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Abstract
Background Minimally invasive surgery is now a standard treatment for gastric cancer. Many retrospective studies have 
reported that robotic gastrectomy is safe and feasible, with similar short- and long-term outcomes as laparoscopic gastrec-
tomy. However, no studies have reported the details of surgical and survival outcomes for robotic gastrectomy. This study 
aimed to evaluate the surgical trends and techniques of robotic gastrectomy and analyze the surgical outcomes of 2000 
consecutive patients with gastric cancer who underwent robotic gastrectomy over 14 years.
Methods Between July 2005 and January 2019, 2000 consecutive robotic gastrectomies were performed. We evaluated 
short- and long-term outcomes as well as surgical trends after robotic gastrectomy.
Results There were 1,560 subtotal gastrectomies (78%), 324 total gastrectomies (16.2%), 83 proximal gastrectomies (4.2%), 
and 33 completion total gastrectomies (1.7%). The rates of major complications and mortality were 3.1% and 0.3%, respec-
tively. In a subgroup analysis, there were no significant differences in the rate of complications over time (P = 0.696). Five-
year overall survival rates were 97.6% for stage I, 91.9% for stage II, and 69.2% for stage III, with a total recurrence rate of 
5.3%. Since its adoption in 2005, the proportion of robotic gastrectomies, as well as technically demanding procedures have 
increased over time.
Conclusions Our 14 years’ experience of 2000 robotic gastrectomies has shown the proportion, as well as the number of 
robotic gastrectomies, have tended to increase and trends toward to technically demanding procedures. Outcomes of robotic 
gastrectomy appear safe and feasible with acceptable short- and long-term outcomes.
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Introduction

Stomach cancer is a major global health problem; it is the 
fifth most diagnosed cancer and the third leading cause of 
cancer-related deaths [1]. The incidence of stomach cancer 
in East Asia is markedly high, and Korea has the highest 
incidence of gastric cancer worldwide [1]. Surgery is the 
primary treatment for the majority of patients with gastric 

cancer. Laparoscopic surgery is increasingly performed 
because of its better postoperative outcomes and comparable 
survival outcomes, as shown in recent, randomized clinical 
trials [2–5]. However, laparoscopic gastrectomy has mechan-
ical limitations, which restrict its use by experienced sur-
geons at high-volume centers. Robotic gastrectomy for gas-
tric cancer could overcome the limitations of laparoscopic 
gastrectomy and is being used in an increasing number of 
clinical applications for major abdominal surgeries [6].

Although there have been efforts to demonstrate the onco-
logical safety of robotic gastrectomy for gastric cancer [7], 
the existence of comprehensive, large-scale studies show-
ing short- and long-term outcomes, including detailed fea-
tures of postoperative complications and recurrence follow-
ing robotic gastrectomy, is limited [8–10]. Most studies of 
robotic gastrectomy have analyzed small numbers of patients 
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with relatively short follow-ups. Moreover, the details of 
complications and recurrence after robotic gastrectomy are 
unknown, although there is interest in the possible differ-
ences in robotic vs. laparoscopic surgery-specific outcomes. 
There are no reports demonstrating the actual outcomes of 
robotic gastrectomy using large data sets, despite the many 
instrumental and technical changes over the 14-year period 
since its inception. The purpose of this study was to assess 
the short- and long-term outcomes after robotic gastrectomy 
for gastric cancer by retrospectively analyzing a prospec-
tively collected series of 2000 consecutive patients with 
gastric cancer who underwent robotic gastrectomy at our 
institute. Additionally, risk factors related to complications, 
survival, and recurrence after robotic gastrectomy were 
investigated.

Methods

Patients

A retrospective review of a prospectively collected gastric 
cancer database identified 2000 consecutive patients who 
underwent robotic gastrectomy with lymph node dissection 
for gastric cancer performed by six surgeons between July 
2005 and January 2019 (Fig. 1). No patients were excluded 
from the study. There was no influence by any funding 
organization on the study design or analyses. Each patient 
provided written informed consent to undergo robotic sur-
gery. The Institutional Review Board of Severance Hospital, 
Yonsei University College of Medicine, approved this study 
(4-2020-0975) and waived informed consent for the use of 
patient data due to the retrospective nature of the study.

Indications

All patients had biopsy-proven gastric adenocarcinoma. In 
our institution, surgical methods were determined based on 
the clinical staging of the tumors, which was determined 
based on the findings of endoscopy and/or endoscopic 
ultrasound and abdominopelvic computed tomography 
(CT). The indications for minimally invasive surgery, lapa-
roscopic or robotic gastrectomy, were the same. Before 
2011, minimal invasive surgery for gastric cancer was lim-
ited to tumors lacking serosal or extra-perigastric lymph 
node involvement in preoperative evaluations, except for 
patients who were enrolled clinical trials such as KLASS-
02 [4]. Since 2016, advanced gastric cancers with serosa 
involved or extra-perigastric nodal spread were included as 
indications for distal gastrectomy, but not for total gastrec-
tomy. Minimally invasive total gastrectomy for advanced 
gastric cancers with serosa involved or extra-perigastric 
nodal spread is not performed in routine clinical practice 
until now, except for clinical trials such as KLASS-06 trial 
which is a randomized clinical trial comparing minimally 
invasive total gastrectomy with open surgery for advanced 
gastric cancers.

