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Abstract
Background Oncologic outcomes after laparoscopic gastrectomy for advanced gastric cancer in the West have been poorly 
investigated. The aim of the present study was to compare survival outcomes in patients undergoing curative-intent lapa-
roscopic and open gastrectomy for advanced gastric cancer in several centres belonging to the Italian Research Group for 
Gastric Cancer.
Methods Data of patients operated between 2015 and 2018 were retrospectively analysed. Propensity Score Matching 
was performed to balance baseline characteristics of patients undergoing laparoscopic and open gastrectomy. The primary 
endpoint was 3-year overall survival. Secondary endpoints were 3-year disease-free survival and short-term outcomes. 
Multivariable regression analyses for survival were conducted.
Results Data were retrieved from 20 centres. Of the 717 patients included, 438 patients were correctly matched, 219 per 
group. The 3-year overall survival was 73.6% and 68.7% in the laparoscopic and open group, respectively (p = 0.40). When 
compared with open gastrectomy, laparoscopic gastrectomy showed comparable 3-year disease-free survival (62.8%, vs 
58.9%, p = 0.40), higher rate of return to intended oncologic treatment (56.9% vs 40.2%, p = 0.001), similar 30-day morbidity/
mortality. Prognostic factors for survival were ASA Score ≥ 3, age-adjusted Charlson Comorbidity Index ≥ 5, lymph node 
ratio ≥ 0.15, p/ypTNM Stage III and return to intended oncologic treatment.
Conclusions Laparoscopic gastrectomy for advanced gastric cancer offers similar rates of survival when compared to open 
gastrectomy, with higher rates of return to intended oncologic treatment. ASA score, age-adjusted Charlson Comorbidity 
Index, lymph node ratio, return to intended oncologic treatment and p/ypTNM Stage, but not surgical approach, are prog-
nostic factors for survival.
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Introduction

Gastric cancer is the fourth most common malignancy and 
the second cause of cancer-related mortality worldwide [1, 
2]. Its incidence and characteristics vary between East and 
West; in particular, Western patients are more frequently 

older, with higher BMI, and affected by an advanced disease 
at diagnosis [3, 4]. During the last decades, several types 
of perioperative and adjuvant approaches have been intro-
duced, resulting in prolonged survival and less recurrence 
[5, 6]; however, surgical resection aiming at free margins 
and adequate lymphadenectomy still remain the only poten-
tially curative therapy for advanced gastric cancer (AGC).

Since the first report by Kitano in 1994 [7], minimally 
invasive surgical approach has gained attention as an alterna-
tive option to the traditional open approach for the treatment 
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of gastric cancer, due to its potential advantages which 
include less blood loss, reduced postoperative pain, faster 
recovery and reduced hospital stay [8–11]. At the beginning, 
laparoscopic approach was reserved for distal gastrectomy 
(DG), but thanks to improvements in surgical instruments 
and technical skills, it has been gradually adopted for total 
gastrectomy (TG) [12].

Laparoscopic gastrectomy (LG) clearly showed its safety 
and effectiveness for the treatment of Early Gastric Cancer, 
demonstrating better short-term outcomes without worsen-
ing oncological ones in comparison to open gastrectomy 
(OG) [13, 14]. More recently, encouraging results emerged 
regarding the minimally invasive surgical treatment of AGC 
[8, 9]. The majority of high-quality studies investigating 
the role of LG in the treatment of AGC come from Eastern 
countries [15], while there is a lack of data regarding sur-
vival outcomes after LG of Western patients.

The aim of the present study was to compare survival 
outcomes in patients undergoing curative-intent LG and OG 
for AGC in several national centres belonging to the Italian 
Research Group for Gastric Cancer (GIRCG) [16].

Materials and methods

Study overview

Data of consecutive patients operated on between January 
2015 and May 2018 were retrospectively retrieved from sev-
eral Italian centres belonging to the GIRGC network. All 
participating centres received a specific database for data 
uploading with the required parameters. Data were collected 
locally using prospective maintained databases and gath-
ered centrally by the study coordinators. The study protocol 
followed the ethical guidelines of the 1975 Declaration of 
Helsinki (as revised in Brazil 2013).

The Local Ethical Committee of the coordinating centre 
reviewed and approved the protocol (no. 454-30,072,020). 
Study results were reported according to Strengthening 
the Reporting of Observational Studies in Epidemiology 
(STROBE) statements.

Population of the study

Women and men patients who underwent OG and LG with 
curative-intent.

