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Background: Neoadjuvant chemotherapy (NACT) is increasingly becoming the recommended treatment for
locally advanced gastric cancer (LAGC) with promising results. According to previous reports, few studies have
evaluated the benefits of laparoscopic gastrectomy (LG) after NACT.

Methods: 135 patients from our center who underwent gastrectomy with NACT were available, including 41
patients of LG and 94 OG between July 2018 and July 2022. To reduce selection bias, we used the nearest
neighbor method and set caliper = 0.2 for 3:1 matching between LG and OG groups for propensity score
matching method (PSM). After PSM, the matched 41 patients with LG and 80 patients with OG formed the
cohort, respectively. Univariate and multivariate Cox analyses were performed on all variables to determine
independent risk factors associated with survival.

Results: LG had a longer operating time compared to OG [260.00 min (220.00 min, 300.00 min) vs. 200.00 min
(160.00 min, 260 min), P < 0.001]. The estimated blood loss, metastatic lymph nodes (LN), total LN examined,
postoperative hospital stays, blood transfusion (P>0.05) and the incidence of postoperative complications did
not show statistical differences from the OG group (P = 0.084). The type of surgery (LG vs. OG) did not show a
significant risk propensity in the univariate and multivariate Cox analysis (HR = 0.69, P = 0.36, 95 % CI:
0.31-1.53). Through the Kaplan-Meier curves, a certain trend showed that the LG group had a better long-term
survival outcomes than the OG group, although there was no statistical difference between two groups (P>0.05).
Conclusion: LG is a promising treatment option for LAGC patients receiving NACT and had an acceptable safety
and efficacy compared to OG.

Recently, the incidence and mortality of gastric cancer (GC) have
decreased globally, but GC remains the third leading cause of cancer
death [1]. Surgical procedures are the main treatment for GC. The re-
sults of a study conducted by J. Yu et al. showed that laparoscopic
gastrectomy (LG) for locally advanced gastric cancer (LAGC) is a safe
and feasible minimally invasive technique, which is comparable to open
gastrectomy (OG) in terms of oncologic outcomes [2]. It provided the
same lymph node harvesting, reduced intraoperative bleeding, reduced

risk of surgical site infection, accelerated early recovery of bowel
function and shortened hospital stay among other short-term as well as
long-term quality indicators [3].

Neoadjuvant chemotherapy (NACT) is increasingly becoming the
recommended treatment for LAGC with positive results [4,5,6,7]. The
PRODGY and RESOLVE studies are promising NACT regimens that
demonstrated the safety and short-term effectiveness of perioperative
NACT. It can reduce tumor pathological stage, improve long-term
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Inclusion criteria:

(a) clinicopathological diagnosis of GC;

(b) received at least 1 cycle of NACT treatment;

(¢) no other treatment (radiation therapy or long-

term hormonetherapy) other than NACT and gastrectomry.

A

L
Exclusion criteria:
(a) Combined with malignancies at other sites;
(b) R1/2 resection;
(C) Patients with incomplete clinical data or follow-up
information.

135 patients that received NACT and gastrectomy

A 4

The main covariates included sex, age, longest specimen
diameter, neoadjuvant chemotherapy regimens and NRS2002,
by the nearest neighbor method and settingcaliper=0.2 for 3:1
propensity score matchhing between LG and OG groups.

v v

41 patients in LG after PSM 80 patients in OG after PSM

I |
)

I Statistical analvsis I

46 patients were excluded:

15 patients with tumors from other sites;

3 patients with long-term hormone use;

3 patients were lost to follow-up;

25 patients with incomplete baseline information

Fig. 1. The flow chart presents the inclusion and exclusion criteria.

survival and quality of life [8]. However, this is a new challenge for LG
due to the vascular, tissue edema or fibrotic response after NACT. In
particular, lymph node dissection and anastomosis of the residual bowel
is a challenge and therefore requires extensive laparoscopic experience.
Therefore, it is necessary to clarify the safety as well as the effectiveness
of LG after NACT [4].

According to previous reports, few studies have evaluated the ben-
efits of LG after NACT. Therefore, it is valuable to compare the short- and
long-term outcomes of LG and OG in LAGC patients after NACT.

