analysis

The median follow-up period for all patients included in the 
study was 31 months (range 0.1–119.7). Disease recurrence 
occurred in 105 (19.8%) patients, and 182 (34.3%) patients 
died. The predicted overall survival for the entire cohort 
was 57%.

Survival curves before and after PSM are presented in 
Fig. 3. Patients treated by laparoscopic approach had better 
OS than OG group (p = 0.033). After matching, there was no 
difference in DFS and OS between the two groups (p = 0.933 
and p = 0.737 respectively).

In the analysis of factors associated with survival after 
PSM and adjusting for potential confounding variables, ASA 
category and pN stage were factors significantly associated 
with DFS and OS in multivariate model (Table 3). ASA 
category revealed higher hazard of death than pN status, 
while lymph node status had the higher hazard ratio in DFS 
analysis.

Discussion

In this retrospective analysis, a cohort of early and advanced 
GC patients was evaluated to verify if LG can achieve simi-
lar short-term surgical and oncological outcomes compared 
to those who underwent OG. Proximal and distal tumors 
were included. We applied the propensity score matching 
to minimize the impact of confounding variables on patient 
selection and prognosis between the two surgical methods. 
As result, our findings demonstrated that LG is safe and 
effective in short-term outcomes for patients with GC, with 
oncological results comparable to OG.

Currently, there are still debates if the LG is superior, 
or at least non-inferior, compared to OG for GC patients. 
Characteristics related to the origin of the studies, as well 
as the inclusion criteria, contribute to this scenario. Most 
studies regarding LG are carried out in China, Japan and 
Korea, in centers with great volume of GC, which provides 
a faster learning curve and extensive experience in this tech-
nique [18–20]. As example, in a study including only laparo-
scopic distal gastrectomy, learning curve was considered to 
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Table 1  Clinicopathological characteristics of gastric cancer (GC) for open gastrectomy and laparoscopic gastrectomy groups—before and after 
propensity score matching (PSM)

Variables Before PSM p After PSM p

Open Laparoscopic Open Laparoscopic

n = 438 (%) n = 92 (%) n = 92 (%) n = 92 (%)

Sex* 0.495 0.882
 Female 183 (41.8) 42 (45.7) 43 (46.7) 42 (45.7)
 Male 255 (58.2) 50 (54.3) 49 (53.3) 50 (54.3)

Age (years)* 0.012 0.877
 < 65 218 (49.8) 59 (64.1) 60 (65.2) 59 (64.1)
 ≥ 65 220 (50.2) 33 (35.9) 32 (34.8) 33 (35.9)

Body Mass Index (kg/m2)* 0.629 0.722
 < 25 240 (54.8) 47 (51.1) 47 (51.1) 47 (51.1)
 25–30 144 (32.9) 35 (38) 38 (41.3) 35 (38)
 > 30 54 (12.3) 10 (10.9) 7 (7.6) 10 (10.9)

Charlson Comorbidity Index (CCI)* 0.072 0.515
 0–1 380 (86.8) 86 (93.5) 88 (95.7) 86 (93.5)
 ≥ 2 58 (13.2) 6 (6.5) 4 (4.3) 6 (6.5)

ASA classification* 0.243 0.573
 I/II 322 (73.5) 73 (79.3) 76 (82.6) 73 (79.3)
 III/IV 116 (26.5) 19 (20.7) 16 (17.4) 19 (20.7)

Hemoglobin (g/dL)* 0.007 0.835
 ≤ 11 127 (29) 14 (15.2) 13 (14.1) 14 (15.2)
 > 11 311 (71) 78 (84.8) 79 (85.9) 78 (84.8)

Albumin (g/dL) 0.097 0.582
 < 3.5 65 (17) 7 (9.3) 10 (12) 7 (9.3)
 ≥ 3.5 318 (83) 68 (90.7) 73 (88) 68 (90.7)

Extent of lymphadenectomy 0.064 0.204
 D1 83 (18.9) 10 (10.9) 16 (17.4) 10 (10.9)
 D2 355 (81.1) 82 (89.1) 76 (82.6) 82 (89.1)

Type of resection* 0.021 0.725
 Subtotal 278 (63.5) 70 (76.1) 72 (78.3) 70 (76.1)
 Total 160 (36.5) 22 (23.9) 20 (21.7) 22 (23.9)

Tumor size (cm)*  < 0.001 0.519
 < 5 257 (58.7) 81 (88) 78 (84.8) 81 (88)
 ≥ 5 181 (41.3) 11 (12) 14 (15.2) 11 (12)

