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Abstract

Background Laparoscopy-assisted distal gastrectomy

(LADG) for gastric cancer may prevent the loss of body

weight and lean body mass resulting from reduced surgical

stress in comparison to open distal gastrectomy (ODG). A

multicenter phase III trial conducted by the Japan Clinical

Oncology Group (JCOG0912 trial) was performed to

confirm the non-inferiority of LADG to ODG for stage I

gastric cancer in terms of relapse-free survival.

Methods This study was performed as a single-institution

exploratory analysis using the data of the patients from our

hospital who were enrolled in the JCOG0912 phase III trial.

Body weight and lean body mass were evaluated using a bio-

electrical impedance analyzer within 1 week before and at

1 week, 1 month, and 3 months after surgery.

Results One-hundred six patients were randomized to

undergo ODG (54 patients) or LADG (51 patients). Body

weight loss at 1 week, 1 month, and 3 months was -3.0%,

-4.9%, and -5.4%, respectively, in the ODG group and

-2.7%, -4.3%, and -5.7%, respectively, in the LADG

group; the differences were not statistically significant

(p = 0.330, 0.166, and 0.656, respectively). Lean body

mass loss at 1 week, 1 month, and 3 months was -2.8%,

-4.1%, and -2.3%, respectively, in the ODG group and

-2.7%, -2.9%, and -3.0%, respectively, in the LADG

group; the differences were not statistically significant

(p = 0.610, 0.413, and 0.925, respectively).

Conclusions The laparoscopic approach did not attenuate

the loss of body weight and lean body mass in comparison

to patients who underwent open distal gastrectomy for

gastric cancer.

Keywords Body composition � Lean body mass �
Laparoscopy-assisted distal gastrectomy � Open distal

gastrectomy � Randomized

Introduction

The use of laparoscopy-assisted distal gastrectomy (LADG)

to treat gastric cancer was first described by Kitano in 1994

[1]. Since then, the number of cases of gastric cancer treated

with LADG has gradually increased. The advantages of this

procedure in comparison to open distal gastrectomy (ODG)

include reduced amount of operative blood loss, reduced

pain, earlier recovery of bowel activity and resumption of

oral intake, and shorter hospital stay [2, 3]. Moreover, some

reports have suggested that LADG is associated with lower

levels of surgical stress and a lower incidence of impaired

nutrition in comparison to ODG [4]. With regard to survival,

the Japan Clinical Oncology Group (JCOG) conducted a

multicenter phase III trial to confirm the non-inferiority of

LADG to ODG for stage I gastric cancer in terms of relapse-

free survival (JCOG0912) [5].

When surgical stress occurs, the immune cells produce

cytokines that act as mediators of both immune and systemic

responses to injury [6]. Muscle catabolism is accelerated by

the cytokines that are produced during and after surgery,
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which leads to a decrease in muscle content after surgery.

Gastric cancer surgery, which is a category of major

abdominal surgery, is associated with loss of body weight

and loss of lean body mass. We recently clarified that post-

operative body weight and lean body mass losses were sig-

nificant risk factors for compliance to adjuvant

chemotherapy and were related to chemotherapy-induced

toxicities in patientswith gastric cancer [7, 8].More recently,

we demonstrated that postoperative body weight loss was a

significant prognostic factor for survival in gastric cancer

patients. Theoretically, less invasive surgery attenuates

muscle catabolism. If less invasive surgery can attenuate the

loss of body weight and of lean body mass, then compliance

to adjuvant chemotherapy could be increased and the prog-

nosis could be improved. To confirm this, we compared the

results of LADG and ODG in randomized patients who

received the same perioperative care.

The present study aimed to clarify whether LADG

attenuates the loss of body weight and lean body mass after

gastrectomy in a single-institutional exploratory analysis of

the JCOG0912 phase III trial. All the patients received the

same perioperative care via a fast-track surgery protocol in

the Kanagawa Cancer Center.

Patients and methods

Patients

This study was performed as a single-institution explora-

tory analysis of the Japan Clinical Oncology Group

(JCOG)-0912 trial. The JCOG-0912 trial was a multicenter

phase III trial to confirm the non-inferiority of LADG to

ODG in terms of relapse-free survival in patients with

clinical stage I gastric cancer disease who were diagnosed

according to the 14th edition of the general rules for gastric

cancer published by the Japanese Gastric Cancer Associ-

ation (UMIN-ID 000003319) [9, 10]. The details of the

JCOG-0912 trial have been previously reported [11]. The

accrual of patients for the JCOG-0912 trial was initiated in

March 2010 and terminated in November 2013. Institutions

were selected as a stratification factor for randomization in

the JCOG-0912 trial.

