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Objective: The aim of the study was to evaluate the short-term outcomes of

KLASS-02-RCT, a multicenter randomized controlled trial comparing lapa-

roscopic distal gastrectomy (LDG) with D2 lymphadenectomy with open

distal gastrectomy (ODG).

Summary Background Data: Although several benefits of laparoscopic

gastric cancer surgery have been reported, strong evidence is still limited,

especially in locally advanced gastric cancer which requires extensive lymph

node dissection.

Methods: Enrollment criteria included histologically confirmed cT2-4a and

N0-1 gastric adenocarcinoma. Thirty-day morbidity, 90-day mortality, post-

operative pain, and recovery were compared between LDG and ODG groups.

Results: A total of 1050 patients were randomly assigned to LDG (n ¼ 526)

or ODG group (n ¼ 524) between November 2011 and April 2015. After

excluding patients who received bypass or no surgery, 1011 patients were

analyzed as actual treatment group. Mean number of totally retrieved lymph

nodes was similar in both groups (LDG ¼ 46.6 vs ODG ¼ 47.4, P ¼ 0.451).
Early morbidity rate was significantly lower after LDG (16.6%) than after
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ODG (24.1%; P¼ 0.003). Postoperative analgesics use and patients’ reported

pain score were significantly lower after LDG. First day of flatus was earlier

after LDG (3.5 vs 3.7 d, P ¼ 0.025) and postoperative hospital stay was

shorter in LDG group (8.1 vs 9.3 d, P ¼ 0.005). Ninety days’ mortality rate

was similar in both groups (LDG ¼ 0.4% vs ODG ¼ 0.6%, P ¼ 0.682).

Conclusions: Laparoscopic distal gastrectomy with D2 lymphadenectomy

for locally advanced gastric cancer shows benefits in terms of lower compli-

cation rate, faster recovery, and less pain compared with open surgery.

Keywords: laparoscopic surgery, postoperative recovery, stomach neoplasm,

surgical morbidity

(Ann Surg 2019;xx:xxx–xxx)

L aparoscopic surgery is accepted as curative treatment option
for several solid cancers, and it has been rapidly developed

in the field of gastric cancer, too.1 Several multicenter clinical
data of laparoscopic gastrectomy for gastric cancer were reported
from Korea and Japan.2,3 According to a multicenter randomized
controlled trial (RCT) of laparoscopic distal gastrectomy (LDG)
versus open distal gastrectomy (ODG) in 1416 patients with
clinical stage I gastric cancer (KLASS-01), postoperative morbid-
ity rate of the laparoscopic group was significantly lower than that
of the open group.4 In addition, there was no significant difference
of 5-year survival rate between both groups.5 One of the major
points being revised in the Japanese gastric cancer treatment
guidelines in 2014 (ver. 4) was that LDG for clinical stage I gastric
cancer then was described as one treatment option in general
practice.6 Nowadays, laparoscopic gastrectomy is performed in
the majority of patients with clinical stage I gastric cancer in east
Asian countries.7

D2 lymph node dissection is recognized as the recommended
surgical method for patients with locally advanced gastric cancer,
which was proven by 15-year follow-up result of the Dutch trial.8

However, D2 lymphadenectomy carries the risk to increase postop-
erative complications compared to D1þ lymphadenectomy, and
therefore, it is recommended to be conducted by an experienced
surgeon.9,10 Especially, the dissection for the suprapancreatic area
(#7, #8a, #9, #11p, and #12a) requires sophisticated surgical techni-
ques such as compression of pancreas, exposure of portal and splenic
vein, and skeletonization of common hepatic and splenic arteries,
which is expected to increase the development of intraabdominal
bleeding, abdominal fluid collection, pancreatic fistula, and pseu-

doaneurysm, postoperatively.
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In general, laparoscopic D2 lymphadenectomy in locally
advanced gastric cancer is believed to be more difficult to perform,
as due to several limitations such as reduced degree of freedom,
unsecure bleeding control and easier tear of soft tissue may occur
during laparoscopic surgery. Moreover, if the tumor appears quite
bulky, a proper exposure of the surgical field by lifting up the
stomach and determination of correct dissection plane are very
difficult.11 Therefore, sufficient experience and strict quality control
of the surgical procedure are essential to perform a safe laparoscopic
D2 lymphadenectomy.

Against this background, our Korean Laparoendoscopic gAs-
trointestinal Surgery Study (KLASS) group designed the phase III
multicenter RCT (KLASS-02-RCT) to compare the surgical and
oncologic safety of LDG versus ODG with D2 lymph node dissection
for locally advanced gastric cancer. The primary endpoint of this trial
was 3-year disease-free survival, and the secondary endpoints
included surgical morbidity and mortality, postoperative pain, and
recovery. This paper is an early report focusing on short-term
morbidity and mortality, postoperative pain, and recovery. Our data
showed that laparoscopic approach had less complication than
open surgery with statistical significance, which correlates with
KLASS-01 short-term outcomes.4

PATIENTS AND METHODS

Study Design
KLASS-02-RCT is an investigator-initiated, multicenter RCT

comparing LDG with extended (D2) lymphadenectomy versus ODG
for locally advanced gastric cancer (cT2-T4aN0-1M0) (clinical-
trials.gov, NCT01456598) and the protocol of this trial was reported
before12 (IRB number: AJIRB-MED-OBS-11-233).

Inclusion criteria included (1) patient’s age between 20 and 80
years; (2) histologically confirmed gastric adenocarcinoma; (3)
tumor of cT2 to cT4a (tumor invaded proper muscle to exposed
to serosa) and of cN0 to cN1 (metastasis in perigastric lymph nodes
or lymph nodes along the left gastric artery) in preoperative gastros-
copy, endoscopic ultrasound, and/or abdominal computed tomogra-
phy; (4) tumor can be resected by distal gastrectomy in curative
intention; (5) Eastern Cooperative Oncology Group (ECOG) perfor-
mance status of 0 or 1; (6) American Society of Anesthesiology
(ASA) score of class I to III; and (7) patient agreed to participate this
trial through informed consent.

