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IMPORTANCE Evidence of implementation of laparoscopic gastrectomy for locally advanced
gastric cancer is currently insufficient, as the primary end point in previous prospective
studies was evaluated at a median follow-up time of 3 years. More robust evidence is
necessary to verify noninferiority of laparoscopic gastrectomy.

OBJECTIVE To compare 5-year survival outcomes between laparoscopy-assisted distal
gastrectomy (LADG) and open distal gastrectomy (ODG) with D2 lymph node dissection for
locally advanced gastric cancer.

DESIGN, SETTING, AND PARTICIPANTS This was a multicenter, open-label, noninferiority,
prospective randomized clinical trial. Between November 26, 2009, and July 29, 2016,
eligible patients with histologically proven gastric carcinoma from 37 institutes in Japan were
enrolled. Two interim analyses and final analysis were performed in October 2014, May 2018,
and November 2021, respectively.

INTERVENTIONS Patients were randomly assigned (1:1) to either the ODG or LADG group. The
procedures were performed exclusively by qualified surgeons.

MAIN OUTCOMES AND MEASURES The primary end point was 5-year relapse-free survival, and
the noninferiority margin for the hazard ratio (HR) was set at 1.31. The secondary end points
were 5-year overall survival and safety.

RESULTS A total of 502 patients were included in the full-analysis set: 254 (50.6%) in the ODG
group and 248 (49.4%) in the LADG group. Patients in the ODG group had a median (IQR) age
of 67 (33-80) years and included 168 males (66.1%). Patients in the LADG group had a
median (IQR) age of 64 (34-80) years and included 169 males (68.1%). No significant
differences were observed in severe postoperative complications between the 2 groups in
the safety analysis (ODG, 4.7% [11 of 233] vs LADG, 3.5% [8 of 227]; P = .64). The median
(IQR) follow-up for all patients after randomization was 67.9 (60.3-92.0) months. The 5-year
relapse-free survival was 73.9% (95% CI, 68.7%-79.5%) and 75.7% (95% CI, 70.5%-81.2%)
for the ODG and LADG groups, respectively, and the HR was 0.96 (90% CI, 0.72-1.26;
noninferiority 1-sided P = .03). Further, no significant difference was observed in overall
survival time between the 2 groups, and the HR was 0.83 (95% CI, 0.57-1.21; P = .34). The
pattern of recurrence was similar between the 2 groups.

CONCLUSIONS AND RELEVANCE Results of this study show that on the basis of 5-year
follow-up data, LADG with D2 lymph node dissection for locally advanced gastric cancer,
when performed by qualified surgeons, was proved noninferior to ODG. This laparoscopic
approach could become a standard treatment for locally advanced gastric cancer.
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G astric cancer (GC) has high mortality rates world-
wide; thus, finding a cure is critical. Minimally inva-
sive techniques have significantly improved surgical

outcomes. Since its introduction in Japan in 1991,1 the num-
ber of patients with GC treated with laparoscopy-assisted dis-
tal gastrectomy (LADG) and lymph node dissection (LND) has
steadily increased.2 Retrospective studies and large-scale
randomized clinical trials (RCTs) have shown the advantages
of minimally invasive surgery for GC. Recently, large-scale RCTs
were conducted in Japan and other East Asian countries to
evaluate the safety and effectiveness of LADG for stage I GC.3-5

Based on their results, LADG is now recognized as a standard
treatment for stage I GC, alongside open surgery, according to
the latest Japanese GC treatment guidelines.6

For advanced GC (AGC), laparoscopic gastrectomy is con-
sidered technically difficult owing to the large tumor size and
LN metastasis. To clarify the safety and effectiveness of LADG
with D2 LND for AGC, outcomes of several prospective stud-
ies have been reported recently (ie, multicenter randomized
clinical trials of comparing laparoscopic distal gastrectomy to
open distal gastrectomy in terms short- and long-term out-
comes [KLASS-02 and CLASS-01]).7-10 However, the primary
end point of these studies was fundamentally based on sta-
tistical hypotheses regarding 3-year outcomes, and the me-
dian follow-up time was approximately 3 years. Alterna-
tively, 5-year follow-up data as secondary analysis of these
studies were subsequently published.11,12 Although these sec-
ondary analyses seem informative for clinical practice, a pri-
mary end point on a longer follow-up period is clearly more
robust for verifying noninferiority of LADG for locally AGC. To
better understand the use of LADG with D2 LND for locally AGC,
we conducted a multicenter randomized phase 2/3 study
(JLSSG0901).13 Here, we present the outcomes of phase 3 for
which the primary end point was 5-year survival outcomes.