When minimally invasive surgery was indicated, eligible 
patients were provided a detailed explanation about each 
procedure and its advantages and disadvantages, including 
open gastrectomy. Therefore, patients chose robotic gastrec-
tomy after receiving a detailed explanation of the robotic 
surgical procedure, the postoperative clinical course with 
possible complications, and the extra cost of the robotic sur-
gery because the national health insurance system in Korea 
does not cover the extra expense for robotic surgery.

Fig. 1  Changes in the use of robotic gastrectomy over time. CTG  completion total gastrectomy, PG proximal gastrectomy, TG total gastrectomy, 
STG subtotal gastrectomy
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The treatment strategies for recurrent gastric cancer were 
surgical resection (gastrectomy and or metastasectomy com-
bined with chemotherapy) in patients with localized recur-
rent tumor, such as remnant gastric cancer or single liver 
metastasis, if a complete resection seems feasible after care-
ful preoperative staging. Otherwise, palliative chemotherapy 
and conservative management were performed in patients 
with recurrent disease.

Surgeons

Of the six operating surgeons, five surgeons have completed 
a 2-year fellowship and trained for robotic surgery. In the 
case of a surgeon who performed robotic gastrectomy for the 
first time in our institute, the dry lab, animal experiments, 
and case observations were conducted at another institute 
before performing the first robot gastrectomy. The other five 
surgeons took a 2-year upper gastrointestinal surgery fel-
lowship. During the fellowship period, surgeons frequently 
acquired basic console skills in the dry lab and performed 
experimental gastrectomy using the porcine model at the 
animal training center once or twice a year to improve 
robotic skills. At the same time, the development of robotic 
skills followed the progression of case observation, partici-
pation as an assistant surgeon, operator under supervision, 
and ultimately independent practice.

Since our institute is a high-volume center, it was pos-
sible to select patients with several initial cases of robotic 
gastrectomy for every surgeon. For the several initial cases, 
surgeons carefully selected patients who were not diffi-
cult to operate (distal gastrectomy, gastrectomy in patients 
with early gastric cancer, low BMI, female) and performed 
robotic gastrectomy under supervision by an expert surgeon.

Surgical procedures

Detailed descriptions of the various types of robotic gas-
trectomy procedures at our institute have been presented 
previously [12–15]. In brief, in the supine position, a trocar 
was placed at the midline just below the umbilicus to be 
used as a camera port. After achieving a pneumoperitoneum 
of 12 mmHg, the operating table was tilted in a 15-degree 
reverse Trendelenburg position. After determining the opti-
mal location of the port sites, four additional ports were 
inserted under camera visualization: three 8-mm ports 
for robotic instruments and a 12-mm assistant port. After 
inserting the trocars, the surgical cart was docked on the 
patient. Depending on the surgeon’s preference, a reduced-
port robotic gastrectomy was performed. The reduced-port 
approach uses a Single-Site™ port below the umbilicus and 
one or two additional ports [16, 17].

The extent of the gastric resection (total, distal subtotal, 
or proximal) was determined based on the location of the 

tumor. A D1+ lymphadenectomy was performed for early 
stage gastric cancer, and a D2 lymphadenectomy was per-
formed for advanced gastric cancer [18]. The reconstruction 
method used for distal subtotal gastrectomy was gastroduo-
denostomy, gastrojejunostomy, or Roux-en-Y gastrojejunos-
tomy. The reconstruction method used for total gastrectomy 
was Roux-en-Y esophagojejunostomy, and double tract 
reconstruction was used for proximal gastrectomy [19]. 
Fluorescent lymphography with near-infrared (NIR) imag-
ing was used to visualize the draining lymphatics and lymph 
nodes from the primary tumor. For fluorescent lymphog-
raphy, indocyanine green (ICG) was used as a fluorescent 
contrast agent and administered via endoscopic peritumoral 
injection 1 day prior to surgery [20, 21].

Postoperative care and follow‑up

At our institution, a standardized clinical pathway was 
applied to all patients undergoing gastrectomy, regardless 
of the type of surgery [7]. Patients received preoperative 
intravenous antibiotics 15 min before the initiation of sur-
gery but did not receive routine postoperative antibiotics. 
Patients received postoperative pain management with intra-
venous patient-controlled analgesia and with non-steroidal 
anti-inflammatory drugs for additional pain control. Patients 
were allowed to drink water on postoperative day two, eat a 
liquid diet on day three, and a soft diet on day four, provided 
the patient tolerated well. On postoperative day five, patients 
were recommended to be discharged if they tolerated three 
soft diet meals.