Patients with (1) possible distant metastasis, (2) existence of
other malignancies within last 5 years, (3) history of previous gastric
resection, (4) gastric cancer-related complications (complete
obstruction or perforation), or (5) history of gastric cancer treatment
by endoscopic resection, chemotherapy and/or radiotherapy, were
excluded in this trial.

Randomization was performed before operation for the appro-
priate setup of operation room. Eligible patient was assigned to each
group using blocked randomization, stratified by the participating
investigators, with a 1:1 allocation ratio using a confidential block
size. After randomization, surgeons immediately informed the
patient which type of operation they would undergo to meet a
patient’s ‘‘right to know,’’ as recommended by the institutional
review board (IRB).

Surgical Quality Control
To assure the best surgical quality in both laparoscopic and

open surgery in KLASS-02-RCT, we designed and conducted a strict
evaluation process for the surgeons who were to join this trial. The
detailed protocol was previously described.13 In brief, the surgeons
were obliged to have performed �50 cases of each LDG and ODG.

More than 80 cases were asked to be performed in the surgeon’s
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institute each year, similar to KLASS-01.4 In addition to this basic
requirements, surgeons were validated through a separate
clinical trial (KLASS-02-QC, NCT01283893), in which surgeons
submitted their unedited videos of 3 laparoscopic and 3 open distal
gastrectomies with D2 lymphadenectomy and each video was
reviewed by 5 domestic or international experts according to the
KLASS-02 evaluation sheet which was developed by KLASS-02
steering committee.

After starting KLASS-02-RCT, unedited video in laparo-
scopic surgery or photos of surgical fields in open surgery for every
10 cases were collected and reviewed. The regular steering commit-
tee reviewed the trend of morbidity of each surgeon and, if needed,
provided a technical feedback to the surgeon with high morbidity.

Surgical Procedure
After exploration of the abdominal cavity, a standard distal

gastrectomy with D2 lymph node dissection (#1, #3, #4sb, #4d, #5,
#6, #7, #8a, #9, #11p, and #12a) including total omentectomy
was conducted either by laparoscopic or open method.6 Reconstruc-
tion was selected among gastroduodenostomy (Billroth I), loop
gastrojejunostomy (Billroth II), or Roux-en-Y gastrojejunostomy
depending on tumor location and/or surgeon’s preference. Hand
sewing or stapling method and extracorporeal or intracorporeal
method for anastomosis could be selected according to surgeon’s
preference. Irrigation was generally not permitted during operation
to evaluate an accurate blood loss, except in case of serious bleeding.
The location and number of trocars were not limited in laparoscopic
group.

‘‘Conversion to open’’ was defined as any abdominal incision
for any reason (eg, invasion to adjacent organ, bleeding, or organ
injury) before finishing laparoscopic D2 lymphadenectomy. Prophy-
lactic antibiotics were injected within 30 minutes before skin inci-
sion. Insertion of nasogastric tube or abdominal drain was performed
depending on surgeon’s discretion. Seventh UICC/AJCC TNM
classification was used for pathologic evaluation.14

Perioperative Care
Diet started from sips of water to a soft diet according to the

patient’s condition. If the patients were in good condition 2 to 3 days
after starting a soft diet and did not show any symptoms or signs of
complication, they could be discharged from hospital. Diet schedule
and gas passing were recorded daily until discharge.

The degree of pain was evaluated by (1) visual analogue scale
(VAS) reported by the patient and (2) time and amount of additional
analgesics in addition to the routine intravenous patient-controlled
analgesia (PCA). Laboratory test was conducted on the 1st and 5th
postoperative day, including white blood cell (WBC), hemoglobin
(Hb), platelet, total bilirubin, and amylase. Adjuvant chemotherapy
was started from 4 to 6 weeks after surgery if the final TNM stage was
IIa or higher.

Morbidity and Mortality
‘‘Early morbidity’’ was defined as surgery-related complica-

tions occurring within the first 21 postoperative days. Complications
were categorized into local or systemic complication. Definition
of each complications were described before.4,12 Briefly, local
complication included wound complication, fluid collection/abscess,
intra-abdominal bleeding, intraluminal bleeding, ileus, anastomosis
stricture, leakage, or pancreatitis/pancreatic fistula. Systemic com-
plication included pulmonary, urinary, renal, hepatic, cardiac, endo-
crine, or miscellaneous. Complication severity was classified
according to Clavien-Dindo classification system.15

‘‘Readmission’’ was defined as any admission after discharge

within the first 21 postoperative days due to surgical complication.
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1,050 randomized 

Laparoscopy (n=524) Open (n=526)

Not performed surgery (11 excluded)
Not performed gastrectomy (5 excluded)
Swapped to open surgery (6 excluded)
Swapped from open surgery (11 included)

Not performed surgery (15 excluded)
Not performed gastrectomy (8 excluded)
Swapped to lapa surgery (11 excluded)
Swapped from lapa surgery (6 included)

LDG (n=513) ODG (n=498)

Actual Treatment (AT) analysis (n=1,011)

Swapped from open surgery (11 excluded)
Total gastrectomy (12 excluded)
Combined resec�on (9 excluded)
Less than D2 (2 excluded)
Open conversion (19 excluded)

Swapped from lapa surgery (6 excluded)
Total gastrectomy (14 excluded)
Combined resec�on (16 excluded)
Less than D2 (4 excluded)

LDG (n=460) ODG (n=458)

Modified Per Protocol (mPP) analysis (n=918)

FIGURE 1. CONSORT chart.
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‘‘Surgical mortality’’ was defined as any death occurring during the
hospital stay or any death related to surgical complications within the
first 90 postoperative days.