Methods
Patient selection

This study was a retrospective analysis. The inclusion criteria for this
study were as follows: (a) clinicopathological diagnosis of GC; (b) pa-
tients received at least 1 cycle of NACT; (c) no other treatment (radiation
therapy or long-term hormone therapy) other than NACT and gastrec-
tomy. The exclusion criteria were as follows: (a) patients combined with
malignancies at other sites; (b) R1/2 resection; (c) patients with
incomplete clinical data or follow-up information. Among them, 15
patients with tumors at other sites, 3 patients with long-term hormone
use, 3 patients without follow-up information and 25 patients with
incomplete baseline information were excluded. Thus, 135 patients from
our center who underwent gastrectomy after NACT were available for
propensity score matching method (PSM), including 41 patients of LG
and 94 OG between July 2018 and July 2022.

Ethics Committee of Xijing Hospital approved the study (No. XJLL-
KY-20232159) and waived the requirement for informed consent for
the anonymous data.
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PSM

To reduce selection bias, we used the nearest neighbor method and
set caliper = 0.2 for 3:1 matching between LG and OG groups based on R
software (Matchlt package). The main baseline indicators and con-
founding factors were set as covariates, including sex, age, longest
specimen diameter, chemotherapy regimen and The Nutritional Risk
Screening (NRS) 2002 score. The flow chart of screening patients is
shown in Fig. 1.

After PSM, the matched 41 patients in LG groups and 80 patients in
OG groups formed the cohort, and the distribution of propensity scores
for the two groups are shown in Fig. 2, respectively.

Surgical technique

All patients had received at least one cycle of preoperative NACT and
were analyzed in strata according to the different regimens. Gastrec-
tomy and D2 lymph node dissection were performed at intervals of 3-8
weeks after NACT was received. Depending on the location of the tumor
and its extension, the surgeon will choose the appropriate type of gas-
trectomy (total, proximal or distal gastrectomy) and anastomosis. The
LG group takes the conventional 5 trocars, the location of which is based
on operational habits. The approach of abdomen is usually adopted by
the median abdominal laparotomy in the OG group. For patients in
combinations with other organ resection, LG or OG is decided according
to the clinical routine of each medical center. During the procedure, a
laparoscopic-assisted incision of >10 cm is considered an intermediate
open laparotomy [9]. Abdominal exploration was carried out to deter-
mine whether peritoneal implantion metastasis was present. During the
abdominal exploration phase, abdominal exfoliative cytology specimens
would be gathered for analysis. According to the guidelines for LAGC,
LG or OG with D2 lymphadenectomy include No.1-7, No.8a, No.9,
No.11d and No.12a [10]. To ensure incisal margin safety, frozen biopsy
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Fig. 2. Histogram and jitter plot of the propensity score distribution.

was routinely performed to determine the resection range. The LG or OG
procedure will be performed by experienced surgeons. All histological
specimens are evaluated by two pathologists and classified according to
the Mandard Tumour Regression Grading (TRG) system.

Data collection and outcome assessment

All information for this study, including baseline data, blood tests,
surgical and pathological outcomes, was obtained from the electronic
medical records and follow-up results.

NACT regimen includes two-drug combinations (SOX, XELOX/
CapOx), three-drug combinations (FLOT, DOS, FOLFOX) and molecu-
larly targeted drugs (PD-1/PD-L1 inhibitors). Postoperative complica-
tions were determined according to the Clavien-Dindo classification
system and only grade 2 or higher grade were recorded. OS was defined
as the time interval between the start of NACT and the last follow-up
visit or death from any cause.

NRS2002 is used to evaluate the preoperative nutritional status of
patients. According to previous research results, if the NRS2002 score is
>2 points, the patient is at risk of malnutrition and requires nutritional
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support treatment. If the total score of NRS2002 is <2 points, their
nutritional status will be reassessed weekly [11].

Postoperative complications were defined as problems affecting the
patient within 30 days after surgery, including anastomotic leak,
abdominal infection, pulmonary infection and bleeding. All patients
were managed according to the enhanced recovery after surgery in the
perioperative period.

Statistical analysis

Continuous variables were expressed as medians with interquartile
distances. Categorical variables were expressed as numbers and per-
centages (%). Nonparametric tests, including the x? test or the Mann-
Whitney U test, were used for group comparisons between categorical
variables and ordered categorical data. Univariate and multivariate Cox
analyses were performed on all variables to determine independent risk
factors associated with survival.