All patients were followed-up in an outpatient clinic 
2 weeks after discharge, every 3 months for the first and sec-
ond years, every 6 months for the next 3 years, and annually 
thereafter. At each visit, a physical examination and labo-
ratory tests, including those for tumor markers (CEA and 
CA 19–9), were performed. Additionally, abdominopelvic 
CT, endoscopy, and chest CT were performed at least once 
per year. If necessary, further evaluation, such as positron 
emission tomography or magnetic resonance imaging, was 
used to diagnose tumor recurrence. Adjuvant chemotherapy 
with 5-fluorouracil (5-FU)-based regimens (e.g., S-1 alone, 
5-FU with cisplatin, and capecitabine with oxaliplatin) was 
recommended to all eligible patients with advanced (stage 
II or higher) cancer.

Data collection

Patient demographics, surgical data, and postoperative 
monitoring data, including complications and length of 
hospital stay, pathology results, and follow-up data regard-
ing survival and recurrence, were recorded in the prospec-
tively collected database. Clinical and pathological staging 
were assessed according to the American Joint Committee 
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on Cancer (8th edition) TNM classification [22]. Morbidity 
was categorized according to the Clavien–Dindo classifica-
tion system [23]. Complications higher than grade III (any 
complication requiring surgical, endoscopic, or radiological 
intervention) were defined as major complications. Com-
plications associated with the surgical technique or surgical 
field were considered local complications, including anas-
tomotic stenosis, leakage, bleeding, internal herniation, 
intestinal obstruction, intra-abdominal fluid collection, and 
wound problems. Systemic complications were defined as 
complications not associated with the surgical field, such as 
lung morbidity and cardiovascular morbidity. Mortality was 
defined as postoperative death within 30 days or during the 
same hospitalization.

Recurrence patterns were categorized into five groups: 
locoregional, peritoneal, hematogenous, lymph node, or 
mixed recurrence. Locoregional recurrences included metas-
tases to adjacent organs, remnant stomach, anastomotic site, 
duodenal stump, and regional lymph nodes (perigastric, left 
gastric, common hepatic, celiac, hepatoduodenal, retropan-
creatic, and mesenteric). Peritoneal recurrence included 
peritoneal seeding and Krukenberg’s tumors. Hematoge-
nous recurrence included recurrence in the liver, lung, bone, 
brain, or other distant organ. Distant lymph node recurrences 
were metastases to the aortocaval area or extra-abdominal 
lymph nodes. A mixed recurrence was the presence of more 
than one type of recurrence at the time of diagnosis.

Statistical analysis

Categorical variables were assessed using the frequency and 
percentage in each category. The median and interquartile 
range were used for continuous variables. Categorical vari-
ables were compared using the chi-square test or Fisher’s 
exact test. Continuous variables were compared using the 
Student’s t test or Mann–Whitney U test. Cumulative sum 
analysis (CUSUM) of each surgeon was applied to find 
and visualize the operation time-learning curve. Only sur-
geons who had performed more than 90 consecutive cases 
of robotic gastrectomy were included in the analysis. To 
identify risk factors, univariate and multivariate analyses 
were performed using binary logistic regression models. 
Kaplan–Meier curves were used to estimate both overall 
survival (OS) and relapse-free survival (RFS), and survival 
probabilities were compared using the log-rank test. OS was 
calculated from the day of surgery until death or the end 
of follow-up. RFS was calculated from the day of surgery 
to death or the day of recurrence. The hazard ratios and 
two-sided 95% confidence intervals were estimated using a 
Cox regression model after confirmation of the proportional 
hazard assumption. For all statistical tests, P values less than 
0.05 were considered statistically significant. All statistical 

analyses were performed using IBM SPSS Statistics soft-
ware, version 25.0 (IBM Corp., Armonk, NY).

Results

Clinicopathologic characteristics

Between July 2005 and January 2019, 2000 patients with 
gastric cancer underwent robotic gastrectomies. The clin-
icopathologic characteristics and perioperative outcomes of 
these patients are shown in Tables 1 and 2, respectively. The 
median age of the patients was 55 years, and 57.7% of the 
patients were males. The median body mass index (BMI) 
was 23.5 kg/m2. Most of the patients underwent surgery 
without neoadjuvant treatment. There were only 5 (0.3%) 
patients who received neoadjuvant chemotherapy. Accord-
ing to AJCC TNM staging (8th edition), stage I was the 
most common (89.2%), followed by stages II (11.8%) and 
III (10%). The median number of retrieved lymph nodes 
was 44. Distal subtotal gastrectomy (78%) was the most 
commonly performed procedure. D2 dissection was per-
formed for 37.2% of patients. The median operation time 
was 200 min, and the median hospital stay was 5 days. There 
were six (0.3%) conversions to open or laparoscopic sur-
gery as a result of four patients with technical difficulty, one 
patient with failure of the single-site port, and one patient 
with bleeding. There was no conversion due to the malfunc-
tion of the breakdown of the robotic systems during gas-
trectomy. The learning curve of operation time are plotted 
in Supplementary Fig. 1. The plateau of learning curve was 
reached at around 29 cases.

