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Abstract

Background A significant body weight loss (BWL) is
observed during 1 month after gastrectomy for gastric
cancer. However, it remains unclear which body compo-
nent mainly accounts for the weight loss.

Methods Two-hundred forty-four patients who underwent
gastrectomy for gastric cancer between May 2010 and
October 2013 were examined. Body weight and composi-
tion were evaluated by a bioelectrical impedance analyzer
within 1 week before surgery (first measurement), at
1 week after surgery (second measurement), and at
1 month after surgery (third measurement). The changes in
the early period were defined as the differences until the
second measurement, and those in the late period were
defined as the differences from the second to the third
measurement.

Results  Total BWL within 1 month was —3.4 kg, and the
rate of body weight at 1 month to the preoperative body
weight was 94.1 %. BWL was significantly greater in the
early period than in the late period (—2.1 kg vs —1.2 kg,
p < 0.001). In the early period, loss of lean body mass was
significantly greater than loss of fat mass (—1.5 kg vs
—0.6 kg, p < 0.001). The same trend was observed when
the subset of patients who had surgical morbidities was
excluded.
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Conclusion BWL during the first week after surgery was
significantly greater than that during the subsequent
3 weeks. Furthermore, loss of lean body mass accounted
for a significant part of the BWL during the first week.
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Introduction

Gastric cancer is the fourth commonest human malignant
disease and the second commonest cause of cancer-related
death worldwide [1]. Complete resection is essential for the
cure of gastric cancer. Body weight loss (BWL) is a
common problem after gastrectomy for gastric cancer, and
occurs during the initial 1-3 months after surgery [2].
Previous studies demonstrated that BWL after gastrectomy
was approximately 10-20 % of the preoperative body
weight [3].

Recently, we found that more than 5 % loss of lean
body mass at 1 month after surgery, observed in about
30 % of the patients, was a significant risk factor for the
continuation of S-1 adjuvant chemotherapy [4]. This
prompted us to analyze in greater detail how the lean body
mass is lost during the early postoperative period and to
explain, if possible, why such a loss could ultimately in-
fluence compliance with chemotherapy. Generally, the
body can be divided into two or more compartments on the
basis of its anatomic, fluid, or chemical components [5].
The most commonly used model of body composition,
evaluable by a body composition analyzer, is a two-com-
ponent model, in which the body is divided into fat mass
and lean body mass representing muscle mass. Once the
surgical stress occurs, immune cells produce cytokines,
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which, as well as acting as mediators of both immune and
systemic responses to injury [6], cause muscle catabolism
characterized by a rapid decrease in the protein content and
accelerated amino acid release [7, 8]. The levels of these
cytokines reportedly peak and decrease to normal levels by
day 7 [9]. We therefore hypothesized that a loss of lean
body mass is the predominant cause of BWL during the
early postoperative phase, and that this is due mainly to the
surgical stress rather than or in addition to the generally
conceived causes such as lack of exercise and decrease in
food intake.

To confirm our hypothesis, we performed serial eval-
uations of body composition for each patient using a bio-
electrical impedance analyzer, and compared the degree of
loss in the two body components between the early post-
operative period (until 1 week after surgery) and the late
postoperative period (from 1 week to 1 month after
surgery).

Patients and methods
Patients

This is a retrospective cohort study. Patients’ records were
retrieved from a prospectively collected database of
Kanagawa Cancer Center from May 2010 to October 2013.
The inclusion criteria were as follows: (1) received distal or
total gastrectomy with lymph node dissection for gastric
cancer as primary treatment, (2) RO resection was
achieved, (3) did not experience weight loss of over 15 %
before surgery, and (4) body composition analysis was
performed within 1 week before surgery, at 1 week after
surgery, and at 1 month after surgery. Of the 295 patients
who were treated by either an open or a laparoscopic ap-
proach during the study period, 16 patients were excluded
because of noncurative resection and 35 patients were ex-
cluded because of missing data in the body composition
analysis. No patients were excluded because of overt
weight loss before surgery. Consequently, the remaining
244 patients were included in this study. Among them, 55
patients received laparoscopy-assisted distal gastrectomy
and 28 patients received laparoscopy-assisted total
gastrectomy.

