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Trends of Oncological Quality of Robotic Gastrectomy for 
Gastric Cancer in the United States
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Abstract

Background: Robotic gastrectomy (RG) has been increasingly used 
for treatment of gastric cancer in the United States. However, it is 
unknown if there has been a nationwide improvement of short-term 
safety outcomes and oncological quality metrics over time.

Methods: We used the National Cancer Database to identify patients 
who underwent major gastrectomy from 2010 through 2018. The short-
term safety outcomes and oncological metrics were compared between 
cases of open gastrectomy (OG), laparoscopic gastrectomy (LG), and 
RG. We also compared the indications and outcomes of RG between 
the three periods (2010 - 2012, 2013 - 2015, and 2016 - 2018).

Results: Of the 22,445 patients included, 1,867 (8%) underwent RG. 
Number of RG continued to increase from only 37 cases performed 
in 2010 to 412 cases performed in 2018. The number of lymph nodes 
(LNs) examined (OG, 16; LG, 17; and RG, 19) and the R0 rate (OG, 
88%; LG, 92%; and RG 94%) were better for RG than for OG or LG (P 
< 0.001). In the RG group, the number of LNs examined (first period, 
15; third period, 18; P < 0.001), R0 rate (first period, 88.6%; third peri-
od, 91.1%; P < 0.001), length of hospital stay (first period, 9 days; third 
period, 8 days; P < 0.001), 30-day readmission rate (first period, 10.1%; 
third period, 7.9%; P < 0.001), and 90-day mortality (first period, 7.3%; 
third period, 6.0%; P = 0.003) continued to improve cohort over time. 
The ratio of the robotic cases performed in academic institutions gradu-
ally increased (first period, 48.6%; third period, 54.3%; P < 0.001). In 
multivariable analyses, RG was associated with more than 15 LNs be-
ing examined (OR, 1.49; 95% CI, 1.34 - 1.65; P < 0.001). The indica-
tions for RG appeared expanding to include more advanced stage, high 
comorbidity, and patients who underwent preoperative therapy.

Conclusions: RG has been increasingly performed in the past decade. 
Although its indication was expanded to include more advanced tumors, 
we found that the oncological quality metrics and safety outcomes of 
RG have improved over time and were better than those of OG or LG.

Keywords: Gastric cancer; Minimally invasive gastrectomy; Robotic 
gastrectomy; National cancer database; Learning curve

Introduction

Minimally invasive gastrectomy, such as laparoscopic gastrec-
tomy (LG) and robotic gastrectomy (RG), has been increas-
ingly performed for gastric cancer worldwide [1-3]. From the 
late 2000s, several phase III randomized clinical trials (RCTs) 
reported that the short- and long-term outcomes of LG were 
not inferior to those of open gastrectomy (OG) [1, 2, 4]. As a 
result, laparoscopic distal gastrectomy has been a recommend-
ed approach for early gastric cancer in Japanese gastric cancer 
treatment guidelines since 2014 [5].

RG, a novel surgical technique first reported in 2003, pro-
vides surgeons with high-resolution three-dimensional images, 
filters the surgeons’ tremors, and articulates surgical instruments. 
It enables high-quality oncological resection of gastric cancer 
with lymph node (LN) dissection, similar to conventional OG 
[6, 7]. Prospective studies conducted in the late 2010s showed 
that RG may result in fewer postoperative complications, quick-
er recovery, and a greater number of LNs examined compared 
to LG [8-11]. However, these trials were performed mainly in 
East Asia, where early-stage gastric cancer is more prevalent 
and where LG has been the standard procedure for gastric can-
cer treatment [12]. Minimally invasive and robotic approaches 
for gastric cancer are still limited in the United States, partly 
because of the low incidence of gastric cancer and the fact that 
most gastric cancers are diagnosed at an advanced stage [13].

When RG is implemented in cancer surgery, short-term 
safety outcomes and oncological metrics of surgery, such as 
the achievement of R0 and the number of LNs examined, must 
be carefully evaluated to maintain the oncological quality of 
the gastrectomy [14, 15]. Using National Cancer Database 
(NCDB) data, two previous studies found that the number of 
RGs performed increased over time (until 2015) and showed 
RG’s satisfactory short-term and oncological outcomes and 
survival rates [16, 17]. However, it is unknown if these trends 
in RG use for gastric cancer persisted in more recent years and 
if nationwide outcomes of RG improved over time.