Histological type 0.066 0.039
 Intestinal 246 (56.2) 42 (45.7) 56 (60.9) 42 (45.7)
 Diffuse 192 (43.8) 50 (54.3) 36 (39.1) 50 (54.3)

Histological differentiation 0.140 0.005
 Well/moderate 218 (49.8) 38 (41.3) 57 (62) 38 (41.3)
 Poor 220 (50.2) 54 (58.7) 36 (38) 54 (58.7)

No of lymph nodes retrieved 0.242 0.072
 Mean (SD) 39.9 (17.6) 42.3 (18.6) 37.6 (17.1) 42.3 (18.6)

pT 0.001 0.880
 T1/T2 185 (42.2) 57 (62) 56 (60.9) 57 (62)
 T3/T4 253 (57.8) 35 (38) 36 (39.1) 35 (38)

pT* 0.131 0.532
 pT1/T2/T3 335 (76.5) 77 (83.7) 80 (87) 77 (83.7)
 pT4 103 (23.5) 15 (16.3) 12 (13) 15 (16.3)
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be complete after 60–90 operations, a number that is hardly 
reached annually for all GC resections in a western center 
[21].

Randomized clinical trials design usually separate gas-
tric tumors in “EGC vs AGC” and in “proximal vs distal” 
gastrectomy. Due to greater technical simplicity, mainly 
related to the proximal anastomosis, most of the actual 
evidences are related to distal tumors [4, 6, 13, 19]. In 

this sense, the KLASS-01 trial demonstrated that short-
term surgical complication rate were significantly lower 
for LG group compared OG for distal EGC (13.0% vs 
19.9%, p = 0.001) [4]. In our cohort, 14.3% of EGC who 
underwent distal LG had major POC. Further survival 
analysis of the trial confirmed the non-inferiority after 
5 years establishing LG as the preferred option for distal 
EGC [19].

Table 1  (continued)

Variables Before PSM p After PSM p

Open Laparoscopic Open Laparoscopic

n = 438 (%) n = 92 (%) n = 92 (%) n = 92 (%)

pN 0.086 0.767

 N+ 195 (44.5) 50 (54.3) 52 (56.5) 50 (54.3)

 N1 243 (55.5) 42 (45.7) 40 (43.5) 42 (45.7)
pN* 0.130 1.0
 pN0/N1 258 (58.9) 62 (67.4) 62 (67.4) 62 (67.4)
 pN2/N3 180 (41.1) 30 (32.6) 30 (32.6) 30 (32.6)

pTNM 0.009 0.981
 I 150 (34.2) 47 (51.1) 46 (50) 47 (51.1)
 II 103 (23.5) 18 (19.6) 19 (20.7) 18 (19.6)
 III 185 (42.2) 27 (29.3) 27 (29.3) 27 (29.3)

p values in bold are statistically significant
*Variables used in PSM

Table 2  Surgical short-term 
outcomes of gastric cancer 
(GC) for open gastrectomy 
and laparoscopic gastrectomy 
groups—before and after 
propensity score matching 
(PSM)

IQR interquartile range, SD standard deviation

Variables Before PSM p After PSM p

Open Laparoscopic Open Laparoscopic

n = 438 (%) n = 92 (%) n = 92 (%) n = 92 (%)

Length of hospital stay (days) 0.422 0.802
 Median (IQR) 10 (6–13) 8 (5–11.7) 8 (6–12) 8 (5–11.7)

Postoperative complications (POC) 0.837 0.519
 No POC/Minor POC 375 (85.6) 78 (84.8) 81 (88) 78 (84.8)
 Major POC 63 (14.4) 14 (15.2) 11 (12) 14 (15.2)

Major clinical POC 0.781 0.312
 No 419 (95.7) 89 (96.7) 91 (98.9) 89 (96.7)
 Yes 19 (4.3) 3 (3.3) 1 (1.1) 3 (3.3)

Major surgical POC 0.585 0.817
 No 394 (90) 81 (88) 82 (89.1) 81 (88)
 Yes 44 (10) 11 (12) 10 (10.9) 11 (12)

30-day mortality 1.0 0.312
 No 422 (96.3) 89 (96.7) 91 (98.9) 89 (96.7)
 Yes 16 (3.7) 3 (3.3) 1 (1.1) 3 (3.3)

90-day mortality 0.791 0.515
 No 406 (92.7) 86 (93.5) 88 (95.7) 86 (93.5)
 Yes 32 (7.3) 6 (6.5) 4 (4.3) 6 (6.5)
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Fig. 1  Study flowchart