Inclusion criteria:

• Age from over 18 years old;
• ASA (American Society of Anesthesiology) score < 4;
• Primary, histologically confirmed gastric carcinoma of 

the upper, middle, lower stomach;

• Staging cT2-4a, N0-3, M0 at preoperative evaluation 
according to AJCC 8th edition Cancer Staging Manual 
[17], performed with contrast enhanced thoraco-abdom-
inal computed tomography (CT) scan;

• Neoadjuvant chemotherapy (NACT) performed or not 
performed;

• Curative intent resection potentially achievable through 
DG or TG with D2 lymphadenectomy;

• Absence of distant metastases (haematogenous, extra-
regional lymph nodes (LNs)), positive peritoneal cytol-
ogy on intraoperative peritoneal washing).

Exclusion criteria:

• Tumours involving the gastro-esophageal junction and/
or the duodenum;

• Intraoperative/postoperative assessment of M1 staging, 
with preoperative staging M0;

• Multivisceral resection, defined as en bloc removal of 
any organ or structure to which the primary tumour was 
found to be adherent at the moment of surgical interven-
tion to reach surgical radicality;

• History of previous gastrectomy, endoscopic mucosal 
resection or endoscopic submucosal dissection;

• History of other malignant disease within the past 
3 years, except for low aggressive malignancies (e.g. 
basalioma);

• History of previous chemotherapy (except NACT admin-
istered before gastrectomy) and/or radiotherapy within 
the past 3 years;

• Patients lost at follow-up within 3 years from the indexed 
operation.

Variables and definitions

Except for a few cases in which laparoscopic treatment 
would not have been feasible (important peritoneal adhe-
sions, impossibility to maintain pneumoperitoneum), 
according to the selection criteria for the current study, 
all selected patients could have undergone both open and 
laparoscopic gastrectomy, based on surgeon’s decision. The 
overall number of patients undergoing gastrectomy with 
curative-intent for malignancy between 2015 and 2018 in 
each institution was recorded and expressed in terms of 
annual caseload (gastrectomies/year); a cut-off of 31 gastrec-
tomies/year was chosen to define high-volume centres [18].

Clinico-pathological variables included sex, age, body 
mass index (BMI), ASA Score, age-adjusted Charlson 
Comorbidity Index (aCCI), Performance Status according to 
the Eastern Cooperative Oncologic Group (ECOG-PS), pre-
vious abdominal surgery, tumour site, cTNM Stage accord-
ing to the 8th edition of the AJCC Staging System [17], 
type of intervention (TG or DG), lymph node ratio (LNR, 
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defined as the ratio between positive LNs and the total num-
ber of retrieved LNs) [19], performed NACT (defined as any 
chemotherapy received within 8 weeks before surgery for a 
non-metastatic disease) and p/ypTNM Stage according to 
the 8th edition of the AJCC Staging System [17]. Specific 
continuous variables were categorised according to thresh-
olds previously used in the literature [20].

Diagnostic work-up was performed according to GIRCG 
guidelines [21]. Clinical stage was defined according to the 
8th edition of the AJCC Staging System (TNM) [17]. Indi-
cation to NACT was evaluated in each centre according to 
national and international guidelines [21, 22]. Re-staging 
was performed with a contrast enhanced thoraco-abdomi-
nal CT scan performed within 4 weeks after completion of 
NACT in order to rule out progressive disease and confirm 
surgical indication.

The type of surgical resection was assessed according to 
tumour site, JGCA and GIRGC guidelines [21, 23]. In case 
of LG, including either totally laparoscopic or laparoscopic-
assisted gastrectomy, digestive tract reconstruction could be 
accomplished via a mini-laparotomy through an abdominal 
incision not greater than 10 cm. Any abdominal incision 
greater than 10 cm was classified as a conversion to open 
approach, as well as any need to complete the resection 
phase by any type of laparotomy.

Postoperative care and discharge was accomplished 
according to the standard practice and criteria of each sur-
gical centre.

Pathologic stage was expressed as p/ypTNM accord-
ing to the criteria of the 8th edition of the AJCC Staging 
System [17]. Histopathological variables collected were: 
tumour location, morphological type according to Lauren 
and WHO Classification [30], tumour size, grading, margin 
status, presence of lymphovascular invasion (LVI) and LNR.

Indications to postoperative chemotherapy, postopera-
tive follow-up (FU) and surveillance were accomplished in 
accordance with national and international recommenda-
tions [21, 22]. Oncological variables included patient status 
at last FU, incidence of overall recurrence (both local or 
distant) and return to intended oncologic treatment (RIOT) 
[24], defined as number of patients who received any type 
of postoperative adjuvant systemic chemotherapy, includ-
ing either adjuvant chemotherapy (ACT) and perioperative 
chemotherapy (PC). Overall survival (OS) was defined as 
the number of months from surgical intervention to death 
of the patient for any causes. Disease-free survival (DFS) 
was defined as the number of months from surgical interven-
tion to first diagnosis of cancer recurrence. Cancer recur-
rence was diagnosed on the basis of clinical, radiological, 
and laboratory exams after local multidisciplinary tumour 
board discussion; histological confirmation was indicated 
when a clear diagnosis could not be obtained from the afore-
mentioned techniques.