Thus, in this study we sought 1) to investigate the recent 
trends in the use of RG for gastric cancer in the United States 
(US) and 2) to examine whether oncological quality metrics of 
RG (i.e., the R0 resection rate and the number of LNs exam-
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ined) improved over time. Our overall objective was to evalu-
ate the nationwide learning curve of RG for gastric cancer.

Materials and Methods

Data source and ethical compliance

Data from the NCDB were provided by the Commission on 
Cancer of the American College of Surgeons and the Ameri-
can Cancer Society for analysis [18]. Data were collected from 
registries of cancer programs accredited by the Commission 
on Cancer using nationally standardized data items and coding 
definitions. Data in these registries are collected from more 
than 1,500 facilities accredited by the Commission on Cancer 
and represent more than 80% of new cancer cases in the US. 
The NCDB is a publicly available, deidentified data set with 
strict adherence to Health Insurance Portability and Account-
ability Act regulations. This analysis of this data set was ex-
empt from full review by the institutional review board at The 
University of Texas MD Anderson Cancer Center. All proce-
dures followed were in accordance with the ethical standards 
of the responsible committee on human experimentation (in-
stitutional and regional) and with the Helsinki Declaration of 
1975, as revised in 1983.

Inclusion and exclusion criteria

The NCDB was queried for all patients 18 years and older with 
the International Classification of Disease of Oncology, Third 
Edition (ICD-O-3) topography codes C160 through C166 (gas-
tric cardia, gastric fundus, gastric body, gastric antrum, gastric 
pylorus, gastric lesser curvature, and gastric greater curvature, 
respectively). In total, 96,605 patients with gastric tumors were 
reported in the NCDB between 2010 and 2018. We included 
patients who underwent major gastrectomy (defined as total 
gastrectomy, ICD-O-3 topography codes 40, 42, 50, and 52; 
distal gastrectomy, ICD-O-3 topography codes 31, 32, and 41; 
and proximal gastrectomy, ICD-O-3 topography codes 33 and 
51). We excluded patients who underwent gastrectomy with 
other organ resection (defined as ICD-O-3 topography codes 60 
through 63). Patients who were missing any of the following 
data were excluded: length of stay (LOS), margin status, sur-
gical approach, postoperative 90-day mortality, re-admission, 
and number of LNs examined. Procedures were categorized as 
“open” if the procedure code was 5 (open or approach unspeci-
fied), as “laparoscopic” if the procedure code was 3 (minimally 
invasive, such as endoscopic or laparoscopic) or 4 (minimally 
invasive converted to open), and as “robotic” if the procedure 
code was 1 (robotic assisted) or 2 (robotic converted to open).

Variables

The primary outcomes for the study were the number of LNs 
examined (pathologist assessment) and margin negative (R0) 
resection, and the main exposure was the surgical approach for 

gastrectomy (OG, LG, or RG). Other covariates included age, 
sex, race, facility type (community cancer program, compre-
hensive community cancer program, academic and research 
program, and integrated network cancer programs), insur-
ance type (private, not insured, and government plans), surgi-
cal procedure (total gastrectomy, subtotal/distal gastrectomy, 
and proximal gastrectomy), receipt of preoperative therapy 
(classified as chemotherapy-only or chemoradiotherapy, us-
ing the definition we used previously [19]), Charlson/Deyo 
score, clinical T category and clinical N status (based on the 
American Joint Committee on Cancer TNM staging system, 
8th edition [20]), and the pathologic assessment of T and N 
categories. The postoperative short-term outcomes of interest 
included LOS, the incidence of margin negative (R0) resec-
tion, re-admission within 30-day (readmission to the same hos-
pital, for the same illness, within 30 days of discharge follow-
ing hospitalization for surgical resection of the primary site), 
and 90-day mortality (from the date of surgery).

Statistical analyses

The clinicopathological factors of patients and tumors as well 
as the type of preoperative therapy and surgical procedures 
were compared among patients who underwent OG, LG, or 
RG using Chi-square tests for binary and categorical variables 
and one-way analysis of variance (ANOVA) for continuous 
variables. The trends in the use of each surgical approach were 
described by the three surgical approaches for the time frame 
of data collection (from 2010 to 2018), and the proportion of 
each type of gastrectomy (total, distal, and proximal gastrecto-
my) in the RG group was also described. The short-term safety 
outcomes, such as LOS, incidence of re-admission within 30-
day, and 90-day mortality, and oncological metrics, such as the 
number of LNs examined and incidence of R0, were compared 
between OG, LG, and RG using one-way ANOVA. Then, to 
investigate the improvement in RG outcomes over time, these 
surgical outcomes as well as the patient and tumor character-
istics of patients who underwent RG were compared among 
three time periods (2010 - 2012, 2013 - 2015, and 2016 - 2018) 
using one-way ANOVA. A multivariable logistic regression 
was used to fit a model to determine the association between 
the number of LNs examined by the pathologist (> 15) and 
clinicopathological variables. We reported odds ratios (ORs) 
with their associated 95% confidence intervals (CIs) and P val-
ues. All statistical analyses were performed using Stata 14.1 
(Stata Corp., College Station, TX, USA).