Fig. 2  Histograms of propensity score distribution before and after propensity score matching. A Histograms of unbalanced propensity score 
distribution for both groups before PMS. B Histograms of balanced propensity score distribution for both groups after the propensity matching
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Meanwhile, for distal gastrectomy in AGC, trials from 
South Korea (KLASS-02), China (CLASS-01) and Japan 
(JLSSG0901) have recently been published. [20, 22, 23] 
Once again, short-term surgical outcomes and survival 
were equivalents between groups. The 3-year DFS rate in 
KLASS-02 trial was 81.3% and 80.3% for open and lapa-
roscopic group [23]. With regard to POC, the rate of early 
complications in LG compared to OG group from KLASS-
02 was 15.7% and 23.4%, respectively (p = 0.027), with 
a lower frequency of late complications also associated 
with the LG group (4.7% vs 9.5%, p = 0.0038) [23]. In our 

analysis, we found a rate of 17.1% of major POC after distal 
gastrectomy for AGC in the laparoscopic group.

Sustainable data regarding the viability of laparoscopic 
technique for total gastrectomy are scarcer. Considering only 
clinical stage I GC and short-term surgical results, the sin-
gle-arm trial (JCOG1401) [18] evaluated its safety and found 
that the overall frequency major adverse events were 29% 
[18]. In the same way, the overall morbidity and mortality 
rates for stage I GC reported by CLASS-02 trial was 19.1% 
in the LG group and 20.2% in the OG group, which was not 
significantly different [24]. Regarding AGC, a multicenter 

Fig. 3  Disease-free survival and overall survival for gastric cancer patients according to the surgical approach: open and laparoscopic gastrec-
tomy groups—before and after propensity matching
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randomized controlled trial (KLASS-06) is being conducted 
but the results will only be completed in 2027.

As expected, in our study, AGC treated with total LG had 
the highest morbidity rate compared to the other subgroups. 
These findings are similar to a previous report conducted in 
a cohort of Western patients, where minimally invasive sur-
gery demonstrated benefits only for distal gastrectomy, with 
higher rate of anastomotic leakage for total LG compared 
to open approach [25]. These results highlight the technical 
challenge of LG for proximal tumors [26].

Besides surgical volume, another difficulty in extrapolat-
ing the results of eastern trials are also related to patients 
characteristics [12]. In Western countries, GC is usually 
diagnosed at more advanced stages, which impacts survival 
[12]. As opposite, Nationwide screening programs in Japan 
and Korea cause GC to be diagnosed in earlier stages. The 
incidence of proximal tumors is higher in the west and, 
consequently, a higher frequency of total gastrectomy is 
required. Patient characteristics, such as age and body mass 
index (BMI), are higher in the Western population—all fac-
tors that hinder the performance of the laparoscopic tech-
nique. [12, 13, 27] In our study, the mean BMI for patients in 
LG was 24.8 kg/m2, while in Eastern reports, the mean BMI 
reported for patients who underwent minimally invasive 

gastrectomy was 22.3 kg/m [12]. To overcome these differ-
ences, a randomized controlled trial (LOGICA trial) [28] 
from the Netherlands is underway. It predicts the inclusion 
of 210 patients with resectable GC (cT1-4a, N0-3b, M0) 
to compare LG and OG, but short-term and long term out-
comes are still not available.

As expected, in our cohort before the PSM, patients who 
underwent OG had larger tumor, with more advanced stage, 
and higher rate of total gastrectomy. Although not signifi-
cant, patients also had a higher incidence of comorbidities. 
Such differences are attributed to the selection of more 
favorable patients for the laparoscopic procedure. However, 
after PSM, the groups were equivalent for all clinical and 
pathological variables, in addition to those chosen for the 
score.

A major issue related to LG refers to the number of 
lymph nodes retrieved in relation to OG. As previously 
exposed, the non-compliance to D2 lymphadenectomy 
may favor short-term surgical outcomes, since dissection 
along the vascular trunks may cause iatrogenic injuries 
and local complications, such as fluid collections and pan-
creatic fistula. However, in a long-term survival analysis 
it will impair survival. Most trials report no differences 
in number of retrieved lymph nodes between LG and OP. 

