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Abstract

BACKGROUND

Laparoscopic total gastrectomy (LTG) has drawn increasing attention over the
years. Although LTG has shown surgical benefits compared to open TG (OTG) in
early stage gastric cancer (GC), little is known about the surgical and oncological
outcomes of LTG for advanced GC following neoadjuvant therapy (NAT).

AIM
To compare the long- and short-term outcomes of advanced GC patients who
underwent LTG vs OTG following NAT.

METHODS

Advanced GC patients who underwent TG following NAT between April 2011
and May 2018 at the Cancer Hospital of the Chinese Academy of Medical Sciences
were enrolled and stratified into two groups: LTG and OTG. Propensity score
matching analysis was performed at a 1:1 ratio to overcome possible bias.

RESULTS

In total, 185 patients were enrolled (LTG: 78; OTG: 109). Of these, 138 were paired
after propensity score matching. After adjustment for propensity score matching,
baseline parameters were similar between the two groups. Compared to OTG,
LTG was associated with a significantly shorter length of hospital stay (P = 0.012).
The rates of RO resection, lymph node harvest, and postoperative morbidity did
not significantly differ between the two groups. Overall survival (OS) outcomes
were comparable between the two groups. Pathological T and N stages were
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found to be independent risk factors for OS.

CONCLUSION
LTG can be a feasible method for advanced GC patients following NAT, as it appears to be
associated with better short- and comparable long-term outcomes compared to OTG.

Key Words: Gastric cancer; Laparoscopic total gastrectomy; Open total gastrectomy; Neoadjuvant therapy;
Propensity score matching

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Laparoscopic total gastrectomy (LTG) is known to have better short-term outcomes and
prognosis than open TG (OTG) in early gastric cancer (GC). However, its application in advanced GC
remains controversial. In this study, we evaluated both long- and short-term outcomes of LTG compared
to those of OTG in 185 patients with advanced GC who had received neoadjuvant therapy (NAT). Our
results indicate that LTG is associated with better short-term and comparable long-term outcomes
compared to the traditional OTG surgery. Therefore, it can be a feasible surgical treatment for advanced
GC patients following NAT.

Citation: Hu HT, Ma FH, Xiong JP, Li Y, Jin P, Liu H, Ma S, Kang WZ, Tian YT. Laparoscopic vs open total
gastrectomy for advanced gastric cancer following neoadjuvant therapy: A propensity score matching analysis.
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INTRODUCTION

According to the latest data from the Global Cancer Statistics 2020 report, gastric cancer (GC) is the fifth
most common cancer and the fifth leading cause of cancer-related deaths worldwide[1]. Despite a slight
drop in mortality rates, a considerable number of patients with GC have locally advanced disease at first
diagnosis. Since the MAGIC trial[2], neoadjuvant therapy (NAT) has played a significant role in the
comprehensive treatment of advanced GC (AGC). Numerous prospective studies have been carried out
in Western and Eastern Asian countries, and although the efficacy of NAT has been validated,
chemotherapy regimens are quite different between Western and Eastern Asian countries.

After NAT, patients generally undergo D2 gastrectomy with curative intent. Laparoscopic
gastrectomy (LG) has gained popularity in the management of early GC (EGC) because of its minimal
invasiveness and similar long-term outcomes compared to those of conventional open gastrectomy (OG)
[3]. Although its use is still under debate, the application of LG in AGC has drawn increasing attention
over the years. The available evidence from the CLASS-01 and KLASS-02 trials suggests that
laparoscopy-assisted distal gastrectomy is safe and provides faster postoperative recovery than open
distal gastrectomy (ODG) does for patients with AGC[4]. Moreover, the CLASS-01 trial demonstrated
that laparoscopic distal gastrectomy (LDG) did not lead to inferior disease-free survival at 3 years
compared to ODG for patients with AGC[5].

Since there has been a recent increase in the prevalence of adenocarcinoma of the esophagogastric
junction (AEG), total gastrectomy (TG) constitutes an increasing proportion of all gastric operations[6].
Laparoscopic TG (LTG) has been confirmed to have better short-term outcomes and prognosis than
those of open TG (OTG) in EGC; however, its application in AGC remains controversial[7,8]. Some
retrospective studies and meta-analyses have shown that LTG has lower rates of complications and
amount of blood loss; however, there is still a need for high-volume research to validate its efficacy and
safety compared to those of OTGI[9,10].

