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IMPORTANCE Laparoscopic distal gastrectomy is gaining popularity over open distal
gastrectomy for gastric cancer because of better early postoperative outcomes. However,
to our knowledge, no studies have proved whether laparoscopic distal gastrectomy is
oncologically equivalent to open distal gastrectomy.

OBJECTIVE To examine whether the long-term survival among patients with stage I gastric
cancer undergoing laparoscopic distal gastrectomy is noninferior to that among patients
undergoing open distal gastrectomy.

DESIGN The Korean Laparoendoscopic Gastrointestinal Surgery Study (KLASS) group, which
includes 15 surgeons from 13 institutes, conducted a phase 3, multicenter, open-label,
noninferiority, prospective randomized clinical trial (KLASS-01) of patients with histologically
proven, preoperative clinical stage I gastric adenocarcinoma from January 5, 2006, to August
23, 2010. Survival and recurrence status of the patients was determined in December 2016.

INTERVENTIONS Patients were randomly assigned (1:1) to laparoscopic distal gastrectomy
(n = 705) or open distal gastrectomy (n = 711). Of these patients, 85 received a surgical
approach opposite the one to which they were randomized (63 randomized to the open
surgery group and 22 to the laparoscopic group).

MAIN OUTCOMES AND MEASURES Difference in 5-year overall survival between the
laparoscopic and open distal gastrectomy groups. The noninferiority margin was prespecified
as −5% (corresponding hazard ratio of 1.54), with an assumed survival of 90% after 5 years in
the open surgery group.

RESULTS Among the 1416 patients (mean [SD] age, 57.3 [11.1] years; 940 [66.4%] male)
included in the study, the 5-year overall survival rates were 94.2% in the laparoscopic group
and 93.3% in the open surgery group (log-rank P = .64). Intention-to-treat analysis confirmed
the noninferiority of the laparoscopic approach compared with the open approach
(difference, 0.9 percentage points; 1-sided 97.5% CI, −1.6 to infinity). The 5-year
cancer-specific survival rates were similar between the 2 groups (97.1% in the laparoscopic
group and 97.2% in the open surgery group, log-rank P = .91; difference, −0.03 percentage
points; 1-sided 97.5% CI, −1.8 to infinity). Per-protocol analysis results were consistent with
the intention-to-treat results for overall and cancer-specific survival rates.

CONCLUSIONS AND RELEVANCE The KLASS-01 trial revealed similar overall and cancer-specific
survival rates between patients receiving laparoscopic and open distal gastrectomy. Laparoscopic
distal gastrectomy is an oncologically safe alternative to open surgery for stage I gastric cancer.
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L aparoscopic gastrectomy has been applied in treat-
ment of gastric cancer, especially early-stage gastric
cancer.1-3 Compared with open procedures, laparo-

scopic gastrectomy for gastric cancer offers better short-term
postoperative outcomes.4-6 Its oncologic safety, however, has
remained controversial because of a lack of evidence from well-
designed randomized clinical trials.

Most randomized clinical trials testing laparoscopic vs open
surgery for early gastric cancer have reported early results on
the procedural safety and short-term benefits of the laparo-
scopic approach.7-10 The Korean Laparoendoscopic Gastroin-
testinal Surgery Study (KLASS) group has also conducted a mul-
ticenter, phase 3 randomized clinical trial (KLASS-01) to provide
definitive evidence on the surgical and oncologic safety of lapa-
roscopic distal gastrectomy (LDG) compared with open distal
gastrectomy (ODG).11

The KLASS group previously reported the short-term ben-
efits of LDG for clinical stage I gastric cancer, demonstrating
shorter hospital stay, less blood loss, and fewer wound com-
plications compared with ODG.12,13 The KLASS group has since
concluded that LDG for clinical stage I gastric cancer is a sur-
gically safe procedure. In this article, we present the long-
term outcomes of our prospective randomized clinical trial
comparing LDG and ODG for clinical stage I gastric cancer.