Changes in the robotic gastrectomy technique 
for gastric cancer

During the study period, the proportion, as well as the num-
ber, of robotic gastrectomies tended to increase (Fig. 2). In 
recent years, almost 30% of gastrectomies have been per-
formed robotically, with more than 200 robotic gastrecto-
mies performed annually. Since the first robotic gastrectomy 
was performed in 2005 using the standard da Vinci system, 
not only has the robotic system changed but the surgical 
procedures and technologies used have also changed. As new 
technologies have been developed, new systems have been 
launched, starting with the da Vinci S in 2006, the da Vinci 
Si in 2009, and the da Vinci Xi in 2014. Using the single-site 
platform in the da Vinci Si system, the reduced-port robotic 
gastrectomy procedure was implemented in September 2014. 
With near-infrared imaging (Firefly™), fluorescent image-
guided robotic surgery was implemented in December 2012 
to visualize the lymphatic vessels and lymph nodes.
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Comparison of surgical outcomes between the first 
and the second 1000 robotic gastrectomies

To assess the changes in surgical outcomes, patients were 
classified into two groups, according to the date of surgery 
[the first 1000 (first half) and the second 1000 (second half) 
robotic gastrectomies, Tables 1, 2]. Compared with patients 
in the first half, patients in the second half were signifi-
cantly older (53 vs. 56, respectively, P < 0.001) and had a 
higher frequency of previous abdominal surgery (21.4% 
vs. 29.6%, respectively, P < 0.001). Additionally, patients 
in the second half had a greater depth of tumor invasion, 

lymph node involvement, and pathological stage than those 
in the first half (P < 0.001, P = 0.006, and P = 0.003, respec-
tively). The number of retrieved lymph nodes was signifi-
cantly higher in patients in the second half after adoption 
of fluorescent lymphography compared to patients in the 
first half (51 vs. 37, respectively, P < 0.001). In the second 
half group, near-infrared (NIR) lymphography-guided LN 
dissection was performed for more patients compared with 
the first half group (the first half vs the second half: 176 
(17.6%) vs 821 (82.1%), P < 0.001). When comparing the 
number of retrieved lymph nodes associated with the use 
of ICG between the two groups, lymphography-guided LN 

Table 1  Clinicopathologic 
characteristics

Continuous data are expressed as the median (IQR), and categorical data are expressed as n (%)
IQR interquartile range, BMI body mass index, ASA American Society of Anesthesiologists, pT pathologi-
cal depth of invasion, pN pathological lymph node involvement, TNM tumor-node-metastasis, LN lymph 
node

All patients First half Second half P value
(N = 2000) (N = 1000) (N = 1000)

Age, years, median (IQR) 55 (46–64) 53 (45–63) 56 (46–65) < 0.001
Sex, n (%) 0.856
 Female 847 (42.4%) 421 (42.1%) 425 (42.5%)
 Male 1,153 (57.7%) 579 (57.9%) 575 (57.5%)

BMI, kg/m2, median (IQR) 23.5 (21.5–25.4) 23.4 (21.5–25.4) 23.5 (21.6–25.4) 0.576
ASA, n (%) < 0.001
 1 723 (36.2%) 476 (47.6%) 247 (24.7%)
 2 991 (49.6%) 437 (43.7%) 554 (55.4%)
 3 270 (13.5%) 82 (8.2%) 188 (18.8%)
 4 16 (0.8%) 5 (0.5%) 11 (1.1%)

Neoadjuvant chemotherapy, n (%) 5 (0.3%) 2 (0.2%) 3 (0.3%) > 0.999
pT classification, n (%) < 0.001
 T1 1,499 (75.0%) 774 (77.4%) 722 (72.2%)
 T2 184 (9.2%) 102 (10.2%) 82 (8.2%)
 T3 174 (8.7%) 65 (6.5%) 109 (10.9%)
 T4a 140 (7.0%) 58 (5.8%) 82 (8.2%)
 T4b 3 (0.2%) 1 (0.1%) 2 (0.2%)

pN classification, n (%) 0.006
 N0 1,567 (78.4%) 812 (81.2%) 755 (75.5%)
 N1 210 (10.5%) 99 (9.9%) 111 (11.1%)
 N2 108 (5.4%) 49 (4.9%) 59 (5.9%)
 N3a 88 (4.4%) 30 (3.0%) 58 (5.8%)
 N3b 27 (1.4%) 10 (1.0%) 17 (1.7%)

