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Abstract

Background: Studies on robotic total gastrectomy (RTG) are currently limited.
This study aimed to compare the intraoperative performance as well as short- and
long-term outcomes of RTG and laparoscopic total gastrectomy (LTG).
Methods: A total of 969 patients underwent robotic (n = 161) or laparoscopic
(n = 636) total gastrectomy between October 2014 and October 2021. The two
groups of patients were matched 1:3 using the propensity score matching (PSM)
method. The intraoperative performance as well as short- and long-term outcomes
of the robotic (n = 147) and the laparoscopic (n = 371) groups were compared.
Results: After matching, the estimated intraoperative blood loss was lower
(80.51+68.77 vs. 89.89 + 66.12, p = 0.008), and the total number of lymph node
dissections was higher (34.74 +£12.44 vs. 29.83 + 12.22, p <0.001) in the RTG group
compared with the LTG group. More lymph node dissections at the upper edge
of the pancreas were performed in the RTG group than in the LTG (12.59 +4.18
vs. 10.33+4.58, p = 0.001). Additionally, postoperative recovery indicators and
laboratory data were greater in the RTG group than those in the LTG group, while
postoperative complications were comparable between the two groups (19.0%
vs. 18.9%, p = 0.962). For overweight or obese patients with body mass indexes
(BMIs) >25, certain clinical outcomes of the RTG remained advantageous, and no
significant differences in three-year overall survival (OS) or relapse-free survival
(RFS) were observed.

Conclusions: Robotic total gastrectomy demonstrated better intraoperative per-
formance, could improve the short-term clinical outcomes of patients, and was
more conducive to patient recovery. However, the long-term efficacies of the two
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1 | INTRODUCTION

Gastric cancer is the sixth most common and the third
deadliest malignant tumor in the world.! Since Kitano?
first reported the application of laparoscopic gastrectomy
(LG) for gastric cancer (GC) in 1994, a growing body of
studies has confirmed that in the treatment of gastric
cancer, the efficacy of LG is comparable with open gas-
trectomy based on the short- and long-term outcomes; in
particular, the intraoperative performance of LG is better
than that of open surgery.*® However, laparoscopic sur-
gery still has some inherent technical deficiencies, such as
poor instrument mobility, poor visual field exposure, poor
assistant coordination, and magnified hand tremors, lead-
ing to poor ergonomic surgical environments and a long
learning curve.”” To overcome the limitations of laparo-
scopic surgery, a new generation of surgical robot systems,
such as the da Vinci Robot, have been utilized. Through
the technical advantages of three-dimensional imaging,
motion scaling, tremor filtering, 10-fold amplification of
the surgical visual field, increase in instrument freedom,
and advanced ergonomic design, some technical short-
comings of laparoscopic surgery have been corrected.’ The
use of a robotic system for the treatment of gastric cancer
was first reported by Hashizume in 2002,'>!! and robotic
gastric surgery has since made great strides in reducing
the learning curve'*'* and improving intraoperative per-
formance,'>'® enabling surgeons to perform more precise
procedures than in laparoscopic surgeries. However, ro-
botic surgeries for gastric cancer primarily focus on distal
gastrectomy,'’ ™ and limited studies exist on their use in
total gastrectomy procedures.'®**~**

Minimally invasive total gastrectomy is one of the
most technically demanding operations in gastric cancer
surgery and includes precise, extensive lymph node dis-
section and high-quality digestive tract reconstruction
according to Japanese gastric cancer treatment guide-
lines. D2 lymph node dissection, using Roux-en-Y di-
gestive tract reconstruction, is suitable for all advanced
patients, including in nodes No. 1-7, No. 8a, 9, 11p, 11d,
and 12a.” Intracorporeal mechanically stapled Roux-
en-Y anastomosis is a key step and challenge in the
process of digestive tract reconstruction, particularly
in patients with obesity.** Few studies exist on whether
the robotic surgery system has technical advantages or

approaches were similar. Robotic surgical systems may reduce surgical stress re-
sponses in patients, allowing them to receive postoperative chemotherapy sooner.

gastric cancer, laparoscopic gastrectomy, long-term survival, robotic gastrectomy

whether it can improve the surgical results and long-term
survival of total gastrectomy patients,”>"** and contro-
versy regarding which gastric cancer method is superior
may exist, some umbrella reviews or metanalyses of met-
analyses have shown that the safety and effectiveness of
robotic gastrectomy still need strong evidence to prove
that a larger sample size and clinical trials are needed to
support the advantages of robotic surgery.”> >’ We per-
formed the first DaVinci robotic surgical system-assisted
radical gastrectomy on October 14, 2014, and have since
performed more than 1000 of these procedures.

In this retrospective study, we used propensity score
matching (PSM) analysis to compare the differences
between robotic and laparoscopic total gastrectomy in
intraoperative performance as well as short- and long-
term outcomes. Focus on the characteristics of robot
surgery system in total gastrectomy, explore its safety
and effectiveness, and analyze the long-term oncol-
ogy results. In addition, further study the advantages
of robot surgery for overweight and obese patients. We
aimed to investigate whether some underlying mecha-
nisms of robotic total gastrectomy may reduce the sur-
gical stress response and improve tumor prognosis for
gastric cancer patients.