Study endpoints

Primary endpoint was 3-year OS.
Secondary endpoints were:

• 3-year DFS;
• postoperative morbidity, recorded at 30 days and graded 

according to the Clavien–Dindo (CD) classification and 
the Comprehensive Complication Index (CCI). Severe 
complications were defined as CD Grade > 2. Specific 
complications after gastrectomy namely anastomotic 
leak, duodenal leak, bleeding, abdominal collections, and 
pancreatic fistula were recorded separately according to 
Baiocchi et al.[25];

• postoperative length of stay (LOS), defined as the num-
ber of nights from surgery to discharge;

• postoperative mortality and readmission, calculated as 
the number of deaths and readmissions occurring within 
30 days from surgery;

• RIOT;
• number of harvested LNs.

Statistical analysis

Descriptive statistics were median and interquartile range for 
continuous variables and absolute numbers and percentages 
for categorical variables. Clinico-pathological patients’ char-
acteristics were compared between treatment groups (open 
surgery vs laparoscopy) using Mann–Whitney test or Fisher 
test for continuous or categorical variables, respectively.

OS and DFS were estimated using the Kaplan–Meier 
method and compared using the Log-rank test between treat-
ment groups. Uni- and multivariable Cox regression was 
applied to assess the association between predetermined 
clinico-pathological covariates (open surgery vs lapa-
roscopy, sex, age, BMI ≥ 25, ASA 3–4 vs 2–1, aCCI ≥ 5, 
previous abdominal surgery, total gastrectomy vs subtotal, 
LNR, p/yp TNM III vs I-II, RIOT) and the time-to-event 
endpoints. Multiple imputation by chained equations was 
applied to address the problem of missing values for BMI 
(19.4%) and ASA (0.4%).

A propensity score matched (PSM) analysis was carried 
out to assess the association between surgical approach and 
the outcomes in a sample where potential confounders are 
balanced between treatment groups. A logistic regression 
model was used to estimate the PS. A 1:1 matching with-
out replacement was performed using the nearest neighbour 
greedy-matching algorithm with a caliper width of 0.1. 
Balance was checked by computing absolute standardized 
mean differences (SMD) between surgery groups for each 
covariate in the PS-matched sample. A SMD threshold of 
0.1 was considered to detect substantial imbalance [26]. OS 
and DFS Kaplan–Meier curves by surgery approach were 
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estimated and compared in the matched population. The dis-
tribution of other postoperative outcomes was also compared 
between matched treatment groups. R software version 4.1.2 
was used for all statistical analyses.

Results

A CONSORT Diagram reporting the overall number of 
patients treated in the study period and the number of 
patients excluded according to exclusion criteria is pro-
vided in supplementary Fig. 1. During the study period, 
717 patients met the inclusion criteria and were consid-
ered for the analysis. Data were retrieved from 20 Italian 
centres. The vast majority of patients (87.4%) were treated 
in high-volume hospitals with an annual caseload greater 
than 31. Of the entire cohort, 226 (31.5%) patients under-
went LG and 491 (68.5%) OG. There were 283 females 
(39.5%) and 434 males (60.5%), with a median age of 
73.0 years (IQR 64.0–78.0), a median BMI of 24.98 (IQR 
22.1–27.3), and a median aCCI of 5 (IQR 4–6). Two-hun-
dred-eighty-two patients (39.4%) had previous abdominal 
surgery and 159 (26.9%) patients received NACT (35.2% 

fluorouracil plus leucovorin, oxaliplatin and docetaxel; 
21.4% epirubicin, cisplatin plus fluorouracil; 43.4% other 
chemotherapy regimens).

The two groups did not differ in terms of age, sex, aCCI, 
ASA Score, previous abdominal surgery, tumour site at 
diagnosis and accomplishment of NACT. Significant dif-
ferences between the groups were found regarding median 
BMI (p < 0.001), cTNM Stage (p = 0.004) and p/yp TNM 
Stage (p < 0.001). Clinico-pathological characteristics of 
the unmatched cohort are summarised in Table 1.

A logistic regression model was used to estimate the 
propensity score (PS). Probability of LG was modelled. 
The variables included to create the PS were sex, age, 
ASA (3–4 vs 1–2), aCCI ≥ 5, previous abdominal surgery, 
performed NACT, type of surgical resection (DG vs TG), 
BMI ≥ 25, p/yp TNM (III vs I-II). Out of the 491 patients 
undergoing OG, 219 (44.6%) were correctly matched with 
219 out of 226 patients (96.9%) who underwent LG. No 
significant difference was found between the matched 
cohorts in terms of clinico-pathological characteristics. 
Clinico-pathological characteristics of the matched cohort 
are summarised in Table 2.