Chemotherapy-induced tissue fibrotic changes and edema provide new technical challenges for LG,
and the effect of NAT on LG compared to that on OG remains unclear. A randomized controlled trial
conducted by Li et al[11] (2019) reported the safety and efficacy of LDG with D2 lymphadenectomy
following neoadjuvant chemotherapy (NAC) for AGC. The STOMACH trial also published preliminary
results for LTG after NAC, showing that LTG is not inferior to OTG in short-term outcomes[12].
However, the rate of D2 lymphadenectomy was quite low in both groups-49% for OTG and 36.2% for
LTG-and it is still doubtful whether LTG is safe in clinical oncology practice. To the best of our
knowledge, only two studies with small sample sizes have investigated the long-term survival of LG
following NAC, and no previous study has examined the long-term survival of patients who received
LTG[13,14].
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Therefore, we conducted this study to evaluate the long- and short-term outcomes of LTG for AGC
following NAT and to determine the surgical and oncological safety of LTG as an acceptable alternative
to OTG.

MATERIALS AND METHODS

Patients

We retrospectively screened our database of patients with GC and identified those with preoperative
and pathological diagnoses of AGC who received LTG or OTG with lymphadenectomy after NAT from
April 2011 to May 2018 at the Cancer Hospital of the Chinese Academy of Medical Sciences. The
inclusion criteria were as follows: (1) Gastric adenocarcinoma; (2) Clinical stages cT2-4a, N-/+, and MO0;
and (3) Received chemotherapy or chemoradiotherapy before surgery. The exclusion criteria were as
follows: (1) Remnant GC; (2) Siewert type I AEG; (3) Emergent gastrectomy; (4) Other simultaneous
malignant diseases; and (5) Missing clinical data. In total, 185 patients were included, of whom 107 had
undergone LTG, and 78 had undergone OTG. This study was approved by the Ethics Committee of the
Cancer Hospital of the Chinese Academy of Medical Sciences and the requirement was waived.

Administration of NAT

NAC regimens were divided into three categories: (1) Platinum-based doublets (SOX, XELOX, CS,
FOLFOX, and TP); (2) Epirubicin-based triplets (ECF); or (3) Taxane-based triplets (DCF, DCX). As
neoadjuvant chemoradiotherapy (NCRT), patients received concurrent chemoradiotherapy with
tegafur/ gimeracil/oteracil (S-1). The planned dose of total radiotherapy was 45 Gy with a daily fraction
of 1.8 Gy for 5 wk. S-1 was administered orally twice daily when receiving radiotherapy. After
evaluation by experienced oncologists and surgeons, surgery was performed approximately 4-6 wk
after the completion of NAT.

Surgical procedure

Approximately 2-4 wk after the end of NAT, patients underwent TG with standard D2 lymphaden-
ectomy following the Japanese Gastric Cancer Treatment Guidelines[15]. A total of 5 trocars were used
in the LTG surgery. The resection margins were examined intraoperatively in the frozen sections.
Reconstruction of the gastrointestinal passage is typically accomplished using the Roux-en-Y gastric
bypass. All operations were performed by a lead surgeon who had performed at least 60 OG or LG
operations and two or three assistants. Intraoperative and postoperative complications and corres-
ponding outcomes were documented.

Definitions

Clinical and pathological data were collected from medical records. Clinical staging was assessed using
the 8" American Joint Committee on Cancer (AJCC)/Union for International Cancer Control (UICC)
classification through biopsy, endoscopic ultrasonography, and computed tomography (CT) data.
Enlarged lymph nodes > 8 mm along their longest axis or those with necrosis were classified as cN+.
Postoperative complications included pancreatic fistula, abdominal bleeding, anastomotic leakage,
wound infection, lymphorrhagia, intestinal obstruction, abdominal infection, duodenal fistula, and
gastroparesis. These were considered surgical and other medical complications and graded according to
the Clavien-Dindo system[16]. The response to NAT was evaluated using the Mandard tumor
regression grading (TRG) system[17]. Pathological T status, N status, and ypTNM stage were also
determined using the 8" AJCC/UICC staging system. Overall survival (OS) was measured from the day
of surgery.