2 | METHODS

2.1 | Design and patients

This was a retrospective study and was reviewed by the ap-
propriate ethics committee, ethics number: QYFY WZLL
27151, all patients signed informed consent. The inclu-
sion criteria included patients who underwent robotic or
laparoscopic total gastrectomy at our center from October
2014 to October 2021; aged 18-75years; diagnosed with
gastric adenocarcinoma by gastroscopic biopsy; had cT2-
4aN0/+MO (patient staging was adjusted according to the
8th edition of the American Joint Commission on Cancer
(AJCC) staging system*®); had a tumor located in the mid-
dle or upper part of the stomach; classified as American
Society of Anesthesiologists (ASA) <3; and had Karnofsky
Performance Scale (KPS) scores >60. The exclusion cri-
teria included patients undergoing neoadjuvant therapy;
with esophagogastric junction cancer; who had previously
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undergone gastrectomy, endoscopic mucosal resection, or
endoscopic submucosal dissection; other malignant dis-
eases in the previous 5years; heart, lung, liver, and kidney
insufficiency or a history of cerebral infarction; emergency
surgery for complications of gastric cancer (bleeding, ob-
struction, or perforation); other diseases requiring simul-
taneous surgery; and previous upper abdominal surgery
(with the exception of laparoscopic cholecystectomy). In
addition, this study analyzed overweight or obese patients
with BMIs >25 and examined the intraoperative perfor-
mance and clinical outcomes of such patients in the two
groups. The design of this study is shown in Figure 1.

The surgical method, either laparoscopic gastrectomy
(LG) or robotic gastrectomy (RG), was decided by each
patient. Both laparoscopic and robotic surgeries were per-
formed by the same surgical team, and all surgeons had
performed either more than 100 laparoscopic total gas-
trectomy (LTG) or 100 robotic total gastrectomy (RTG)
surgeries.29

Patients who underwent robotic or
laparoscopic total gastrectomy in our hospital
from October 2014 to October 2021 were
screened (n = 969)
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As thiswas a retrospective study, patients were screened
according to rigorous inclusion and exclusion criteria. To
eliminate confounding factors and resolve possible patient
selection biases, the following variables were used for
PSM: age, sex, BMI, ASA grade, Nutrition Risk Screening
2002 (NRS-2002 score), tumor size, tumor location, patho-
logical stage, and tumor differentiation. We performed 1:3
matching using a 0.2 caliper width. Ultimately, 147 and
371 patients were included in the RTG and LTG groups,
respectively. After matching, the baseline data of the two
groups were balanced.

2.2 | Perioperative management and
surgical procedure

All patients in this study underwent the perioperative
Enhanced Recovery after Surgery (ERAS) protocol in our
center,’* and no differences between the two groups

1. Previous EMR or ESD (N = 20)

Other malignant disease in the past 5

years (n= 18)

3. Other diseases need surgical treatment at
the same time (n=22

2

After screening by inclusion and
exclusion criteria(n = 797)

4. Previous upper abdominal surgery
(except for laparoscopic cholecystectomy)
(n=11)

5. Neoadjuvant chemotherapy (n =101)

RTG group(n=161)

LTG group(n = 636)

Propensity Score Matched 1:3

RTG group(n= 147)

LTG group(n=371)

FIGURE 1 Flowchart of patients enrolled in this study. EMR, endoscopic mucosal resection; ESD, endoscopic submucosal dissection;

RTG, robotic total gastrectomy; LTG, laparoscopic total gastrectomy.
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were noted. The robotic surgeries utilized the Da Vinci®
Si™ Surgical System, and all patients underwent standard
radical total gastrectomy and D2 lymph node dissection
according to the Japanese gastric cancer treatment guide-
lines.”® Both groups underwent computerized tomog-
raphy angiography (CTA) to determine the anatomical
features and variations of the perigastric artery prior to
operations and to inform preoperative operation decisions
by the multidisciplinary team (MDT).** No significant
difference in the surgical steps existed between the two
groups. The LTG group used a wire to suspend the liver
to expose the surgical field, and the RTG group used the
No. 3 robotic arm to expose the field of view, reducing ad-
ditional damage.

All patients received intracorporeal mechanically sta-
pled Roux-en-Y anastomosis for gastrointestinal recon-
struction combined with n-shaped esophagojejunostomy
or overlap anastomosis after total gastrectomy, as previ-
ously described.*™’

According to the postoperative pathological and mo-
lecular detection of patients, it is recommended that pa-
tients with high-risk stages II and above adopt adjuvant
chemotherapy with a 5-fluorouracil-based chemotherapy
regimen for 6-8 cycles.” Follow-up was performed every
3-6 months for 3years, every 6 months for 3-5years, and
every year after 5years. Follow-up items included routine
blood tests, blood biochemistry, tumor markers, abdom-
inal computed tomography (CT), and electronic gastros-
copy.”> We reviewed postoperative outpatient medical
records and conducted telephone or WeChat interviews
for patients who had not completed follow-ups. Follow-
ups were conducted through May 2022. All of the matched
patients completed the follow-ups, and the survival status
of patients was noted.