Safety Analysis of Early Morbidity
Regarding early morbidity which was one of the secondary

endpoints of KLASS-02-RCT, the reports of Sano et al16 and Deguili
et al17 were adopted for sample size calculation. Surgical complica-
tion of standard gastrectomy with D2 lymph node dissection was
estimated at 20.9% and the margin of non-inferiority was assumed to
be 12%. With a type I error of 0.025 (one-sided) and 90% of power,

242 patients were required in each group.
Statistical Analysis
Two different populations were defined for analysis.

First population was ‘actual treatment (AT)’ group, which
included all patients except patients who did not receive surgery
or gastrectomy. In AT analysis, patients who switched to the
other surgical approach (laparoscopic vs open) after randomization
(ie, swapping) at their own will were analyzed by the actual
treatment, not by allocated treatment. The second population
was ‘‘modified per protocol (mPP)’’ group which excluded
patients who swapped the group, underwent open conversion, total
gastrectomy, combined resection except for cholecystectomy (for
gallbladder diseases), or lymphadenectomy less than D2 from
AT group.

To investigate the different proportions of patients between 2
groups, Fisher exact test was applied. Continuous variables were
evaluated using Student t test. For evaluating factors affecting
morbidity, binary logistic regression was applied for univariate
and multivariate analysis. Variables were selected based on clinical
consideration. P values <0.05 were considered significant. Statisti-
cal analysis was conducted with help of SPSS 23.0 software (IBM

SPSS Statistics, IBM, Armonk, NY).
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RESULTS

Safety Analysis of Early Morbidity
After a total of 484 patients were enrolled in this trial, we

performed the safety analysis in May 2015. Surgical morbidity of
laparoscopic and open group was revealed as 16.7% and 23.8% (P¼
0.055); therefore, our independent data safety and monitoring board
decided to continue this trial until the full enrollment of patients (n¼
1050).

Patients’ Demographics
Figure 1 shows the trial flow chart. From November 2011 to

April 2015, 1050 patients were enrolled and randomly allocated
to each treatment group. For the AT analysis, 39 patients were
excluded because 26 patients did not receive surgery and 13 patients
did not receive gastrectomy. In addition, 17 patients switched to the
other group’s approach (laparoscopy to open: 6 cases, open to
laparoscopy: 11 cases) after randomization and were analyzed by
received (not allocated) procedures. For mPP analysis, 93 patients
were excluded in addition to the 39 patients of AT analysis, including
17 switched operations, 26 total gastrectomies, 25 combined resec-
tions, 6 cases with less than D2 lymph node dissections, and 19
open conversions.

Patient demographics and baseline characteristics including
sex, age, body mass index, ECOG and ASA scores, comorbidity, a
history of previous abdominal operation, and clinical T and N stages
were well balanced between both treatment groups (Table 1).

Surgical and Pathologic Outcomes
In AT analysis, operation time was significantly longer in

laparoscopic group than in open group (227.1 vs 165.0 min, P <
0.001); however, blood loss was significantly lower in laparoscopic
group than in open group (153.8 vs 230.1 mL, P < 0.001). Propor-
tions of D2 lymphadenectomy, distal gastrectomy, combined opera-

tion, and R0 resection were not different between groups. In
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TABLE 1. Patients’ Demographics

AT Analysis mPP Analysis

Variables Laparoscopy (n ¼ 513) Open (n ¼ 498) P Laparoscopy (n ¼ 460) Open (n ¼ 458) P

Sex (M:F) 370:143 (male 72.1%) 346:152 (male 69.5%) 0.369 333:127 (male 72.4%) 321:137 (male 70.1%) 0.466
Age, yrs 59.8� 11.1 59.6� 11.5 0.803 59.9� 10.8 59.5� 11.6 0.593
BMI, kg/m2 23.5� 2.9 23.7� 3.3 0.201 23.5� 2.9 23.7� 3.3 0.264
ASA score 0.821 0.967

I 246 (48.0%) 243 (48.8%) 222 (48.3%) 223 (48.7%)
II 240 (46.8%) 233 (46.8%) 216 (47.0%) 215 (46.9%)
III 27 (5.3%) 22 (4.4%) 22 (4.8%) 20 (4.4%)

ECOG 0.717 0.444
1 444 (86.5%) 427 (85.7%) 401 (87.2%) 391 (85.4%)
2 69 (13.5%) 71 (14.3%) 59 (12.8%) 67 (14.6%)

Comorbidity 230 (44.8%) 224 (45.0%) 1.000 205 (44.6%) 207 (45.2%) 0.894
Previous abdominal operation 78 (15.2%) 67 (13.5%) 0.473 72 (15.7%) 61 (13.3%) 0.349
cT stage 0.737 0.928

cT2 214 (41.7%) 205 (41.2%) 198 (43.0%) 194 (42.4%)
cT3 192 (37.4%) 197 (39.6%) 175 (38.0%) 180 (39.3%)
cT4a 107 (20.9%) 96 (19.3%) 87 (18.9%) 84 (18.3%)

cN stage 0.409 0.642
cN0 226 (44.1%) 206 (41.4%) 203 (44.1%) 195 (42.6%)
cNþ 287 (55.9%) 292 (58.6%) 257 (55.9%) 263 (57.4%)

ASA indicates American Society of Anesthesiology score; AT, actual treatment; BMI, body mass index; cN stage, clinical N stage; cT stage, clinical T stage; ECOG, Eastern
Cooperative Oncology Group performance status; F, female; M, male; mPP, modified per protocol.

Lee et al Annals of Surgery � Volume XX, Number XX, Month 2019
laparoscopic group, 19 cases were converted to open surgery
due to cancer invasion to adjacent organs (n ¼ 15), technical
problems (n ¼ 3), or medical problem (n ¼ 1). Mean (mini-
)laparotomy lengths was 5.0 cm in laparoscopic group and
17.7 cm in open group (P < 0.001). Regarding anastomosis type,
more Billroth-II (loop gastrojejunostomy) reconstruction was carried
out in laparoscopic group (54.6%) than in open group (32.3%, P <
0.001) (Table 2).