The Restricted Mean Survival Time (RMST) is particularly useful
when the proportional hazards assumption cannot be made or when the
event rate is low. RMST provides an absolute measure of survival time
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Table 1
The characteristics of 121 patients after propensity score matching.
Overall Open Laparoscopic P
gastrectomy gastrectomy
Gender
Female 14 (11.6) 10 (12.5) 4(9.8) 0.77
Male 107 (88.4) 70 (87.5) 37 (90.2)
Age (years) 59.6 (9.8) 59.45 (10.02) 59.76 (9.61) 0.87
Age-adjusted
Charlson
Comorbidity
Index
<3 40 (33.1) 25 (31.2) 15 (36.6) 0.70
>3 81 (66.9) 55 (68.8) 26 (63.4)
NRS2002
<2 87 (71.9) 54 (67.5) 33(80.5) 0.20
>2 34 (28.1) 26 (32.5) 8(19.5)
BMI 22.7 [20.9, 22.50 [21.05, 22.90 [20.30, 0.9
24.5] 24.60] 24.20]
Diabetes
No 103 (85.1) 66 (82.5) 37 (90.2) 0.30
Yes 18 (14.9) 14 (17.5) 4(9.8)
Hypertension
No 82 (67.8) 58 (72.5) 24 (58.5) 0.18
Yes 39 (32.2) 22 (27.5) 17 (41.5)
Coronary disease
No 103 (85.1) 68 (85.0) 35 (85.4) 1
Yes 18 (14.9) 12 (15.0) 6 (14.6)
Drinking
No 47 (38.8) 33 (41.2) 14 (34.1) 0.57
Yes 74 (61.2) 47 (58.8) 27 (65.9)
Smoking
No 89 (73.6) 62 (77.5) 27 (65.9) 0.25
Yes 32 (26.4) 18 (22.5) 14 (34.1)
Status
Alive 38 (31.4) 30 (37.5) 8(19.5) 0.07
Death 83 (68.6) 50 (62.5) 33(80.5)
Hospitalization 77,304.0 72,966.89 84,052.35 <0.001
expenses (¥) [66,998.2, [63,400.24, [76,582.39,
87,098.0] 84,312.64] 93,799.61]

The bold representation in the table has statistical significance.

Survival probability
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and can be used as an alternative to hazard ratios. The baseline data
analysis before propensity score matching is included in supplementary
files.

This study used R software (Matchlt package) to conduct the pro-
cedure of PSM. the Tableone R package (version 4.2.2, https://cran.r-pr
oject.org) was used for data analysis. We plotted survival curves and
performed COX regression analysis with the “survival” R package. P <
0.05 was considered statistically significant, and all P values were
bilateral.

Results
Demographic and clinicopathologic characteristics

In the retrospective data of 135 patients, we found that some baseline
indicators were imbalanced between the two groups, as shown in Sup-
plementary Tables 1-4. Therefore, in order to reduce potential data bias
and confounding variables between groups, we conducted propensity
score matching.

The matched 121 patients form the cohort and baseline data are
summarized in Table 1. Fig. 2 shows the histogram and jitter plot of the
propensity score distribution. The matched experimental group is
similar to the control group with comparability.

There were 4 females and 37 males in the LG group with a mean age
of 59.76 (9.61) years. The mean BMI was 22.90 [20.30, 24.20] kg/mz.
The hospitalization expenses were more expensive in the LG group
compared to the OG group (P < 0.001). Survival outcomes were
analyzed by Kaplan-Meier curves, and the LG group had a trend of better
long-term survival than the OG group, but did not show statistical dif-
ferences (P > 0.05) (Fig. 3).

Neoadjuvant chemotherapy regimen and pathological results

In the LG group, 14 patients (34.1 %) received two-drug combina-
tions, 21 patients (51.2 %) received three-drug combinations and 6
patients (14.6 %) received molecularly targeted drugs. According to
TNM classification, postoperative pathological examination showed 8