2.3 | Data collection

Clinical data of patients were collected prospectively in
our center's database and retrospectively through pa-
tient medical records. The following data were obtained:
patient characteristics (age, sex, and BMI), preoperative
physical status (ASA physical status), nutritional status
(NRS-2002 scores™®), laboratory data (various hematologi-
cal preoperative and postoperative test results), operation
status (including operation time, intraoperative blood
loss, intraoperative blood transfusion, and conversion to
laparotomy), postoperative pathological report (includ-
ing number of lymph nodes dissected, number of lymph
node metastases, tumor size, tumor location, pathological
stage, and tumor differentiation degree), and postopera-
tive recovery (including postoperative drainage volume,
postoperative bowel function recovery time (exhaust or

defecate) and first liquid diet, postoperative hospital stay,
postoperative complications, and hospitalization costs).
Complications were classified according to the Clavien-
Dindo (CD)** classification, and statistics were cal-
culated based on the higher CD grade in patients with
more than one complication. Finally, long-term survival
was determined based on outpatient revisits or telephone
follow-ups.

2.4 | Statistical analyses

The normality of the distribution of continuous variables
was assessed using the Kolmogorov-Smirnov method.
Quantitative data with normal distributions were com-
pared using t-tests, while those with non-normal distri-
butions were compared using the Mann-Whitney U test.
Categorical data are expressed using frequencies and per-
centages, and were compared using * or Fisher's exact
tests. The Mann-Whitney U test was used to compare
ordinal data between groups. Survival curves were plot-
ted using the Kaplan—-Meier method, and the survival rate
was calculated. The log-rank test was used to compare dif-
ferences between the two groups. All analyses were per-
formed using IBM SPSS Statistics 24 (SPSS), with p<0.05
(two-tailed p-value) indicating statistical significance.

3 | RESULTS

3.1 | Basic characteristics

The annual number of surgical cases of LTG and RTG be-
tween 2014 and 2021 is shown in Figure 3B, which also
shows evidence that the number of robotic total gastric
surgeries has increased in recent years. Additionally, basic
characteristics of the two groups before and after PSM are
shown in Table 1. Overall, 797 patients were included
in this study, with 161 and 636 patients in the RTG and
LTG groups, respectively. Significant differences were ob-
served in sex, BMI, ASA grade, and pT stage between the
two groups prior to matching (p<0.05). After PSM at a
ratio of 1:3, 147 and 371 patients were included in the RTG
and LTG groups, respectively. The baseline data of the two
groups were well-balanced.

3.2 | Surgical outcomes

Intraoperative performance is shown in Table 2. The total
operation time refers to the time from skin incision to
closing the incision, including the actual operation time
(operation steps under the robot or laparoscopy) and



JIAET AL.

. 10489
Cancer Medicine _ “WI LEYJ—

TABLE 1 Basic characteristics of patients in RTG and LTG groups before and after propensity score matching.

