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Abstract. Background: Body weight, especially lean body
mass, significantly decreases after gastrectomy for gastric
cancer due to surgical invasion, reduced food intake, and
reduced mobility, which can reduce the quality of life and
induce associated toxicity or reduce compliance with adjuvant
chemotherapy. Such risks can be particularly high in elderly
patients with gastric cancer. However, whether or not changes
in the weight and body composition differ between elderly and
non-elderly patients remains unclear. Patients and Methods:
This retrospective study examined patients who underwent
curative surgery for gastric cancer between May 2010 and
February 2017. Body weight and composition were evaluated
by a bioelectrical impedance analyzer within 1 week before
surgery, at 1 week after surgery, and at 1 and at 3 months
after surgery. Patients were classified as elderly (=80 years)
or non-elderly (<80 years). Results: Eight-hundred and
eighty-eight patients (84 elderly and 804 non-elderly) were
entered into the present study. Patient background, surgical
and clinicopathological factors, and surgical complications
did not significantly differ between the two groups. Body
weight loss at 1 week, and at 1 and 3 months after surgery,
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defined as the decrease from the preoperative value, were
-2.8%, —6.5%, and —9.0%, respectively, in the elderly and
-3.5%, —6.0%, and —8.1%, respectively, in the non-elderly
patients (p=0.111, 0.125, and 0.153, respectively). The
corresponding losses of lean body mass were —2.6%, —6.0%,
and —6.4%, respectively, in the elderly and —3.5%, —4.9%,
and —4.7%, respectively, in the non-elderly patients, with p-
values of 0.056, 0.036, and 0.029, respectively. Conclusion:
Decreases in lean body mass after gastrectomy were greater
in elderly than in non-elderly patients. In order to maintain
lean body mass among elderly patients, additional care and
treatments are needed.

Gastric cancer is the fourth-most common human malignant
disease and the second most frequent cause of cancer-related
death worldwide (1). Complete resection is essential for the
cure of gastric cancer (2, 3). Body composition changes are
common problems after gastrectomy for gastric cancer and
occur during the first 3 months after surgery (4, 5). Body
composition changes after gastrectomy may occur through
various mechanisms, such as a lack of exercise, decrease in
food intake, and hypercatabolism associated with
inflammatory reactions due to surgical stress. Previous
studies have shown that changes in body composition
reduced the nutritional status, postoperative quality of life,
and compliance with adjuvant chemotherapy, all of which
can lead to a poor survival (6-8).

The number of elderly patients has been rapidly increasing
worldwide (9). With people of 80 years of age or more
representing the fastest growing subset of the population, the
management of complex oncological issues promises to
become even more challenging. Generally, elderly patients
with cancer often have co-morbidities and age-related
physiological problems that can lead to greater body
composition changes than in non-elderly patients (10, 11).
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Furthermore, the rate of muscle protein synthesis is lower in
elderly compared to non-elderly adults (12, 13). We,
therefore, hypothesized that body composition changes after
gastrectomy are much more substantial and last much longer
in elderly patients than in younger ones, even among patients
under similar surgical stress with a similar fast-track program
after surgery. If changes in body composition after
gastrectomy are indeed much more substantial in elderly
patients than in younger ones, additional care or treatments
might be needed for elderly patients compared to younger
patients.

To test our hypothesis, we performed serial evaluations of
the body composition changes after gastrectomy using a
bioelectrical impedance analyzer and compared the degree
and duration of changes in body composition between
elderly and non-elderly patients who underwent curative
gastrectomy.

Patients and Methods

Patients. This was a retrospective cohort study. Patient records were
retrieved from a prospectively collected database of Kanagawa
Cancer Center from May 2010 to February 2017. The inclusion
criteria were as follows: (i) underwent curative gastrectomy with
lymph node dissection for gastric cancer as primary treatment, (ii)
RO resection was achieved, (iii) did not experience weight loss over
15% before surgery, and (iv) a body composition analysis was
performed within 1 week before surgery, and at 1 week, 1 month
and at 3 months after surgery.

Surgical procedure. All patients underwent distal or total
gastrectomy with nodal dissection for gastric cancer. In principle,
D1 or a D1+ lymphadenectomy was indicated for cTINO tumors,
and D2 for cN+ or c¢T2-T4 tumors regardless of the approach.
Spleen-preserving D2 total gastrectomy was permitted in this
study.

Perioperative care. Patients received the enhanced recovery after
surgery (ERAS) protocol after gastrectomy. The details of this
protocol have been reported elsewhere (14, 15). In brief, the
patients were allowed to eat until midnight on the day before
surgery and were required to drink a rehydration solution by 3
hours before surgery. The nasogastric tube was removed
immediately after surgery. Oral intake was initiated on
postoperative day (POD) 1, beginning with water and an oral
nutritional supplement. The patients began to eat solid food on
POD 2, 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 when they had achieved adequate pain
relief and soft food intake and exhibited normal laboratory data
on POD 7. No postoperative medications were used to increase
appetite, bowel movement or nutrition supplement for patients in
this study. Moreover, in the present study, although all the patients
received the same aftercare, such as physical examination and
laboratory testing, in the first 3 months after surgery in the
Outpatient Clinic, they did not receive oral nutrition supplements
to avoid lean mass loss.
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Evaluation of operative morbidity and mortality. surgical and
nonsurgical complications were assessed prospectively and
classified according to the Clavien—-Dindo classification (16).
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 a Tanita MC-190EM bioelectrical impedance
analyzer (Tanita, Tokyo, Japan), which provides relative information
regarding the amount of lean and fat tissue in the trunk area and
each limb, as well as the overall body composition and hydration
status. The body weight and composition were evaluated by
bioelectrical impedance analyzer within 1 week before surgery, and
at 1 week, 1 month and 3 months after surgery.