Mean numbers of retrieved lymph nodes were not different
between groups (46.6 in laparoscopy vs 47.4 in open, P ¼ 0.451).

There were 2 cases in each group in which <15 lymph nodes were

TABLE 2. Surgical Outcomes

AT Analysis

Variables Laparoscopy (n ¼ 513) Open (n ¼ 498)

Op. time, min 227.1� 68.5 165.0� 46.3
Blood loss, mL 153.8� 258.1 230.1� 258.2
Extent of resection

Distal 496 (96.7%) 482 (96.8%)
Total 17 (3.3%) 16 (3.2%)

Combined operation 19 (3.7%) 20 (4.0%)
LN dissection
<D2 2 (0.4%) 4 (0.8%)
D2 511 (99.6%) 494 (99.2%)

Anastomosis
GD (Billroth I) 177 (34.5%) 282 (56.6%)
GJ (Billroth II) 280 (54.6%) 161 (32.3%)
GJ (Roux-en-Y) 56 (10.9%) 55 (11.0%)

Omentectomy
Partial 8 (1.6%) 1 (0.2%)
Total 505 (98.4%) 497 (99.8%)

Incision length, cm 5.0� 2.9 17.7� 3.1
R-category

R0 503 (98.1%) 491 (98.6%)
R1/2 10 (1.9%) 7 (1.4%)

AT indicates actual treatment; GD, gastroduodenostomy; GJ, gastrojejunostomy; LN, ly
�Not applicable.
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retrieved. Mean tumor size, mean lengths of proximal, and distal
resection margins were not different between groups. Pathologic T,
N, and M classifications and final TNM stage were also not different
between groups (Table 3).

There were 3 cases of positive resection margins in AT
group. Two of them (all in open group) had distant metastases
which were not detected preoperatively. The last case was a
conversion case from laparoscopy to open and from distal to total
gastrectomy due to the aggressiveness of the tumor, and surgeon
decided not to resect more although he found both resection

margins were positive.

mPP Analysis

P Laparoscopy (n ¼ 460) Open (n ¼ 458) P

<0.001 225.7� 67.9 162.3� 44.1 <0.001
<0.001 138.3� 166.8 222.0� 212.4 <0.001
1.000 NA�

460 (100%) 458 (100%)
0 (0.0%) 0 (0.0%)

0.871 0 0 NA
0.445 NA

0 (0.0%) 0 (0.0%)
460 (100%) 458 (100%)

<0.001 <0.001
170 (37.0%) 270 (59.0%)
257 (55.9%) 149 (32.5%)
33 (7.2%) 39 (8.5%)

0.038 0.062
5 (1.1%) 0 (0.0%)

455 (98.9%) 458 (100%)
<0.001 4.6� 1.5 17.6� 2.9 <0.001
0.627 0.374

456 (99.1%) 457 (99.8%)
4 (0.9%) 1 (0.2%)

mph node; mPP, modified per protocol.
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TABLE 3. Pathologic Outcomes

AT Analysis mPP Analysis

Variables Laparoscopy (n ¼ 513) Open (n ¼ 498) P Laparoscopy (n ¼ 460) Open (n ¼ 458) P

Size, cm 4.7� 2.5 4.6� 2.4 0.649 4.5� 2.4 4.5� 2.2 0.846
Retrieved LNs 46.6� 17.9 47.4� 16.5 0.451 46.6� 17.7 46.9� 15.9 0.741
Retrieved LNs < 15 2 (0.4%) 2 (0.4%) 1.000 2 (0.4%) 1 (0.2%) 1.000
Proximal RM, cm 4.7� 3.1 5.0� 3.0 0.091 4.6� 3.0 5.0� 3.1 0.053
Distal RM, cm 4.8� 3.2 4.9� 3.2 0.660 4.8� 3.2 4.8� 3.1 0.870
Positive margin

Proximal 1 (0.2%) 1 (0.2%) 1.000 0 (0.0%) 1 (0.2%) 0.499
Distal 3 (0.6%) 1 (0.2%) 0.624 1 (0.2%) 1 (0.2%) 1.000

pT stage 0.713 0.648
T1 140 (27.3%) 127 (25.5%) 135 (29.3%) 121 (26.4%)
T2 104 (20.3%) 114 (22.9%) 100 (21.7%) 111 (24.2%)
T3 137 (26.7%) 137 (27.5%) 121 (26.3%) 128 (27.9%)
T4a 129 (25.1%) 115 (23.1%) 103 (22.4%) 98 (21.4%)
T4b 3 (0.6%) 5 (1.0%) 1 (0.2%) 0 (0.0%)

pN stage 0.347 0.274
N0 226 (44.1%) 222 (44.6%) 208 (45.2%) 207 (45.2%)
N1 96 (18.7%) 103 (20.7%) 85 (18.5%) 97 (21.2%)
N2 90 (17.5%) 73 (14.7%) 84 (18.3%) 66 (14.4%)
N3a 64 (12.5%) 74 (14.9%) 56 (12.2%) 68 (14.8%)
N3b 37 (7.2%) 26 (5.2%) 27 (5.9%) 20 (4.4%)

M1 (distant metastasis) 9 (1.8%) 7 (1.4%) 0.802 4 (0.9%) 1 (0.2%) 0.374
TNM stage 0.437 0.233

I 181 (35.3%) 167 (33.5%) 173 (37.6%) 159 (34.7%)
II 151 (29.4%) 170 (34.1%) 136 (29.6%) 159 (34.7%)
III 172 (33.5%) 154 (30.9%) 147 (32.0%) 139 (30.3%)
IV 9 (1.8%) 7 (1.4%) 4 (0.9%) 1 (0.2%)

AT indicates actual treatment; LN, lymph node; mPP, modified per protocol; RM, resection margin.
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The mPP analysis showed similar results to AT analysis in
terms of surgical and pathologic outcomes.