Before matching After matching
RTG (n = 161) LTG (n = 636) RTG (n = 147) LTG (n = 371)
Variable Mean + SD/N Mean + SD/N p Mean + SD/N Mean + SD/N 4
Age, years 63.35+9.85 61.92+9.26 0.153 62.92+10.00 62.52+9.43 0.927
Sex
Male 132 (82.0%) 474 (74.5%) 0.048* 118 (80.3%) 294 (79.2%) 0.794
Female 29 (18.0%) 162 (25.5%) 29 (19.7%) 77 (20.8%)
BMI, kg/m2 25.14+3.72 24.23+3.25 0.005* 24.97+3.70 24.54+3.35 0.249
ASA, score
1-2 111 (68.9%) 338 (53.1%) <0.001* 97 (66.0%) 233 (62.8%) 0.497
3 50 (31.1%) 298 (46.9%) 50 (34.0%) 138 (37.2%)
Comorbidity
Hypertension 30 (18.6%) 162 (25.5%) 0.070 22 (15.0%) 62 (16.7%) 0.627
Diabetes 33(20.5%) 140 (22.0%) 0.677 29 (19.7%) 74 (19.9%) 0.955
Coronary 17 (10.6%) 79 (12.4%) 0.517 13 (8.8%) 37 (10.0%) 0.695
NRS2002
<3 63 (39.1%) 274 (43.1%) 0.365 61 (41.5%) 167 (45.0%) 0.467
>3 98 (60.9%) 362 (56.9%) 86 (58.5%) 204 (55.0%)
Size, cm 4.99+2.63 5.28+2.88 0.293 5.07+2.69 5.03+2.80 0.800
Tumor location
U 99 (61.5%) 416 (65.4%) 0.353 90 (61.2%) 239 (64.4%) 0.496
M 62 (38.5%) 220 (34.6%) 57 (38.8%) 132 (35.6%)
pT*
pT1 29 (18.0%) 83 (13.1%) 0.012* 29 (19.7%) 63 (17.0%) 0.898
pT2 45 (28.0%) 139 (21.9%) 39 (26.5%) 101 (27.2%)
pT3 58 (36.0%) 321 (50.5%) 57 (38.8%) 152 (41.0%)
pT4a 29 (18.0%) 93 (14.6%) 22 (15.0%) 55 (14.8%)
pN*
pNO 68 (42.2%) 238 (37.4%) 0.665 62 (42.2%) 150 (40.4%) 0.521
pN1 33 (20.5%) 143 (22.5%) 28 (19.0%) 77 (20.8%)
pN2 23 (14.3%) 108 (17.0%) 21 (14.3%) 69 (18.6%)
pN3 37 (23.0%) 147 (23.1%) 36 (24.5%) 75 (20.2%0
AJCCS8th*
I 44 (27.3%) 177 (27.8%) 0.992 44 (29.9%) 121 (32.6%) 0.728
II 48 (29.8%) 189 (29.7%) 41 (27.9%) 92 (24.8%)
111 69 (42.9%) 270 (42.5%) 62 (42.2%) 158 (42.6%)
Histologic type
Well/moderately 115 (71.4%) 428 (67.3%) 0.315 105 (71.4%) 270 (72.8%) 0.757
Poorly/undifferentiated 46 (28.6%) 208 (32.7%) 42 (28.6%) 101 (27.2%)

Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass index; NRS, nutrition risk screening.
*Statistically significant.

*Pathologic stage according to the American Joint Committee on Cancer, 8th Edition.

auxiliary operation time (including establishment of the examination of surgical areas, and placement of drainage
trocar, docking and withdrawal of instrument arms, ex-  tubes). A statistically significant difference was noted in
traction of specimens through auxiliary small incisions,  the total operation time (279.82 + 60.64 vs. 264.01 + 72.43,
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TABLE 2 Surgical outcomes, postoperative recovery, and postoperative complications in the RTG and LTG groups after propensity score

matching.

Variables

Surgical outcomes

Total operative time (min)
The robot/laparoscopy time (min)
The assisted time (min)

Estimated blood loss (mL)

Total examined LNs
Examined suprapancreatic LN
Total metastatic LNs

Intraoperative transfusion

Positive resection margin

Open conversion

Postoperative recovery
Amylase in drainage fluid (U/L)
Drainage on the first day after operation (ml)
Bowel function recovery (days)
First liquid diet after surgery (days)
Postoperative hospital stays (days)
Postoperative chemotherapy interval (days)*
Postoperative mortality
Unplanned reoperation
Unplanned readmission
Medical cost ($)
Postoperative complications
Anastomotic leakage
Pulmonary
Abdominal infection
Intra-abdominal bleeding
Gastrointestinal bleeding
Pleural effusion
Lymphatic leakage
Pancreatic leakage
Wound problem
Ileus

Clavien-Dindo classification
0
I-1I
II-1v
\Y%

Abbreviations: LN, lymph node; LTG, laparoscopic total gastrectomy; RTG, robotic total gastrectomy.

*Statistically significant.

After matching

RTG (n = 147) LTG (n = 371)
Mean + SD/N(%) Mean + SD/N(%)
279.82+60.64 264.01+72.43
200.61+60.19 206.52+72.52
73.44+£11.27 69.27+13.04
80.51 +68.77 89.89 +66.12
34.74+12.44 29.83£12.22
12.56 +4.25 10.74 +4.53
4.64+8.21 3.96+6.39
3(2.0%) 4(1.1%)

0 (0%) 0 (0%)

0 (0%) 8 (2.2%)
315.29+£316.77 435.44 +404.33
108.83 +56.52 112.77 +54.05
3.22+0.62 3.45+0.58
3.70+0.60 3.95+0.73
10.25+5.45 11.30+6.96
28.88 +7.45 31.76 £8.30

0 (0%) 0(0%)

2 (1.4%) 7 (1.9%)
5(3.4%) 10 (2.7%)
18104.32+5476.96 14095.19 +7277.92
28 (19.0%) 70 (18.9%)
3(2.0%) 8 (2.2%)

9 (6.1%) 26 (7.0%)
1(0.7%) 6 (1.6%)

2 (1.4%) 8 (2.2%)
2(1.4%) 2(0.5%)
5(3.4%) 14 (3.8%)

0 (0%) 2 (0.5%)

0 (0%) 3(0.8%)
3(2.0%) 5(1.3%)

5 (3.4%) 10 (2.7%)

119 (81.8%)
21 (14.3%)
7 (4.8%)

0 (0%)

301 (81.1%)
50 (13.5%)
20 (5.4)
0(0%)