Results

Patient and tumor characteristics

We identified 22,445 patients with gastric adenocarcinoma 
who underwent major gastrectomy (total, distal, or proximal 
gastrectomy) and met the inclusion criteria. The patient char-
acteristics, both overall and stratified by surgical approach, are 
included in Table 1. The median patient age was 66 years; and 
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Table 1.  Demographic and Facility Characteristics of Patients With Gastric Cancer Who Underwent Gastrectomy

All patients  
(N = 22,445)

Open  
(N = 14,598)

Laparoscopic 
(N = 5,980)

Robotic  
(N = 1,867) P value

N % N % N % N %
Age, years (median, IQR) 66 58 - 74 67 58 - 75 66 58 - 74 65 57 - 73 < 0.001
Sex < 0.001
  Male 15,379 68.5 9,838 67.4 4,200 70.2 1,341 71.8
  Female 7,066 31.5 4,760 32.6 1,780 29.8 526 28.2
Race and ethnicity < 0.001
  Non-Hispanic white 15,106 67.3 9,651 66.1 4,195 70.2 1,260 67.5
  Non-Hispanic black 2,654 11.8 1,937 13.3 551 9.2 166 8.9
  Hispanic or Latino 2,256 10.1 1,530 10.5 535 9.0 191 10.2
  Asian 2,013 9.0 1,211 8.3 589 9.9 213 11.4
  Other/unknown 416 1.9 269 1.8 110 1.8 37 2.0
Facility type < 0.001
  CCP 676 3.01 538 3.7 111 1.9 27 1.5
  CCCP 6,259 27. 9 4,486 30.7 1,380 23.1 393 21.1
  AP 11,443 51.0 6,863 47.0 3,446 57.6 1,134 60.7
  INCP 4,067 18.1 2,711 18.6 1,043 17.4 313 16.8
Insurance type < 0.001
  Private insurance 8,046 35.8 5,116 35.1 2,193 36.7 737 39.5
  Not insured 542 2.4 407 2.8 99 1.7 36 1.9
  Government plans 13,601 60.6 8,885 60.9 3,640 60.9 1,076 57.6
  Unknown 256 1.1 190 1.3 48 0.8 18 1.0
Clinical T category < 0.001
  T0 225 1 144 0.99 63 1.1 18 1.0
  T1 3,383 15.1 2,127 14.6 987 16.5 269 14.4
  T2 2,888 12.9 1,764 12.1 854 14.3 270 14.5
  T3 6,714 29.9 4,286 29.4 1,883 31.5 545 29.1
  T4 883 3.9 648 4.4 181 3.0 54 2.9
  TX 8,352 37.2 5,629 38.6 2,012 33.7 711 38.1
Clinical N category < 0.001
  N0 11,281 50.2 7,370 50.5 3,064 51.2 847 45.4
  N+ 6,368 28.4 4,145 28.4 1,712 28.7 511 27.4
  NX 4,796 21.4 3,083 21.1 1,204 20.1 509 27.2
Surgical procedure < 0.001
  Total gastrectomy 7,441 33.2 4,949 33.9 1,904 31.8 588 31.5
  Subtotal/distal gastrectomy 7,724 34.4 5,233 35.9 1,882 31.5 609 32.6
  Proximal gastrectomy 7,280 32.4 4,416 30.2 2,194 36.7 670 35.9
Preoperative treatment < 0.001
  Upfront surgery 8,102 36.1 5,362 36.7 2,165 36.2 575 30.8
  Chemo 3,982 17.7 2,543 17.4 1,028 17.2 411 22.0
  CXRT 5,606 25.0 3,291 22.5 1,699 28.4 616 33.0
  Unknown 4,755 21.2 3,402 23.3 1,088 18.2 265 14.2
Charlson-Deyo score 0.124
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69% of the patients were male and 67% were white. Of all 
22,445 patients, 14,598 (65%) underwent OG, 5,980 (27%) 
underwent LG, and 1,867 (8%) underwent RG. There were 
significant differences in age, sex, race, facility type, insur-
ance type, surgical procedure, receipt of preoperative therapy, 
clinical T category, clinical N positivity, and pathological as-
sessment of T and N categories by surgical approach (all P < 
0.001). Compared to OG and LG, RG was more frequently 
performed in younger patients, in patients with an early clini-
cal T category, in patients with private insurance, at an AP fa-

cility, and after preoperative chemotherapy or chemoradiation 
therapy.