Methods
Study Design and Patients
Our investigator-initiated trial sought to compare short-term
clinical outcomes and long-term oncologic results of LDG with
those of ODG for clinical stage I gastric cancer (KLASS-01).
KLASS-01 was designed as a phase 3, multicenter, open-
label, noninferiority, prospective randomized clinical trial con-
ducted by 15 surgeons from 13 tertiary hospitals in Korea. The
study design and methods have been described in detail
previously.11 All patients provided written informed consent
before enrollment. The study protocol was approved by the in-
stitutional review boards of all participating hospitals (Seoul
National University Bundang Hospital, Ajou University Hos-
pital, Dong-A University Hospital, Yeouido St. Mary's Hospi-
tal, Seoul National University Hospital, Keimyung University
Dongsan Medical Center, Soonchunhyang University Bu-
cheon Hospital, Chonbuk National University Hospital, Seoul
St. Mary's Hospital, Chungnam National University Hospital,
Chonnam National University Hwasun Hospital, Ewha Wom-
ans University Mokdong Hospital, and Severance Hospital). The
trial protocol is included in Supplement 1.

From January 5, 2006, to August 23, 2010, we enrolled pa-
tients with gastric cancer suitable for distal gastrectomy. Pa-
tients were between 20 and 80 years of age. All patients had
histologically proven, preoperative clinical stage I gastric ad-
enocarcinoma (T1N0M0, T1N1M0, or T2aN0M0). We ex-
cluded patients with the following criteria: American Society
of Anesthesiologist score greater than 3, history or presence
of other malignant tumors, previous chemotherapy or radio-
therapy, and need for combined resection because of other be-
nign conditions except cholecystectomy.

Objectives and End Points
Our primary objective was to demonstrate noninferior
oncologic outcomes for LDG vs ODG for clinical stage I gas-
tric cancer. The primary end point was 5-year overall sur-
vival calculated from the date of surgery to the date of
death from any cause. Secondary end points were gastric
cancer–specific survival, morbidity and mortality, quality of
life, and cost-effectiveness. Cancer-specific survival was
calculated as the number of months from gastrectomy to
the date of death from gastric cancer. In the analysis of
cancer-specific survival, we censored patients who died of
causes other than gastric cancer.

Randomization and Data Management
Patients were enrolled and randomized to undergo LDG or ODG
according to a computer-generated randomization list at a 1:1
ratio. Randomization was controlled by a centralized indepen-
dent data center balancing the treatment arms using 60 codes
for each investigator and institution. The patients were allo-
cated in order of the day of enrollment. A trial steering com-
mittee was responsible for overseeing the trial. All data were
collected by research coordinators at each hospital. To re-
duce the likelihood of incorrect data, data entry was con-
ducted using a dual data entry procedure by 2 different data
entry persons at the data center independent of the partici-
pating institutions. The 2 entries were compared, and any dis-
crepancies were corrected. Patient death information was ob-
tained from the Korea Statistics Promotion Institute database,
allowing the exact dates of death for all enrolled patients to
be collected. Survival and recurrence status was determined
in December 2016.

Interventions, Quality Control, and Follow-up
For both approaches, standard radical distal gastrectomy with
D1+β or D2 lymphadenectomy according to the Japanese clas-
sification was performed.14 Dissection of lymph node station
14v was optional. For all patients, a partial omentectomy was
performed. Decisions on reconstruction methods depended
on each surgeon's preference. During LDG, reconstruction was
performed extracorporeally through a minilaparotomy of less
than 5 cm in the upper abdomen. Adjuvant chemotherapy was

Key Points
Question Is the long-term survival among patients with stage I
gastric cancer undergoing laparoscopic distal gastrectomy
noninferior to that among patients undergoing open distal
gastrectomy?

Findings In this randomized clinical trial of 1416 patients, 5-year
overall survival rates were 94.2% in the laparoscopic gastrectomy
group and 93.3% in the open gastrectomy group. The 5-year
cancer-specific survival rates were also similar between the 2
groups: 97.1% in the laparoscopic gastrectomy group and 97.2% in
the open gastrectomy group.

Meaning Laparoscopic distal gastrectomy is an oncologically safe
alternative to open surgery for stage I gastric cancer.
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recommended to patients with pathologic stage II or more ad-
vanced cancer.