TNM stage (8th edition), n (%) 0.003
 IA 1,347 (67.4%) 700 (70%) 647 (64.7%)
 IB 220 (11%) 117 (11.7%) 103 (10.3%)
 IIA 135 (6.8%) 67 (6.7%) 68 (6.8%)
 IIB 101 (5.1%) 45 (4.5%) 56 (5.6%)
 IIIA 98 (4.9%) 36 (3.6%) 62 (6.2%)
 IIIB 78 (3.9%) 27 (2.7%) 51 (5.1%)
 IIIC 21 (1.1%) 8 (0.8%) 13 (0.3%)

Retrieved LN, n, median (IQR) 44 (32–57) 37 (29–50) 51 (38–65) < 0.001
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Table 2  Perioperative outcomes

Continuous data are expressed as the median (IQR), and categorical data are expressed as n (%)
STG subtotal gastrectomy, TG total gastrectomy, PG proximal gastrectomy, CTG  completion total gastrectomy, LN lymph node, IQR interquar-
tile range

All patients First half Second half P value
(N = 2000) (N = 1000) (N = 1000)

Robotic system, n (%) < 0.001
 Standard 26 (1.3%) 26 (2.6%) 0 (0%)
 S 435 (21.8%) 435 (43.5%) 0 (0%)
 Si 1,158 (57.9%) 539 (53.9%) 619 (61.9%)
 Xi 381 (19.1%) 0 (0%) 381 (38.1%)

Resection, n (%) < 0.001
 STG 1,560 (78%) 775 (77.5%) 785 (78.5%)
 TG 324 (16.2%) 207 (20.7%) 116 (11.6%)
 PG 83 (4.2%) 3 (0.3%) 80 (8.0%)
 CTG 33 (1.7%) 15 (1.5%) 19 (1.9%)

Extent of lymphadenectomy, n (%) < 0.001
 D1+ 1,256 (62.8%) 589 (58.9%) 667 (66.7%)
 D2 744 (37.2%) 411 (41.1%) 333 (33.3%)

Reconstruction, n (%) < 0.001
 BI 729 (36.4%) 297 (29.7%) 432 (43.2%)
 BII 789 (39.5%) 455 (45.5%) 334 (33.4%)
 RY 398 (19.9%) 245 (24.5%) 153 (15.3%)
 DTR 83 (4.2%) 3 (0.3%) 80 (8.0%)
 Other 1 (0.1%) 0 (0%) 1 (0.1%)

Previous abdominal surgery, n (%) 510 (25.5%) 214 (21.4%) 296 (29.6%) < 0.001
Operation time, minutes, median (IQR) 200 (164–243) 216 (182–256) 183 (151–226) < 0.001
Estimated blood loss, ml, median (IQR) 35 (20–64) 40 (23–68) 30 (17–60) < 0.001
Postoperative hospital days, median (IQR) 5 (5–6) 5 (5–6) 5 (5–6) < 0.001
Conversion to open or laparoscopic procedure, n (%) 6 (0.3%) 1 (0.1%) 5 (0.5%) 0.218
Lymphography-guided LN dissection, n (%) 997 (49.9%) 176 (17.6%) 821 (82.1%) < 0.001

Fig. 2  Number of patients who underwent gastrectomy for gastric cancer from 2003 to 2019
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dissection yielded significantly more retrieved lymph nodes 
regardless of the date of surgery (the first half: lymphog-
raphy-guided LN dissection (−) vs lymphography-guided 
LN dissection (+), 36 vs 50, P < 0.001, the second half: 
lymphography-guided LN dissection (−) vs lymphography-
guided LN dissection (+), 41 vs 52, P < 0.001).

The rate of proximal gastrectomy was significantly higher 
in patients in the second half than in the first half (P < 0.001). 
The duration of surgery (183 min vs. 216 min, P < 0.001) 
and estimated blood loss (30 ml vs. 40 ml, P < 0.001) were 
significantly lower in patients in the second half compared 
to patients in the first half.

Short‑term outcomes

Short-term postoperative outcomes categorized using the 
Clavien–Dindo classification are summarized in Table 3. 
The overall complication rate was 15.7%. The major compli-
cation rate was 3.1%. The most frequent local complication 
was anastomotic leakage (1.2%).

In the subgroup analysis, we investigated whether the 
rate of complications changed over time. No significant 
differences in the rate of major complications were iden-
tified between the two groups (first half: 3.2% vs. second 
half: 2.9%, P = 0.696). The rate of anastomotic leakage was 
significantly higher in patients in the first half compared 
to patients in the second half (1.7% vs. 0.6%, respectively, 
P = 0.021). There were six (0.3%) postoperative mortalities 

either within 30 days or during the same hospitalization. 
Mortality occurred in 2 patients with anastomotic leakage, 
2 patients with intra-abdominal bleeding, and 2 patients 
with heart failure. No significant differences in mortality 
rate were identified between the two groups (first half: 0.3% 
vs. second half: 0.3%, P > 0.999).