Strata == all Open gastrectomy == Laparoscopic gastrectomy
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Fig. 3. Kaplan-Meier survival curves of GC patients undergoing laparoscopic gastrectomy (LG) versus open gastrectomy (OG).
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Table 2 Table 3
Neoadjuvant chemotherapy regimens and histopathology. Surgical data and postoperative complications.
Overall Open Laparoscopic P Overall Open Laparoscopic P
gastrectomy gastrectomy gastrectomy gastrectomy
Regimen for NACT Type of gastrectomy
Single-drug 2 2 0 <0.001 Proximal 25(20.7) 20 (25.0) 5(12.2) 0.14
combinations gastrectomy
Two-drug Distal gastrectomy 31 (25.6) 17 (21.2) 14 (34.1)
combinations Total gastrectomy 65(53.7) 43 (53.8) 22 (53.7)
SOX (%) 31 18 13 Operating time (min) 235.0 200.00 260.00 <0.001
XELOX (%) 8 7 1 [180.0, [160.00, [220.00,
Three-drug 270.0] 260.00] 300.00]
combinations Estimated blood loss 150.0 150.00 100.00 [50.00, 0.24
FLOT (%) 22 8 14 (ml) [100.0, [100.00, 300.00]
DOS (%) 34 32 2 200.0] 200.00]
FOLFOX (%) 9 4 5 Metastatic LN 1.0 [0.0, 1.50 [0.00, 1.00 [0.00, 0.90
Molecularly 15 9 6 5.0] 5.00] 5.00]
targeted drugs Total LN examined 21.0 21.00 22.00 [20.00, 0.07
Chemotherapy cycle [18.0, [18.00, 27.00]
1 24 (19.8) 19 (23.8) 5012.2) 0.33 26.0] 25.25]
2 24 (19.8) 17 (21.2) 7 (17.1) Postoperative hospital 7.9 [6.6, 7.90 [6.88, 7.93 [6.01, 0.97
3 35 (28.9) 20 (25.0) 15 (36.6) stay (days) 9.8] 8.94] 9.93]
>4 38(31.4) 24(30.0) 14 (34.1) Anastomosis
TRG (%) Roux-en-Y 77 (63.6) 53 (66.2) 24 (58.5) 0.02
1 2Q1.7) 1(1.2) 124 0.66 Esophagogastric 24 (19.8) 19 (23.8) 5(12.2)
2 24 (19.8) 14 (17.5) 10 (24.4) tubular anastomosis
3 30(24.8) 20 (25.0) 10 (24.4) Delta anastomosis 2(1.7) 2(2.5) 0 (0.0)
4 50 (41.3) 33 (41.2) 17 (41.5) (Billroth I)
5 15 (12.4) 12 (15.0) 3(7.3) Billroth II 3(2.5) 1(1.2) 2 (4.9
p/ypT stage Billroth I with Braun 15(12.4) 5(6.2) 10 (24.4)
1 15 (12.4) 12 (15.0) 3(7.3) 0.43 anastomosis
2 14 (11.6) 7(8.8) 7 (17.1) Blood transfusion
3 47 (38.8) 31(38.8) 16 (39.0) No 106 69 (86.2) 37 (90.2) 0.77
4 45 (37.2) 30 (37.5) 15 (36.6) (87.6)
p/ypN stage Yes 15(12.4) 11 (13.8) 4(9.8)
0 40 (33.1) 27 (33.8) 13 (31.7) 0.78 Complication
1 54 (44.6) 34 (42.5) 20 (48.8) No 89 (73.6) 63 (78.8) 26 (63.4) 0.08
2 27 (22.3) 19 (23.8) 8 (19.5) Yes 32(26.4) 17 (21.2) 15 (36.6)
p/yp TNM stage G2 (%) 32 17 15
1 21 (17.4) 13 (16.2) 8(19.5) 0.53 Hypoproteinemiaa 3 4
2 28 (23.1) 21 (26.2) 7 (17.1) (%)
3 66 (54.5) 41 (51.2) 25 (61.0) Anemia (%) 3
4 6 (5.0) 5(6.2) 1(2.4) Ascites (%) 13 13
Differentiation Pelvic effusion (%) 1
Poor 75 (62.0) 47 (58.8) 28 (68.3) 0.56 Post-surgical wound 3 2
Moderately 35(28.9) 24 (30.0) 11 (26.8) complications (%)
Well 4(3.3) 4 (5.0) 0(0.0) Deep venous 1 0
Unknown 7 (5.8) 5(6.2) 2(4.9) thrombosis (%)
Perineural invasion Pulmonary infection 3 2
No 29 (24.0) 20 (25.0) 9 (22.0) 0.88 (%)
Yes 92 (76.0) 60 (75.0) 32 (78.0) G3b (%) 4 2 2
Vascular invasion Intraperitoneal 0 2
No 43 (35.5) 31 (38.8) 12 (29.3) 0.41 hemorrhage (%)
Yes 78 (64.5) 49 (61.3) 29 (70.7) Anastomotic leakage 2 1
Lauren type (%)
Unknown 21 (17.4) 16 (20.0) 5@12.2) 0.66
Intestinal 29 (24.0) 20 (25.0) 9 (22.0)
Diffuse 21(17.4) 13(16.2) 8(19.5) Surgery and postoperative complications
Mixed 50 (41.3) 31 (38.8) 19 (46.3)
Th;i;:gt:r irflihe Ef;)o, ig:gg][lz.oo, 1;:881[11'00’ 0.54 According to the tumor site, 5 patients (12.2 %) were laparoscopic
specimen 17.0] proximal gastrectomy, 14 patients (34.1 %) were laparoscopic distal
The short diameter 3.5[3.0,  3.50 [3.00, 3.50 [3.00, 0.51 gastrectomy and 22 patients (53.7 %) were laparoscopic total gastrec-
of the specimen 4.0] 412] 4.00] tomy. LG had a longer operating time compared to OG [260.00 min