OG, LG, and RG frequency trends

The assessments of trends in the use of the three surgical ap-
proaches (OG, LG, and RG) are shown in Figure 1. The total 
number of annual gastrectomies remained steady (approxi-
mately 2,500) throughout the study period. In 2018, 1,275 

Figure 1. Trends in the use of the three surgical approaches of gastrectomy.

All patients  
(N = 22,445)

Open  
(N = 14,598)

Laparoscopic 
(N = 5,980)

Robotic  
(N = 1,867) P value

N % N % N % N %
  0 14,478 64.5 9,369 64.2 3,861 64.6 1,248 66.9
  1 5,401 24.1 3,551 24.3 1,417 23.7 433 23.2
    ≥ 2 2,566 11.4 1,678 11.5 702 11.7 186 10.0
Pathologic T category < 0.001
  T0 1,250 5.6 740 5.1 351 5.9 159 8.5
  T1 5,238 23.3 3,154 21.5 1,631 27.3 453 24.2
  T2 2,912 13.0 1,894 13.0 801 13.3 217 11.6
  T3 7,027 31.3 4,787 32.8 1,794 30.0 446 23.9
  T4 2,939 13.1 2,256 15.5 553 9.3 130 7.0
  Unknown 3,079 13.7 1,767 12.1 850 14.2 462 24.8
Pathologic N category < 0.001
  N0 10,007 44.6 6,264 42.9 2,894 48.4 849 45.5
  N1 3,560 15.9 2,368 16.3 941 15.7 251 13.4
  N2 2,899 12.9 2,049 14.0 677 11.3 173 9.2
  N3 2,793 12.4 2,078 14.2 585 9.8 130 7.0
  Unknown 3,186 14.2 1,839 12.6 883 14.8 464 24.9

IQR: interquartile range; CCP: community cancer program; CCCP: comprehensive community cancer program; AP: academic and research pro-
gram; INCP: integrated network cancer program; CXRT: chemoradiotherapy.

Table 1.  Demographic and Facility Characteristics of Patients With Gastric Cancer Who Underwent Gastrectomy - (continued)
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(54%) of the gastrectomies for gastric cancer were performed 
by OG, 694 (29%) performed by LG, and 412 (17%) per-
formed by RG. Although OG remained the most commonly 
performed approach, the use of RG and LG consistently in-
creased, whereas the use of OG consistently decreased (2010 
to 2018: OG, -27%; LG, +11%; RG, +16%; Fig. 1). During 
the study period, the use of procedure types (total, distal, and 
proximal gastrectomy) performed through a robotic approach 
remained consistently close to the same (Fig. 2).

Comparison of short-term surgical outcomes by surgical 
approach

The short-term surgical outcomes are summarized in Table 2. 
Across all the patients, the median number of LNs examined 
was 16, the median LOS was 8 days, the incidence of R0 was 
89.8%, the 30-day re-admission rate was 8.9%, and the 90-day 
mortality rate was 6.8%. In the RG group, the number of LNs 
examined was greater than that of OG or LG (RG, 19; OG, 16; 
LG, 17; P < 0.001), the median LOS was shorter than that of 

OG and similar to that of LG (RG, 8; OG, 9; LG, 8; P < 0.001), 
the incidence of R0 was higher than those of the other two 
groups (RG, 93.7%; OG, 88.4%; LG, 92.0%; P < 0.001), and 
the incidence of 90-day mortality was lower than those of the 
other two groups (RG, 5.1%; OG, 7.5%; LG, 5.5%; P < 0.001). 
However, there was no difference in the incidence of 30-day 
readmission among the three groups (RG, 9.1%; OG, 8.6%; 
LG, 8.6%; P = 0.339).