To participate in the trial, surgeons must have performed
at least 100 gastrectomies for gastric cancer by laparoscopic
and open surgery (50 each), and hospitals had to have an an-
nual volume of at least 80 gastrectomies. Before initiation of
the trial, we established a standardized protocol for each sur-
gical procedure. All candidate surgeons’ operations were
assessed by 2 experienced surgeons (H.-H.K., W.K., S.-U.H.,
M.-C.K., G.S.C., and W.J.H.) during on-site visits for quality con-
trol. All participating surgeons thoroughly reviewed each oth-
er’s unedited videos to build consensus on procedural stan-
dardization. During the trial, video recordings of all LDG and
photographic documentation of the operative field after lymph-
adenectomy by ODG were mandated. We evaluated morbid-
ity and mortality between the 2 interventions by a planned in-
terim analysis before continuing the study to ensure patient
safety. We previously reported the results of this planned in-
terim analysis, demonstrating no difference between the
2 approaches.12

All patients were followed up regularly, and follow-up data,
including recurrence and death, were registered. The same
follow-up protocol was used for both groups. Follow-up was
conducted every 3 months for the first 2 years after surgery,
every 6 months for the next 3 years, and then annually.

Statistical Analysis
The primary and secondary end points were analyzed in 2 dif-
ferent populations. The intention-to-treat population was de-
fined as all eligible patients who were randomized except those

excluded after randomization. The per-protocol population was
defined as the patients who underwent the assigned ap-
proaches only. The patients who required conversion from ODG
to LDG were not excluded from the per-protocol population.
We planned to perform all analyses on an intention-to-treat
population basis.

We calculated the effective sample size using a 5-year over-
all survival of 90% based on review of literature after open gas-
trectomy for clinical stage I gastric cancer.15-17 We tested the
hypothesis that the Kaplan-Meier estimate of 5-year overall sur-
vival of LDG would be noninferior to that of ODG within a 5%
margin (corresponding hazard ratio [HR] of 1.54). To prove the
noninferiority of LDG, the lower limit of the 1-sided 97.5% CI
of the difference in 5-year overall survival between the 2 groups
should be greater than −5% (LDG minus ODG). Although the
original analysis plan for the noninferiority results was using
a 1-sided 95% CI, this was changed to a 1-sided 97.5% CI to cor-
respond to recent, more conservative statistical practice. We
assumed that the patient registration period would be 4.5 years
and the follow-up period would be 5 years. The sample size was
estimated using the noninferiority log-rank test. Finally, we
calculated that 1400 patients (700 in each group, with at least
633 eligible patients in each intention-to-treat population)
were needed to provide 80% power for a 1-sided type I error
level of 0.05 and to allow for a dropout rate of 10% after
randomization.

We used R statistics, version 3.1.1 (R Foundation for Sta-
tistical Computing) for data analysis. The χ2 or Fisher exact tests
for categorical variables and t tests or Mann-Whitney tests for
continuous variables were used for statistical analyses. Kaplan-
Meier curves were used to estimate overall survival and cancer-
specific survival. The HRs and 1-sided 97.5% CIs were esti-
mated with a Cox proportional hazards regression model after
confirmation of the proportional hazard assumption. One-
sided 97.5% CIs are reported for survival differences and HRs;
other CIs are 2-sided 95% CIs unless otherwise specified. We
used 2-sided values for the calculation of the P values of the
HR for death in the post hoc analysis.

Results
Patients
A total of 1416 patients (mean [SD] age, 57.3 [11.1] years; 940
[66.4%] male and 476 [33.6%] female) with clinical stage I
gastric adenocarcinoma underwent randomization to LDG or
ODG: 705 were randomized to the LDG group and 711 to the
ODG group. After randomization and during follow-up, we
excluded 57 patients for various reasons. Finally, we
included 1359 patients in the intention-to-treat population:
673 in the LDG group and 686 in the ODG group. We
excluded another 104 patients from the per-protocol popula-
tion. Among them, 85 underwent surgery with an approach
opposite the one to which they were randomized (63 ran-
domized to the ODG group and 22 to the LDG group). Thus,
the per-protocol population included 1255 patients: 644 in
the LDG group and 611 in the ODG group (Figure 1). The 2
study groups were balanced regarding baseline clinical char-

Figure 1. Recruitment and Inclusion of Patients in the Korean
Laparoendoscopic Gastrointestinal Surgery Study 01
Randomized Clinical Trial