Surgical procedures

All the patients underwent distal gastrectomy with nodal

dissection. Regardless of the surgical approach, D1? nodal

dissection was applied for clinical stage IA tumors and D2

dissection was applied for clinical stage IB tumors.

In accordance with the protocol of the JCOG-0912 trial,

one of two certified laparoscopic staff surgeons was

responsible for the surgical quality of laparoscopic surgery.

Five or six ports were used. Lymph node dissection was

performed in the laparoscopic field. The omentum was

preserved except where resection was necessary for lymph

node dissection along the right gastroepiploic artery. A

small abdominal incision (B6 cm) was made in the upper

abdomen for the removal of the specimen and reconstruc-

tion. Reconstruction was principally performed using

Billroth-I gastroduodenostomy, and all the reconstruction

procedures were performed extracorporeally using circular

staplers [12]. For open surgery, an upper abdominal median

incision extending from the xiphoid to the navel was cre-

ated. The nodal dissection and reconstruction procedure

was the same as that used in the laparoscopic approach. A

circular stapler of 25-mm diameter was used principally for

BI anastomosis. In addition, no drain was used for either

laparoscopy or open distal gastrectomy. If the surgeon

thought that drain placement was necessary because of

postoperative bleeding or pancreatitis, a low-vacuum

drainage system was left in the subhepatic area for peri-

toneal fluid collection.

Perioperative care

The patients received the same enhanced recovery after

surgery (ERAS) protocol after both ODG and LADG. The

details of the ERAS protocol have been previously reported

[13]. In brief, the patients were allowed to eat until mid-

night on the day before surgery and were required to drink

the contents of two 500-ml plastic bottles containing an

oral rehydration solution until 3 h before surgery. The

nasogastric tube was removed immediately after surgery.

Oral intake was initiated on postoperative day (POD) 2,

beginning with water and an oral nutritional supplement.

The patients began to eat solid food on POD 3, starting

with rice gruel and soft food on POD 3, and advancing in

three steps to regular food intake on POD 7. The patients

were discharged on POD 7 when they had achieved ade-

quate pain relief and soft food intake, had returned to their

preoperative mobility level, and exhibited normal labora-

tory data.

Evaluation of operative morbidity and mortality

Surgical and nonsurgical complications were assessed

prospectively and were classified according to the Clavien–

Dindo classification [14]. Operative mortality was defined

as postoperative death from any cause within 30 days after

surgery or during the same hospital stay.

Body composition analysis

The segmental body composition was analyzed using an

MC-190EM bioelectrical impedance analyzer (Tanita,
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Tokyo, Japan), which provides relative information

regarding the amount of lean tissue and fat tissue in the

trunk area and each limb, as well as the overall body

composition and hydration status. Body weight and com-

position were evaluated by the bioelectrical impedance

analyzer within 1 week before surgery and at 1 week,

1 month, and 3 months after surgery. The time for body

composition analyses was morning before breakfast before

and 1 week after surgery, whereas that timing was not

determined at 1 and 3 months after surgery.

Evaluations, statistical analyses, and ethical

considerations

Body weight (BW) loss was defined as % BW loss = (pre-

operative BW-BW at 1 week, 1 month, and 3 months after

surgery) 9 100/preoperative body weight. Lean body mass

(LBM) loss was defined as % LBM loss = (preoperative

LBM-LBM at 1 week, 1 month, and 3 months after sur-

gery) 9 100/preoperative LBM.The values are expressed as

themedian and range. The datawere compared using the chi-

squared test and the Wilcoxon signed-rank test. p values

\0.05 were considered to indicate statistical significance.

The SPSS software program (version 12.0 J Win; SPSS,

Chicago, IL,USA)was used for all statistical analyses. TheR

category and extent of dissectionwere determined according

to the Japanese Classification of Gastric Carcinoma, third

English edition, and the Japanese Gastric Cancer Associa-

tion guidelines [10]. The institutional review board of our

hospital approved the JCOG-0912 phase III study and this

exploratory analysis. The primary investigators of the

JCOG-0912 trial, the representative director of the JCOG

Gastric Cancer Study Group, and the chairperson of the

JCOG approved this exploratory study of the JCOG-0912

trial. All data were prospectively collected.