Trends of patient characteristics and short-term surgical 
outcomes of RG

Trends in patient characteristics and the short-term surgical 
outcomes of RG stratified by time periods (first, 2010 - 2012; 
second, 2013 - 2015; and third, 2016 - 2018) are summarized 
in Table 3. The following trends increased over time: the 
proportion of patients with a Charlson-Deyo score ≥ 2 (first, 
9.8%; second, 10.5%; third, 14.1%; P < 0.001), patients with 
clinical T category ≥ 3 or with a positive N status (first, 60.2%; 
second, 63.6%; third, 65.3%; P < 0.001), and the proportion 

Table 2.  Short-Term Outcomes by Gastrectomy Approach

All patients  
(N = 22,445)

Open  
(N = 14,598)

Laparoscopic  
(N = 5,980)

Robotic  
(N = 1,867)

P value
Median 
(N)

IQR 
(%)

Median 
(N)

IQR 
(%)

Median 
(N)

IQR 
(%)

Median 
(N)

IQR 
(%)

Number of lymph nodes examined 16 10 - 24 16 10 - 23 17 11 - 25 19 12 - 27 < 0.001
R0 20,159 89.8 12,911 88.4 5,499 92.0 1,749 93.7 < 0.001
Length of hospital stay, days 8 6 - 12 9 7 - 13 8 6 - 11 8 6 - 10 < 0.001
Readmission within 30 days 2,005 8.9 1,334 9.1 511 8.6 160 8.6 0.339
90-day mortality 1,518 6.8 1,095 7.5 328 5.5 95 5.1 < 0.001

IQR: interquartile range.

Figure 2. Trends in the use of the three major procedures of robotic gastrectomy.
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of the patients who underwent preoperative therapy (first, 
44.9%; second, 54.5%; third, 62.7%; P < 0.001). Additionally, 
the proportion of patients undergoing RG at academic institu-
tions continued to increase (first, 48.6%; second, 50.2%; third, 
54.3%; P < 0.001), indicating accelerated implementation of 
RG techniques at academic institutions. Most importantly, the 
median number of LNs examined (first, 15; second, 16; third, 
18; P < 0.001) and the incidence of R0 (first, 88.6%; second, 
89.7%; third, 91.2%; P < 0.001) continued to increase over 
time, indicating that the oncological quality of RG for gastric 
cancer improved nationally over time. Lastly, the median LOS 
was shortened (first, 9 days; second, 8; third, 8; P < 0.001), 
and the incidence of re-admission within 30 days (first,10.1%; 
second, 8.8%; third, 7.9%; P < 0.001) and 90-day mortality 
(first, 7.3%; second, 7.0%; third, 6.0%; P < 0.001) improved 
over time as well.

Association of the number of LNs examined (> 15) and 
patient characteristics

The results of the multivariable analyses including all study 
patients are shown in Table 4. RG was one of the independ-
ent factors associated with more than 15 LNs being examined 
(OR, 1.49; P < 0.001). Other factors associated with exami-
nation of more than 15 LNs were academic institution type 
(OR, 2.61; P < 0.001), patients with a pathologically assessed 
N category of 3 (OR, 4.00; P < 0.001), patients who underwent 
preoperative chemotherapy (OR, 1.75; P < 0.001), and patients 

who underwent gastrectomy in the third time period (OR, 1.79; 
P < 0.001). In contrast, treatment with chemoradiotherapy 
was negatively associated with more than 15 LNs (OR, 0.71). 
Compared to total gastrectomy, distal gastrectomy (OR, 0.64) 
and proximal gastrectomy (OR, 0.78) were negatively associ-
ated with more than 15 LNs being examined (P < 0.001). The 
patients with  a  Charlson-Deyo  score  ≥  2  (OR,  0.80) with  a 
pathologically assessed T category of 4 (OR, 0.80) were also 
negatively associated with more than 15 LNs being examined 
(all P < 0.001).

Discussion

In this study, we sought to investigate the recent trends in the 
use of RG in the US, as well as the nationwide learning-curve 
of RG techniques with primary outcomes of oncological qual-
ity metrics (i.e., the number of LNs examined and R0 resection 
rates). The number of RGs performed in 2018 remarkably in-
creased from that in 2010 (from 37 cases to 412 cases; an 11-
fold increase). We found that RGs were more frequently per-
formed in younger patients, patients with early-stage cancer, 
and patients who had private insurance. The ratio of the RG 
cases performed in academic institutions gradually increased 
over the past decade, suggesting possible centralization of RG 
practice and accelerated implementation of RG in academic 
institutions. The short-term outcomes (both oncological qual-
ity metrics and safety outcomes) of RGs were consistently bet-
ter than those of OG or LG and continued to improve over 

Table 3.  Trends of Patients’ Characteristics and Short-Term Surgical Outcomes of Robotic Gastrectomy

First period  
(2010 - 2012) (N = 249)

Second period  
(2013 - 2015) (N = 586)

Third period  
(2016 - 2018) (N = 1,032)