644 Included in per-protocol analysis
29 Excluded from analysis

22 Underwent laparoscopic
surgery (crossover)

6 Underwent total gastrectomy
1 Laparoscopy and biopsy

611 Included in per-protocol analysis
75 Excluded from analysis

63 Underwent laparoscopic
surgery (crossover)

12 Underwent total gastrectomy

4 Lost to follow-up (withdrew consent
for follow-up after surgery) 

2 Lost to follow-up (withdrew consent
for follow-up after surgery) 

673 Included in intention-to-treat
analysis

686 Included in intention-to-treat
analysis

1416 Patients
randomized

705 Randomized to receive
laparoscopic distal gastrectomy
677 Underwent operation
12 Withdrew consent
16 Ineligible

3 Synchronous malignancy
1 Previous gastrectomy
3 Proximal gastrectomy
9 Combined resection

711 Randomized to receive open
distal gastrectomy
688 Underwent operation

6 Withdrew consent
17 Ineligible

3 Synchronous malignancy
2 Robotic gastrectomy
2 Proximal gastrectomy

10 Combined resection

The data on the number of individuals assessed for eligibility in the study were
not collected.
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acteristics, surgical procedures, and pathologic features and
staging (Table 1).

Surgical and Pathologic Outcomes
The KLASS group previously reported early postoperative out-
comes in detail,13 although minor differences were found be-
tween the patients included in this long-term survival analy-
sis and those in the early postoperative outcomes analysis. For
6 patients (0.9%), LDG was converted to ODG. Regarding post-
operative mortality, 4 in-hospital deaths (0.6%) were re-
corded in the LDG group and 2 (0.3%) in the ODG group.

All patients underwent radical gastrectomy with sys-
temic lymphadenectomy (D1+ or D2) except for 1 patient with
peritoneal carcinomatosis in the LDG group. Mean numbers
of retrieved lymph nodes and patients with fewer than 16 re-
trieved lymph nodes were similar between the 2 groups. There
was no margin involvement of the tumor in any patient. The
proportions of histologic types and pathologic TNM stages were
similar between the 2 groups (Table 1). As for diagnostic ac-
curacy of invasion depth, 72 patients (5.3%) had pathologic T3

tumors and 41 (3.0%) had T4 tumors in the intention-to-treat
population. For clinical T1 tumors (n = 1095), 960 (87.7%) were
pathologic T1, whereas 84 (7.7%) were pathologic T2, 34 (3.1%)
were pathologic T3, and 17 (1.6%) were pathologic T4. For clini-
cal T2 tumors (n = 264), 64 (24.2%) were pathologic T2,
whereas 137 (51.9%) were pathologic T1, 38 (14.4%) were patho-
logic T3, and 24 (9.1%) were pathologic T4.

In total, 126 patients (59 in the LDG group and 67 in the
ODG group) received adjuvant chemotherapy. Fifty-one pa-
tients (86.4%) in the LDG group and 61 patients (91.0%) in the
ODG group received chemotherapy within 6 weeks after sur-
gery (P = .41). The mean (SD) durations from surgery to adju-
vant chemotherapy did not differ between the 2 groups
(28.7 [13.9] days in the LDG group vs 29.4 [12.3] days in the ODG
group; P = .75).

Survival Outcomes
Overall Survival
After a median follow-up of 99.8 months, 79 patients (11.7%)
in the LDG group died compared with 85 patients (12.4%) in

Table 1. Patient Characteristics and Pathologic Outcomesa

Variable

Intention-to-Treat Population Per-Protocol Population
LDG
(n = 673)

ODG
(n = 686)

LDG
(n = 644)

ODG
(n = 611)

Age, mean (SD), y 56.9 (10.9) 57.5 (11.3) 56.8 (10.8) 57.8 (11.2)

Sex

Male 448 (66.6) 458 (66.8) 426 (66.1) 412 (67.4)

Female 225 (33.4) 228 (33.2) 218 (33.9) 199 (32.6)

BMI 23.8 (2.9) 23.8 (3.0) 23.8 (2.9) 23.8 (3.0)

Clinical TNM stageb

cT1N0M0 530 (78.8) 531 (77.4) 511 (79.3) 465 (76.1)

cT1N1M0 15 (2.2) 19 (2.8) 14 (2.2) 19 (3.1)

cT2N0M0 128 (19.0) 136 (19.8) 119 (18.5) 127 (20.8)