Table 1  Clinico-pathological 
characteristics of patients in the 
original (unmatched) cohort

OG open gastrectomy, LG laparoscopic gastrectomy, SMD Standardized Mean Difference, High-volume 
hospital hospital performing ≥ 31 gastrectomies/year, BMI body mass index, ASA American Society 
of Anesthesiologists, aCCI age-adjusted Charlson Comorbidity Index, cTNM clinical stage according to 
AJCC-TNM 8th edition, NACT  neoadjuvant chemotherapy, LNR lymph node ratio, p/ypTNM pathological 
post‐treatment stage according to AJCC-TNM 8th edition
* Fisher exact test for categorical variables. Bold characters indicate significant values (p < .05). Values are 
expressed as number (percentage) or median (IQR), as appropriate

Variables Overall
N = 717

OG
N = 491

LG
N = 226

SMD p*

Treated in high-volume hospital (%) 627 (87.4) 433 (88.2) 194 (85.8) 0.070 0.44
Sex female (%) 283 (39.5) 191 (38.9) 92 (40.7) 0.037 0.68
Age > 70 years (%) 416 (58.0) 280 (57.0) 136 (60.2) 0.064 0.46
BMI ≥ 25 (%) 261 (45.2) 186 (49.9) 75 (36.6) 0.271 0.002
ASA 3–4 (%) 256 (35.9) 187 (38.2) 69 (30.7) 0.160 0.054
aCCI ≥ 5 (%) 403 (56.2) 276 (56.2) 127 (56.2) 0 1
Previous abdominal surgery (%) 282 (39.3) 185 (37.7) 97 (42.9) 0.107 0.18
Tumour site (%) 0.217 0.11
 Upper 109 (15.2) 85 (17.3) 24 (10.7)
 Middle 254 (35.5) 171 (34.9) 83 (36.9)
 Lower 350 (49.0) 232 (47.3) 118 (52.4)
 Other/ns 2 ( 0.2) 2 ( 0.4) 0 ( 0.0)

cTNM stage (%) 0.267 0.004
 1 128 (17.9) 72 (14.7) 56 (24.8)
 2 200 (28.0) 137 (28.0) 63 (27.9)
 3 387 (54.1) 280 (57.3) 107 (47.3)

Performed NACT (%) 159 (22.2) 99 (20.2) 60 (26.5) 0.151 0.066
Total gastrectomy (%) 293 (40.9) 206 (42.0) 87 (38.5) 0.071 0.41
p/yp TNM Stage III (%) 385 (53.7) 286 (58.2) 99 (43.8) 0.292  < 0.001
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Short‑term outcomes

Operative, postoperative and histopathology outcomes of 
the matched cohort are shown in Tables 3 and 4. When 
compared to OG, patients who underwent LG showed a 
longer median operating time (242.0 vs 260.0 respectively, 
p = 0.007), a higher rate of Billroth II (B2) digestive recon-
struction (13.7% vs 6.8%, p = 0.027) and a lower rate of 
combined cholecystectomy (16.9% vs 34.7%, p < 0.001). 
Although not significant, a shorter median LOS was found 
in LG patients when compared to OG (9.0 vs 10.0, respec-
tively, p = 0.056). Conversion to laparotomy occurred in 
21 patients (9.6%). No difference was found between the 
groups in terms of postoperative complications, gastric-
specific and severe complications, 30-day mortality and 
readmission rates. Pathologic report showed no difference 
between the groups in terms of tumour histology features, 
number of harvested LNs, LNR and margin status. When 
compared to OG, LG was associated with a higher rate of 
RIOT (58.4% vs 43.8%, p = 0.003) and a similar rate of 
recurrence (29.2% vs 31.1%, p = 0.755).

Survival analysis

Median FU of the matched cohort was 40 months. The 
Kaplan–Meier curves (Fig. 1a, b) showed comparable 
3-year OS rates between LG and OG (73.6% vs 68.7%, 
p = 0.40). Similarly, no difference was found between the 
groups in terms of 3-year DFS (62.8% vs 58.9%, p = 0.40).

The univariate analysis of the entire cohort showed that 
ASA Score ≥ 3, laparoscopic approach, age > 70 years, 
aCCI ≥ 5, previous abdominal surgery, LNR ≥ 0.15, p/
ypTNM Stage III and RIOT significantly correlated with 
OS (p < 0.05). At Cox multivariable regression analysis, 
independent prognostic factors for OS were ASA Score 
(HR 1.372), aCCI (HR 1.143) LNR (HR 1.718), p/ypTNM 
Stage (HR 2.224) and RIOT (0.505). Univariable and mul-
tivariable analysis are shown in Table 5.

Survival analysis and uni-/multivariable Cox regres-
sion model for DFS of the unmatched cohort are provided 
as supplementary material in supplementary Fig. 2 and 
Table 1.