P value
Median 
(N)

IQR  
(%)

Median 
(N)

IQR  
(%)

Median  
(N)

IQR  
(%)

Characteristics
    Charlson-Deyo score ≥ 2 741 9.8 797 10.5 1,028 14.1 < 0.001
    cT ≥ 3 or N+a 3,051 60.2 3,413 63.6 2,225 65.3 < 0.001
  Preoperative therapya 2,541 44.9 3,269 54.5 3,778 62.7 < 0.001
  Facility type < 0.001
    CCP 265 3.5 232 3.0 179 2.5
    CCCP 2,151 28.6 2,169 28.4 1,939 26.6
    AP 3,663 48.6 3,827 50.2 3,953 54.3
    INCP 1,454 19.3 1,400 18.4 1,213 16.7
Short-term outcomes
  Lymph nodes examined (n) 15 9 - 22 16 10 - 24 18 12 - 26 < 0.001
  R0 rate (%) 6,675 88.6 6,842 89.7 6,642 91.1 < 0.001
  Length of hospital stay, days 9 7 - 13 8 6 - 12 8 6 - 11 < 0.001
  Readmission within 30 days 759 10.1 670 8.8 576 7.9 < 0.001
  90-day mortality (%) 550 7.3 534 7.0 434 6.0 0.003

aUnknown patients were excluded. IQR: interquartile range; cT: clinical T category; CCP: community cancer program; CCCP: comprehensive com-
munity cancer program; AP: academic and research program; INCP: integrated network cancer program.
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Table 4.  Association of the Number of Lymph Nodes Examined (≥ 16) and Patient Characteristics

Odds ratio 95% CI P value
Gastrectomy approach < 0.001
  Open Reference
  Laparoscopic 1.28 1.20 - 1.36
  Robotic 1.49 1.34 - 1.65
Age, years 0.905
    ≤ 60 Reference
  > 60 1.00 0.94 - 1.07
Sex 0.196
  Male Reference
  Female 1.04 0.9 - 1.11
Facility type < 0.001
  CCP Reference
  CCCP 1.29 1.09 - 1.54
  AP 2.61 2.20 - 3.09
  INCP 1.51 1.27 - 1.81
Surgical procedure < 0.001
  Total gastrectomy Reference
  Subtotal/distal gastrectomy 0.64 0.59 - 0.69
  Proximal gastrectomy 0.78 0.72 - 0.83
Preoperative treatment < 0.001
  Upfront surgery Reference
  Chemotherapy 1.75 1.60 - 1.91
  Chemoradiotherapy 0.71 0.66 - 0.78
Charlson-Deyo score < 0.001
  0 Reference
  1 0.91 0.85 - 0.97
    ≥ 2 0.80 0.73 - 0.88
Pathologic T category < 0.001
  T0 Reference
  T1 0.97 0.85 - 1.11
  T2 1.00 0.86 - 1.15
  T3 0.99 0.87 - 1.14
  T4 0.80 0.69 - 0.94
Pathologic N category < 0.001
  N0 Reference
  N1 1.12 1.02 - 1.21
  N2 1.44 1.31 - 1.59
  N3 4.00 3.57 - 4.49
Time period < 0.001
  First period (2010 - 2012) Reference
  Second period (2013 - 2015) 1.25 1.17 - 1.34
  Third period (2016 - 2018) 1.79 1.66 - 1.93

CI: confidence interval; CCP: community cancer program; CCCP: comprehensive community cancer program; AP: academic and research program; 
INCP: integrated network cancer program.
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time, indicating the ongoing safe implementation of RGs for 
gastric cancer in the US, despite likely selection bias. In ad-
dition, the indications for RG appeared to expand to include 
cancers of more advanced stage, patients with high comorbid-
ity, and patients who underwent preoperative therapy, perhaps 
because surgeons gained more experience.

For minimally invasive gastrectomy, LG was first dis-
seminated worldwide from East Asia. Several prospective tri-
als and RCTs have shown the oncological safety of LG com-
pared to that of OG. In 2019 and 2020, the JCOG0912 [1] and 
KLASS-01 [21] trials showed long-term non-inferiority of 
laparoscopic distal gastrectomy for early gastric cancer. Like-
wise, the CLASS-02 [22], KLASS-03 [23], and JCOG1401 
[24] trials showed that laparoscopic total gastrectomy and lap-
aroscopic proximal gastrectomy can be safely performed and 
have acceptable short-term outcomes for early gastric cancer 
in 2019 and 2020. In addition, the long-term survival of lapa-
roscopic distal gastrectomy for locally advanced gastric can-
cer has also been investigated. In 2019, 2022, and 2023, the 
CLASS-01 [4], KLASS-02 [25], and JLSSG0901 [26] trials 
demonstrated long-term noninferiority of laparoscopic distal 
gastrectomy for locally advanced gastric cancer. In summary, 
LG has been reported safe and is considered the standard op-
eration for early gastric cancer, and its indications have been 
expanded to include more advanced gastric cancer in East Asia 
[11, 27].