Risk factors associated with major complications were 
also evaluated (Supplementary Table 1). In the univariate 
analysis, sex, age, extent of resection, extent of lymphad-
enectomy, American Society of Anesthesiologists (ASA) 
score, T stage, and operation time were statistically signifi-
cant risk factors of major postoperative complications. In 
the multivariate analysis, male patients, older age, total or 
proximal gastrectomy, T4 cancer, and operation time were 
statistically significant risk factors of major postoperative 
complications.

Long‑term outcomes

Consecutive 2000 patients were analyzed for long-term 
oncologic outcomes (Fig. 3). The median follow-up was 
48 months. The 5-year OS was 97.5% for stage IA, 97.7% for 
stage IB, 92.9% for stage IIA, 90.6% for stage IIB, 76.0% for 
stage IIIA, 61.4% for stage IIIB, and 62.5% for stage IIIC.

The 5-year RFS was 96.1% for stage IA, 94.3% for stage 
IB, 87.0% for stage IIA, 85.6% for stage IIB, 59.8% for stage 
IIIA, 51.1% for stage IIIB, and 34.4% for stage IIIC.

Table 3  Short-term outcomes

Categorical data are presented as n (%); significance was set at P less than 0.05
a Mortality due to intra-abdominal bleeding, heart failure, and anastomotic leakage (First Half), and intra-
abdominal bleeding, heart failure, and anastomosis leakage (Second Half)

All patients First half Second half P value
(N = 2000) (N = 1000) (N = 1000)

Mortality, n (%) 6 (0.3%) 3 (0.3%)a 3 (0.3%)a > 0.999
Complication, n (%) (grade II or higher) 317 (15.9%) 125 (12.5%) 192 (19.2%) < 0.001
Major complication, n (%) (grade III or higher) 61 (3.1%) 32 (3.2%) 29 (2.9%) 0.696
Systemic complication, n (%)
 Pulmonary 9 (0.4%) 2 (0.2%) 7 (0.7%) 0.179
 Cardiac 3 (0.2%) 2 (0.2%) 1 (0.1%) > 0.999

Local complication, n (%)
 Anastomotic stenosis 4 (0.2%) 3 (0.3%) 1 (0.1%) 0.625
 Anastomotic leakage 23 (1.2%) 17 (1.7%) 6 (0.6%) 0.021
 Duodenal stump leakage 2 (0.1%) 1 (0.1%) 1 (0.1%) > 0.999
 Intraluminal bleeding 1 (0.1%) 0 (0%) 1 (0.1%) > 0.999
 Intra-abdominal bleeding 6 (0.3%) 4 (0.4%) 2 (0.2%) 0.687
 Internal herniation 2 (0.1%) 1 (0.1%) 1 (0.1%) > 0.999
 Intestinal obstruction 4 (0.2%) 1 (0.1%) 3 (0.3%) 0.625
 Intra-abdominal fluid collection 4 (0.2%) 1 (0.1%) 3 (0.3%) 0.625
 Small bowel perforation 1 (0.1%) 0 (0%) 1 (0.1%) > 0.999
 Wound infection 2 (0.2%) 0 (0%) 2 (0.2%) 0.500
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During the follow-up period, tumor recurrence occurred 
in 106 patients (5.3%), consisting of 26 (1.3%) patients 
with locoregional recurrence, 31 patients (1.6%) with peri-
toneal recurrence, 17 patients (0.9%) with hematogenous 
recurrence, 14 patients (0.7%) with lymph node recur-
rence, and 18 patients (0.9%) with mixed recurrence. No 

significant differences in tumor recurrence were identi-
fied between the two groups (first half: 5.8% vs. second 
half: 4.8%, P = 0.318, Supplementary Table 2), although 
the locoregional recurrence was significantly lower in the 
2nd half group than the 1st half group (first half: 2.1% 
vs. second half: 0.5%, P < 0.002). Of the 26 patients with 

Fig. 3  Kaplan–Meier sur-
vival curves for patients who 
underwent robotic gastrectomy 
for gastric cancer. a Overall sur-
vival. b Relapse-free survival
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locoregional recurrence, 25 patients had remnant gastric 
cancer and one patient had regional LN recurrence. The 
factors related to RFS were identified using a Cox regres-
sion model (Table 4). In the univariate analysis, sex, age, 
extent of gastrectomy (total gastrectomy, completion total 

gastrectomy), D2 dissection, higher ASA score, T stage, 
N stage, and major complications significantly correlated 
with RFS (P < 0.05). In the multivariate analysis, only sex, 
age, total gastrectomy, T stage, and N stage were inde-
pendent risk factors of RFS. These same factors were also 
associated with OS (Supplementary Table 3).