Surgical Morbidity and Mortality
In AT analysis, the overall morbidity rate was significantly

lower in laparoscopic group than in open group (16.6% vs 24.1%, P
¼ 0.003). In terms of each subtypes of complication, intraabdominal
fluid collection (2.5% vs 5.0%, P ¼ 0.046) and intraabdominal
bleeding (0.4% vs 1.8%, P ¼ 0.035) occurred significantly less
often in laparoscopic group. Other local complications and all
systemic complications were not different between groups. Accord-
ing to Clavien-Dindo classification, fewer grade IIIb complications
were seen in laparoscopic group than in open group (1.4% vs 3.2%, P
¼ 0.037) in AT analysis, and a lower rate of grade II complications
after LDG than after ODG (8.9% vs 11.1%, P ¼ 0.036) in
mPP analysis.

Readmission rates were 3.9% (n ¼ 20) in laparoscopic group
and 4.4% (n¼ 22) in open group (P¼ 0.754). Ninety days’ mortality
rate was 0.4% (n¼ 2) in laparoscopic group and 0.6% (n¼ 3) in open
group, respectively (P¼ 0.682). Causes of mortality were 3 duodenal
stump leakages (1 laparoscopy and 2 open), 1 intra-abdominal
bleeding (laparoscopy), and 1 aspiration pneumonia caused by ileus
(open).

The mPP analysis showed similar results to AT analysis
in terms of surgical morbidity and mortality except there were
no differences of intra-abdominal bleeding between groups
(Table 4).

Postoperative Recovery and Laboratory Data
In AT analysis, time to the first flatus was significantly shorter

in laparoscopic group than in open group (3.5 vs 3.7 d, P ¼ 0.025);

however, times to start the first liquid diet or the solid diet were not

� 2019 Wolters Kluwer Health, Inc. All rights reserved.
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different between groups. Postoperative hospital stay was signifi-
cantly shorter in laparoscopic group (8.1 d) than in open group (9.3 d,
P ¼ 0.005).

Regarding laboratory findings, Hb levels on the first and fifth
postoperative days were significantly higher in laparoscopic group.
However, WBC on the first postoperative day and platelet on the first
and fifth postoperative days were significantly lower in laparoscopic
group. Total bilirubin and serum amylase levels were not different
between groups (Table 5).

The mPP analysis showed similar results to AT analysis in
terms of postoperative recovery and laboratory data.

Regarding postoperative pain, in AT analysis, VAS scores on
the first (4.2� 2.3 vs 4.5� 2.4, P ¼ 0.039) and fifth (2.5� 1.6 vs
2.8� 1.7, P ¼ 0.003) postoperative days were significantly lower in
laparoscopic group than in open group. Number of applications of
analgesics in addition to PCA within the first 3 postoperative days
was significantly lower in laparoscopic group, too (0.4� 0.9 vs
0.6� 1.1, P ¼ 0.017) (Supplementary Figure 1, http://links.
lww.com/SLA/B576). The mPP analysis showed similar results to
AT analysis in terms of postoperative pain.

Factors Related to Surgical Morbidity
Univariate analysis showed that sex, age, BMI, number

of comorbidity, ASA, anastomosis type, and approach
method (laparoscopy vs open) were related to surgical morbidity.
However, in multivariate analysis, only female sex, younger age
(<60 yrs), and laparoscopic approach were revealed as independent
prognostic factors reducing surgical morbidity in mPP analysis
(Table 6).

In AT analysis, similarly, only female sex, younger age, and
laparoscopic approach were revealed as independent factors for

surgical morbidity.
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TABLE 5. Postoperative Course and Laboratory Findings

AT Analysis mPP Analysis

Variables Laparoscopy (n ¼ 513) Open (n ¼ 498) P Laparoscopy (n ¼ 460) Open (n ¼ 458) P

First flatus, d 3.5� 1.1 3.7� 1.5 0.025 3.5� 1.1 3.7� 1.5 0.051
First diet, d 3.7� 1.6 3.9� 2.3 0.217 3.7� 1.7 3.8� 2.0 0.496
Postoperative stay, d 8.1� 6.5 9.3� 6.7 0.005 8.1� 6.7 9.1� 6.7 0.017
WBC, �103/mL

Preop 6.7� 2.1 6.7� 2.0 0.990 6.6� 2.0 6.7� 1.9 0.562
POD1 11.1� 3.1 11.8� 3.2 <0.001 10.9� 3.0 11.8� 3.2 <0.001
POD5 7.1� 2.5 7.2� 2.7 0.710 7.1� 2.5 7.2� 2.7 0.573

Hb, g/dL
Preop 13.4� 2.0 13.3� 2.0 0.447 13.5� 1.9 13.4� 2.0 0.240
POD1 12.1� 1.6 11.9� 1.8 0.024 12.2� 1.6 11.9� 1.8 0.005
POD5 11.6� 1.5 11.2� 1.6 <0.001 11.7� 1.5 11.2� 1.6 <0.001

Platelet, �103/mL
Preop 257.3� 76.5 259.2� 73.9 0.701 253.1� 73.7 257.6� 73.6 0.365
POD1 208.2� 58.9 217.1� 63.8 0.022 205.5� 57.4 215.4� 63.1 0.013
POD5 240.8� 66.6 252.0� 70.8 0.010 237.8� 65.7 250.4� 70.4 0.006

Total bilirubin, mg/dL
Preop 0.7� 0.3 0.7� 0.4 0.437 0.7� 0.3 0.7� 0.4 0.324
POD1 0.9� 0.5 0.9� 0.6 0.713 0.9� 0.5 0.9� 0.6 0.610
POD5 0.8� 0.5 0.8� 0.7 0.531 0.9� 0.5 0.8� 0.7 0.433

Amylase, U/dL
Preop 74.2� 48.6 71.2� 34.1 0.295 74.6� 49.5 71.4� 34.7 0.303
POD1 141.2� 193.4 128.5� 178.7 0.285 137.2� 187.6 127.0� 182.2 0.405
POD5 93.3� 76.5 91.3� 80.8 0.701 92.9� 76.7 91.8� 82.0 0.839

AT indicates actual treatment; d, days; Hb, hemoglobin; mPP, modified per protocol; WBC, white blood cell.