Extent of resectionc

Distal gastrectomy 664 (98.7) 673 (98.1) 644 (100) 611 (100)

Total gastrectomy 8 (1.2) 13 (1.9) 0 0

Extent of lymphadenectomyc

D1+ 293 (43.5) 245 (35.7) 282 (43.8) 215 (35.2)

D2 379 (56.3) 441 (64.3) 362 (56.2) 396 (64.8)

No. of retrieved lymph
nodes, mean (SD)

40.5 (15.4) 43.2 (15.9) 40.5 (15.5) 43.6 (15.8)

≤15 13 (1.9) 10 (1.5) 10 (1.6) 8 (1.3)

≥16 660 (98.1) 676 (98.5) 634 (98.4) 603 (98.7)

Tumor size, mm 26.7 (17.8) 27.4 (17.1) 25.8 (15.1) 27.0 (16.4)

Pathologic T classificationc

T1 548 (81.4) 549 (80.0) 531 (82.5) 485 (79.4)

≥T2 124 (18.4) 137 (20.0) 113 (17.5) 126 (20.6)

Pathologic N classificationc

N0 571 (84.8) 571 (83.2) 553 (85.9) 508 (83.1)

N+ 101 (15.0) 115 (16.8) 91 (14.1) 103 (16.9)

Pathologic stage

I 583 (86.6) 579 (84.4) 567 (88.0) 516 (84.5)

II 60 (8.9) 75 (10.9) 52 (8.1) 66 (10.8)

III 29 (4.3) 32 (4.7) 25 (3.9) 29 (4.7)

IV 1 (0.1) 0 0 0

Abbreviations: BMI, body mass index
(calculated as weight in kilograms
divided by height in meters squared);
LDG, laparoscopic distal gastrectomy,
ODG, open distal gastrectomy.
a Data are presented as number

(percentage) of patients unless
otherwise indicated.

b The TNM stage was determined
according to the seventh edition of
the American Joint Committee on
Cancer/Union for International
Cancer Control Cancer Staging
Manual.

c One patient who did not undergo
gastrectomy because of
carcinomatosis was excluded from
the LDG group.
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the ODG group by the last follow-up date. Overall causes of
death were similar between the 2 groups (Table 2). The 5-year
overall survival rates were 94.2% (95% CI, 92.4%-96.0%) for
the LDG group and 93.3% (95% CI, 91.4%-95.2%) for the ODG
group (log-rank P = .64) (Figure 2A). The difference in 5-year
overall survival was 0.9 percentage points; the difference in
the lower limit of the 97.5% CI was −1.6 percentage points,
which was greater than the noninferiority margin of −5%
(1-sided 97.5% CI, −1.6 to infinity; HR, 0.93, 1-sided 97.5% CI,
−infinity to 1.26). The absence of differences in causes of death
(eTable in the Supplement 2), HRs for death, and 5-year over-
all survival also persisted in the per-protocol population (eFig-
ure 1A in the Supplement 2).

Cancer-Specific Survival
By the cutoff date, 28 patients (4.2%) in the LDG group had
died of gastric cancer compared with 28 patients (4.1%) in the

ODG group. The 5-year cancer-specific survival rates were simi-
lar between the 2 groups (97.1% in the LDG group and 97.2%
in the ODG group, log-rank P = .91; difference of −0.03 per-
centage points; 1-sided 97.5% CI, −1.8 to infinity; HR, 0.97;
1-sided 97.5% CI, −infinity to 1.64) (Figure 2B). In the per-
protocol population, cancer-specific survival was similar to
that in the intention-to-treat population (eFigure 1B in
Supplement 2).

Recurrence was recorded in 38 patients (5.6%) in the LDG
group and 33 patients (4.8%) in the ODG group; the differ-
ence was not statistically significant (P = .49). Recurrence pat-
terns for these 2 groups were also similar (Table 2). Including
patients with mixed recurrence, 13 (1.9%) in the LDG group and
7 (1.0%) in the ODG group experienced locoregional recur-
rence. In the per-protocol population, we observed similar re-
currence rates and patterns as those in the intention-to-treat
population (eTable in Supplement 2).