0.008*
0.385
<0.001*
0.008*
<0.001*
<0.001*
0.932
0.665

0.162

<0.001*
0.517
<0.001*
<0.001*
0.036*
0.002*
0.968
0.888
0.001*
0.962
1.000
0.717
0.681
0.811
0.320
0.839
1.000
0.562
0.856
0.888

0.937
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p = 0.008), while the actual operation time (200.61 + 60.19
vs. 206.52 +72.52, p = 0.385) showed no significant differ-
ence. Thus, a difference in operation time between the
RTG and LTG groups was observed in the auxiliary op-
eration time (73.44+11.27 vs. 69.27+13.04, p<0.001).
The estimated intraoperative blood loss in the RTG group
was lower than that in the LTG group (80.51 +68.77 vs.
89.89+66.12, p = 0.008), and no significant differences
were noted in intraoperative blood transfusion, positive
margin rate, or conversion to laparotomy between the
two groups (p>0.05).

Moreover, a statistically significant difference in the
total number of lymph nodes dissected between the
RTG and LTG groups was observed (34.74+12.44 vs.
29.83+12.22, p<0.001). Notably, the number of lymph
nodes dissected in the upper border of the pancreas
was also significantly different between the two groups
(12.56+4.25 vs. 10.74+4.53, p<0.001). No significant
differences in the positive rate of dissected lymph nodes
between the two groups were noted (4.64+8.21 vs.
3.96+6.39, p = 0.932).

3.3 | Postoperative short-term outcomes

Postoperative recovery outcomes are shown in Table 2.
The time of bowel function recovery (3.70+0.60 vs.
3.95+0.73days, p<0.001), first liquid diet intake (3.70 +£0.60
vs. 3.95+0.73days, p<0.001), postoperative hospital stays
lengths (10.25+5.45 vs. 11.30+6.96days, p = 0.036), and
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postoperative adjuvant chemotherapy intervals (28.88 +7.45
vs. 31.76 +8.30days, p = 0.002) were significantly shorter in
the RTG group than in the LTG group. No significant differ-
ences were noted in the abdominal drainage volume on the
first day after surgery (108.83 + 56.52 vs. 112.77 + 54.05 mL),
unplanned reoperation rate, or unplanned readmission rate
between the two groups (p>0.05). No postoperative deaths
occurred in either group, and the total cost of hospitalization
for the RTG group was significantly higher than that for the
LTG group (18104.32+5476.96 vs. 14095.19+7277.92 dol-
lars, p = 0.001).

Postoperative complications are shown in Table 2,
which shows that the overall rates of complications in the
two groups were similar (19.0% vs. 18.9%, p = 0.962). This
study further compared the incidence of specific compli-
cations, such as anastomotic fistula, pneumonia, abdom-
inal infection, intra-abdominal bleeding, gastrointestinal
bleeding, pleural effusion, lymphatic fistula, pancreatic
fistula, incision problems (including incision dehiscence,
incision infection, or need for open incision treatment),
and intestinal obstruction. No significant differences in
the occurrence of these complications were observed be-
tween the two groups (p > 0.05).

3.4 | Laboratory data

Figure 2 shows the laboratory data of the two groups. In
addition to testing the relevant indicators before surgery,
laboratory indicators from both groups were obtained on

(A) White blood cell (10%/L) (B) Hemoglobin (g/L)
20 160
- RTG —- RTG
154 - LTG 0] = TG
10 * 120 *
5 100
0 1 I 1 1 80 1 I 1 1
Preoperative POD1 POD3 POD5 Peroperative POD1 POD3 POD5

(©) C-reactive protein (mg/L) (D)

Procalcitonin (ng/ml)

200+ 1.0
- RTG - RTG
150 = | TG 0.8 = LTG
100 0.6 *
*
50 0.4
FIGURE 2 Laboratory data, white 0 0.2
blood cells (A), hemoglobin (B), C- ’
reactive protein (C), procalcitonin (D). 50 . T I I 0.0 T T T T
*Statistically significant. PreoperativePOD1  POD3  PODS5 Preoperative POD1  POD3  POD5
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FIGURE 3 Drainage fluid amylase
-~ RTG (A), and the annual number of surgical
= LTG cases of two groups from 2014 to 2021 (B).

RTG LTG 2012 2014 2016

the first-, third-, and fifth-days of postoperation (PODI1,
POD3, and PODS5), including white blood cells (WBC),
hemoglobin (HB), C-reactive protein (CRP), procalcitonin
(PCT), and drainage fluid amylase (Figure 3A), which
were compared in each group. There were significant dif-
ferences in POD1WBC, POD3WBC, POD1HB, POD3CRP,
POD5CRP, PODIPCT, and PODSPCT between the
two groups (p<0.05). Notably, the level of amylase in
POD1 drainage fluid (315.29+316.77 vs. 435.44 +404.33,
p <0.05) was significantly lower in the RTG group than in
the LTG group.