patients (19.5 %) were at stage I, 7 patients (17.1 %) were at stage II, 25
patients (61.0 %) were at stage Il and 1 patient (2.4 %) were at stage IV.

Therefore, combining the results of the study conducted by S.
Derieux, we divided the patients into two subgroups: pathological re-
sponders (TRG 1 to TRG 3) and pathological nonresponders (TRG 4 to
TRG 5) [12,13,14]. In the LG group, pathological responders (TRG 1 to
TRG 3) were present in 21 patients (51.2 %) and pathological non-
responders (TRG 4 to TRG 5) in 20 (48.8 %). The indicators were
balanced and comparable between the two groups (Table 2).
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(220.00 min, 300.00 min) vs. 200.00 min (160.00 min, 260.00 min), P
< 0.001].

There was no significant difference in terms of estimated blood loss,
metastatic LN, total LN examined, postoperative hospital stays and
blood transfusion, which indicates that the LG group has the same sur-
gical effectiveness and safety as the OG. In the LG group, 15 patients had
potential Clavien-Dindo grade 2 complications, including 4 patients
with hypoproteinemia, 2 patients with anemia, 13 patients with ascites,
2 patients with post-surgical wound complications and 2 patients with
pulmonary infection. Two patients had intraperitoneal hemorrhage of
grade Clavien-Dindo 3b. The incidence of postoperative complications
did not show statistical differences between the OG and LG group (P =
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Table 4
Univariate and multivariate Cox regression analyses of clinicopathological variabilities.
Characteristics Univariate analysis Multivariate analysis
HR CI P HR CI 14

Gender

Female

Male 0.55 0.24-1.24 0.15
Age (years)

<68

>68 1.6 0.7-3.66 0.27
Type of gastrectomy 1.45 0.93-2.25 0.10

Proximal gastrectomy

Distal gastrectomy 0.72 0.24-2.14 0.55

Total gastrectomy 1.72 0.74-4.00 0.21
Type of surgery

Open gastrectomy

Laparoscopic gastrectomy 0.69 0.31-1.53 0.36
CCI

<3

>3 1.74 0.84-3.60 0.13
Operating time (min)

<210

>210 0.96 0.51-1.83 0.91
Estimated blood loss (ml)