Table 2  Description of the 
patients’ clinico-pathological 
characteristics in the 
PS-matched sample

OG open gastrectomy, LG laparoscopic gastrectomy, SMD Standardized Mean Difference, High-volume 
hospital hospital performing ≥ 31 gastrectomies/year, BMI body mass index, ASA American Society 
of Anesthesiologists, aCCI age-adjusted Charlson Comorbidity Index, cTNM clinical stage according to 
AJCC-TNM 8th edition, NACT  neoadjuvant chemotherapy, LNR lymph node ratio, p/ypTNM pathological 
post‐treatment stage according to AJCC-TNM 8th edition
* Fisher exact test for categorical variables. Values are expressed as number (percentage) or median (IQR), 
as appropriate

Variables Overall
N = 438

OG
N = 219

LG
N = 219

SMD p*

Treated in High-volume hospital (%) 376 (85.8) 189 (86.3) 187 (85.4) 0.026 0.89
Sex Female (%) 186 (42.5) 94 (42.9) 92 (42.0) 0.018 0.92
Age > 70 years (%) 259 (59.1) 129 (58.9) 130 (59.4) 0.009 1
BMI ≥ 25 (%) 173 (39.5) 87 (39.7) 86 (39.3) 0.009 1
ASA 3–4 (%) 133 (30.4) 64 (29.2) 69 (31.5) 0.050 0.67
aCCI ≥ 5 (%) 239 (54.6) 118 (53.9) 121 (55.3) 0.028 0.84
Previous abdominal surgery (%) 182 (41.6) 91 (41.6) 91 (41.6) 0 1
Tumour site 0.121 0.46
 Upper 57 (13.0) 33 (15.1) 24 (11.0)
 Middle 156 (35.7) 76 (34.7) 80 (36.5)
 Lower 225 (51.5) 110 (50.2) 115 (52.5)

cTNM stage (%) 0.162 0.23
 1 92 (21.0) 39 (17.8) 53 (24.2)
 2 133 (30.4) 71 (32.4) 62 (28.3)
 3 213 (48.6) 109 (49.8) 104 (47.5)

Performed NACT (%) 107 (24.4) 49 (22.4) 58 (26.5) 0.096 0.37
Total gastrectomy (%) 159 (36.3) 74 (33.8) 85 (38.8) 0.105 0.32
p/yp TNM Stage III (%) 196 (44.7) 97 (44.3) 99 (45.2) 0.018 0.92
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Survival analysis by surgical approach in the PS-matched 
cohort according pTNM/ypTNM subgroups are provided as 
supplementary material in supplementary Fig. 3.

Discussion

This retrospective Western study from 20 Italian centres 
found that there was no difference between LG and OG in 
terms of 3-year OS, in patients affected by AGC. In addi-
tion, short-term postoperative outcomes did not significantly 
differ between the groups. LG was associated with longer 
operating time and higher rate of RIOT.

In the last decades, several efforts have been made to 
improve the prognosis of patients affected by gastric cancer 
[27] based on both tailored treatments and careful patient 
selection; these have included the introduction of PC [5] 
and targeted therapeutic agents [22], together with the so-
called conversion surgery for stage IV gastric cancer [28]. 
On the other hand, postoperative complications negatively 
affect survival outcomes [29]; ideally, laparoscopy may con-
tribute in reducing such complications thanks to a magnified 
visualisation and a lower tissue trauma leading to a reduced 
surgical stress response [30]. Thus, LG has gained growing 
attention, demonstrating its advantages in terms of short-
term outcomes as compared to open surgery [8, 13, 31, 32].

However, many doubts have been raised about the actual 
reproducibility of these results in a Western setting, since the 
majority of published studies come from Eastern countries 
in which patients usually have more favourable anthropomet-
ric and tumour characteristics when compared to Western 
ones [30]. The present study retrieved data from 20 Ital-
ian institutions reflecting demographic features of a West-
ern population [3, 4]; in the overall cohort, 59% of patients 
were older than 70 years, more than 40% received previous 
abdominal surgery, 40% had a BMI greater than 25 kg/m2 
and 35% had a ASA score greater than or equal to 3. Moreo-
ver, unlike other studies where NACT was not performed 
[33], 22% of our patients received NACT, a percentage that 
might be explained by the inclusion of cTNM Stage I gastric 
cancers and the aforementioned clinical and demographic 
features of the patients our study cohort.

Despite the obvious difference in terms of patient char-
acteristics, which could potentially increase the technical 
complexity of LG in Western countries, our study showed 
an acceptable conversion rate (10%) as compared with pre-
vious studies where it ranged between 3 and 14% [12, 34, 
35]; this should be also evaluated considering the rate (86%) 
of high-volume gastric surgery centres among participants, 
which confirmed the feasibility of LG in centres experienced 
in both advanced laparoscopy and gastric cancer surgery.