TABLE 4. Operative Morbidity and Mortality

AT Analysis mPP Analysis

Variables Laparoscopy (n ¼ 513) Open (n ¼ 498) P Laparoscopy (n ¼ 460) Open (n ¼ 458) P

Overall morbidity 85 (16.6%) 120 (24.1%) 0.003 75 (16.3%) 105 (22.9%) 0.013
Local complication 63 (12.3%) 86 (17.3%) 0.027 55 (12.0%) 74 (16.2%) 0.072

Wound 23 (4.5%) 29 (5.8%) 0.393 23 (5.0%) 26 (5.7%) 0.663
Fluid collection 13 (2.5%) 25 (5.0%) 0.046 10 (2.2%) 22 (4.8%) 0.032
Intra-abdominal bleeding 2 (0.4%) 9 (1.8%) 0.035 2 (0.4%) 8 (1.7%) 0.064
Intra-luminal bleeding 2 (0.4%) 2 (0.4%) 1.000 1 (0.2%) 2 (0.4%) 0.624
Ileus 11 (2.1%) 16 (3.2%) 0.333 9 (2.0%) 12 (2.6%) 0.518
Anastomotic stricture 0 (0.0%) 3 (0.6%) 0.119 0 (0.0%) 3 (0.7%) 0.124
Anastomotic leakage 9 (1.8%) 7 (1.4%) 0.802 9 (2.0%) 5 (1.1%) 0.420
Pancreatitis/Pancreatic leakage 10 (1.9%) 3 (0.6%) 0.091 8 (1.7%) 3 (0.7%) 0.224

Systemic complication 19 (3.7%) 24 (4.8%) 0.437 19 (4.1%) 22 (4.8%) 0.636
Pulmonary 14 (2.7%) 17 (3.4%) 0.587 14 (3.0%) 16 (3.5%) 0.715
Urinary 4 (0.8%) 3 (0.6%) 1.000 4 (0.9%) 2 (0.4%) 0.686
Renal 2 (0.4%) 0 (0.0%) 0.500 2 (0.4%) 0 (0.0%) 0.499
Hepatic 1 (0.2%) 5 (1.0%) 0.119 1 (0.2%) 5 (1.1%) 0.123
Cardiac 0 (0.0%) 1 (0.2%) 0.493 0 (0.0%) 1 (0.2%) 0.499

Other complication 18 (3.5%) 18 (3.6%) 1.000 15 (3.3%) 16 (3.5%) 0.857
C-D grade

I 20 (3.9%) 26 (5.2%) 0.345 17 (3.7%) 23 (5.0%) 0.407
II 47 (9.2%) 57 (11.4%) 0.051 41 (8.9%) 51 (11.1%) 0.036
IIIa 29 (5.7%) 34 (6.8%) 0.673 27 (5.9%) 29 (6.3%) 0.882
IIIb 7 (1.4%) 16 (3.2%) 0.037 7 (1.5%) 14 (3.1%) 0.093
IVa 5 (1.0%) 4 (0.8%) 0.682 5 (1.1%) 3 (0.7%) 1.000
IVb 2 (0.4%) 0 (0.0%) — 2 (0.4%) 0 (0.0%) —
V 2 (0.4%) 2 (0.4%) 1.000 2 (0.4%) 2 (0.4%) 1.000

Re-admission 20 (3.9%) 22 (4.4%) 0.754 16 (3.5%) 19 (4.2%) 0.731
90-d mortality 2 (0.4%) 3 (0.6%) 0.682 2 (0.4%) 3 (0.7%) 0.686

AT indicates actual treatment; C-D grade, Clavien-Dindo complication grade; mPP, modified per protocol.
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TABLE 6. Univariate and Multivariate Analysis for Predicting Surgical Morbidity (mPP Analysis)

Univariate Multivariate

Variables Morbidity P Odds Ratio (95% CI) P Odds Ratio (95% CI)

Sex
Male 145 (22.2%) 1 1
Female 35 (13.3%) 0.002 0.537 (0.359–0.801) 0.002 0.516 (0.339–0.784)

Age
<60 71 (16.1%) 1 1
�60 109 (22.9%) 0.010 1.544 (1.108–2.151) 0.016 1.562 (1.087–2.243)

Approach
Laparoscopy 75 (16.3%) 1 1
Open 105 (22.9%) 0.012 1.527 (1.098–2.123) 0.030 1.475 (1.039–2.094)

BMI, kg/m2

<25 113 (17.9%) 1 1
25–30 63 (23.9%) 0.039 1.442 (1.018–2.044) 0.085 1.379 (0.957–1.989)
�30 4 (19.0%) 0.888 1.083 (0.358–3.279) 0.988 1.009 (0.321–3.169)

No. comorbidities
0 85 (16.8%) 1 1
1 62 (21.4%) 0.110 1.347 (0.935–1.940) 0.961 1.018 (0.494–2.096)
2 29 (29.0%) 0.005 2.023 (1.238–3.305) 0.260 1.587 (0.710–3.548)
�3 4 (18.2%) 0.865 1.101 (0.363–3.334) 0.662 0.745 (0.199–2.788)

ASA
1 74 (16.6%) 1 1
2 99 (23.0%) 0.019 1.495 (1.069–2.091) 0.582 1.220 (0.600–2.479)
3 7 (16.7%) 0.995 1.003 (0.429–2.344) 0.475 0.675 (0.229–1.988)