Methods
Study Design and Participants
This study was an open-label, multi-institutional, prospec-
tive, randomized phase 2/3 trial conducted by the Japanese
Laparoscopic Surgery Study Group (JLSSG) to investigate safety
and efficacy of LADG. The protocol was approved by the JLSSG
protocol review committee (JLSSG0901) and the institu-
tional review boards of each of the 37 participating hospitals
(Supplement 1 and eAppendix in Supplement 2). All patients
provided written informed consent before randomization.
Phase 2 demonstrated the technical feasibility of laparo-
scopic D2 LND for AGC for the treatment of anastomotic leak-
age and pancreatic fistula formation. Phase 3 investigated the
safety and noninferiority of LADG compared with open distal
gastrectomy (ODG). This study followed the Consolidated Stan-
dards of Reporting Trials (CONSORT) reporting guidelines.

Between November 26, 2009, and July 29, 2016, patients
from 37 institutes in Japan were included in this study based
on the following criteria: (1) age of 20 to 80 years with histo-
logically proven gastric adenocarcinoma, (2) body mass
index (BMI) less than 30 (BMI is calculated as weight in

kilograms divided by height in meters squared), (3) Eastern
Cooperative Oncology Group performance status 0 or 1 (con-
sidered potentially curable by distal gastrectomy), and (4) clini-
cal diagnosis of muscularis propria (MP), subserosa (SS), and
serosal exposure (SE), N0-2 without bulky node metastasis, or
M0 lesions without involvement of other organs.13 The crite-
ria are detailed in eTable 1 in Supplement 2. Factor N was pre-
operatively determined by the anatomical position according
to the 13th Japanese Classification of Gastric Carcinoma
(JCGC).14

Randomization and Masking
Patient enrollment and randomization and data manage-
ment were conducted by the Data Center, Clinical Trial Sup-
port Division, General Clinical Research Center of Oita Uni-
versity Hospital, Yufu, Japan. Group assignment was conducted
using the minimization method according to the clinical depth
of invasion (MP vs SS/SE), clinical N category (N0 vs N1 vs N2),
and the institution. The procedure was not concealed from the
investigators or patients.

Procedures
To train instructors, the Endoscopic Surgical Skill Qualifica-
tion System (ESSQS) was established by the Japan Society for
Endoscopic Surgery.15 Surgeons and institutes were strictly
evaluated; all surgeons had ESSQS certification and had per-
formed a specified number of both laparoscopic gastrectomy
and open gastrectomy procedures. Furthermore, a central re-
view by the committee was performed, using intraoperative
photographs to assess surgical quality.

In both groups, distal gastrectomy with D2 LND was per-
formed according to Japanese GC treatment guidelines.16 The
procedures have been described in detail in our previous
report.13 Staging laparoscopy in the ODG group was recom-
mended for patients at high risk of peritoneal dissemination.
Adjuvant chemotherapy (oral 5-fluorouracil agents) was ad-
ministered 1 year postoperatively when pathological stages II
and III (except M/SM and SS with N0) were confirmed after sur-
gery according to Japanese GC treatment guidelines.16 Pa-
tients were followed up for 5 years after the last patient en-
rollment, with computed tomography scans and blood tests
performed every 6 months.

Key Points
Question Is laparoscopy-assisted distal gastrectomy (LADG) for
locally advanced gastric cancer noninferior to open distal
gastrectomy (ODG) in terms of 5-year outcomes?

Findings In this randomized clinical trial of 507 patients with
locally advanced gastric cancer, the 5-year relapse-free survival as
a primary end point was 73.9% and 75.7% for the ODG and LADG
groups, respectively.

Meaning Study results provide robust evidence suggesting that
laparoscopic gastrectomy for locally advanced gastric cancer could
become an appropriate treatment approach when performed by
skilled surgeons.

Research Original Investigation Survival Outcomes of Laparoscopy-Assisted vs Open Distal Gastrectomy for Gastric Cancer

446 JAMA Surgery May 2023 Volume 158, Number 5 (Reprinted) jamasurgery.com

© 2023 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a University of Pennsylvania User  on 08/17/2023

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamasurg.2023.0096?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamasurg.2023.0096
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamasurg.2023.0096?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamasurg.2023.0096
http://www.equator-network.org/reporting-guidelines/consort/
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamasurg.2023.0096?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamasurg.2023.0096
http://www.jamasurgery.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamasurg.2023.0096


The case report forms were recorded according to both the
13th and 14th editions of the JCGC and were used to docu-
ment operative and pathological information. Moreover, the
data were described as per the 7th edition of the Union for
International Cancer Control TNM classification.17 The
National Cancer Institute Common Terminology Criteria for
Adverse Events (CTCAE), version 4.0 was used to classify com-
plication grades.

Outcomes
The primary end point was 5-year relapse-free survival (RFS),
defined as the time from randomization to relapse, death from
any cause, or last date of contact with the patient. The sur-
gery day was considered an event when any unresectable fac-
tors were found intraoperatively, which is synonymous with
curability C according to the 13th edition of the JCGC. The sec-
ondary end points included 5-year overall survival (OS; time
from randomization to death from any cause), morbidity and
mortality rates, proportion of LADG completion, number of har-
vested LNs, early postoperative course, and recurrence sites.