3.5 | Data of the two groups of patients
with BMI >25 after matching

The data of patients with BMIs >25 in the two groups after
matching are shown in Table 3. Similar to the overall cohort
after matching, among patients with BMIs >25, the RTG and
LTG groups showed significant differences in total opera-
tion time (289.45+65.58 vs. 271.14+64.77min, p = 0.075),
adjuvant operation time (72.58 +10.11 vs. 69.23 +12.84min,
p = 0.001), estimated intraoperative blood loss (76.86 + 64.51
vs. 88.08 +64.17 mL, p = 0.04), total number of lymph node
dissections (33.40+9.84 vs. 28.47+11.34, p<0.001), num-
ber of lymph node dissections in the upper border of the
pancreas (12.59+4.18 vs. 10.33+4.58, p = 0.001), recov-
ery time of bowel function (3.43+0.52 vs. 3.63+0.63days,
p = 0.007), time of first liquid diet after operation (3.82+0.62
vs. 4.17+0.77days, p<0.001), interval of starting adju-
vant chemotherapy after the operation (28.62+7.27 vs.
32.04+8.23days, p = 0.004), and total medical expenses
(18977.58 £6939.88 vs. 14095.19 +6332.04$, p<0.001). Of
note, the procedure for eight patients in the overall cohort
was converted to laparotomy, of whom five patients were
overweight and all were in the LTG group. Of these, the
procedure for one patient was converted to laparotomy due
to intraoperative hemorrhage, two due to tumor sites, and
two due to obesity. No significant differences were observed
between the two groups in terms of postoperative complica-
tions (p>0.05).
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3.6 | Long-term oncology results
3.6.1 | Comparison by tumor
pathological stage

The three-year overall survival rate (OS) and relapse-free
survival (RFS) rate of the two groups were examined.
The three-year OS rates of the RTG and LTG groups were
78.9% and 79.8%, respectively. Kaplan-Meier analyses of
three-year OS showed that the difference between the
two groups was not statistically significant (log-rank,
p = 0.774, Figure 4A). The overall survival rate of the two
groups was also analyzed according to the pathological
stage, of which all patients had stage I (93.2% RTG group
vs. 95.0% LTG group, p = 0.905, Figure 4B), stage 11 (82.9%
RTG group vs. 81.5% LTG group, p = 0.859, Figure 4C),
or stage III (66.1% RTG group vs. 67.1% LTG group,
p = 0.747, Figure 4D). Stage analyses showed that there
was no significant difference in the three-year OS between
the two groups in stages I, II, or III.

During the follow-up period, some patients experi-
enced tumor recurrence, and the three-year RFS rate
was compared between the two groups. The rates of
the RTG and LTG groups were 74.8% and 76.0%, re-
spectively. The Kaplan-Meier analyses of RFS showed
no statistically significant differences between the two
groups (log-rank, p = 0.656, Figure S5). The three-year
RFS in stage 1 (90.9% RTG group vs. 92.6% LTG group,
p = 0.930, Figure S5), stage II (78.0% RTG group vs.
77.2% LTG group, p = 0.916, Figure S5), and stage III pa-
tients (61.3% RTG group vs. 62.7% LTG group, p = 0.621,
Figure S5) was calculated, which also showed no statis-
tically significant differences.

3.6.2 | Comparison by lymph node status

The long-term oncology results of the two groups are
shown in Figure S6. According to whether the lymph node
metastasis was positive, the three-year OS and RFS of the
RTG and LTG groups were compared. The three-year OS
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TABLE 3 Surgical outcomes, postoperative recovery, and postoperative complication in the RTG and LTG groups after propensity score

matching.

Variables

Surgical outcomes
Total operative time (min)
The robot/laparoscopy time (min)
The assisted time (min)
Estimated blood loss (mL)
Total examined LNs
Examined suprapancreatic LN
Total metastatic LNs
Intraoperative transfusion
Open conversion
Postoperative recovery
Amylase in drainage fluid (U/L)
Drainage on the first day after operation (ml)
Bowel function recovery (days)
First liquid diet after surgery (days)
Postoperative hospital stays (days)
Postoperative chemotherapy interval (days)*
Unplanned reoperation
Unplanned readmission
Medical cost ($)
Postoperative complication
Anastomotic leakage
Pulmonary
Abdominal infection
Intra-abdominal bleeding
Gastrointestinal bleeding
Pleural effusion
Lymphatic leakage
Pancreatic leakage
Wound problem
Ileus
Clavien-Dindo classification
0
I-1I
M-IV
\'%

Abbreviations: LN, lymph node; LTG, laparoscopic total gastrectomy; RTG, robotic total gastrectomy.