Despite a learning curve for surgeons to gain proficient 
skills for RG [28], robotic technologies can overcome certain 
inherent disadvantages of LG, such as limited surgical move-
ment due to using non-articulated instruments. Two RCTs 
compared the short-term outcomes between RG and LG and 
showed the potential benefits of RG over LG for gastric can-
cer. Ojima et al conducted a multicenter (two centers) RCT 
and enrolled 241 patients with resectable gastric cancer [10]. 
They showed there was no significant difference in their pri-
mary outcome, the incidence of postoperative intra-abdominal 
infectious complications (≥ Clavien-Dindo IIIa; RG, 6.2% vs. 
LG, 8.5%; P = 0.50), but there was a significant difference 
in  the  incidence  of  postoperative  overall  complications  (≥ 
Clavien-Dindo IIIa; RG, 5.3% vs. LG, 16.2%; P = 0.001). Lu 
et al conducted a single-center RCT and compared the short-
term outcomes between robotic distal gastrectomy and lapa-
roscopic distal gastrectomy [11]. They enrolled 283 patients 
with gastric cancer and showed that patients in the robotic 
distal gastrectomy group had a higher number of LNs exam-
ined (robotic distal gastrectomy, 17.6 vs. laparoscopic distal 
gastrectomy, 15.8; P = 0.018) and a lower incidence of postop-
erative overall complications (robotic distal gastrectomy, 9.2% 
vs. laparoscopic distal gastrectomy, 17.6%; P = 0.039). These 
two RCTs showed that RG can improve short-term postopera-
tive outcomes. In addition, Suda et al used data from a Japa-
nese prospective single-arm study conducted in high-volume 
gastrectomy centers for patients with clinical stage I/II gas-
tric cancer and retrospectively analyzed their prognosis using 
propensity scores [29]. They compared 326 and 752 patients 
in the RG and LG groups and showed that the 3-year overall 
survival rate was better in the RG group than in the LG group 
(96.3% vs. 89.6%; hazard ratio (HR), 0.34; P = 0.009), and 
recurrence rates and patterns were similar between the RG and 

LG groups. They speculated that RG potentially improved sur-
vival by reducing postoperative complications.

Despite the accumulation of such evidence that supports 
the use of LG and RG for gastric cancer in eastern Asia, cau-
tion is warranted when these results are extrapolated for use in 
the US patient population, due to differences in gastric cancer 
incidence and stage, patients’ body habitus, and difficulty in 
the centralization of gastrectomy practice [30]. Additionally, 
in contrast to the standardized upfront surgery approach for 
gastric cancer in Eastern countries, preoperative therapy is 
the standard treatment strategy in Western countries [31, 32], 
which may increase the difficulty of surgery [32]. The LOGI-
CA trial, an RCT from the West, compared the short-term out-
comes of LG and OG and for 227 patients. Of these patients, 
164 (72%) underwent preoperative chemotherapy. The median 
LOS was 7 days in both groups (P = 0.34). Median blood loss 
was less in the LG group (150 vs. 300 mL; P < 0.001), whereas 
the mean operating time was longer in the LG group (216 vs. 
182 min; P < 0.001). The short-term outcomes of LG, such as 
postoperative overall complications (44% vs. 42%; P = 0.91), 
in-hospital mortality (4% vs. 7%; P = 0.40), 30-day readmis-
sion rate (9.6% vs. 9.1%; P = 1.00), and R0 resection rate (95% 
vs. 95%, P = 1.00), were similar to the short-term outcomes of 
OG. The authors concluded that LG is similar to OG in terms 
of oncological quality metrics and short-term safety outcomes 
[3]. Several retrospective studies and meta-analyses have com-
pared the outcomes of RG with LG or OG in the West. These 
studies consistently showed that RG tends to have longer op-
erative time, less intraoperative blood loss, a greater number of 
LNs examined, and shorter or similar LOSs [33, 34]. The inci-
dence of postoperative complications in RG was also reported 
to be less than or similar to OG or LG [35]. Yet, there are no 
prospective trials that examine the efficacy of RG conducted 
in the West, and it is not realistic for us to conduct an RCT to 
investigate the safety of RG because of the low incidence of 
gastric cancer in the West and difficultly of centralization of 
gastrectomy practice [30].