Statistical Analysis
The expected 5-year RFS rate for the ODG group was as-
sumed to be 65% based on a previous study,18 and it was de-
termined to be clinically unacceptable if the rate decreased by
8% or greater in the LADG group. The corresponding nonin-
feriority margin for the hazard ratio (HR) was 1.31. The re-
quired number of participants was calculated with a 1-sided α
of .05, statistical power of 75%, 4-year enrollment period, and
5-year follow-up period (follow-up until 9 years after study ini-
tiation). Thus, the planned sample size was set at 500 (250 per
group) according to the Lachin and Foulkes method.19 The ini-
tial 180 patients were assigned to phase 213 and also included
in the subsequent phase 3. During patient enrollment, it be-
came apparent that the number of participants was lower than
necessary; thus, we extended the enrollment period to 7.5 years
with an unchanged 500 total sample size.

Two interim analyses were planned. Multiplicity was ad-
justed using the Lan-DeMets method with the O’Brien-
Fleming alpha-spending function.20 The first and second in-
terim analyses were performed in October 2014 and May 2018,
respectively. The data and safety monitoring committee inde-
pendently reviewed the results of the interim analyses and
approved the continuation of the planned follow-up. In the
final analysis, the statistical significance level was 4.99% con-
sidering the multiplicity adjustment.

RFS and OS curves were estimated using the Kaplan-
Meier method. HRs and associated CIs were estimated using
the Cox regression model after adjusting for randomization fac-
tors, except for the institution. Regarding the sensitivity analy-
sis, we analyzed RFS using a stratified Cox regression model
with randomization factors, except for institutions as strata.
Subgroup RFS analyses were conducted using the Cox regres-
sion model. Fisher exact test and Wilcoxon rank sum test were
used to analyze the categorical and continuous variables, re-
spectively. For the primary analysis, the P value was 1-sided;
for all other analyses, P values were 2-sided.

Statistical analyses were performed using SAS, version
9.4 (SAS Institute) and R, version 4.1.1 (R Foundation for
Statistical Computing). Efficacy end points were analyzed
based on the full-analysis set (FAS) and per-protocol set
(PPS). The FAS excluded the patients who withdrew consent
or were ineligible from all randomized patients, and the PPS
was defined as patients who completed the protocol treat-
ment. Additionally, the safety end points were analyzed in
the PPS.

Results
Patients
Overall, 507 patients were randomly assigned to either the ODG
(n = 255) or LADG group (n = 252) between November 26, 2009,
and July 29, 2016 (Figure 1). One and 2 patients in the ODG and

Figure 1. Consolidated Standards for Reporting Trials (CONSORT) Diagram

507 Randomly assigned

233 Underwent ODG and included in PPS analysis 227 Underwent LADG and included in PPS analysis

21 Excluded
8 Peritoneal metastasis
5 Cytology positive
1 Distant LN metastasis
2 Invasion to other organs
5 Total gastrectomy

21 Excluded
10 Peritoneal metastasis
2 Cytology positive
1 Liver metastasis
1 Distant LN metastasis
3 Invasion to other organs
4 Total gastrectomy

254 Included in FAS analysis 248 Included in FAS analysis

255 Assigned to ODG 252 Assigned to LADG

1 Withdrew 2 Withdrew
2 Ineligible

The full-analysis set (FAS) excluding
ineligible patients and those who
withdrew was included in the efficacy
analysis. LADG indicates
laparoscopy-assisted distal
gastrectomy; LN, lymph node;
ODG, open distal gastrectomy;
PPS, per-protocol set.
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LADG groups, respectively, withdrew consent after random-
ization. Two patients in the LADG group were found ineli-
gible after randomization. Of the 502 patients included in the
FAS, 254 patients (50.6%) in the ODG group and 248 patients
(49.4%) in the LADG group were included in the efficacy analy-
sis. Patients in the ODG group had a median (IQR) age of 67 (33-
80) years and included 168 males (66.1%) and 86 females
(33.9%). Patients in the LADG group had a median (IQR) age
of 64 (34-80) years and included 169 males (68.1%) and 79 fe-
males (31.9%). Subsequently, 42 patients were excluded ow-
ing to tumor extension or noncurative factors such as distant
metastasis. The remaining 460 patients who underwent cu-
rative distal gastrectomy with D2 LND according to the pro-
tocol were analyzed as the PPS. All patients in the FAS re-
ceived the assigned treatment without switching to an
alternative. No substantial differences were observed in
baseline characteristics (Table 1).