Results

Background

A total of 163 patients who were treated at the Kanagawa

Cancer Center were enrolled in the JCOG-0912 study.

Among them, 103 consecutive patients were examined in

this study. The initial 60 patients, who were enrolled from

April 2010 to April 2011, were excluded from this study

because their body composition was not measured. A flow

diagram of the study is shown in Fig. 1. Fifty-two patients

underwent ODG and 51 patients underwent LADG. Con-

version to open surgery was necessary in 2 (1.9%) patients

because of bleeding; these patients were included in the

ODG group. The background characteristics and baseline

data were well randomized within both groups (Table 1).

No patients had any history of weight loss, appetite loss, or

decrease in food intake before surgery.

Surgical and pathological outcomes

Two patients who were assigned to undergo LADG were

converted to open surgery. Duration of surgery in the

LADG group was significantly longer than that in the ODG

group (p\ 0.001). However, the amount of bleeding in the

LADG group was significantly lower than that in the ODG

group (p = 0.003) (Table 2). No differences were

observed in the pathological outcomes of the two groups.

No mortalities occurred in either group. The surgical

morbidities are shown in Table 3. The incidence of the

surgical complications was similar in the two groups.

Median hospital stay was 9 days (range, 6–76 days) in

the ODG group and 9 days (range, 7–18 days) in the

LADG group. There was no statistical difference between

the two groups.

163 patients were enrolled into JCOG-0912

81 patients received LADG 82 patients received ODG 

49 patients received LADG 54 patients received ODG 

30 patients did 
not receive body 

composition 
analysis 

30 patients did 
not receive body 

composition 
analysis

Two patients need conversion 
to open surgery

Fig. 1 Consort diagram of the

present study
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Body composition changes

The median % BW loss (range) was -2.7% (-7.2 to 1.6) at

1 week after surgery, -4.3% (-9.3 to 3.5) at 1 month after

surgery, and-5.7% (-11.7 to 5.1) at 3 months after surgery

in the LADG group, and -3.0% (8.6–2.7) at 1 week after

surgery, -4.9% (-15.4 to -0.2) at 1 month after surgery,

and -5.4% (-22.0 to 0.9) at 3 months after surgery in the

ODG group (Fig. 2). No significant differences were

observed in the % BW loss of the two groups at any of the

time points (p = 0.330, p = 0.166, and p = 0.656, respec-

tively). Moreover, the median % LBM loss (range) was

-2.7% (-7.7 to 6.1) at 1 week after surgery,-2.9% (-11.4

to 9.3) at 1 month after surgery, and-3.0% (-9.1 to 7.7) at

3 months after surgery in the LADG group, and -2.8%

(-13.0 to 6.7) at 1 week after surgery,-4.1% (-20.4 to 9.8)

at 1 month after surgery, and -2.3% (-16.9 to 9.3) at

3 months after surgery in the LADG group (Fig. 3). No

significant differences were observed in the % LBM loss of

the two groups at any of the time points (p = 0.610,

p = 0.413, and p = 0.925, respectively). The response rate

of the measurement in the LADG group was 100% (49/49)

before and at 1 week after surgery, 93.9% (46/49) at 1 month

after surgery, and 83.7% (41/49) at 3 months after surgery;

that in the ODG group was 100% (54/54) before and at

1 week after surgery, 94.4% (51/54) at 1 month after sur-

gery, and 88.9% (48/54) at 3 months after surgery.

Discussion

This is the first study to compare the loss of body weight and

lean bodymass in patients who received LADG andODG in a

randomized cohort at a single institution. Very recently,

Matsushita et al. reported that body composition and nutri-

tional status during 1 year after distal gastrectomy were

similar between the laparoscopic and open approach.