*Statistically significant.

of pNO patients was 88.7% and 88.0% in the RTG group
and LTG groups, respectively, and Kaplan-Meier analy-
ses showed that the difference between the two groups

After matching
RTG (1 = 78) LTG (n = 167)
Mean + SD/N(%) Mean + SD/N(%)

289.45+65.58
210.26 +65.21
72.58+10.11
76.86+64.51
33.40+9.84
12.59+4.18
4.06+5.85
1(1.3%)

0 (0%)

355.08+330.03
110.55+56.18
3.43+0.52
3.82+0.62
11.13+5.44
28.62+7.27
2(2.6%)

3(3.8%)

18977.58 +6939.88
17 (21.8%)
3(3.8%)

4(5.1%)

1(1.3%)

2(2.6%)

1(1.3%)

4(5.1%)

0(0%)

0 (0%)

1(1.3%)

2(2.6%)

61 (78.2%)
11 (14.1%)
6 (7.7%)

0 (0%)

271.14+64.77
213.79.+ 64.75
69.23+12.84
88.08+64.17
28.47+11.34
10.33+4.58
3.99+6.44
1(0.6%)
5(3.0%)

430.53 +348.03
115.39+56.24
3.63+0.63
4.17+0.77
11.82+7.66
32.04+8.23
5(3.0%)

7 (4.2%)
14095.19 + 6332.04
32(19.2%)
5(3.0%)

11 (6.6%)
4(2.4%)
4(2.4%)
1(0.6%)

8 (4.8%)
1(0.6%)
2(1.2%)
5(3.0%)
4(2.4%)

135 (80.8%)
20 (12.0%)
12(7.2%)

0 (0%)

0.075
0.513
0.001*
0.040*
<0.001*
0.001*
0.832
0.536
0.181

0.025*
0.548
0.007*
<0.001*
0.675
0.004*
1.000
1.000
<0.001*
0.631
1.000
0.875
1.000
1.000
0.536
1.000
1.000
1.000
0.668
1.000

0.880

was not statistically significant (log-rank, p = 0.683,
Figure S6A). Additionally, the three-year RFS in pNO pa-
tients was 85.5% and 85.3% in the RTG and LTG groups,
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FIGURE 4 Kaplan-Meier estimates of overall survival of all patients (A), patients with stage I disease (B), patients with stage II disease

(C), and patients with stage III disease (D).

respectively (p = 0.536, Figure S6B). For pN+ patients,
the three-year OS was 71.8% and 73.8% in the RTG and
LTG groups, respectively (p = 0.942, Figure S6C), while
the three-year RFS was 67.1% in the RTG group and 69.1%
in the LTG group (p = 0.972, Figure S6D). No significant
differences were observed in the three-year OS or RFS per-
formance between the RTG and LTG groups, regardless of
whether they were pNO or pN+.

3.6.3 | Comparison by BMI >25

The long-term oncology results of the two groups are
shown in Figure S6. For patients with BMIs >25, the
three-year OS was 84.6% and 77.8% in the RTG and LTG
groups, respectively. Kaplan-Meier analyses showed that
the difference between the two groups was not statistically
significant (log-rank, p = 0.178, Figure S6E). The three-
year RFS in overweight or obese patients was 80.8% and
75.4% in the RTG and LTG groups, respectively (p = 0.256,
Figure S6F). Similarly, however, no significant differences
were noted between the two groups.

4 | DISCUSSION

In this study, PSM analyses showed that the robotic sur-
gical system showed equivalent performances to laparo-
scopic surgery in terms of intraoperative performance,
short-term clinical outcomes, and long-term survival. The
procedure appeared to be a stable, reliable, and promising
minimally invasive surgical method, particularly in some
overweight patients. Although no significant differences
were seen in overall complication rates, three-year OS,
and RFS between the two groups, compared with LTG,
RTG was associated with less intraoperative bleeding, less
trauma, fewer inflammatory reactions, more lymph node
retrieval, and faster postoperative recovery. Therefore, it
may be reasonable to speculate that the RTG group had
better clinical outcomes.