As expected, in our study, LG had a longer oper-
ating time than OG, despite a higher number of 

Table 3  Operative, postoperative and follow-up data in the PS-matched sample

OG open gastrectomy, LG laparoscopic gastrectomy, LOS length of stay, CD Clavien–Dindo classification, CCI Comprehensive Complication 
Index, ACT  adjuvant chemotherapy, RIOT return to intended oncologic treatment
* Mann–Whitney test for continuous variables, Fisher exact test for categorical variables. Values are expressed as number (percentage) or median 
(IQR), as appropriate. Bold characters indicate significant values (p < .05)

Variables Overall
N = 438

OG
N = 219

LG
N = 219

p*

Operative time (minutes, median [IQR]) 255 [210, 300] 242 [203, 284] 260 [215, 315] 0.007
Combined cholecystectomy (%) 113 (25.8) 76 (34.7) 37 (16.9) < 0.001
Billroth II digestive reconstruction (%) 45 (10.3) 15 (6.8) 30 (13.7) 0.027
Postoperative LOS (days, median [IQR]) 10.00 [8.00, 13.00] 10.00 [8.00, 13.50] 9.00 [8.00, 12.00] 0.056
Overall postoperative complications (%) 148 (33.8) 73 (33.3) 75 (34.2) 0.92
Abdominal collections (%) 33 (7.5) 20 (9.1) 13 (5.9) 0.27
Anastomotic leak (%) 17 (3.9) 8 (3.7) 9 (4.1) 1
Bleeding (%) 15 (3.4) 6 (2.7) 9 (4.1) 0.60
Duodenal leak (%) 8 (1.8) 4 (1.8) 4 (1.8) 1
Pancreatic fistula (%) 8 (1.8) 5 (2.3) 3 (1.4) 0.72
Severe complication (CD > 2) (%) 48 (11.0) 23 (10.5) 25 (11.5) 0.76
CCI (median [IQR]) 0.00 [0.00, 20.90] 0.00 [0.00, 20.90] 0.00 [0.00, 20.90] 0.85
30-day mortality (%) 7 (1.6) 5 (2.3) 2 (0.9) 0.28
30-day readmission (%) 20 ( 4.6) 9 ( 4.1) 11 ( 5.0) 0.65
RIOT (%) 224 (51.1) 96 (43.8) 128 (58.4) 0.003
Time to RIOT (days, median [IQR]) 49.00 [40.00, 60.50] 50.00 [36.50, 62.75] 48.00 [41.50, 59.00] 0.78
Recurrence (%) 132 (30.1) 68 (31.1) 64 (29.2) 0.75
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cholecystectomies performed in the OG group; this was 
consistent with all previously published studies [8, 34–36]. 
The groups significantly differed in terms of B2 digestive 
reconstruction rate, that was higher in LG. Our results 
may reflect the surgeon’s preference in choosing a time-
saving, single-anastomosis reconstruction technique in 
patients with old age, affected by AGC and undergoing a 
minimally invasive intervention [31]. Although Roux-en-Y 
reconstruction seems to be associated with reduced risks 
of remnant gastritis and bile reflux, a recent meta-analysis 

[37] demonstrated no difference among digestive recon-
struction techniques in terms of safety.

Consistent with many papers from Eastern and Western 
centres [8, 36, 38], no difference was found between the 
groups in terms of postoperative LOS, morbidity, mortality 
and readmission rates, confirming the safety of LG.

Recently, LG was associated with a higher likelihood of 
receiving ACT [39]; consistently, in the present study, the 
rate of RIOT, including either ACT and PC, was higher in 
patients undergoing LG. Strong et al. [40] explained this 

Table 4  Pathologic report in the PS-matched sample

OG open gastrectomy, LG laparoscopic gastrectomy, WHO Classification World Health Organization Classification of Tumors, 5th edition, 
2018, LVI lymphovascular invasion, PNI perineural invasion, LNR lymph node ratio, NS not specified
* Mann–Whitney test for continuous variables, Fisher exact test for categorical variables. Values are expressed as number (percentage) or median 
(IQR), as appropriate

Variables Overall
N = 438

OG
N = 219

LG
N = 219

p*

Tumour site (%) 0.15
 Upper 58 (13.2) 36 (16.4) 22 (10.0)
 Middle 142 (32.4) 69 (31.5) 73 (33.3)
 Lower 237 (54.1) 114 ( 52.1) 123 (56.2)
 Other/NS 1 (0.2) 0 ( 0.0) 1 (0.5)