Surgical procedure

All patients received distal or total gastrectomy with nodal
dissection for gastric cancer. In principle, a D1 or a D1+
lymphadenectomy is indicated for cTINO tumors, and D2
lymphadenectomy is applied for cN+ or ¢T2—cT4 tumors
regardless of the approach [10]. Spleen-preserving D2 total
gastrectomy was permitted in this study.
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Perioperative care

The patients received an enhanced recovery after surgery
(ERAS) protocol after gastrectomy. The details of this pro-
tocol have been previously reported [11]. In brief, the pa-
tients were allowed to eat until midnight on the day before
the surgery and were required to drink 1000 ml of rehy-
dration solution until 3 h before surgery. The nasogastric
tube was removed immediately after surgery. Oral intake
was initiated on postoperative day 2, beginning with water
and an oral nutritional supplement. The patients began to eat
solid food on postoperative day 3, starting with rice gruel
and soft food on postoperative day 3 and advancing in three
steps to regular food intake on postoperative day 7. The
patients were discharged when they had achieved adequate
pain relief and soft food intake, had recovered sufficiently so
as to resume rehabilitation at home, and exhibited normal
laboratory data on postoperative day 7.

Evaluation of operative morbidity and mortality

The surgical and nonsurgical complications were assessed
prospectively and classified according to the Clavien—
Dindo classification [12]. 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,
Tokyo, Japan), which provides relative information re-
garding the amount of lean and fat tissue in the trunk area
and each limb, as well as the overall body composition and
hydration status. Body weight and composition were
evaluated by the bioelectrical impedance analyzer within
1 week before surgery (first measurement), at 1 week after
surgery (second measurement), and at 1 month after sur-
gery (third measurement). The changes in the early post-
operative period were defined as the differences until the
second measurement, and those in the late postoperative
period were defined as the differences from the second to
the third measurement.

Evaluation, statistical analyses, and ethics

The values are expressed as the median and the range. The
statistical analyses were performed using the chi-square
test or the Wilcoxon signed-rank test. A P value of less
than 0.05 was considered to indicate statistical significance.
The SPSS software package (version 12.0 J Win; SPSS,
Chicago, IL, USA) was used for all statistical analyses. R
category and extent of dissection were determined by the
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Japanese Classification of Gastric Carcinoma, third English
edition and the Japanese Gastric Cancer Association
guidelines [13]. The study was approved by the Institu-
tional Review Board of Kanagawa Cancer Center.

Results
Background

Baseline demographics and disease characteristics are
shown in Table 1. Laparoscopic surgery was selected in
34.0 % of patients. Thirty-one patients had surgical mor-
bidities. The details of the surgical morbidities are shown
in Table 2. Among the 31 patients who developed mor-
bidity, 21 patients dropped out from the ERAS protocol
because of surgical morbidity. No patients died.

Body composition

Total BWL at 1 month was —3.4 kg (range —13.0 to
+3.1 kg) in the whole cohort. For the laparoscopic ap-
proach it was —3.2 kg (range —8.9 to 1.6 kg), for the open
approach it was —3.5 kg (range —13.0 to 3.1 kg), for distal
gastrectomy it was —2.9 kg (range —13.0 to 1.6 kg), and
for total gastrectomy it was —4.2 kg (range —9.9 to
3.1 kg). The rate of body weight at 1 month to the pre-
operative body weight was 94.1 % (range 84.5-105.3 %)
in the whole cohort. Figure 1 shows the changes of body
compositions between the early and the late postoperative
period in all cases. BWL was significantly greater in the
early period than in the late period (—2.1 kg, with a range
from —8.5 to 1.0 kg, vs —1.2 kg, with a range from —9.4
to 3.8 kg, p < 0.001). In the early period, the loss of lean
body mass was significantly greater than the loss of fat
mass (—1.5 kg, with a range from —8.3 to 7.7 kg, vs
—0.7 kg, with a range from —7.1 to 6.1 kg, p < 0.001).
The same trend was observed in the subset which ex-
cluded 31 patients who developed surgical morbidity
(Fig. 2). BWL was significantly greater in the early period
than in the late period (—2.1 kg, with a range from —6.7 to
1.0 kg, vs —1.2 kg, with a range from —6.1 to 3.8 kg,
p < 0.001). Moreover, the loss of lean body mass was
significantly greater in the early period than in the late
period (—1.5 kg, with a range from —8.3 to +7.7 kg, vs
—0.3 kg, with a range from —12.8 to 4.9 kg, p < 0.001).

Discussion
This study indicated that the loss of lean body mass within

1 week was greater than that during the subsequent
3 weeks. Furthermore, loss of lean body mass rather than

fat mass accounted for a significant part of the BWL during
the early period. These findings can be explained in terms
of surgical stress and cytokine production, which usually
continues for about 1 week. Once the surgical stress oc-
curs, immune cells produce cytokines, which act as me-
diators of both immune and systemic responses to surgical
stress [6]. These cytokines also cause muscle catabolism.
Tida et al. [14] reported that postoperative muscle weakness
was associated with IL-6 production immediately after
cardiac surgery in 154 consecutive patients who had un-
dergone coronary artery bypass grafting. In addition,
Bautmans et al. [15] demonstrated that surgery-induced
changes in IL-6 levels were significantly related to changes
in grip work in 66 elective abdominal surgery patients.
Furthermore, in animal experiments, it was reported that a
significant increase in muscle proteolysis was induced at
2 h after injection of endotoxin [16]. Considering these
reports, the postoperative lean body mass loss may be due
to enhanced catabolism induced by cytokine production
after surgery.