Table 4  Uni- and multivariate 
Cox regression models for 
relapse-free survival

STG subtotal gastrectomy, TG total gastrectomy, PG proximal gastrectomy, CTG  completion total gas-
trectomy, ASA American Society of Anesthesiologists, pT pathological depth of invasion, pN pathological 
lymph node involvement, BMI body mass index, HR hazard ratio, CI confidence interval

Variable Univariate analysis Multivariate analysis

HR 95% CI P value HR 95% CI P value

Sex
 Female 1
 Male 1.387 1.015–1.896 0.04

Age
 < 60 years 1 1
 ≥ 60 years 3.237 2.384–4.394 < 0.001 2.965 2.173–4.047 < 0.001

Resection
 STG 1 1
 TG 2.349 1.696–3.253 < 0.001 1.764 1.260–2.469 0.001
 PG 1.279 0.519–3.151 0.592 1.808 0.727–4.494 0.202
 CTG 4.886 2.471–9.663 < 0.001 4.053 1.866–8.805 < 0.001

Extent of lymphadenectomy
 D1+ 1
 D2 2.401 1.774–3.249 < 0.001

ASA
 1 1
 2 1.52 1.078–2.142 0.017
 3 2.357 1.497–3.709 < 0.001
 4 4.706 1.461–15.155 0.009

T stage
 T1 1 1
 T2 1.709 0.980–2.978 0.059 0.993 0.556–1.774 0.982
 T3 5.607 3.798–8.277 < 0.001 2.128 1.332–3.401 0.002
 T4 8.65 5.959–12.556 < 0.001 3.081 1.931–4.916 < 0.001

N stage
 N0 1 1
 N1 3.07 2.003–4.706 < 0.001 2.542 1.602–4.035 < 0.001
 N2 5.067 3.180–8.074 < 0.001 3.059 1.800–5.199 < 0.001
 N3 13.154 9.044–19.133 < 0.001 6.188 3.865–9.907 < 0.001

Major complication 2.824 1.605–4.970 < 0.001
BMI
 < 25.0 kg/m2 1
 ≥ 25.0 kg/m2 1.186 0.866–1.626 0.288

Operation period
 First 1000 cases 1
 Second 1000 cases 1.012 0.719–1.423 0.947

Initial 30 cases 0.948 0.549–1.638 0.849
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Discussion

In this large, single-center consecutive series of patients 
who underwent robotic gastrectomy for gastric cancer, we 
observed the continuous adoption of this procedure since 
its adoption in 2005. We also found that robotic gastrec-
tomy with systemic lymphadenectomy for patients with 
gastric cancer was a surgically and oncologically safe 
procedure. The acceptably low rates of major complica-
tions (3.1%) and mortality (0.3%) in this study, which 
were comparable or even better than those after open or 
laparoscopic gastrectomy in previous studies, confirmed 
the surgical safety of robotic gastrectomy [3, 11, 24, 25]. 
Further, oncological safety was verified by similar long-
term outcomes, including survival and recurrence, to those 
in randomized controlled trials that compared laparoscopic 
gastrectomy with open gastrectomy for patients with gas-
tric cancer [2, 4, 5, 26].

Along with the technical development of the robotic 
system, we observed an increase in the use of robotic gas-
trectomy for technically demanding procedures during 
the period of the present study, such as for patients with 
a high BMI, reduced-port applications, and completion 
total gastrectomy. The benefits of the robotic approach 
were more evident in patients with a high BMI compared 
with laparoscopy when performing distal gastrectomy 
with D2 lymphadenectomy, especially in terms of blood 
loss and the consistent quality of lymphadenectomy [27]. 
Regarding reduced-port applications, even from the ini-
tial experience surgeons without laparoscopic experience, 
robotic reduced-port gastrectomy demonstrated feasibility 
by resulting in sound surgical outcomes and overcoming 
the technical limitations of reduced-port laparoscopic gas-
trectomy [16, 17]. In addition, robotic completion total 
gastrectomy demonstrated both a lower rate of conversion 
to open surgery compared with laparoscopic surgery and 
the benefit of avoiding adjacent organ injury during adhe-
siolysis with the advantage of a magnified view [28].

The technical advantages of the robotic system prom-
ise to improve the quality of gastric surgery, especially in 
terms of precise lymphadenectomy of the suprapancreatic, 
infrapyloric, and splenic hilar areas. The robotic system 
enables surgeons to easily approach the deep and narrow 
areas along the splenic vessels and facilitates delicate 
manipulation during lymph node dissection. With these 
advantages, previous studies revealed a greater number of 
dissected lymph nodes in the suprapancreatic and splenic 
hilum areas during robotic gastrectomy than during lapa-
roscopic gastrectomy [13, 29, 30]. Although it remains 
controversial whether a higher number of retrieved lymph 
nodes improves long-term survival, robotic applications 
might facilitate more accurate staging.