Follow-up

In the first 2 years, patients were followed-up every 3 mo, then every 6 mo for the next 3 years, and
yearly thereafter. Any loss to follow-up was censored. The final follow-up was completed in October
2020.

Propensity score matching and statistical analysis
We performed propensity score matching (PSM) to minimize bias between the baseline of the two
groups. Propensity scores were calculated using a logistic regression model and the following variables:
Sex, age, American Society of Anesthesiologists physical status classification (ASA), body mass index
(BMI), tumor size, histological differentiation, ypT, ypN, and ypTNM status. Patients were then
individually matched using the 1:1 nearest neighbor matching method with a caliper width of 0.05. This
method randomly ordered the case (LTG) and control (OTG) subjects based on the propensity score and
matched the control subject with the closest comparison from the first case subject[18].

Categorical values are presented as percentages and continuous values are presented as mean + SEM.
Clinical and pathological variables were analyzed using the chi-squared test, Fisher’s exact test and
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Table 1 Patients and tumors’ clinical and pathological characteristics before and after propensity score matching

All patients Matched patients
Variable Pvalue P value
LTG(n=78)  OTG (n=107) LTG(n=69)  OTG (n=69)
Age (yr) 52.7+16.1 56.0 +12.0 0.120 53.42+13.4 53.9+127 0.828
Gender n (%)
Male 61 (78.2) 78 (72.9) 0.409 53 (76.8) 52 (75.4) 0.842
Female 17 (21.8) 29 (27.1) 16 (23.2) 17 (24.6)
BMI (kg/m?) 226+3.1 23.7+3.7 0.028 226+3.1 228+33 0.750
ASA 1 (%)
1-2 74 (94.9) 99 (92.5) 0.522 65 (94.2) 64 (92.8) 1.000
3 4(5.1) 8(7.5) 4 (5.8) 5(7.2)
The history of abdominalsurgery n (%)
Yes 10 (12.8) 19 (17.8) 0.362 8 (11.6) 13 (18.8) 0.236
No 68 (87.2) 88 (82.2) 61 (88.4) 56 (81.2)
Tumor location 1 (%) 0.775 0.698
Upper 30 (38.5) 35 (37.6) 28 (25.0) 22 (25.0)
Middle 25 (32.1) 42 (39.3) 23 (33.3) 26 (37.7)
Lower 9 (11.5) 12 (11.2) 7 (10.1) 10 (14.5)
More than two position or total 14 (17.9) 18 (16.8) 11 (15.9) 11 (15.9)
Clinical T stage n (%) 0.402 0.784
2 3(3.8) 1(0.9) 3(4.3) 1(14)
3 19 (24.4) 26 (24.3) 17 (24.6) 18 (26.1)
4 56 (71.8) 80 (74.8) 49 (71.0) 50 (72.5)
Clinical N stage 1 (%) 0.404 0.619
0 1(1.3) 5(4.7) 1(1.4) 3 (4.3)
1-3 77 (98.7) 102 (95.3) 68 (98.6) 66 (95.7)
Clinical TNM stage 1 (%) 0.966 1.000
I 4(5.1) 6 (5.6) 4(5.8) 4(5.8)
1T 73 (93.6) 100 (93.5) 64 (92.8) 65 (94.2)
IVA 1(1.3) 1(0.9) 1(14) 0(0)
Tumor size (cm) 52+£31 6.0+£34 0.126 54+33 54+31 0.953
Nerve invasion n (%) 1.000 0.394
Yes 43 (55.1) 59 (55.1) 38 (55.1) 33 (47.8)
No 35 (44.9) 48 (44.9) 31 (44.9) 36 (52.2)
Lymph-vascular invasion n (%) 0.410 1.000
Yes 43 (55.1) 59 (55.1) 23 (33.3) 23 (33.3)
No 35 (44.9) 48 (44.9) 46 (66.7) 46 (66.7)
Differentiation n (%) 0.360 0.780
Well 4(5.1) 3(2.8) 1(14) 2(2.9)
Moderate 24 (30.8) 25 (23.4) 22 (31.9) 19 (27.5)
Poor 50 (64.1) 79 (73.8) 46 (66.7) 48 (69.6)
Pathological T stage 7 (%) 0.254 0.282
ypT0-1 8 (10.3) 8 (7.5) 6(8.7) 7 (10.1)
Guiewidenge WIGS | https://www.wjgnet.com 164 February 27,2022 | Volumel14 | Issue2 |
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ypT2 11 (14.1) 7 (6.5) 11 (15.9) 4(5.8)

ypT3 23 (29.5) 31(29.0) 17 (24.6) 21 (30.4)

ypT4a/4b 36 (46.2) 61 (57.0) 35 (50.7) 37 (53.6)