In the present study, the median total amount of BWL at
1 month was less than 4 kg, and the rate of BWL at
1 month to the preoperative body weight was around 6 %
in the whole cohort. Previous studies reported that BWL
after gastrectomy was approximately 10-20 % of the pre-
operative weight [3]. For example, Noguchi et al. [17]
evaluated 97 patients who had undergone gastrectomy, and
found that the mean body weight at discharge was
79 £ 7 % in the total gastrectomy group and 84 + 7 % in
the distal gastrectomy group This discrepancy could be
explained by the following factors. First, the starting date
for the oral intake was the second postoperative day in the
present study, whereas the patients started oral intake on
seventh or eighth postoperative day in the previous study.
The longer starvation could cause the severer weight loss.
Second, the postoperative course was different. The pa-
tients received ERAS programs in the present study,
whereas the old conventional care was selected in the
previous studies. Yamada et al. [11] found that the ratio of
the postoperative (1 week) body weight to the preoperative
body weight was significantly greater for ERAS care than
for conventional care in gastric cancer surgery.

The present study demonstrated that BWL within
1 week was significantly greater than that observed during
the subsequent 3 weeks. Abdiev et al. [18] evaluated the
change in body composition during 1 and 6 months after
gastrectomy using a body composition analyzer, and found
that both fat and muscle mass reductions were responsible
for the BWL during the first 1 month after surgery, and that
the fat mass and body weight continue to decrease until
6 months after surgery. The present study confirmed that
the major component of BWL during the first month is the
lean mass and that this tendency is even more striking
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Table 1 Patient characteristics

@ Springer

Distal gastrectomy Total gastrectomy Total

Age (years)

Median 67 68 68

Range 33-86 36-83 33-86
Gender

Male 92 (60.1 %) 64 (70.3 %) 156 (63.9 %)

Female 61 (39.9 %) 27 (29.7 %) 88 (36.1 %)
ASA score

1 41 (26.8 %) 21 (23.1 %) 62 (25.4 %)

2 109 (71.2 %) 66 (72.5 %) 175 (71.7 %)

3 3 (2.0 %) 4 (4.4 %) 7 (2.9 %)

4 0 (0 %) 0 (0 %) 0 (0 %)
Body weight (kg)

Median 58.3 58.6 58.3

Range 35.8-85.5 36.5-89.9 35.8-89.9
Height (m)

Median 1.61 1.62 1.61

Range 1.36-1.84 1.41-1.81 1.36-1.84
Body mass index (kg/m?)

Median 222 21.9 22.1

Range 15.9-34.8 16.3-33.5 15.9-34.8
Lean body mass (kg)

Median 454 47.4 46.3

Range 29.2-64.2 31.5-63.8 29.2-64.2
Fat mass (kg)

Median 13.2 11.4 12.4

Range 2.2-39.7 1.9-32.8 1.9-39.7
Surgical approach

Conventional 98 (64.1 %) 63 (69.2 %) 161 (66.0 %)

Laparoscopic 55 (35.9 %) 28 (30.7 %) 83 (34.0 %)
Blood loss (ml)

Median 130 140 130

Range 5-2045 10-2045 5-2045
Operation time (min)

Median 236 223 236

Range 95-579 116-578 9-579
Lymph node dissection

DI+ 88 (57.5 %) 55 (60.4 %) 143 (58.6 %)

D2 65 (42.5 %) 36 (39.6 %) 101 (41.4 %)
Splenectomy

Yes 0 (0 %) 36 (39.6 %) 36 (14.8 %)

No 153 (100 %) 55 (60.4 %) 208 (85.2 %)
Pathological T factor

0 9 (5.9 %) 15 (16.5 %) 24 (9.8 %)

1 89 (58.2 %) 30 (33.0 %) 119 (48.8 %)

2 23 (15.0 %) 9 (9.8 %) 32 (13.1 %)

3 11 (7.2 %) 17 (18.7 %) 28 (11.5 %)

4 21 (13.7 %) 20 (22.0 %) 41 (16.8 %)
Pathological N factor

0 112 (73.2 %) 56 (61.5 %) 168 (68.9 %)