Safety Outcomes
The surgical results, early postoperative course, mortality, and
pathological results are summarized in eTable 2 in Supple-
ment 2. The distribution of surgical procedures, reconstruc-
tion, and degree of LND were similar in both groups; the num-
ber of harvested LNs was 43 in each group. Compared with the
ODG group, the LADG group was associated with a longer op-
erating time (median [IQR], 291 [236-345] minutes vs 205 [175-
240] minutes; P < .001) and lower estimated blood loss (me-
dian [IQR], 30 [10-90] mL vs 141 [80-270] mL; P < .001). No
patients required conversion to open surgery due to intraop-
erative complications. We noticed no significant differences
in reoperation (within 30 days after the initial operation), re-
admission (within 30 days after initial discharge), or 30-day
and in-hospital mortality rates between the 2 groups. No sig-
nificant difference in frequency of postoperative chemo-
therapy was found between the 2 groups.

Comparisons of the intraoperative and postoperative com-
plications, according to the CTCAE, version 4.0 in the PPS
category are presented in eTable 3 in Supplement 2. No sig-
nificant differences were observed in the incidence of intra-
operative complications. Any postoperative complications in
the ODG and LADG groups were observed in 25 of 233 pa-
tients (10.7%) and 26 of 227 patients (11.5%), respectively,
whereas those of grade 3 and higher were observed in 11 of 233
patients (4.7%) and 8 of 227 patients (3.5%; P = .64), respec-
tively. Among postoperative complications, no significant dif-
ference was observed in the incidence of anastomotic leak-
age and pancreatic fistula formation between the 2 groups.
Regarding late complications, the incidence of cholecystitis in
all complication grades was significantly higher in the ODG
group than in the LADG group (11 of 233 [4.7%] vs 2 of 227
[0.9%]; P= .02); however, no significant difference was ob-
served in the incidence of complications greater than or equal
to grade 3 (5 of 233 [2.1%] vs 2 of 227 [0.9%]; P = .45) (eTable 4
in Supplement 2).

Efficacy Outcomes
The median (IQR) follow-up for all patients after randomiza-
tion was 67.9 (60.3-92.0) months. The RFS curves are shown

in Figures 2A and B. The 5-year RFS was 73.9% (95% CI, 68.7%-
79.5%) in the ODG group and 75.7% (95% CI, 70.5%-81.2%) in
the LADG group. The HR for RFS in the LADG vs ODG groups
was 0.96 (90% CI, 0.72-1.26; noninferiority 1-sided P = .03).
The HR by sensitivity analysis using a stratified Cox regres-
sion was 0.93 (90% CI, 0.70-1.23). In the FAS analysis, 139 of
502 patients (27.7%; 72 of 254 [28.3%] and 67 of 248 [27.0%]
in the ODG and LADG groups, respectively) had recurrence,
death, or curability C. When curability C was excluded from
the events for RFS analysis, the 5-year RFS was 77.6% (95% CI,
72.5%-83.0%) and 79.9% (95% CI, 74.9%-85.2%) in the ODG
and LADG groups, respectively, whereas the HR for RFS in the
LADG vs ODG groups was 0.92 (90% CI, 0.68-1.26). In the PPS
analysis, the 5-year RFS was 78.4% (95% CI, 73.3%-83.9%) in
the ODG group and 81.4% (95% CI, 76.4%-86.6%) in the LADG
group. The HR for RFS in the LADG vs ODG group was 0.90
(90% CI, 0.65-1.24). The OS curves are shown in Figures 2C and
D. In the FAS analysis, the 5-year OS was 79.8% (95% CI, 75.0%-
84.9%) and 81.7% (95% CI, 77.0%-86.7%) in the ODG and LADG
groups, respectively, whereas the HR for 5-year OS in the LADG
vs ODG groups was 0.83 (95% CI, 0.57-1.21; P = .34). In the PPS
analysis, the 5-year OS was 83.6% (95% CI, 79.0%-88.5%) in
the ODG group and 86.6% (95% CI, 82.3%-91.2%) in the LADG
group. The HR for 5-year OS in the LADG vs ODG groups was
0.75 (95% CI, 0.48-1.15; P = .19).

After curative resection, 46 of 254 patients (18.1%) and 44
of 248 patients (17.7%) in the ODG and LADG groups, respec-
tively, showed recurrence. The recurrence pattern was simi-
lar between the 2 groups (Table 2). Furthermore, 13 of 254 pa-
tients (5.1%) and 11 of 248 patients (4.4%) in the ODG and LADG
groups, respectively, died of causes other than recurrence.