Pathological N stage 7 (%) 0.168 0.443
ypNO 26 (33.3) 26 (24.3) 23 (33.3) 18 (26.1)

ypN1 12 (15.4) 23 (21.5) 11 (15.9) 18 (26.1)

ypN2 16 (20.5) 14 (13.1) 14 (20.3) 11 (15.9)

ypN3 24 (30.8) 44 (41.1) 21 (30.4) 22 (31.9)

Distant metastasis 1 (%) 0.531 1.000
Yes 6(7.7) 5(4.7) 4(5.8) 3 (4.3)

No 72 (92.3) 102 (95.3) 65 (94.2) 66 (95.7)

Pathological TNM stage 1 (%) 0.576 0.781
IIA 12 (15.4) 13 (12.1) 10 (14.5) 9 (13.0)

1B 17 (55.1) 20 (64.5) 17 (24.6) 13 (18.8)

11 43 (55.1) 69 (64.5) 38 (55.1) 44 (63.8)

v 6(7.7) 5(4.7) 4(5.8) 3 (4.3)

Adjuvant chemotherapy n (%) 0.824 0.848
Yes 58 (74.4) 78 (72.9) 50 (72.5) 51 (73.9)

No 20 (25.6) 29 (27.1) 19 (27.5) 18 (26.1)

LTG: Laparoscopic total gastrectomy; OTG: Open total gastrectomy; BMI: Body mass index; ASA: Anesthesiologists physical status classification.

Jaishideng®

Student’s t-test, depending on the distribution of the parameters. We used the Kaplan-Meier survival
analysis and the log-rank test to estimate OS and compare the survival distributions. Multivariate Cox
regression analysis was used to adjust for confounding factors and non-balanced between-group
variables in univariate analysis. Statistical significance was set at P < 0.05. All analyses were performed
using SPSS statistical software (version 26.0; IBM Corp., Armonk, New York, United States).

RESULTS

Clinicopathologic characteristics of patients

Table 1 shows the clinical data, clinical staging, tumor status, and pathological staging of the patients
before PSM (n = 185) and after PSM (n = 138). Before PSM, there was a significant difference between the
two groups in terms of BMI (P = 0.028). Compared to the OTG group, the average age was younger (P =
0.120), tumor size was smaller (P = 0.126), and occurrence of yN stage (P = 0.168) was lower in the LTG
group; however, the differences were not statistically significant. Distant metastasis was confirmed by
operative pathological examination in all 11 patients (LTG: 6, OTG: 5). In the LTG and OTG groups,
distant metastasis occurred in the peritoneum of five and four patients and in the liver of one and one
patients, respectively. After PSM, all clinicopathological characteristics were comparable between the
LTG and OTG groups.

NAT and response

There was no significant difference in the type of NAT between the two groups neither before nor after
PSM. A total of 17 patients received NCRT, and the remaining received NAC. For NAC regimens, there
was no significant difference between the groups with respect to the use of platinum-based doublets or
epirubicin/taxane-based triplets, although the former was more common. The mean cycles of the
groups after PSM were not statistically significantly different (3.3 vs 3.6, P = 0.300). There was no
significant difference between the two groups in terms of clinical response and TRG scores before and
after PSM (Table 2).