<100

>100 1.67 0.83-3.38 0.15
Diabetes

No

Yes 1.19 0.53-2.71 0.67
Hypertension

No

Yes 0.82 0.40-1.65 0.57
Coronary disease

No

Yes 0.52 0.16-1.69 0.28
Drinking

No

Yes 0.79 0.42-1.51 0.47
Smoking

No

Yes 0.93 0.44-1.96 0.84
NRS2002

<2

>2 1.59 0.82-3.07 0.17
Chemotherapy cycle

1

2 0.96 0.29-3.15 0.95

3 1.83 0.68-4.90 0.23

>4 2.27 0.88-5.91 0.09
p/ypT stage

1

2 1.38 0.19-9.83 0.75

3 2.38 0.53-10.78 0.26

4 5.12 1.20-21.88 0.03
p/ypN stage

0

1 2.76 1.02-7.50 0.05

2 7.05 2.56-19.38 <0.001
p/yp TNM stage

1+2

3+4 4.05 1.78-9.25 <0.001
Metastatic LN

<3

>3 2.22 1.17-4.23 0.02 1.27 6.32-2.54 0.50
Total LN examined

<29

>29 1.13 0.44-2.89 0.80
Perineural invasion

No

Yes 4.61 1.41-15.03 0.01 5.51 1.37-22.26 0.02
Vascular invasion

No

Yes 2.22 1.05-4.71 0.04 0.68 0.27-1.73 0.42
Lauren type

Unknown

Intestinal 0.94 0.32-2.70 0.90

Diffuse 3.38 1.31-8.75 0.01

(continued on next page)
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Characteristics Univariate analysis Multivariate analysis
HR CI P HR CI P
Mixed 0.58 0.21-1.62 0.29
Regimen for NACT
Single-drug
Two-drug combinations 0.27 0.08-0.97 0.04
Three-drug combinations 0.29 0.09-0.99 0.04
Molecularly targeted drugs 0.25 0.04-1.53 0.13
BMI (kg/m?)
<23.8
>23.8 0.46 0.21-1.01 0.05 0.01 0.01-0.17 0.02
TRG
1+2+3
4+5 4.83 2.12-11.00 <0.001 4.04 1.73-9.45 <0.001
Postoperative hospital stay (days)
<6.05
>6.05 0.88 0.40-1.92 0.75
Transfusion
No
Yes 2.20 1.00-4.81 0.04 2.41 1.05-5.48 0.04
The length and diameter of the specimen
<14
>14 1.45 0.76-2.78 0.26
The short diameter of the specimen
<3
>3 1.66 0.86-3.22 0.13
Complication
No
Yes 1.23 0.61-2.49 0.56
Strata = all Stage1 =+ Stage2 ™ Stage3 ™ Stage 4
1.001
0.751
>
o)
©
Q0
o
S 0.501
©
2
2
>
w
0.25+
0.00+

o4
-
N4

Time

Fig. 4. Stratification analysis of TNM stages of GC patients undergoing NACT.

0.084) (Table 3).

Univariate and multivariate analysis affecting prognosis

We used Cox regression analysis to analyze the risk factors for
prognosis of LAGC patients. The results of univariate Cox analysis
showed that p/yp TNM stage (3 + 4 vs. 1 + 2), metastatic LN (>3 vs.
<3), perineural invasion (yes vs. no), vascular invasion (yes vs. no), BMI
(>23.8 vs. <23.8), transfusion (yes vs. no), TRG (4/5 vs. 1/2/3) were
potential risk factors affecting the prognosis of GC patients.
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Multivariate Cox regression revealed that perineural invasion (HR =
5.51, 95 % CI: 1.37-22.26, P = 0.02), BMI (HR = 0.01, 95 % CI:
0.01-0.17, P = 0.02), TRG (HR = 4.04, 95 % CI: 1.73-9.45, P < 0.001)
and transfusion (HR = 2.41, 95 % CI: 1.05-5.48, P = 0.04) were inde-
pendent risk factors. Notably, the type of surgery (LG vs. OG) did not
show a significant risk propensity in the univariate analysis (HR = 0.69,
95 % CI: 0.31-1.53, P = 0.36) and was not an independent risk factor for
overall survival. The data are presented in Table 4.
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Fig. 6. The long-term survival outcomes of the different regimens.

Stratified analysis

Types of gastrectomy, TNM stage and NACT regimens are important
factors affecting the prognosis of GC patients. Therefore, we performed a
further subgroup stratification analysis.

Through the Kaplan-Meier curves, we found that there was a sig-
nificant prognostic difference between different TNM stages (P =
0.0045) (Fig. 4). After dichotomizing stage, the long-term survival
outcome of stagel/2 patients was still better than that of stage3/4
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patients (p < 0.001). From the Supplementary Fig. 1, it can be found that
for RMST within the 5.42 years, the difference between stage 3/4 and
stage 1/2 is —1.521 years (95 % CI: —2.298-0.743, P < 0.001).

Interestingly, in the analysis according to type of gastrectomy, a
certain trend showed that patients with distal gastrectomy had a better
prognosis than proximal gastrectomy, with total gastrectomy patients
having the worst prognosis, although these differences were not statis-
tically different (P = 0.097) (Fig. 5).