Tumour size (median [IQR]) 40.00 [30.00, 60.00] 40.00 [30.00, 60.25] 40.00 [25.00, 55.00] 0.068
Lauren histology (%) 0.83
 Intestinal 218 (51.1) 107 (50.2) 111 (51.9)
 Diffused 147 (34.4) 73 (34.3) 74 (34.6)
 Mixed/other 62 (14.5) 33 (15.5) 29 (13.6)

Poorly cohesive histology (including signet ring 
cell) according to WHO Classification (%)

134 (35.9) 65 (36.3) 69 (35.6) 0.91

Grading (%) 0.70
 1 8 (1.9) 5 (2.3) 3 (1.4)
 2 146 (34.2) 73 (34.1) 73 (34.3)
 3 259 (60.7) 131 (61.2) 128 (60.1)
 4 5 (1.2) 1 (0.5) 4 (1.9)
 Other/NS 9 (2.1) 4 (1.9) 5 (2.3)

pT 0.257
 0 4 (0.9) 0 (0) 4 (1.8)
 1 12 (2.7) 7 (3.2) 5 (2.3)
 2 102 (23.3) 49 (22.4) 53 (24.2)
 3 220 (50.2) 108 (49.3) 112 (51.1)
 4 100 (22.8) 55 (25.1) 45 (20.5)

pN 1
 0 157 (35.8) 79 (36.1) 78 (35.6)
 1 85 (19.4) 42 (19.2) 43 (19.6)
 2 81 (18.5) 41 (18.7) 40 (18.3)
 3 115 (26.3) 57 (26.0) 58 (26.5)

LVI (%) 195 (52.8) 98 (56.6) 97 (49.5) 0.17
PNI (%) 128 (36.3) 67 (41.9) 61 (31.6) 0.059
Margin status, R + (%) 14 (3.2) 11 (5.0) 3 (1.4) 0.053
N. of retrieved lymph nodes (median [IQR]) 33.00 [25.00, 45.00] 34.00 [26.00, 46.00] 32.00 [24.50, 43.00] 0.17
LNR ≥ 0.15 (%) 129 (29.5) 64 (29.2) 65 (29.7) 1
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effect with a more rapid postoperative recovery and a lesser 
occurrence of morbidities after LG in comparison with OG. 
However, in the present study, no differences were reported 
between the two groups in terms of postoperative outcomes, 
including postoperative complications and LOS; reflecting 
on this point, it is possible that short-term advantages of 
minimally invasive approach might be difficult to identify 
in a retrospective investigation. In addition, it should be 
noted that although an association between RIOT and lapa-
roscopic gastrectomy has been identified, the present study 
was not designed to investigate a cause-and-effect relation-
ship between these two variables.

Since its introduction in clinical practice, the main con-
cern about LG was its oncological safety. Several studies 
demonstrated the technical feasibility and safety of LG in 
performing adequate lymphadenectomy and obtaining radi-
cal resection in patients affected by AGC [11, 36, 41, 42]. 
Consistently, in our study, no significant difference between 

the groups was found in the histopathology report, confirm-
ing that LG was able to achieve acceptable results in terms 
of surrogate oncological outcomes. In particular, an ade-
quate number of LNs harvested and an acceptable R0 rate 
should be considered essential requirements to guarantee an 
adequate oncological intervention and LG seemed to ensure 
them correctly, as demonstrated by the similar results found 
between the groups.

The KLASS 01 trial reported a similar 5-year OS in 
patients receiving LG and OG for Stage I gastric cancer 
[14]. More recently, a similar result was confirmed by the 
CLASS-01 trial which demonstrated the non-inferiority of 
LG in comparison to OG in terms of 3-year DFS and 3-year 
OS (76.5% vs 77.8%, p 0.59 and 83.1% vs 85.2%, p 0.28 
in LG and OG, respectively), in patients affected by AGC 
[43]. Moreover, a PSM analysis from the International Study 
Group on Minimally Invasive Surgery for Gastric Cancer 
Registry reported a similar 5-year OS rate between LG and 

Fig. 1  Overall survival (a) and 
disease-free survival (b) by sur-
gical approach in the matched 
sample. OG open gastrectomy, 
LG laparoscopic gastrectomy

Table 5  Uni- and multivariable 
Cox regression model for OS in 
the original (unmatched) sample

Bold characters indicate significant values (p < 0.05). Values are expressed as number (percentage) or 
median (IQR), as appropriate
BMI body mass index, ASA, American Society of Anesthesiologists, aCCI age-adjusted Charlson Comor-
bidity Index, LNR lymph node ratio, p/ypTNM pathological post‐treatment stage according to AJCC-TNM 
8th edition, ACT  adjuvant chemotherapy, RIOT return to intended oncologic treatment