Intraoperative and recovery outcomes
In total, 4 patients in the OTG group and none in the LTG group underwent combined resection. Before
and after PSM, the LTG group showed significant differences in the following characteristics:
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Table 2 Neoadjuvant therapy and response before and after propensity score matching

e, All patients Pl Matched patients iy
LTG (n=78) OTG (n=107) LTG (n=69) OTG (n = 69)

Type 1 (%) 0345 0.784

NAC 69 (88.5) 99 (92.5) 61 (88.4) 62 (89.9)

NCRT 9 (11.5) 8 (7.5) 8 (11.6) 7 (10.1)

NAC regimens 71 (%) 0.491 0.659

Platinum-based doublets 41 (59.4) 64 (64.6) 36 (59.0) 39 (62.9)

Epirubicin/taxane-based triplets 28 (40.6) 35 (35.4) 25 (41.0) 23 (37.1)

Cycles 33+13 38+18 0.086 33+13 36+16 0300

Clinical response 1 (%) 0.939 0.859

PR 50 (64.1) 68 (63.6) 44 (63.8) 45 (65.2)

SD 28 (35.9) 39 (36.4) 25 (36.2) 24 (34.8)

Mandard TRG score 71 (%) 0316 0.654

1 26 (33.3) 52 (48.6) 22 (31.9) 29 (42.0)

2 4(5.1) 4(3.7) 4(5.8) 2(29)

3 30 (38.5) 34 (31.8) 26 (37.7) 25 (36.2)

4 5 (6.4) 5 (4.7) 5(7.2) 5(7.2)

5 13 (16.7) 12 (11.2) 12 (17.4) 8 (11.6)

LTG: Laparoscopic total gastrectomy; OTG: Open total gastrectomy; NAC: Neoadjuvant chemotherapy; NCRT: Neoadjuvant chemoradiotherapy; PR:
Partial response; SD: Stable disease; TRG: Tumor regression grading.
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Figure 1 Comparison of cumulative survival rates between laparoscopic total gastrectomy and open total gastrectomy. A: Before propensity
score matching (PSM); B: After PSM. There was no statistically significant difference in overall survival between the two groups before (P = 0.111) and after PSM (P
=0.205). LTG: Laparoscopic total gastrectomy; OTG: Open total gastrectomy; OS: Overall survival; PSM: Propensity score matching.

Postoperative hospital days (11.5 £ 7.1 vs 16.0 + 12.8 d, P = 0.012), time to removal of gastric tube (5.1 +
2.0 vs 6.8 £5.2, P = 0.013), and length of incision (10.4 * 4.6 vs 21.9 + 3.8, P < 0.001). Although the
difference was not statistically significant, we found that blood loss during surgery in the LTG group
was less than that in the OTG group (200.6 + 162.0 vs 237.1 + 194.9, P = 0.116). The RO resection rates of
the LTG and OTG groups were 95.7% and 97.1%, respectively, and the numbers of dissected lymph
nodes were 37.3 £ 14.2 and 35.5 £ 15.9, respectively, which were not significantly different (Table 3).

Postoperative complications
The overall postoperative complication rates of the LTG and OTG groups were 19.2% and 29.9%,
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Table 3 Description of intraoperative and recovery features before and after propensity score matching

All patients Matched patients
Variable P value P value
LTG(n=78)  OTG (n=107) LTG(n=69)  OTG (n=69)
Operation time (min) 207.6 £49.3 205.2 £52.1 0.744 204.0 +45.8 207.1 £53.1 0.713
Blood loss (mL) 197.2 +162.4 228.1+193.4 0.252 200.6 +162.0 237.1+194.9 0.116
Combined resection 7 (%) 0.139 0.245
Yes 0(0) 4(3.7) 0(0) 3(4.3)
No 78 (100) 107 (96.3) 69 (100) 66 (95.7)
Resection 1 (%) 0.651 1.000
RO 75 (96.2) 105 (98.1) 66 (95.7) 67 (97.1)
R1/R2 3(3.8) 2(1.9) 3(4.3) 2(2.9)
Blood transfusion 1 (%) 0.608 0.507
Yes 13 (16.7) 21 (80.4) 11 (15.9) 14 (20.3)
No 65 (83.3) 86 (19.6) 58 (84.1) 55 (79.7)
Length of incision (cm) 1029 +4.4 21.6+3.8 <0.001 104+ 4.6 21.9+38 <0.001
Postoperative hospital stay (d) 11.6+7.0 15.1£10.9 0.015 115+7.1 16.0+£12.8 0.012
Dissected lymph nodes 37.7+14.5 37.8+17.6 0.950 373+142 355+159 0.465
Time to ambulation (d) 30+12 34+24 0.130 3.0+13 34+23 0.229
Time to first flatus (d) 48+17 52423 0.235 49+1.7 51+1.8 0.381
Time to first liquid intake (d) 92+£5.6 101+7.8 0.404 91+£56 10.7 +8.7 0.201
Time to removal of gastric tube (d) 5020 6.5+5.0 0.008 5120 6.8+5.2 0.013
Time to removal of all drainage tubes 9.7+10.1 11.1+11.1 0.391 9.7+10.5 10.9+10.3 0.488