Similarly, we found no differences in different NACT regimens (p =
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0.17). No differences in prognostic outcomes existed for single-drug
regimen, two-drug combination regimens, three-drug combination
regimens or molecularly targeted drugs (Fig. 6). From the Supplemen-
tary Fig. 2, it can be found that for RMST within the 5.42 years, the
difference between molecularly targeted drugs and single/two/three-
drug combinations is 0.678 years (95 % CI: —0.651-2.007, P = 0.317).

Discussion

Southeast Asia is a region with a high incidence of GC, and most
patients are in the progressive stage at the time of first diagnosis [15].
For this type of patients, NACT has gradually become an important part
of comprehensive perioperative treatment, but surgical gastrectomy is
undeniably still the most effective means of treatment [2]. The combi-
nation of preoperative NACT and surgical gastrectomy, especially the
widespread application of minimally invasive techniques, has led to a
significant increase in long-term survival rate of GC patients [16,17].

In the present study, we found a trend toward better survival in the
LG group by Kaplan-Meier survival curves, although there was no sta-
tistical difference in the postoperative survival outcomes between the
two groups. It was shown by multivariate Cox analysis that the type of
surgery (LG vs. OG) was not an independent risk factor for overall sur-
vival (HR = 0.69, 95 % CI: 0.31-1.53, P = 0.36), which is consistent with
previous studies [18].

The report of T. Kosuga et al. found that total gastrectomy leads to
inadequate caloric intake and caloric losses, which is consistent with our
outcome [19]. We found that the prognosis of the various types of gas-
trectomy also showed some trend differences, although without statis-
tically different. Among them, patients with distal gastrectomy had a
better prognosis than proximal gastrectomy, and patients with total
gastrectomy had the worst prognosis. This may be due to the fact that
total gastrectomy patients, in whom no gastric function is preserved,
would suffer from long-term deficiencies of trace elements such as he-
moglobin or internal factors [20].

Notably, the LG group had a significantly longer operating time. The
reason may be that most GC patients receiving NACT are in the
advanced stage, which means large size and anatomical complexity of
the tumor inevitably prolong the operating time, although laparoscopy
facilitates lymph node dissection and delicate manipulation. Interest-
ingly, in the Cox regression analysis, we found that operating time was
not an independent factor affecting prognosis and did not increase the
risk of long-term survival. Therefore, the prolonged operating time is
acceptable for intraoperative procedures.

NACT causes tissue and perivascular edema and disrupts the
anatomical plane, which can increase the difficulty of the procedure as
well as the risk of postoperative complications. However, laparoscopic
surgery can compensate for these disadvantages with the help of visual
magnification effect and more delicate manipulation.

A study on preoperative induction chemotherapy reported by D.
Mizrak Kaya et al. showed that in patients with gastric adenocarcinoma,
the three-drug combination was safe and feasible compared to the two-
drug combination, but did not show significant advantages [21]. Their
results are consistent with our findings. The NACT regimens within our
study were mainly two-drug combination and three-drug combination
regimens, with a high overall variability. In the Kaplan-Meier curve
analysis and RSMT, we did not find statistically significant differences
between the regimens. It was also not found to be an independent risk
factor in the Cox regression analysis.

Y. Wang et al. found that in total laparoscopic gastrectomy, the
number of lymph nodes resection, intraoperative bleeding and post-
operative complication rates were comparable to those in OG after
NACT (P > 0.05), and the incision length was shorter with less invasive
in LG (P < 0.001) [22]. Similarly, M. Fujisaki et al. found that LG group
significantly reduced hospital stay and bleeding compared to the OG
group [18]. In our study, the two groups did not show a statistical dif-
ference in estimated blood loss, metastatic LN, total LN examined and
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complication, which also indicates the acceptable safety and efficacy of
laparoscopy.

TNM stage has been reported in several studies as an independent
risk factor affecting the prognosis of patients with gastric cancer [23]. By
the Kaplan-Meier curve analysis, we found that there were significant
prognostic differences between different TNM stages. After dichoto-
mizing stages in the RSMT, the survival outcomes of stage 1/2 patients
were better than stage 3/4 patients (P<0.001) [24].

Undeniably, there are some limitations in this study. First, although
the PSM can reduce selection bias in studies, hidden bias still exists
because this method can only balance the observed variables. Other-
wise, the population receiving NACT is limited and the effective sample
size is small. Therefore, we hope to clarify the advantages of LG with
larger prospective studies in the future.
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