Table 3  Univariate and multivariate analyses for disease-free survival and overall survival—after PSM

p values in bold are statistically significant
HR Hazard ratio, CI confidence interval, ASA American Society of Anesthesiologists

Disease-free survival—After PSM Univariate Multivariate

Variables HR 95% CI p HR 95% CI p

Male (vs female) 2.37 1.26–4.43 0.007 1.83 0.96–3.46 0.065
Age > 65 (vs < 65 years) 1.19 0.66–2.15 0.555 – – –
Charlson > 2 (vs 0–1) 4.00 1.56–10.24 0.004 1.79 0.60–5.33 0.293
ASA III/IV (vs ASA I/II) 2.86 1.53–5.32 0.001 2.15 1.03–4.49 0.041
Total gastrectomy (vs distal) 1.41 074–2.67 0.294 – – –
Open (vs laparoscopic) 0.97 0.55–1.74 0.933 – – –
Diffuse/mixed (vs others) 1.19 0.67–2.11 0.560 – – –
pT3/T4 (vs pT1/T2) 3.00 1.67–5.41 0.001 1.72 0.88–3.34 0.112
pN + (vs pN0) 4.66 2.46–8.81 0.001 3.20 1.55–6.59 0.002

Overall survival—after PSM Univariate Multivariate

Variables HR 95% CI p HR 95% CI p

Male (vs female) 2.45 1.27–4.70 0.007 1.89 0.97–3.70 0.061
Age > 65 (vs < 65 years) 1.45 0.79–2.65 0.233 – – –
Charlson > 2 (vs 0–1) 5.21 2.00–13.61 0.001 1.90 0.62–5.87 0.263
ASA III/IV (vs ASA I/II) 3.59 1.86–6.95  < 0.001 2.88 1.30–6.36 0.009
Total gastrectomy (vs distal) 1.15 0.57–2.34 0.692 – – –
Open (vs laparoscopic) 0.90 0.49–1.67 0.738 – – –
Diffuse/mixed (vs others) 1.24 0.68–2.27 0.477 – – –
pT3/T4 (vs pT1/T2) 3.08 1.66–5.70  < 0.001 1.91 0.94–3.88 0.075
pN + (vs pN0) 4.01 2.10–7.66  < 0.001 2.61 1.24–5.51 0.012
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However, the randomized trials are mostly performed for 
EGC [29]. Other studies demonstrated a decreased number 
of harvested lymph nodes for GC patients during LG com-
pared with OG [4, 30]. Although it seems unclear whether 
compliance to D2 dissection in LG is comparable to that 
in open surgery, in our study there was no difference of 
retrieved lymph nodes between LG and OG groups. Inter-
estingly, even after PSM, the mean number of retrieved 
lymph nodes was similar—being even higher in the LG 
group. Accordingly, together with clinical, pathological 
and surgical characteristics, the analysis after the PSM 
highlighted that both approaches had similar survival 
rates.

Some limitations of this study must be raised. Although 
we used PSM, there may still be the influence of selection 
bias due to its retrospective design rather than a prospec-
tive randomized controlled trial. Some patients had insuf-
ficient follow-up time, so a complete 5-year OS or 3-year 
DFS analysis could not be demonstrated. In addition, due 
to the small number of LG patients, pre-planned statisti-
cal analyzes of specific subgroups were not feasible. Even 
so, we presented these subgroup analysis comparing EGC 
vs AGC and distal vs proximal tumors as supplementary 
material. In addition, our cohort included learning curve 
surgeries, since the number of necessary LG to overcome 
this phase is difficult to define and achieve. [21]

Nevertheless, as strengths, we included in the propen-
sity score variables that affect both treatment selection 
and the outcomes in detail. Previous reports indicated that 
older age, comorbidities, and high BMI contributed to 
increased morbidity after gastrectomy [27, 31]. The other 
chosen surgical and pathological variables for PSM are 
already recognized as prognostic factors [11]. As the pro-
portion of patients in OG group was much higher than LG 
in our cohort, it was possible to match all patients in the 
PS analysis. In conformity, this also demonstrated that the 
cases submitted to LG in our institution more accurately 
reflect the profile of GC who undergoes surgical treatment. 
This ensures that the results presented in this reported can 
be more easily compared to what is evidenced in daily sur-
gical practice outside a clinical trial design. In the end it 
was possible to include the expressive number of 194 GC 
patients after PSM in the analysis which comprises 23.9% 
of total LG and 48.9% of AGC. The fact that it is a single 
center study guarantees uniformity in perioperative care 
and standardization of treatment without being dependent 
on the experience of only one surgeon.

As new results from prospective trials are made available, 
the use of laparoscopic technique has been confirmed as a 
safe and effective option in the surgical treatment of GC. 
Nonetheless, due its technical complexity and heterogeneity 
of populations, reports of LG results in different scenarios 
are still required to ensure external validity.

Conclusion

In conclusion, laparoscopic gastrectomy was a safe and 
effective surgical technique for stage I–III gastric cancer, 
with short-term outcomes comparable to open surgery. Sur-
vival analysis also did not differ between the LG and OG 
groups.
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