LTG: Laparoscopic total gastrectomy; OTG: Open total gastrectomy.
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respectively, before PSM, and 20.3% and 29.0%, respectively, after PSM. The overall postoperative
complications had no significant difference between the two groups before and after PSM. The most
common surgical complications after LTG include abdominal infection, anastomotic leakage and wound
infection. For OTG, the most common surgical complications include wound infection, anastomotic
leakage, abdominal infection, and gastroparesis. Notably, 8 patients in the OTG group developed
medical complications, including pulmonary infection, arterial catheter-related infection, and renal
failure, whereas none in the LTG group did. There were no significant differences in terms of minor
complications (Grades I-II according to the Clavien-Dindo classification) and severe complications
(Grade III-V) between the two groups before and after PSM (Table 4). None of the patients in either
group died within the first 30 d after surgery.

Long-term oncological outcomes

The Kaplan-Meier survival curve for OS between the LTG and OTG groups was plotted (Figure 1). The
median follow-up period was 45 mo (range, 3-94 mo). There were no significant differences between the
two groups before (P = 0.111) and after PSM (P = 0.205). After PSM, the calculated 5-year cumulative
survival rates of the LTG and OTG groups were 39.4% and 31.4%, respectively.

To identify prognostic factors, univariate and multivariate Cox regression analyses were performed
after PSM (Table 5). In the univariate analysis, ypT (P = 0.002), ypN (P = 0.004), metastasis (P = 0.103),
nerve invasion (P = 0.064), lymph-vascular invasion (P = 0.005), Mandard TRG scores (P = 0.007), type of
NAT (P = 0.083), and RO (P = 0.109) were closely associated with OS. These variables were entered into
the multivariate analysis and revealed that ypT0-3 (P = 0.014) and ypNO (P = 0.010) were indepen-
dently associated with OS (Figure 2).

DISCUSSION
Recently, LTG has been widely performed in many high-volume hospitals and has gradually expanded
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Table 4 Postoperative complications before and after propensity score matching

All patients Matched patients
Variable Pvalue Pvalue
LTG(n=78)  OTG (n=107) LTG(n=69)  OTG (n=69)
Complications, 1 (%)
Overall 0.100 0.236
Yes 15 (19.2) 32 (29.9) 14 (20.3) 20 (29.0)
No 63 (80.8) 75 (70.1) 55 (79.7) 49 (71.0)
Surgical complications
Pancreatic fistula 0 (0) 1(0.9) 1.000 0 (0) 1(1.4) 1.000
Abdominal bleeding 1(1.3) 0(0) 0.422 1(1.4) 0(0) 1.000
Anastomotic leakage 5(6.4) 6 (5.6) 1.000 4(5.8) 3(4.3) 1.000
Wound infection 4(5.1) 5(4.7) 1.000 4(5.8) 4(5.8) 1.000
Lymphorrhagia 1(1.3) 0 (0) 0.422 1(1.4) 0 (0) 1.000
Intestinal obstruction 0 (0) 2(1.9) 0.510 0 (0) 1(1.4) 1.000
Abdominal infection 5(6.4) 9(8.4) 0.611 5(7.2) 2(2.9) 0.441
Duodenal fistula 0 (0) 1(0.9) 1.000 0 (0) 0(0) NA
Gastroparesis 0(0) 3(2.8) 0.264 0(0) 3(4.3) 0.245
Medical complications
Pulmonary infection 0 (0) 6 (5.6%) 0.04 0 5(7.2) 0.058
Arterial catheter-related infection 0 (0) 1(0.9) 1.000 0 (0) 1(1.4) 1.000
Renal failure 0(0) 1(0.9) 1.000 0(0) 1(14) 1.000
Clavien-Dindo classification 7 (%) 0.331 1.000
Grade I-1I 12 (80.0) 20 (64.5) 11 (78.6) 14 (73.7)
Grade III-V 3 (20.0) 11 (35.5) 3(21.4) 5(26.3)