Subgroup analyses of 5-year RFS in the FAS were per-
formed for sex (male vs female), age (<65 vs ≥65 years), BMI
(≤20 vs >20 to 25 vs >25), clinical stage (IB vs II vs III), clinical
depth of invasion (MP vs SS vs SE), clinical N category (N0 vs
N+), pathological stage (IB vs II vs III), pathological T cat-
egory (T2 vs T3 vs T4), and pathological N category (N0 vs N1
vs N2 vs N3), according to the 7th Union for International Can-
cer Control TNM classification (Figure 3). Although no signifi-
cant interactions were observed between the treatment ef-
fect and any of the baseline factors, patients with a BMI greater
than 25 and pathological positive metastatic nodes in the LADG
group tended to have better survival rates than patients in the
ODG group. Contrarily, patients in the LADG group with T4 dis-
ease tended to have worse survival rates than patients in the
ODG group. Among patients with stage III disease, survival rates
were identical in both groups.

Discussion
Although 2 pivotal studies have been conducted in Asian coun-
tries, the efficacy and safety of laparoscopic gastrectomy for
locally AGC remain controversial. Herein, we focused on the
5-year survival of patients because advanced cancers have the
potential for late recurrence (even 3 years after the initial sur-
gery). As a result, the noninferiority of LADG to ODG was con-
firmed in the primary end point of 5-year RFS as well as
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favorable 5-year OS as a secondary end point in the LADG group.
The recurrence rates and pattern were found to be similar be-
tween the 2 groups. Moreover, this RCT revealed a favorable

postoperative recovery from LADG, suggesting that LADG with
D2 LND, performed by qualified surgeons, could become a stan-
dard treatment for locally AGC.

Table 1. Baseline Patient Characteristics and Pathological Outcomes

Characteristic

No. (%)

Full-analysis set Per-protocol set
ODG
(n = 254)

LADG
(n = 248)

ODG
(n = 233)

LADG
(n = 227)

Characteristics of the patients

Age, median (range), y 67 (33-80) 64 (34-80) 66 (33-80) 64 (34-80)

Sex

Male 168 (66.1) 169 (68.1) 160 (68.7) 156 (68.7)

Female 86 (33.9) 79 (31.9) 73 (31.3) 71 (31.3)

ECOG performance status

0/1 250/4 247/1 230/3 226/1

BMI,a median 22.5 22.3 22.7 22.3

Tumor location

Lower 133 (52.4) 105 (42.3) 120 (51.5) 96 (42.3)

Middle 120 (47.2) 142 (57.3) 112 (48.1) 130 (57.3)

Upper 1 (0.4) 1 (0.4) 1 (0.4) 1 (0.4)

Tumor size, median (IQR), cm 4 (3-5) 4 (3-5) 4 (3-5) 4 (3-5)

Clinical depth of invasion

MP 113 (44.5) 122 (49.2) 109 (46.8) 118 (52)

SS 104 (40.9) 85 (34.3) 92 (39.5) 83 (36.6)

SE 37 (14.6) 41 (16.5) 32 (13.7) 26 (11.5)

Clinical N categoryb

N0 138 (54.3) 130 (52.4) 127 (54.5) 125 (55.1)

N1 94 (37.0) 84 (33.9) 90 (38.6) 74 (32.6)

N2 22 (8.7) 34 (13.7) 16 (6.9) 28 (12.3)

Clinical stageb

IB 124 (48.8) 118 (47.6) 115 (49.4) 114 (50.2)

II 83 (32.7) 85 (34.3) 77 (31) 80 (35.2)

III 47 (18.5) 45 (18.1) 41 (17.6) 33 (14.5)

Pathological results

Pathological T categoryc

T1 59 (23.2) 70 (28.2) 59 (25.3) 69 (30.4)

T2 65 (25.6) 57 (23) 65 (27.9) 57 (25.1)

T3 65 (25.6) 65 (26.2) 63 (27) 60 (26.4)

T4 63 (24.8) 54 (21.8) 46 (19.7) 41 (18.1)

TX 2 (0.8) 2 (0.8) 0 0

Pathological N categoryc

N0 110 (43.3) 102 (41.1) 109 (46.8) 100 (44)

N1 58 (22.8) 56 (22.6) 53 (22.8) 56 (24.7)

N2 40 (15.7) 37 (14.9) 39 (16.7) 35 (15.4)

N3 43 (16.9) 50 (20.2) 32 (13.7) 36 (15.9)

NX 3 (1.2) 3 (1.2) 0 0

Pathological stagec

IA 45 (17.7) 53 (21.4) 45 (19.3) 52 (22.9)

IB 50 (19.7) 39 (15.7) 50 (21.5) 39 (17.2)

II 69 (27.2) 65 (26.2) 67 (28.8) 64 (28.2)

III 78 (30.7) 78 (31.5) 71 (30.4) 72 (31.7)

IV 12 (4.7) 13 (5.2) 0 0

Curabilityb

A/B/C 180/62/12 183/52/13 180/52/1 180/45/2

Abbreviations: BMI, body mass index;
ECOG, Eastern Cooperative Oncology
Group; LADG, laparoscopy-assisted
distal gastrectomy; N, node;
ODG, open distal gastrectomy;
T, tumor.
a Calculated as weight in kilograms

divided by height in meters
squared.