1 14 (9.2 %) 12 (13.2 %) 26 (10.7 %)

2 15 (9.8 %) 6 (6.6 %) 21 (8.6 %)

3 12 (7.8 %) 17 (18.7 %) 29 (11.8 %)
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Table 1 continued Distal gastrectomy Total gastrectomy Total
Pathological stage
0 9 (5.9 %) 15 (16.5 %) 24 (9.8 %)
I 103 (67.3 %) 34 (37.4 %) 137 (56.2 %)
II 17 (11.1 %) 17 (18.7 %) 34 (13.9 %)
I 19 (12.4 %) 19 (20.9 %) 38 (15.6 %)
v 5(3.3 %) 6 (6.6 %) 11 (4.5 %)

ASA American Society of Anesthesiologists

Table 2 Details of surgical

Distal gastrectomy Total gastrectomy Total

complications
Pancreatic fistula (grade 2/3a/3b/4a/4b/5) 5 (4/1/0/0/0/0) 4 (3/0/1/0/0/0) 9 (7/1/1/0/0/0)
Abdominal abscess (grade 2/3a/3b/4a/4b/5) 1 (1/0/0/0/0/0) 2 (0/1/1/0/0/0) 3 (1/1/1/0/0/0)
Anastomotic leakage (grade 2/3a/3b/4a/4b/5) 2 (0/2/0/0/0/0) 1 (0/1/0/0/0/0) 3 (0/3/0/0/0/0)
Anastomotic stenosis (grade 2/3a/3b/4a/4b/5) 1 (0/0/1/0/0/0) 1 (0/1/0/0/0/0) 2 (0/1/1/0/0/0)
Ileus (grade 2/3a/3b/4a/4b/5) 1 (0/1/0/0/0/0) 2 (0/2/0/0/0/0) 3 (0/3/0/0/0/0)
Pneumonia (grade 2/3a/3b/4a/4b/5) 1 (1/0/0/0/0/0) 3 (1/2/0/0/0/0) 4 (2/2/0/0/0/0)
Postoperative bleeding (grade 2/3a/3b/4a/4b/5) 1 (1/0/0/0/0/0) 0 (0/0/0/0/0/0) 1 (1/0/0/0/0/0)
Wound abscess (grade 2/3a/3b/4a/4b/5) 0 (0/0/0/0/0/0) 1 (1/0/0/0/0/0) 1 (1/0/0/0/0/0)
Pleural effusion (grade 2/3a/3b/4a/4b/5) 0 (0/0/0/0/0/0) 1 (1/0/0/0/0/0) 1 (1/0/0/0/0/0)
Other (grade 2/3a/3b/4a/4b/5) 3 (2/1/0/0/0/0) 3 (2/0/1/0/0/0) 6 (4/1/1/0/0/0)
]:]Total body weight D Total body weight
B Lean body mass B Lean body mass
I Fat I Fat mass
, P<0.001 at mass . %
f . I s '
2 S NN 2]
N 1
0 0
-1
-1 2
2 .
-2
_3,
-3
1 4.
-4 -
9] L 4
- -6 P<0.001
-6 P<0.001 o :

Early postoperative
period

Late postoperative
period

Fig. 1 Comparison of body weight loss between the early postop-
erative period and the late postoperative period (n = 244, all cases)

during the first week. These two studies together suggest
that the patient first loses muscle mass because of the
characteristic pattern of metabolism under surgical stress in
a very early phase after surgery. Loss of muscle mass due

Early postoperative
period

Late postoperative
period

Fig. 2 Comparison of body weight loss between the early postop-
erative period and the late postoperative period (n = 213, i.e., without
the morbidity cases)

to the lack of physical activity may also be a relatively
early event, whereas the effect of decrease in food intake
would be a late event and is more likely reflected in the loss
of fat mass.
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The present study has some limitations. First, we did not
measure surgical stress and oral intake calories after sur-
gery. The exact mechanisms of BWL thus remain
speculative. Second, this study was a retrospective study
from a single institution. Third, there are concerns re-
garding the accuracy of body composition at 1 week after
surgery. Measurements by a body analyzer at this time
point could have suffered from several confounding fac-
tors, such as postoperative fever and fluid therapy. How-
ever, frequent measurement of alternative parameters such
as volumetry by computerized tomography images was
considered unethical and was not used at this time.
Therefore, the results of this study need to be validated in
another cohort.

In conclusion, BWL during the first week after surgery
was significantly greater than that during the subsequent
3 weeks. In addition, the loss of lean body mass accounted
for a significant part of the BWL during this period. To
gain further insight into body composition in early post-
operative periods, further studies focusing on surgical
stress and oral intake calories are warranted.
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