Figure 2. Kaplan-Meier Survival Curves for Patients Included in the Final Analysis in the Intention-to-Treat Population
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A, Overall survival between the laparoscopic group and the open surgery group
was similar (94.2% [95% CI, 92.4%-96.0%] in the laparoscopic group and
93.3% [95% CI, 91.4%-95.2%] in the open surgery group; log-rank P = .64;
difference, 0.9 percentage points; 1-sided 97.5% CI, −1.6 to infinity). B,
Cancer-specific survival between the laparoscopic group and the open surgery

group was also similar (97.1% [95% CI, 95.9%-98.4%] in the laparoscopic group
and 97.2% [95.9%-98.4%] in the open surgery group, log-rank P = .91;
difference, −0.03 percentage points; 1-sided 97.5% CI, −1.8 to infinity). The
median follow-up of patients was 99.8 months in all groups.

Table 2. Causes of Death and Recurrence Patterns in the Intention-to-Treat Population

Variable

No. (%) of Patients

P Value
LDG Population
(n = 673)

ODG Population
(n = 686)

Total deaths

Gastric cancer related 28 (4.1) 28 (4.1)

.49
Other malignant tumor related 11 (1.6) 8 (1.1)

Other 32 (4.7) 34 (5.0)

Unknown 8 (1.2) 15 (2.1)

Total recurrence

Locoregional 9 (1.3) 5 (0.7)

.60

Hematogenous 13 (1.9) 13 (1.9)

Peritoneal 8 (1.2) 7 (1.0)

Distant lymph node 1 (0.1) 3 (0.4)

Mixed 7 (1.0) 5 (0.7)

Abbreviations: LDG, laparoscopic
distal gastrectomy, ODG, open distal
gastrectomy.
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Post Hoc Subgroup Analyses
Post hoc subgroup analysis of overall survival revealed no sig-
nificant interaction between treatment effects and any base-
line clinical findings in the intention-to-treat population (eFig-
ure 2 in Supplement 2). Patients with advanced tumor (T2 or
deeper) or node-positive disease had no survival difference.
The HRs for death in the LDG group were 0.71 (95% CI,
0.44-1.16) for 261 patients with T2 or deeper tumor and 0.85
(95% CI, 0.49-1.46) for 216 patients with node-positive dis-
ease compared with the ODG group. We observed similar sur-
vival between the 2 approaches in patients with clinically ad-
vanced cancer and with pathologically advanced tumor. No
significant interaction was found between patients in the LDG
and ODG groups among different body mass index (BMI; cal-
culated as weight in kilograms divided by height in meters
squared) groups (<20.0, 20.0-24.9, or ≥25.0).

Discussion
In this KLASS-01 trial, we confirmed the noninferiority of 5-year
overall survival outcomes for LDG for gastric cancer and bet-
ter short-term clinical outcomes compared with ODG. We found
overall survival, cancer-specific survival, and recurrence pat-
terns after LDG to be similar to those after ODG. Although LDG
exhibited longer operation times in our trial, it allowed for less
estimated blood loss, fewer postoperative complications, and
a shorter hospital stay, as described in a previous report13 on
short-term outcomes of the KLASS-01 trial. Together with these
better, or at least similar, early postoperative outcomes and the
minimal invasiveness of laparoscopic surgery over open sur-
gery, these long-term oncologic outcomes of LDG support the
adoption of this procedure as a standard treatment for clini-
cal stage I gastric cancer.

The oncologic safety of laparoscopic surgery for gastric
cancer was doubted because of a potentially increased
risk of locoregional recurrence caused by inadequate
lymphadenectomy.18 However, we previously observed equiva-
lent surgical and pathologic oncologic efficacy with LDG com-
pared with ODG, achieving both an adequate number of har-
vested lymph nodes and a safe resection margin with LDG. We
thus anticipated comparable long-term oncologic outcomes for
overall and cancer-specific survival because these early out-
comes indicated the oncologic safety of the laparoscopic pro-
cedure. In this trial, the difference in locoregional recurrence
between LDG and ODG did not reach statistical significance, al-
though the total number of recurrences was small and the re-
currence rate was 0.8% higher with LDG than with ODG. Sup-
porting our results, several large-scale retrospective studies19,20