Despite the lack of RCT data supporting the safety and ef-
ficacy of minimally invasive gastrectomy in the West, RG has 
been increasingly performed in the US, with reports showing 
potential benefits. Greenleaf et al used NCDB data and ret-
rospectively analyzed the short-term outcomes of OG, LG, 
and RG from 2010 to 2012 [16]. They showed that minimally 
invasive gastrectomies (i.e., LG or RG) were more frequently 
performed on white patients (P = 0.018), patients with private 
insurance (P = 0.049), and patients treated at an academic in-
stitution (P < 0.0001). The odds of having at least 15 LNs 
examined in the RG group were greater than such odds in 
the OG group (OR, 1.51; P = 0.005); however, there were no 
significant differences in LOS, in the incidence of R0, and 
perioperative mortality. These results indicate the safety and 
feasibility of RG in its early implementation phase in the US. 
Hendriksen et al also used NCDB data to evaluate the im-
pact of minimally invasive gastrectomy on short- and long-
term outcomes by using propensity score-matched data be-
tween 2010 and 2015 [17]. Minimally invasive gastrectomy 
(i.e., LG or RG) was associated with significantly improved 
5-year OS compared to that of OG (LG or RG, 51.9% vs. OG, 
47.7%; P < 0.0001). In the context of short-term outcomes, 
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minimally invasive gastrectomy cases had a greater incidence 
of having more than 15 LNs examined (minimally invasive 
surgery (MIS), 52.7% vs. OG, 48.9%; P < 0.001), higher R0 
resections rates (MIS, 86.9% vs. OG, 85.1%; P = 0.021), and 
decreased 30-day (MIS, 2.6% vs. OG, 3.8%; P < 0.001) and 
90-day (MIS, 5.0% vs. OG, 6.9%; P = 0.021) mortality rates. 
In addition, compared to LG, RG improved the incidence 
of having more than 15 LNs examined (RG, 60.1% vs. LG, 
51.1%; P = 0.021) with similar other outcomes. The current 
study described a consistent increase in the number of RGs 
performed for patients with gastric cancer in the US, with su-
perior short-term outcomes of RG, including safety and onco-
logical quality metrics, compared to those of OG or LG, and 
most importantly, those outcome measures continued to im-
prove over time despite the patient selection for RG expand-
ing to include patients with more advanced tumors, showing 
the nationwide learning curve of RG techniques.

This is a retrospective study using tumor registry data, 
which carries some inherent limitations. First, the NCDB 
reports data obtained from US hospitals approved by the 
committee on cancer. Thus, the data preferentially include 
outcomes from facilities with an invested interest in cancer 
outcomes, which is an inherent bias. Second, there are limits 
to the variables that can be collected. For example, there is a 
lack of data about postoperative complications in the NCDB; 
thus, we used LOS, the incidence of readmission, and the in-
cidence of 90-day mortality as surrogates for procedure safe-
ty. Additionally, an individual surgeon’s case volume is not 
recorded in the NCDB, which limits our analyses of learning 
curve to obtain skills of RG. Instead, we used year-period to 
analyze nationwide improvement of outcomes of RG. Lastly, 
patient selections for RG or LG, particularly procedures per-
formed at academic institutions, are more likely performed 
in an elective context and thus likely shifted results to favor 
a minimally invasive approach. Despite these limitations, the 
strengths of this study include using the NCDB, which pro-
vided a large sample size, allowing us to analyze the national 
trends of outcomes of gastrectomy practice. Moreover, this is 
the first study that evaluated the improvement of oncologi-
cal quality metrics and short-term safety outcomes (or learn-
ing curves) of RG using national data. Our findings support 
the idea that surgeons in the US are learning this technique 
together to provide improved outcomes for patients with 
gastric cancer. Future prospective controlled studies, likely 
through a multi-institutional effort, are needed to prove the 
benefits of RG over other approaches for Western popula-
tions [36, 37].

Conclusion

The number of RGs performed for gastric cancer has contin-
ued to increase in the past decade. Despite patient selection 
for RG expanding to include more advanced tumors, oncologi-
cal quality metrics and safety outcomes of RG have improved 
over time as well. Continued close monitoring of performance 
and outcomes of RG nationally and internationally is needed 
to ensure the safety and potential benefits of RG for gastric 
cancer.
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