LTG: Laparoscopic total gastrectomy; OTG: Open total gastrectomy.
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the indications for surgery from EGC to AGC[19,20]. However, only one study to date has confirmed
the non-inferiority of LTG compared to OTG after NAC in short-term outcomes[12]. To the best of our
knowledge, our study is the first to report the long- and short-term outcomes of LTG. Moreover, we
found that LTG offered significant advantages in terms of shorter postoperative hospital days and
earlier gastric tube removal and had similar postoperative complication rates and OS to those of OTG
for patients with GC treated with NAT.

Although NAT is regarded as a key step in the comprehensive treatment of GC, the difference in
NAC regimens between Western and Eastern Asian countries should be considered. Three or four-drug
NAC regimens have been proved effective in AGC[2,21-24]; however, NAC clinical trials based on two-
drug regimens have been exten-sively undertaken in Eastern Asian countries, including JCOG 0210[25],
JCOG 0405[26], JCOG 0501[27] in Japan, the NEO-CLASSIC study[28] and the RESOLVE trial
(NCT01534546) in China. The optimal NAC regimen for treating AGC remains controversial worldwide,
and the differences between Eastern and Western treatment regimens in GC cannot be neglected[29]. In
our study, over 60% of all patients received platinum-based doublets, and the overall response rate was
more than 60%. Over 80% of all cases were TRG 1-3, which was proved to be an independent prognostic
factor[30].

Previous studies have confirmed the oncological and surgical safety of LDG after NAC. Studies by Li
et al[11] demonstrated that compared to open surgery, LDG has an advantage in postoperative rehabil-
itation and complications. A number of meta-analyses and retrospective studies have shown that
although there is no significant difference between LTG and OTG in the number of lymph node
dissections and the rate of radical surgery, LTG has a lower amount of intraoperative bleeding, lower
rate of postoperative complications, and faster postoperative rehabilitation[9,10,31-33]. However, none
of these studies specifically focused on the influence of NAT on TG. In our study, we found that in
addition to the advantage in incision length, the LTG group had a faster postoperative recovery than
that of the OTG group after NAT, which was mainly reflected in the postoperative hospital stay.
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Table 5 Univariate and multivariate analysis of overall survival after propensity score matching

Univariate analysis Multivariate analysis
Variables

Hazard ratio 95%Cl P value Hazard ratio 95%Cl P value
Age (yr): < 60 vs 2 60 0.806 0.491-1.323 0.393
Sex: Female vs Male 1.244 0.711-2.177 0.444
ASA:1-2vs3 0.978 0.355-2.696 0.965
Surgery: LTG vs OTG 0.729 0.446-1.192 0.207
BMI: <28 vs 228 1.608 0.504-5.133 0.422
Differentiation: Well/moderate vs 0.713 0.416-1.224 0.220
Poor
ypT stage: T0-3 vs T4 0.446 0.267-0.746 0.002 0.520 0.308-0.877 0.014
ypN stage: NO vs N1-3 0.401 0.217-0.741 0.004 0.431 0.227-0.821 0.010
Metastasis: M0 vs M1 0.425 0.152-1.188 0.103 0.529 0.185-1.510 0.234
Nerve invasion: Yes vs No 1.601 0.973-2.635 0.064 0.930 0.531-1.628 0.799
Lymph-vascular invasion: Yesvs ~ 2.046 1.236-3.388 0.005 1.155 0.623-2.140 0.647
No
Mandard TRG: <3 vs >3 0.510 0.312-0.833 0.007 0.666 0.390-1.136 0.136
Postoperative complication: Yes ~ 0.635 0.338-1.193 0.158
vs No
Type of NAT: NAC vs NCRT 2.248 0.900-5.619 0.083 1.647 0.619-4.382 0.317
Resection: RO vs R1/R2 0.385 0.120-1.237 0.109 0.357 0.110-1.154 0.085

LTG: Laparoscopic total gastrectomy; OTG: Open total gastrectomy; CI: Confidence interval; ASA: American Society of Anesthesiologist; BMI: Body mass
index; TRG: Tumor regression grading; NAT: Neoadjuvant therapy; NAC: Neoadjuvant chemotherapy; NCRT: Neoadjuvant chemoradiotherapy.