have reported similar long-term oncologic results between lapa-
roscopic and open gastrectomy. Although the survival rates in
our trial are somewhat lower than those in the JCOG0703 (Ja-
pan Clinical Oncology Group 0703) study, this finding might be
explained by a comparatively lower proportion of patients with
pathologic stage IA disease in our study.21 Moreover, 13% of pa-
tients in our study had pathologic stage II or more advanced dis-
ease, and 15% of patients had lymph node metastasis. Along with
minimally invasive advantages of laparoscopic gastrectomy, our

trial found decreased morbidity and mortality for LDG com-
pared with ODG within the same study cohort. We also found
similar survival in the LDG group compared with that in the ODG
group regardless of BMI, although the mean BMI of the pa-
tients was less than that of Western patients. Thus, our results
on the noninferiority of LDG in regard to survival compared with
ODG suggest potential benefits in obese or even morbidly obese
patients, even if lymphadenectomy may be more difficult by
laparoscopy in obese patients.

We strived to maintain the quality of the trial by using hos-
pitals’ and surgeons’ case volumes as eligibility criteria as well
as evaluation of surgeons’ technical proficiency. Our study re-
vealed satisfactory surgical outcomes for both approaches.
Moreover, the mean number of patients enrolled in the study
was 108.9 patients per hospital and 23.3 patients per hospital
each year. These numbers are greater than those registered in
any other surgical trial on this topic to our knowledge.

Limitations
Our trial has several limitations. First, we only included pa-
tients with clinical stage I cancer suitable for distal subtotal gas-
trectomy. Applying laparoscopic surgery for more advanced
cancers and different operations, such as total gastrectomy,
needs to be verified through other clinical trials. Accordingly,
the KLASS-02 trial is being conducted to compare LDG with
ODG for locally advanced gastric cancer.22,23 The KLASS-06 trial
is in the planning stages to compare laparoscopic total gas-
trectomy with open surgery for advanced gastric cancer lo-
cated in the upper body of the stomach.

Second, after randomization, the surgical approaches
crossed over from ODG to LDG in 63 patients and from LDG to
ODG in 22 patients. Increasing interest in laparoscopic sur-
gery among patients on initiation of the KLASS-01 trial may
have influenced these patients’ decisions to switch surgical ap-
proaches after randomization. However, analysis of the per-
protocol population after excluding these crossover patients
revealed the same long-term oncologic results.

Third, it would be difficult to verify the generalizability
of our findings to surgeons and centers with less experi-
ence. Along with an accumulation of cases, proper educa-
tion and training, such as participation in a laparoscopic
gastrectomy team of experts and proctoring program, would
help surgeons and centers with less experience perform
laparoscopic gastrectomy safely and reduce the learning
curve period.24-26 In addition, studies27-29 have found that
improvements in survival after gastrectomy, as well as
reduction of operative morbidity and mortality, can be
obtained in the West by centralization. Thus, centralization
should be advocated for better surgical and oncologic out-
comes after gastrectomy for gastric cancer by open distal
gastrectomy and laparoscopy.

Fourth, reconstruction performed extracorporeally in LDG
is another limitation. When we designed and started the study
in 2004, the intracorporeal anastomosis technique was not
popular. Thus, we performed extracorporeal anastomosis in
LDG, although intracorporeal anastomosis has now become the
standard technique. Moreover, advantages of the laparo-
scopic approach are lessened by performing extracorporeal
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anastomosis because an easier and faster reconstruction can
be achieved intracorporeally in laparoscopic procedures, es-
pecially in patients with a high BMI.

Fifth, the 5% noninferiority margin of the 5-year overall
survival rate was large compared with the observed 5-year
overall mortality of approximately 6.7% in the ODG group.
However, the difference in the 5-year overall survival rate was
0.9 percentage points, which was within the lower limit of the
97.5% CI of −1.6%. Thus, we can rule out a larger decrease in
5-year overall survival.

Sixth, the period of follow-up was relatively short com-
pared with the median survival time for patients; therefore,
we only observed the first part of the survival curve, leaving

open the possibility that the observed noninferiority may not
be maintained in the long term. Thus, a study with more long-
term follow-up results is warranted.

Conclusions
We found that, when used for clinical stage I gastric cancer, LDG
is associated with low morbidity and with survival comparable
tothoseforODGwithoutcompromisinglong-termoncologicout-
comes. Our trial supports the use of LDG as a standard treatment
option for clinical stage I distal gastric cancer when it can be per-
formed by surgeons with sufficient experience.
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