b According to the 13th edition of
Japanese Classification of Gastric
Carcinoma. N category indicates the
following: N0, no evidence of lymph
node metastasis; N1, metastasis to
group 1 lymph node based on the
classification of regional lymph
nodes; N2, metastasis to group 2
lymph node based on the
classification of regional lymph
nodes. Clinical stage indicates the
following: stage IB, T2N0M0; stage
II, T2N1M0 or T3N0M0; stage III,
T2N2M0 or T3N1M0 or T3N2M0.
Curability A indicates curative
resection with D2 or greater lymph
node dissection for MP or SS disease
with N0 or N1 without distant
metastasis. Curability B indicates no
residual but not fulfilling criteria for
Curability A. Curability C indicates
definite residual disease.

c According to the 7th edition of the
Union for International Cancer
Control TNM classification.
Pathological T category (T1, tumor
invasion of mucosa or submucosa;
T2, tumor invasion of muscularis
propria; T3, tumor invasion of
subserosa; T4, serosal exposure or
tumor invades adjacent structures.
Pathological N category (N0, no
regional lymph node metastasis;
N1, metastasis in 1 to 2 regional
lymph nodes; N2, metastasis in 3 to
6 regional lymph nodes;
N3, metastasis in 7 or more regional
lymph nodes; NX, regional lymph
nodes cannot be assessed).
Pathological stages include stage IA,
T1N0M0; stage IB, T1N1M0 or
T2N0M0; stage II, T1N2M0 or
T1N3M0 or T2N1M0 or T2N2M0 or
T3N0M0; stage III, T2N3M0 or
T3N2-3M0 or T4N1-N3M0; stage IV,
any T any NM1.
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Laparoscopic gastrectomy for locally AGC is technically de-
manding; therefore, a meticulous trial design and quality con-

trol were essential. This study has several advantages. First,
the design was that of a randomized phase 2/3 study; we

Figure 2. Survival Analyses
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confirmed the technical safety of LADG with D2 LND for lo-
cally AGC in phase 2 before proceeding to phase 3.13 Hence, we
completed enrollment for the phase 3 part without any major
difficulties. Second, we aimed to ensure high-quality surgi-

cal interventions in this trial. To achieve this, the participat-
ing surgeons were required to have ESSQS certification,5 which
was established in 2004 to maintain laparoscopic technical
skills, a standardized laparoscopic surgery process. Recent

Table 2. Distribution of the Recurrence Sites

Recurrence sites

Full-analysis set

P value

Per-protocol set

P value

No. (%) No. (%)

ODG (n = 254) LADG (n = 248) ODG (n = 233) LADG (n = 227)
Lymph node 16 (6.3) 9 (3.6) .22 16 (6.9) 9 (4.0) .22

Peritoneum 11 (4.3) 19 (7.7) .13 10 (4.3) 14 (6.2) .53

Liver 12 (4.7) 7 (2.8) .35 11 (4.7) 6 (2.6) .32

Lung 1 (0.4) 1 (0.4) >.99 1 (0.4) 1 (0.4) >.99

Bone 4 (1.6) 1 (0.4) .37 4 (1.7) 1 (0.4) .37

Remnant stomach 0 (0) 2 (0.8) .24 0 (0) 2 (0.9) .499

Othersa 2 (0.8) 5 (2.0) .28 1 (0.4) 4 (1.8) .37

Abbreviations: LADG, laparoscopy-assisted distal gastrectomy; ODG, open distal gastrectomy.
a Others include ovary, bone marrow, and pleura.

Figure 3. Subgroup Analysis of Relapse-Free Survival
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BMI indicates body mass index;
HR, hazard ratio;
LADG, laparoscopy-assisted distal
gastrectomy; MP, muscularis propria;
N, node; ODG, open distal
gastrectomy; SE, serosal exposure;
SS, subserosa; T, tumor.
a Calculated as weight in kilograms

divided by height in meters
squared.

b Clinical stage indicates the
following: stage IB, T1N1M0 or
T2N0M0; stage II, T1N2M0 or
T1N3M0 or T2N1M0 or T2N2M0 or
T3N0M0; stage III, T2N3M0 or
T3N2-3M0 or T4N1-N3M0.

c Clinical N category indicates the
following: N0, no regional lymph
node metastasis; N+, metastasis in
lymph nodes. Pathological N
category indicates the following:
N0, no regional lymph node
metastasis; N1, metastasis in 1 to 2
regional lymph nodes;
N2, metastasis in 3 to 6 regional
lymph nodes; N3, metastasis in 7 or
more regional lymph nodes.