Compared to a previous study[19], the mean postoperative hospital stay in the LTG group (11.5 d) was
slightly longer, which was possibly attributed to the NAT. The number of dissected lymph nodes can be
considered an indicator to evaluate the quality of gastrectomy, and is positively correlated with the
prognosis of GC[34-36]. The number of dissected lymph nodes between the LTG and OTG groups was
not significantly different, and the mean number in LTG (37.3 £ 14.2) was similar to that observed in a
previous study[37].

Whether NAT will negatively influence the incidence of postoperative morbidities is of great concern
to oncologists and surgeons. A few prospective studies have indicated that NAT does not significantly
increase postoperative morbidity in patients with GC[2,22,38]. In the present study, morbidity rates
were in accordance with those observed in previous studies, which ranged from 9.6% to 23.8% in LTG,
and from 15.6% to 68% in OTG[10,39-41]. To fully elucidate the influence of NAT, large-sample
multicenter studies are needed. As for the specific complications, we noticed that both groups had
comparable numbers of cases of anastomotic leakage. Moreover, pulmonary infection occurred in 6
patients in the OTG group and none in the LTG group, which was in accordance with a previous study
[10]. This rather intriguing finding might be a result of minimally invasive techniques which avoid
unnecessary trauma while detaching the cardia region[42].

Whether LTG can achieve the same oncologic outcomes as those of OTG is still debatable. Although
LTG is minimally invasive and offers quicker rehabilitation, it also allows a limited visual field and
poses challenges to prognosis. Current guidelines only recommend attempting LTG with caution[15,
43]. Several retrospective studies showed that there is no significant difference between LTG and OTG
in oncological results[44]; however, none of these studies focused on the prognosis of patients treated
with NAT. In our study, we found a comparable OS between the LTG and OTG groups, which showed
that LTG is non-inferior to OTG after NAT in long-term oncologic outcomes. By using a univariate and
multivariate Cox regression analysis, we further found that pathological T stage and N stage were
independent risk factors for OS and that the type of TG did not influence the prognosis. With the
development of the concept of comprehensive treatment for GC, patients are expected to have a better
prognosis.

The major limitation of our study is that it was a single retrospective study. To reduce sample bias
and balance the baseline, PSM was performed, which decreased the sample size. In our study, we
excluded the missing data instead of multiple imputation, which may bring less statistical power and
bias. Therefore, further high-volume, prospective, and multi-center clinical trials are required to
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Figure 2 Forest graph of multivariate COX analysis of prognostic factors for overall survival. Pathological T stage and N stage were found as
independent risk factors for overall survival. OS: Overall survival; HR: Hazard ratio; Cl: Confidence interval; TRG: Tumor regression grading; NAC: Neoadjuvant

chemotherapy.
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evaluate the surgical and oncological outcomes of LTG after NAT.

CONCLUSION

In conclusion, LTG is considered advantageous in the postoperative rehabilitation of AGC patients
treated with NAT and can achieve similar long-term outcomes compared to those of OTG.

ARTICLE HIGHLIGHTS

Research background
Laparoscopic total gastrectomy (LTG) has been widely used these days. Its surgical and oncological
outcomes following neoadjuvant therapy (NAT) is still unkown.

Research motivation
To compare the long- and short-term outcomes between LTG and open TG (OTG) following NAT.

Research objectives
Advanced gastric cancer (GC) patients who underwent TG following NAT.

Research methods
Patients were divided into two groups: LTG and OTG. Propensity score matching analysis was
performed to minimize possible bias.

Research results

LTG had advantages in short-term outcomes, such as shorter length of hospital stay (P = 0.012), and the
oncological outcomes were close to OTG. Overall survival (OS) outcomes were comparable between the
two groups. Pathological T and N stages were independent risk factors for OS.

Research conclusions
LTG can be a safe and effective method for advanced GC patients following NAT.

Research perspectives
Further high-volume, prospective, and multi-center clinical trials are required to evaluate the surgical
and oncological outcomes of LTG.
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