Although their studywas a prospectivemulticenter studywith

preplanned sample size and the background characteristics

were similar, the use of laparoscopic or open approachwas not

randomly allocated but was determined by the physician’s

choice [15]. Therefore, selection bias could induce deviation

Table 1 Comparison of the

patient background
ODG [n = 54, (%)] LADG [n = 49, (%)] p value

Age, years (median) 68.5 64 0.422

(range) (36–78) (33–79)

Gender 0.855

Male 31 (57.4%) 29 (59.2%)

Female 23 (42.6%) 20 (40.8%)

ASA-PS 0.565

1 15 (27.8%) 15 (30.6%)

2 39 (72.2%) 33 (67.2%)

3 0 (0%) 1 (2%)

Total body weight, kg (median) 56.1 59.4 0.978

(range) (39.2–85.5) (35.8–77.5)

Lean body mass, kg (median) 42.2 44.4 0.991

(range) (29.1–60.6) (29.4–58.3)

Tumor site 0.323

Body 30 (55.6%) 27 (55.1%)

Antrum 24 (44.4%) 22 (44.9%)

Clinical T factor 0.404

T1 38 (70.4%) 36 (73.5%)

T2 16 (29.6%) 13 (26.5%)

Clinical N factor 0.277

Negative 51 (94.4%) 49 (100%)

Positive 3 (5.6%) 0 (0%)

Co-morbidity

Hypertension 20 (37.0%) 21 (42.9%) 0.420

Diabetes mellitus 4 (7.4%) 4 (8.2%) 0.886

COPD 7 (13.0%) 4 (8.2%) 0.529

ASA-PS ASA physical status, COPD chronic obstructive pulmonary disease
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of unknown background factors between the two groups,

which may affect their results. Moreover, perioperative care

was not standardized in their study. The present study clearly

demonstrated that the loss of bodyweight and lean bodymass

in the LADG and ODG groups did not differ to a statistically

significant extent in the randomized comparison of laparo-

scopic and open approachwith the sameperioperative care via

a fast-track surgery protocol.

There are several possible reasons why the loss of body

weight and lean body mass was similar between the LADG

and ODG groups. The first major reason must be that the

intraabdominal surgical procedures, the resection of more

than two thirds of the stomach with lymph node dissection,

were the same between open and laparoscopic gastrectomy.

Surgical stress may be determined not by the length of the

skin incision but by the intraabdominal surgical proce-

dures. The second possible reason is that both procedures

might have involved a similar degree of surgical stress. We

previously investigated the surgical stress of patients who

were randomized to undergo ODG (n = 13) and LADG

(n = 13). All the patients received the same perioperative

care via a fast-track surgery protocol [16]. In that study, we

found that the level of surgical stress was similar in the

ODG and LADG groups. Similar results were observed in

the field of colon cancer surgery [17, 18]. On the other

hand, Hayashi et al. evaluated the levels of interleukin-6

(IL-6) and C-reactive protein (CRP) and the whole blood

cell (WBC) counts in patients who underwent LADG

(n = 14) and ODG (n = 14) in a randomized study, and

demonstrated that the degree of surgical stress among the

patients who underwent ODG was significantly higher than

that among patients who underwent LADG [19]. Thus, it

remains controversial whether laparoscopic surgery is

actually associated with less surgical stress than open

surgery. The third possibility is that the loss of body weight

and lean body mass is not caused only by surgical stress but

Table 2 Surgical and

pathological outcomes
ODG (n = 54) LADG (n = 49) p value

Lymph node dissection 0.944

D1? dissection 38 (70.4%) 36 (73.5%)

D2 dissection 16 (29.6%) 13 (26.5%)

Reconstruction 0.450

Billroth-1 47 (87.0%) 40 (81.6%)

Roux-en-Y 7 (13.0%) 9 (18.4%)

Bleeding, g (median) 130 50 0.003

(range) (20–1400) (5–530)

Operation time, min (median) 179 290 \0.001

(range) (95–492) (168–476)

Number of harvested lymph nodes 43 42 0.967

(median, range) (14–114) (15–83)

Pathological T factor 0.357

T0–T1 44 (81.5%) 40 (81.6%)

T2– 10 (18.5%) 9 (18.4%)

Pathological N factor 0.204

N0 48 (88.9%) 44 (89.8%)

N1– 6 (11.1%) 5 (10.2%)

Table 3 Comparison of

morbidity and mortality

between the ODG and LADG

groups

ODG [n = 54, (%)] LADG [n = 49, (%)] p value

Total 5 (9.3%) 4 (8.2%) 0.327

Pancreatic fistula Grade 2:1 Grade 2: 1

Grade 3a: 1

Anastomotic leakage Grade 2:1 0

Grade 3a: 1

Abdominal abscess Grade 3a: 1 0

Pneumonia 0 Grade 2: 1

Anastomotic stenosis Grade 3b: 1 0

Postoperative bleeding 0 Grade 2: 1
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also by the loss of food intake after gastrectomy. Most

patients of both groups received Billroth-1 reconstruction.