ECOG
1 159 (20.1%) 1 1
2 21 (16.7%) 0.371 0.796 (0.483–1.312) 0.260 0.735 (0.430–1.256)

Previous abdominal op.
No 154 (19.6%) 1 1
Yes 26 (19.5%) 0.985 0.996 (0.626–1.582) 0.496 1.185 (0.727–1.931)

Anastomosis
Billroth-I 99 (22.5%) 1 1
Billroth-II 68 (16.7%) 0.036 0.693 (0.492–0.977) 0.058 0.699 (0.483–1.012)
Roux-en-Y 13 (18.1%) 0.399 0.759 (0.400–1.441) 0.322 0.715 (0.368–1.389)

pT stage
T1þT2 95 (20.3%) 1 1
T3þT4 85 (18.8%) 0.568 0.909 (0.656–1.260) 0.101 0.604 (0.331–1.103)

pN stage
N0 73 (17.6%) 1 1
Nþ 107 (21.3%) 0.163 1.266 (0.909–1.762) 0.687 0.888 (0.498–1.583)

pTNM stage
I 60 (18.1%) 1 1
II 58 (19.7%) 0.612 1.109 (0.743–1.656) 0.210 1.533 (0.786–2.987)
III 61 (21.3%) 0.310 1.229 (0.826–1.829) 0.080 2.453 (0.899–6.695)
IV 1 (20.0%) 0.912 1.133 (0.124–10.321) 0.335 3.332 (0.289–38.409)

ASA indicates American Society of Anesthesiology score; BMI, body mass index; CI, confidence interval; ECOG, Eastern Cooperative Oncology Group performance status; mPP,
modified per protocol.

Bold values indicate independent prognostic factors.
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DISCUSSION

KLASS-02-RCT is a multicenter RCT comparing LDG with
D2 lymphadenectomy with ODG for locally advanced gastric cancer
(cT2-T4aN0-1M0). This trial was conducted as second multicenter
RCT of our KLASS group, following KLASS-01 in which LDG with
limited lymphadenectomy was compared with ODG in clinical stage
I gastric cancer. In KLASS-02-RCT, 20 surgeons from 13 institutes
enrolled 1050 patients within 42 months (November 2011 to
April 2014), which indicates quick and smooth enrollment in this
trial. Mean number of patients enrolled in each hospital per year in
KLASS-02-RCT was 29.2, which was much higher than 13.4 in
KLASS-01.4

KLASS-01 and KLASS-02-RCT have many similarities in

terms of trial design, number of investigators, details of surgical

� 2019 Wolters Kluwer Health, Inc. All rights reserved.
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procedures, classification and grading of surgical complications,
postoperative care, and so forth. Apparent differences between the
2 trials are the range of lymph node dissection (D1þ vs D2) and
omentectomy (partial vs total). Laparoscopic approach for advanced
gastric cancer is quite different from that for early gastric cancer,
considering huge and heavy tumor, conglomerated lymph nodes,
elusive resection margin, and inadequate surgical staging. Moreover,
most patients enrolled in KLASS-02-RCT were subjected to receive
adjuvant chemotherapy just after recovery from surgery; therefore,
any occurrence of surgical complication in these patients potentially
results in a delay of adjuvant chemotherapy leading to a possible
increase of cancer recurrence. These backgrounds are the reason why
our investigators had developed and applied the thorough evaluation
and standardization systems of surgical quality in KLASS-02-RCT.

When surgeons applied to join KLASS-02-RCT, they were evaluated
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by 5 reviewers on 6 of their unedited videos (3 laparoscopic and 3
open distal gastrectomies with D2 lymphadenectomy), which counts
for 30 procedures evaluation per surgeon. To submit video review,
our minimum required number of laparoscopic gastrectomy was 50,
and each surgeon’s accumulated number was quite diverse. We
believe that our acceptable short-term surgical results were achieved
not by the number of previous laparoscopic surgery but by our
thorough qualification system before starting our trial.

When comparing the short-term outcomes of KLASS-02-RCT
to those of KLASS-01, same patterns in surgical parameters and
postoperative morbidity favoring laparoscopic surgery were noticed,
although data appeared not completely similar.4 As D2
lymphadenectomy was recommended and properly performed over
98% of patients in both laparoscopic and open groups in KLASS-02-
RCT, the number of retrieved lymph nodes in laparoscopic group
(mean 46.6) was not different from that of open group (mean 47.4) in
KLASS-02-RCT, but was higher than that of laparoscopic group in
KLASS-01 (mean 40.5), in which D2 lymphadenectomy had been
performed only in 56% in laparoscopic group. In terms of mean
operation time, laparoscopic group in KLASS-02-RCT was the
longest (227.1 min), followed by laparoscopic group in KLASS-01
(184.7 min), open group in KLASS-02-RCT (165.0 min) and finally
open group in KLASS-01 (145.8 min). Regarding complication rate,
laparoscopic surgery resulted in favorable results in both KLASS-01
and KLASS-02-RCT, although the total complication rate increased
in KLASS-02-RCT (16.6% in laparoscopy vs 24.1% in open)
compared with KLASS-01 (13.7% in laparoscopy vs 18.9% in open).
Complication rates in KLASS-02-RCT were similar to that of D2
group in JCOG 9501 trial (20.9%).16 In all of the 4 treatment groups
in KLASS-01 and KLASS-02-RCT, the mortality rate was lower than
1%, which reflects the safety of the performed gastric cancer surgery
itself regardless of the approach. In brief, with strict qualification and
standardization of surgical procedure, KLASS-02-RCT showed
acceptable short-term outcomes in respect to those found in
KLASS-01.4

In this KLASS-02-RCT, we used 2 types of analysis groups,
which were ‘‘actual treatment (AT)’’ group and ‘‘modified per
protocol (mPP)’’ group. The reason why we used AT rather than
intention-to-treat (ITT) group is found in the 17 swapping cases after
randomization. Our investigators tried to minimize the swapping
case number; however, some patients changed their mind after
notification of their randomization result because the randomization
was performed preoperatively rather than intraoperatively to respect
the patient‘s ‘‘right to know’’ and ease the setup of the operation
room. The patient was informed about his/her allocation result by the
surgeon before being transferred to operation room. Therefore, we
took the main analysis using AT group rather than ITT group, as
‘‘actually received surgery’’ is more valuable than allocated surgery
in the analysis of morbidity and mortality.