The incidence of major complications (3.1%) in this study 
is slightly higher than in a Korean multicenter prospective 
comparative study (1.4%), a Japanese multicenter single-arm 
prospective study (2.5%), and a Chinese randomized trial 
[31–33]. This slightly higher rate of major complications 
may be because this study included all robotic gastrecto-
mies from the initial experience. Moreover, more complex 
procedures, such as proximal, total, and completion total 
gastrectomies, as well as more patients with advanced can-
cer were included compared with those prospective stud-
ies. Nevertheless, there were no differences in the incidence 
of major complications between the first and second half 
groups which would imply that the experience of robotic 
surgery was not related to the complication rate. However, 
there was a significant reduction in anastomotic leakages 
in patients in the second half. A reduction in anastomotic 
leakage appears to be indirect evidence of the increasing 
experience of surgeons and refinements of the anastomotic 
technique, despite the expansion of robotic gastrectomy 
to more difficult cases. Thus, the decrease in the rate of 
anastomotic leakage in patients in the second half may be 
ascribed primarily to increased experience and the proce-
dural standardization.

In addition, one interesting finding of the present study 
with regard to short-term outcomes was that the year in 
which the surgery was performed was not found to be a pre-
dictive factor for the prevalence of major complications in 
the multivariate analysis. Although most of the participating 
surgeons in the second half of cases were less experienced 
in robotic gastrectomy, the incidence of major complications 
was not affected. The short-term outcomes, including opera-
tion time and incidence of complications, were not worsened 
by the experience of the surgeon with robotic gastrectomy. In 
our experience, the robotic system might be easily adopted 
by surgeons who already have experience in laparoscopic 
gastrectomy. Moreover, the number of robotic gastrectomy 
experiences might not significantly impact the short-term 
outcomes of robotic gastrectomy that are performed by expe-
rienced surgeons in laparoscopic gastrectomy.

Evidence of the oncological safety of robotic gas-
trectomy is limited, and few retrospective studies have 
reported long-term outcomes of robotic gastrectomy. Both 
OS and RFS in the present study were comparable to those 
reported previously [7, 34, 35]. Although the locoregional 
recurrence was significantly lower in the 2nd half group 
than the 1st half group, the locoregional recurrence can 
be lower in the 2nd half group with a short follow-up 
period compared with the 1st half group [the first half 
group vs the second half group (mean ± SD): 78.6 ± 35.5 
vs 30.4 ± 13.2, P < 0.001]. Moreover, long-term oncologic 
outcomes in this study were similar to those in the KLASS 
randomized clinical trials that compared laparoscopic dis-
tal gastrectomy with open distal gastrectomy, supporting 
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the oncological safety of robotic gastrectomy for patients 
with gastric cancer [2, 4, 5, 26]. Particularly, the rates of 
locoregional and peritoneal recurrence after robotic gas-
trectomy were similar to those in the KLASS-01 rand-
omized clinical trial for stage I gastric cancer, even though 
our study population was composed of more patients with 
advanced gastric cancer (locoregional: 1.3% vs. 1.3%, per-
itoneal: 1.6% vs. 1.2%, overall recurrence rate: 5.3% vs. 
5.5%, respectively) [2]. These results provide indirect evi-
dence of oncological safety, supporting the use of robotic 
gastrectomy. While we presume that the use of robotic 
gastrectomy for patients with more advanced gastric can-
cer would be superior to laparoscopic gastrectomy due to 
more precise lymph node dissection, further data using 
the robotic approach in cases of more advanced disease 
are required.

The inherent limitations of a retrospective study with 
a long study duration confound an accurate assessment of 
survival status, although the database was maintained in a 
prospective manner. To overcome this limitation, we uti-
lized data from the National Statistics Services of Korea. 
Another major shortcoming is that the study is from a single, 
high-volume center. Thus, the generalizability of our results 
would be limited. The indications for robotic gastrectomy 
also changed during the study period. Therefore, robotic gas-
trectomy for advanced gastric cancer was more frequently 
performed in the later period of the study. Despite these 
limitations, the purpose of this study was to describe 2000 
consecutive robotic gastrectomies without control values 
and exclusion data that suggest the safety and feasibility of 
robotic gastrectomy.

In conclusion, taking the results of short- and long-term 
outcomes of 2000 consecutive robotic gastrectomies into 
account, the use of this procedure for patients with gastric 
cancer is surgically and oncologically safe. As the technol-
ogy continues to develop, the robotic system will continue 
to provide a technically superior surgical platform for techni-
cally demanding procedures. While we presume that the use 
of robotic gastrectomy would increase in conjunction with 
the acceptance of this new technology, further evidence of 
its clinical usefulness in treating gastric cancer is required.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s10120- 021- 01231-3.
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