The surgical safety of LG in the treatment of gastric
cancer has been proven through a number of large ran-
domized clinical trials.>”> With the development of mini-
mally invasive surgeries, patients may be more inclined to
choose laparoscopic and robotic procedures, which have
become more popular due to these advancements. In our
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retrospective study with PSM, compared with LTG, RTG
showed clear advantages in surgical results, postoperative
recovery, and inflammatory indicators. The system has
the advantages of clearer three-dimensional operating
fields and imaging, motion zoom, and tremor filtering,
and the intraoperative blood loss was significantly lower
than that of laparoscopic surgery.*"** In terms of opera-
tion time, although the total operation time in the RTG
group was longer, there were no significant differences in
the actual operation time (time of operation steps under
the robot or laparoscopy) between the two groups, with
the differences between the two groups being caused by
secondary auxiliary operation time (including the estab-
lishment of trocar, docking and withdrawal of instrument
arms, extraction of specimens through auxiliary small in-
cisions, examination of surgical areas, and placement of
drainage tubes). Moreover, the number of lymph nodes
obtained as an index to evaluate the quality of operation
is related to the accurate evaluation of pathological stage,
prognosis, and follow-up treatment**™> and is beneficial
to the survival of patients with gastric cancer.***’ The total
number of lymph nodes dissected in the RTG group was
greater than that in the LTG group. The robot helped to
improve the stability, efficiency, and accuracy of the op-
eration. Consequently, the RTG group could obtain more
precise dissection, particularly of those in the upper bor-
der of the pancreas. Additionally, the number of lymph
nodes was greater, and the value of amylase in the post-
operative drainage fluid was lower, indicating that robotic
surgeries were more precise in the dissection of the upper
border region of the pancreas and caused less trauma to
the pancreas. Robotic surgery may also effectively avoid
excessive compression of the pancreas during surgical
procedures.””*® Multicenter studies based on different
surgical experiences have shown that mild intraoperative
events may lead to higher postoperative complications
and mortality.**® The difference in inflammatory indi-
ces on the first-, third-, and fifth-day postoperation also
reflected that the RTG group had less surgical trauma and
a lower inflammatory response, which resulted in faster
postoperative recovery. Although the interval of adjuvant
chemotherapy in the RTG group is shorter than that in the
LTG group, it still needs to be confirmed by a large sample
of high-quality randomized controlled trials. No signif-
icant differences were observed between the two groups
in terms of the incidence of complications. However, pa-
tients in the RTG group recovered faster in postoperative
bowel function, spent less time on a liquid diet, had shorter
postoperative hospital stays, all of which were more bene-
ficial to the recovery of patients. Robotic surgeries are also
advantageous for short-term clinical outcomes.'®*!2%°1-52
After Japan incorporated robotic gastrectomy into the
universal health insurance coverage, the safety of robotic
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surgery was further confirmed.>* However, robotic surgery
is not included in the universal health insurance coverage
in China, and the medical cost of the RTG group was more
expensive, which may limit the widespread application of
robotic surgery systems. Additionally, multicenter, large
sample, high-quality randomized control trials (RCT) to
confirm these findings in total gastrectomy cases are still
warranted.

This study analyzed overweight or obese patients with
BMIs >25. The clinical outcomes of these patients were
similar to those of the matched overall cohort, and the
RTG group had advantages in terms of surgical results and
postoperative recovery. Notably, the procedure for eight
patients in the overall cohort was converted to laparotomy,
of whom five patients were overweight and all were in the
LTG group. Robotic surgery had significantly better visual
field exposure than laparoscopic surgery in overweight
patients. For overweight or obese patients, RTG may be a
better surgical method when choosing minimally invasive
surgery among various possible methods.

Due to recent positive clinical outcomes of RTG, the
number of robotic surgeries has increased. However, re-
search on whether RTG can improve long-term survival
remains limited. In this study, three-year OS and three-
year RFS were observed in the RTG and LTG groups ac-
cording to pathological stage, lymph node metastasis,
and BMIs >25. No significant differences between the two
surgical methods were noted, further indicating that the
robotic surgical system may have the potential to become
a substitute for traditional laparoscopic surgery. With the
emergence of new technologies, the application prospects
of robotic surgery are promising.

This study had several limitations. First, this was a
retrospective study that lacked subjective indicators of
postoperative rehabilitation, and further multicenter,
large sample, high-quality RCT studies to confirm these
findings are warranted. Second, the long-term effects of
the two groups were comparable; however, the RTG group
had better short-term outcomes and intraoperative perfor-
mance, more precise lymph node dissection and damage
control, reduced blood loss and transfusion, lower stress
responses, faster postoperative recoveries, and earlier ini-
tiations of adjuvant chemotherapy. Extended observation
periods to assess the importance of these measures in im-
proving the prognoses of patients, such as 5-year OS and
RFS, may be necessary. Third, our center had a large vol-
ume of operations, and the operators had a high level of
experience in laparoscopic and robotic surgery, which may
not be applicable or practical to other centers. In view of
the short learning curve of robotic surgery,'** it is reason-
able to believe that increased training may help surgeons
overcome technical difficulties. Fourth, existing studies
show that the application of robots in obese patients had
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significant prospects. Although this study showed extraor-
dinary results, further research involving these patients
may be needed, such as our currently ongoing multicenter
randomized controlled trial (NCT04636099) in patients
with BMI >25.0 kg/m” undergoing laparoscopic or robotic
gastrectomy (Shandong Gastrointestinal surgery study
group, GISSG 20-01 study).

5 | CONCLUSION

Although the long-term outcomes of the two methods
were similar, compared with LTG, RTG may improve
short-term clinical outcomes, reduce surgical trauma, re-
duce surgeon fatigue, reduce inflammatory reactions, and
accelerate postoperative recovery. Robotic surgical sys-
tems may also reduce the surgical stress response, which
may be an underlying mechanism in improving tumor
prognosis in gastric cancer patients. For obese or over-
weight patients with BMIs >25, RTG had clear advantages
in visual field exposure, surgical outcomes, postoperative
recoveries, and lymph node dissections. Robotic surgery
systems may be an improved alternative to traditional
laparoscopic surgery and may have broader application
prospects.
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