The overall complication rate of laparoscopic group (16.6%)
was significantly lower than that of open group (24.1%, P ¼ 0.003).
This difference was mainly caused by decrease of local complica-
tions in laparoscopic group, not by systemic complication. Particu-
larly, the incidences of fluid collection and intra-abdominal bleeding
in laparoscopic group were significantly lower than those in open
group. This might be influenced by fine dissection and meticulous
hemostasis with advanced laparoscopic surgical instruments under
magnified surgical view. Another point to be highlighted in our study
is the very high compliance rate of D2 lymph node dissection in both
laparoscopic and open groups. In contribution to our strategy of strict
qualification and standardization, our operative and pathological data
showed an acceptable level of compliance for radical treatment of
locally advanced gastric cancer. In this means, the mean numbers of

retrieved lymph nodes in laparoscopic and open groups were 46.6
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and 47.4, respectively, and the percentage of cases with retrieved
lymph node lower than 15 was only 0.4% (n ¼ 2) in each group.
Regarding the resection margin, we had only 3 cases of positive
resection margin (2 were open group, 1 was open conversion case in
laparoscopic group) among 1011 AT group (0.3%). All of them were
M1 or very aggressive tumor requiring total gastrectomy. In general,
we tried to achieve sufficient resection margin and performed a
routine intraoperative frozen section to check the presence of cancer
cells in most of institutes. In addition, our trial definitely confirmed
that blood loss can be significantly reduced in laparoscopic surgery,
although the operation time was significantly longer in the
laparoscopic approach.

In the laboratory findings, significantly lower postoperative
day 1 (POD1) WBC level and higher POD1 and POD5 hemoglobin
levels were observed in laparoscopic surgery than in open surgery,
and these findings were well correlated with the fewer incidences of
fluid collection and intra-abdominal bleeding after laparoscopic
surgery. Notably, the total bilirubin and amylase levels were not
different between groups, suggesting that laparoscopic gastrectomy
did not increase the liver damage (due to prolonged pneumoperito-
neum) or pancreatitis/pancreatic fistula (due to longer compression
of pancreas).

Recently, Chinese Laparoscopic Gastrointestinal Surgery
Study (CLASS) group also reported the short-term outcomes of a
multicenter randomized trial comparing LDG vs. ODG for advanced
gastric cancer (CLASS-01).18 In general, CLASS-01 results were
similar to our KLASS-02-RCT. However, the morbidity rate in
laparoscopic group (15.2%) was slightly higher than that of open
group (12.9%), although being statistically not significant in
CLASS-01. Notably, complication rate of open group in CLASS-
01 was almost half of those in KLASS-02-RCT and JCOG 9501. In
terms of radicality of surgery, CLASS-01 data show a lower number
of retrieved lymph nodes (36.1 in laparoscopy vs 36.9 in open) than
KLASS-02-RCT (46.6 vs 47.4), and even a lower number than
KLASS-01 (40.5 vs 43.3) in which D2 lymphadenectomy was
conducted in only 56% to 64% of patients. We think that this superior
short-term outcome of laparoscopic surgery over open surgery in our
trial, in contrary to CLASS-01, may be caused by our qualification
system.

In addition to fewer complications after laparoscopic surgery,
KLASS-02-RCT also verified other benefits of laparoscopic surgery
in comparison to open surgery, such as faster recovery and less pain
after surgery. The time to first flatus and postoperative hospital stay
were also shorter in laparoscopic group. Use of additional analgesics
in addition to PCA and patient’s reported pain score (VAS) were also
lower in laparoscopic group. Although standardization of PCA and
additional analgesic was not established, each hospital used the same
protocol for patient’s pain control in laparoscopic or open group.
Many previous retrospective and small-sized prospective studies
suggested these benefits of laparoscopic surgery for gastric can-
cer.19–21 However, this study is the first to confirm these benefits in a
well-designed multicenter RCT setting for advanced gastric cancer
patients. Especially faster recovery after laparoscopic surgery for the
patients with advanced gastric cancer might positively affect post-
operative adjuvant chemotherapy. Long-term survival data of
KLASS-02-RCT might reveal this effect in the near future.

Our trial has several limitations. First, limitation addresses the
generalization issue. We demonstrate a short-term benefit of laparo-
scopic gastrectomy for advanced gastric cancer; however, this con-
clusion may be influenced by our strategy of strict qualification and
standardization for laparoscopic surgery. Hence, the most precise
statement supported by results of this trial is that ‘‘laparoscopic
gastric cancer surgery is safer than open surgery when performed by

a well-trained surgeon.’’
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Second, herein, we did not show the long-term outcome of
KLASS-02-RCT which might confirm the final impact of LDG for
locally advanced gastric cancer. To our knowledge, there is no
multicenter RCT showing a long-term outcome of laparoscopic
gastrectomy for advanced gastric cancer until now, although a
long-term outcome of multicenter large-volume retrospective
case-control study was reported from our KLASS group recently.22

If we are able to show the comparable long-term outcomes of
KLASS-02-RCT in the near future, combined with the better
short-term outcomes shown herein, we could conclude that LDG
with D2 lymph node dissection is a good treatment option for locally
advanced gastric cancer, if it is performed by experienced surgeons.

In conclusion, laparoscopic distal gastrectomy with D2 lymph
node dissection for locally advanced gastric cancer is safe and shows
benefits such as lower complication rate, faster recovery, and less
pain, when being compared to open surgery.
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