d Clinical and pathological T category
indicates the following: T2, tumor
invasion of MP; T3, tumor invasion
of SS; T4, SE or tumor invades
adjacent structures.
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studies have shown that ESSQS-certified surgeons were more
likely to deliver favorable LADG outcomes.21,22 Furthermore,
we performed a central review of D2 LND quality by assessing
close-up photographs of the operative field after dissection,
which benefited surgical quality assessment.23

Among postoperative complications, pancreatic fistula
formation is considered a concern during LADG; its high fre-
quency after LADG for early GC and AGC was demonstrated
in a large-scale prospective study conducted using a national
clinical database.24 However, this incidence in our study was
extremely lower than that of previous RCTs. The amount of
bleeding during LADG (30 mL) was minimal in our study. Con-
sidering recent reports on the negative impact of intraopera-
tive blood loss on long-term outcomes after curative gastrec-
tomy for AGC,25 safer techniques could contribute to more
favorable patient outcomes.

Moreover, we investigated the association of unexpected
recurrence or death after laparoscopic surgery for AGC. A 5-year
follow-up period was believed to be required to understand this
association in clinical settings because approximately one-
third of recurrences are observed after the first 3 years.26,27

Therefore, we defined the 5-year RFS as a primary end point as
opposed to the 3-year RFS in the CLASS-01 and KLASS-02
studies.9,10 The verification of noninferiority is based on the sta-
tistical hypothesis regarding the primary end point, leading to
more verifiable and robust results than outcomes of the sec-
ondary end points. Therefore, it seems difficult to accurately
judge the noninferiority in 5-year follow-up outcomes of stud-
ies for which primary end points are defined as 3-year RFS.11,12

Laparoscopic surgery for AGC is associated with con-
cerns such as peritoneal dissemination or unexpected recur-
rence after gastric wall damage caused by forceps, ie, crush-
ing of LNs and adipose tissue or pneumoperitoneum.
Furthermore, the effect of laparoscopic surgery on long-term
results is unclear, especially in patients with stage III GC, LN
metastasis, or serosal invasion. In fact, the recurrence rate
tended to be higher in patients with stage III GC in the CLASS-01
trial. Here, no significant interaction was noticed between treat-
ment efficacy and number of patients with stage III GC. Pa-
tients with metastatic node-positive cancer in the LADG group
showed better survival rates than those in the ODG group. This
may be attributed to high-magnification views enabling pre-
cise maneuvering during laparoscopic LND. Conversely, it may
be a concern that patients with T4 disease in the LADG group
had worse survival rates than those in the ODG group in FAS;
however, the HR decreased for RFS in the PPS category. A pre-
vious large-scale retrospective study indicated no interac-
tion between laparoscopic gastrectomy and T4 disease.28 As
statistical power in this subgroup analysis was insufficient to
detect any interaction due to the small sample number and
events, further large-scale studies with intraoperative ran-
domization limited to patients with T4 disease are required.

Strengths and Limitations
One of the strengths of our study is that robust evidence was
obtained by an accurate long follow-up with high follow-up
rates of nearly 99%. Evaluating the 5-year results of these RCTs
could be beneficial for decision-making in practice toward GC
treatments.

This study also has some limitations. First, despite the eli-
gibility criteria set for AGC, 74% of lesions were pathologi-
cally deeper than those of T2, and 63% of patients had a dis-
ease advanced beyond stage II. A recent prospective large
cohort study showed that 15% of clinical T2 cases had patho-
logical T1 disease, suggesting that contamination from earlier
diseases could not be completely avoided.29 Per policy, treat-
ment was decided according to the preoperative diagnosis;
however, crucially, the results proved noninferiority of LADG
to ODG. Second, patients with BMI of 30 or greater were ex-
cluded from this study. Although obesity is a risk factor for post-
operative complications that can lead to unfavorable long-
term outcomes, a recent meta-analysis has shown that
laparoscopic surgery can reduce complication rates in these
patients.30 In the subgroup analysis, we noticed that LADG was
efficient in patients with BMI greater than 25; therefore, lapa-
roscopic surgery could favorably affect survival outcomes in
this population. Ultimately, verifying the use of laparoscopic
surgery in obese patients with AGC is warranted. Third, pa-
tients with large tumors, such as large types 3 and 4 requiring
total gastrectomy, were not included in this study. To expand
the indications for laparoscopic total gastrectomy in AGC, as-
sociated factors need to be considered, such as the dissection
range and anastomosis methods. In Western countries, the fre-
quency of AGC requiring total gastrectomy is high,31,32 and the
data for extrapolating our results to Western populations may
be insufficient. Therefore, further studies are required to ex-
pand the indications for total gastrectomy in patients with AGC.
Finally, our findings are based on the surgery for selected pa-
tients performed by qualified surgeons. Indeed, only approxi-
mately 10% of all patients who had distal gastrectomy in the
participating institutions during the study period were en-
rolled in this study. Therefore, implementation to real-life clini-
cal practice should be carefully considered according to each
institution’s experiences.