Variables Univariate Multivariable

HR (95% CI) p value HR (95% CI) p value

Laparoscopic approach vs open 0.694 (0.531;0.907) 0.007 0.898 (0.682;1.183) 0.44
Female sex vs male 0.814 (0.640;1.036) 0.09
Age > 70 years vs ≤ 70 1.406 (1.106;1.787) 0.005 1.046 (0.786;1.392) 0.75
BMI ≥ 25 vs < 25 1.098 (0.871;1.385) 0.42
ASA 3–4 vs 1–2 1.707 (1.352;2.155) < 0.001 1.372 (1.060;1.775) 0.016
aCCI ≥ 5 vs < 5 1.728 (1.355;2.205) < 0.001 1.350 (1.007;1.811) 0.045
Previous abdominal surgery vs no 0.727 (0.568;0.929) 0.011 0.801 (0.621;1.033) 0.08
Total gastrectomy vs distal 1.200 (0.949;1.517) 0.12
LNR ≥ 0.15 vs < 0.15 2.370 (1.878;2.992) < 0.001 1.718 (1.302;2.267) < 0.001
p/yp TNM Stage III vs I-II 2.595 (2.018;3.339) < 0.001 2.224 (1.648;3.002) < 0.001
RIOT vs no 0.644 (0.510;0.814) < 0.001 0.505 (0.391;0.654) < 0.001
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OG (77.4% vs 75.2%, respectively, p = 0.229) [44]. However, 
these data refer mainly to Eastern patients and their repro-
ducibility in a Western setting is still controversial with only 
few studies addressing this topic, reporting small sample size 
[45] and critical selection bias [46]. Interesting results were 
recently provided by a retrospective multicentric case-series 
[35], which analysed survival outcomes in patients affected 
by stage II and III gastric cancer undergoing LG, reporting a 
5-year OS rate of 63%; unfortunately the long time interval 
of the study, the lack of a control group and the absence of a 
common research network between the participating centres 
impose caution on the interpretation of this result. In the 
current study, survival analysis showed similar 3-year OS 
(73.6% vs 68.7%, p = 0.4 in LG and OG, respectively) and 
DFS (62.8% vs 58.9%, p 0.4 in LG and OG, respectively) 
between LG and OG. To the best of our knowledge, this is 
the first large multicentre Western study to report compara-
ble survival outcomes between LG and OG for treatment of 
AGC; all participating centres belong to the same research 
network (GIRCG) and share the same guidelines and pro-
tocols for pathology report, guaranteeing homogeneity and 
quality in the surgical treatment of patients affected by gas-
tric cancer, in a recent time interval of study period.

On multivariable analysis RIOT, ASA score, aCCI, LNR 
and p/yp TNM stage were independent factor for OS, as 
previously reported in several investigations [19, 22, 47, 
48]. Despite a higher association between LG and RIOT 
was observed, our investigation cannot detect a prognostic 
effect of LG.

This study presents some limitations. First, this was a 
retrospective analysis and, despite a PSM being used, many 
unknown confounders could have generated two unbalanced 
cohorts at baseline affecting outcomes. Even though all 
patients included in this study could ideally have undergone 
both LG and OG, depending on the surgeon’s preference, 
indications to LG could slightly differ among various centres 
due to different skills and experience in treating patients 
undergoing neoadjuvant chemotherapy, or with high BMI, 
or with previous abdominal surgery; however, these differ-
ences, inevitably due to the retrospective nature of the study, 
were partially balanced with the propensity score matched 
analysis which selected comparable groups in terms of sex, 
age, BMI, aCCI, ASA score, NACT administration, previous 
abdominal surgery, type of gastrectomy. Data about patho-
logical tumour regression grade were not available and this 
may represent a limit due to its prognostic value. In addition, 
the p/ypTNM Stage variable, which actually is a postopera-
tive variable, was chosen to run the matching during PSM. 
Considering the poor reliability of clinical staging for gastric 
cancer [49, 50] potentially leading to a disease understag-
ing and thus generating imbalanced cohorts at baseline, the 
inclusion of postoperative variables, as already documented 
in the gastric cancer literature [44, 51, 52], could provide 

better chance of achieving balanced groups at baseline, tak-
ing into account the primary endpoint. Lastly, due to the 
heterogeneity in the proportion of patients undergoing LG 
in each participating centre, the inclusion of the “centre 
volume” variable in PSM was considered not feasible. As 
previously adopted in several fields of surgery [44, 53, 54], 
the unfeasibility to include the “centre volume” variable is 
a common issue in multicentric investigations comparing 
different surgical approaches using PSM analysis.

Conclusions

This PSM study showed that LG for AGC offered similar 
survival and short-term outcomes when compared to OG, 
with a higher rate of RIOT. RIOT, age, aCCI, LNR and p/
ypTNM Stage, but not surgical approach, were prognostic 
factors for survival. Future RCTs focusing on Western popu-
lations are needed to further clarify the actual role of mini-
mally invasive curative-intent surgery in AGC.
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