Both groups received similar reconstruction using the same

circular stapler extracorporeally. Although we could not

know the exact calorie intake after surgery, it is likely that

both groups had a similar loss of calorie intake after sur-

gery, which might have been associated with the loss of

body weight and lean body mass.

Laparoscopic gastrectomy group Open gastrectomy group P value

1 week a�er surgery -2.7% (-7.2 to 1.6) -3.0% (8.6 to 2.7) 0.330

1 month a�er surgery -4.3% (-9.3 to 3.5) -4.9%(-15.4 to -0.2) 0.166

-5.7% (-11.7 3 months a�er surgery to 5.1) -5.4% (-22.0 to 0.9) 0.656

Before 
surgery

1 week after 
surgery

1 month after 
surgery

3 month after 
surgery

Open distal gastrectomy

Laparoscopic assisted 
distal gastrectomy

Fig. 2 Changes in the percent

(%) body weight loss in the

laparoscopy-assisted distal

gastrectomy group (LADG) and

the open distal gastrectomy

group (ODG)

Laparoscopic gastrectomy group Open gastrectomy group P value

1 week a�er surgery -2.7% (-7.7 to 6.1) -2.8% (-13.0 to 6.7) 0.610

1 month a�er surgery -2.9% (-11.4 to 9.3) -4.1% (-20.4 to 9.8) 0.413

3 months a�er surgery -3.0% (-9.1 to 7.7) -2.3% (-16.9 to 9.3) 0.925

Open distal gastrectomy

Laparoscopic assisted 
distal gastrectomy

Before 
surgery

1 week after 
surgery

1 month after 
surgery

3 month after 
surgery

Fig. 3 Changes in the percent

(%) lean body mass loss in the

laparoscopy-assisted distal

gastrectomy group and the open

distal gastrectomy group
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The background characteristics and operative details of

the patients in the present study were similar to those of the

patients in the JCOG-0912 trial [11]. Moreover, the inci-

dence and details of postoperative surgical complications

in the present study were similar to those of the JCOG-

0912 trial. Grade C3 surgical complications were observed

in 3.9% (4/103) of the patients in the current study and in

3.5% (32/912) of the patients in the JCOG-0912 trial. In

addition, the rates of grade C3 pancreatic fistula (0.9% vs.

0.4%), anatomic leakage (0.9% vs. 0.2%), and abdominal

abscess (0.9% vs. 1.6%) in the present study and the

JCOG-0912 trial were similar. Thus, our randomized

cohort had characteristics similar to those of the cohort of

the JCOG-0912 trial, which suggested that the present

results were not specific in our randomized cohort but a

general finding.

In the present study, there were some limitations. First,

the segmental body composition was analyzed using a

bioelectrical impedance analyzer, which could not directly

measure the muscle mass. The lean body mass is calculated

from the sum of the muscle mass and the mass of the

visceral organs. However, the mass of visceral organs

would not be changed by surgery; thus, the major con-

tributor to the change in the lean body mass would be a

change in the muscle mass. Although the absolute muscle

mass was not measured in this study, the comparability

would have been maintained in this randomized cohort.

Because the difference in body weight and lean body mass

between the ODG and LADG groups was minimal, it is

unlikely that the present results would be contradicted by a

more accurate method. Second, the body composition was

not measured at the same time. In the present study, the

body composition was measured at the morning before

breakfast before and 1 week after surgery, although the

time for measurement was not pre-specified at 1 and

3 months after surgery. This difference was also a limita-

tion of the present study because body water is influenced

by oral intake.

In conclusion, the body composition changes in the

ODG and LADG groups were similar in a randomized

cohort from a single institution who received the same

perioperative care via a fast-track surgery protocol. The

results indicate that a laparoscopic approach does not

attenuate the loss of body weight and lean body mass in

comparison to open distal gastrectomy for gastric cancer.
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