Conclusions
In conclusion, findings of this RCT reveal that LADG with D2
LND for locally AGC was safely performed by trained and quali-
fied surgeons without major surgical complications, and non-
inferiority of this procedure compared with ODG concerning
the 5-year RFS was established. We conclude that a laparo-
scopic approach could become the standard treatment for
locally AGC.
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Invited Commentary

Laparoscopic Gastrectomy for Gastric Cancer
Daniel B. Hoffman, MD; Eric K. Nakakura, MD, PhD

Randomized clinical trials (RCTs) comparing laparoscopic with
open surgery for gastric cancer show similar short-term goals
(R0 resection, adequate lymph node sampling, safety) and

long-term outcomes.1-5 In
JAMA Surgery, Etoh et al6 re-
port results of a multicenter
RCT comparing 5-year out-

comes between open distal gastrectomy and laparoscopy-
assisted distal gastrectomy for locally advanced distal gastric
cancers showing similar long-term outcomes.

Several caveats must be considered before applying these
results to Western populations. First, the median body mass
index of 22.5 (calculated as weight in kilograms divided by
height in meters squared) and exclusion of patients with a body
mass index of 30 or higher means the study population is less
overweight than those published in Western series. Second,
Western practice preferentially gives neoadjuvant chemo-
therapy to patients with locally advanced gastric adenocarci-
nomas, whereas in this study, patients were exclusively given
adjuvant chemotherapy. On the other hand, the fact that no
one received neoadjuvant chemotherapy means there was
closer alignment between preoperative clinical stage and patho-
logical stage, making findings simpler to interpret. Finally, the
authors thoroughly controlled for differences in skills and
experience by requiring all surgeons participating in the trial

to have certification with additional training in both
approaches. This likely produced optimal study results, which
may not reflect the reality of gastric cancer care in Western
countries, where lower gastric cancer incidence and a lack of
centralization of gastrectomies to high-volume centers limit
individual surgeon experience.

What else do the data from RCTs reveal? Compared with
an open approach, laparoscopic surgery takes more time (half
an hour to >1 hour longer); has less blood loss but no differ-
ence in transfusion, which is rare for gastric surgery; has no
difference in length of hospital stay to up to 1 day less; has simi-
lar to up to 7% fewer complications; and is associated with de-
crease in pain scores and analgesic requirements in some
studies2,4 but with no difference in quality of life or func-
tional and symptom scales in another.5 Prospective studies
comparing robotic with laparoscopic surgery for gastric can-
cer are accumulating, and short-term results show similar R0
resection rates and lymph node sampling.7,8 Robotic surgery
has similar or decreased blood loss but no difference in trans-
fusion, has similar length of hospital stay, and has similar to
up to 8% fewer complications. Strikingly, robotic surgery takes
20 to 50 minutes longer than laparoscopic surgery and costs
one-third to half more.

Level 1 evidence indicates that when performed by ex-
perts in carefully selected patients, laparoscopic surgery is

Related article page 445

Research Original Investigation Survival Outcomes of Laparoscopy-Assisted vs Open Distal Gastrectomy for Gastric Cancer

454 JAMA Surgery May 2023 Volume 158, Number 5 (Reprinted) jamasurgery.com

© 2023 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a University of Pennsylvania User  on 08/17/2023

https://dx.doi.org/10.1007/s101209800016
https://dx.doi.org/10.1111/j.1758-5910.2011.00082.x
https://dx.doi.org/10.1007/s10120-011-0042-4
https://dx.doi.org/10.1007/s10120-011-0042-4
https://dx.doi.org/10.1056/NEJMoa0707035
https://dx.doi.org/10.2307/2531201
https://dx.doi.org/10.2307/2336502
https://dx.doi.org/10.1002/ags3.12384
https://dx.doi.org/10.1007/s00595-021-02309-2
https://dx.doi.org/10.1093/jjco/hyu083
https://dx.doi.org/10.1007/s10120-017-0764-z
https://dx.doi.org/10.1007/s10120-021-01266-6
https://dx.doi.org/10.1007/s10120-021-01266-6
https://dx.doi.org/10.1007/s10120-006-0360-0
https://dx.doi.org/10.1007/s10120-006-0360-0
https://dx.doi.org/10.1186/s12957-020-01888-7
https://dx.doi.org/10.1097/SLA.0000000000002768
https://dx.doi.org/10.1097/SLA.0000000000002768
https://dx.doi.org/10.1007/s10120-017-0701-1
https://dx.doi.org/10.1016/j.asjsur.2019.03.017
https://dx.doi.org/10.1200/JCO.20.01540
https://dx.doi.org/10.1007/s10120-020-01109-w
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamasurg.2023.0096?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamasurg.2023.0109
http://www.jamasurgery.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamasurg.2023.0109