Evaluation, statistical analyses, and ethics. Data values are
expressed as the median and range. 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 (v12.0 J Win;
SPSS, Chicago, IL, USA) was used for all statistical analyses. The
R-category and extent of dissection were determined by the
Japanese Classification of Gastric Carcinoma, third English edition
(17) and the Japanese Gastric Cancer Association guidelines (18).
The study was approved by the Institutional Review Board of
Kanagawa Cancer Center (2018 Epidemiology-30). The study was
conducted in accordance with the Declaration of Helsinki. All
participants signed consent forms.

Results

Background characteristics. Eight hundred and eighty-eight
patients were eligible for the present study. The median age
was 68 (range=27-90) years. Five-hundred and ninety-five
patients were male, and 293 were female. Eight hundred and
four patients were classified as non-elderly patients (non-
elderly group) and 84 as elderly patients (elderly group). The
background characteristics of the patients are summarized in
Table I. The American Society of Anesthesiology score was
significantly worse and the incidence of the hypertension and
chronic obstructive pulmonary disease significantly higher in
the elderly group than in the non-elderly group (p<0.001,
p=0.001, and p=0.001, respectively). Furthermore,
preoperative total body weight and lean body mass was
significantly lower in the elderly group (p=0.003 and
p<0.001, respectively). The operative details and pathological
findings are shown in Table II. The operative details and
pathological findings were similar for the two groups.

Postoperative surgical complications. The details of the
postoperative surgical complications are shown in Table III. The
overall complication rates were 17.4% in the non-elderly group
and 19.0% in the elderly group. There were no significant
differences between the two groups (p=0.708). Pancreatic
fistula and anatomic leakage were the most frequently
diagnosed complications in the non-elderly group, followed by
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Table 1. Comparison of the patient backgrounds.

Subgroup All cases Non-elderly (<80 years) Elderly (=80 years) p-Value
N=888 N=804 N=84
Age, years Median (range) -
Gender, n (%) Male 595 (67.0%)) 540 (67.2%) 55 (65.5%) 0.754
Female 293 (33.0% 264 (32.8%) 29 (34.5%)
ASA-PS, n (%) 1 201 (22.6%) 196 (24.4%) 5 (6.0%) <0.001
2 671 (75.6%) 593 (73.8%) 78 (92.9%)
3 16 (1.8%) 15 (1.9%) 1 (1.1%)
Total body weight, kg Median (range) 58.5 (31.8-102.5) 58.9 (31.8-102.5) 56.0 (36.1-73.9) 0.003
Lean body mass, kg Median (range) 46.1 (27.2-67) 46.9 (27.7-67) 42.9 (27.2-60) <0.001
Body mass index, kg/m2 Median (range) 22.2 (13.9-35.6) 22.2 (13.9-35.6) 21.8 (17.3-28.9) 0.892
Tumor site, n (%) Upper third 202 (22.7%) 183 (22.8%) 19 (22.6%) 0.003
Middle third 429 (48.4%) 401 (49.9%) 28 (33.4%)
Lower third 257 (28.9%) 220 (27.3%) 37 (44.0%)
Clinical T factor, n (%) T1-T2 576 (64.9%) 527 (65.5%) 49 (58.3%) 0.188
T3-T4 312 (35.1%) 277 (34.5%) 35 (41.7%)
Clinical N factor, n (%) Negative 704 (79.3%) 642 (79.9%) 62 (73.8%)
Positive 184 (20.7%) 162 (20.1%) 22 (26.2%) 0.194
Co-morbidity, n (%) Hypertension 413 (46.5%) 359 (44.7%) 54 (64.2%) 0.001
Diabetes mellitus 107 (12.0%) 93 (11.6%) 14 (16.7%) 0.518
COPD 176 (19.8%) 148 (18.4%) 28 (33.3%) 0.001
Smoking habit, n (%) Yes 443 (49.9%) 404 (50.2%) 39 (46.4%) 0.819
No 445 (50.1%) 400 (49.8%) 45 (53.6%)
ASA-PS: American Society of Anesthesiologists physical status, COPD: chronic obstructive pulmonary disease.
Table II. Surgical and pathological outcomes.
Subgroup All cases Non-elderly (<80 years) Elderly (=80 years) p-Value
N (%) N (%)
Lymph node dissection, n D1+ dissection 540 (60.8%) 491 (61.6%) 49 (58.3%) 0.468
D2 dissection 348 (39.2%) 313 (38.4%) 35 (41.7%)
Type of gastrectomy, n Distal gastrectomy 558 (62.8%) 499 (62.1%) 59 (70.2%) 0.348
Total gastrectomy 293 (33.0%) 272 (33.8%) 21 (25%)
Other 37 (4.2%) 33 (4.1%) 4 (4.8%)
Type of approach, n Conventional 531 (59.8%) 481 (59.8%) 50 (59.5%) 0.564
Laparoscopic 357 (40.2%) 323 (40.2%) 34 (40.5%)
Bleeding, g Median (range) 130 (5-1190) 130 (5-1190) 140 (5-1050) 0.788
Operative time, min Median (range) 186 (81-394) 187 (93-394) 173 (81-293) 0.652
Harvested lymph nodes, n Median (range) 42 (9-112) 42 (13-110) 40.5 (9-112) 0.845
Pathological T factor, n TO-T1 519 (58.4%) 475 (59.1%) 44 (52.4%) 0.104
T2 109 (12.3%) 94 (11.7%) 15 (17.8%)
T3 111 (12.5%) 99 (12.3%) 12 (14.3%)
T4 149 (16.8%) 136 (16.9%) 13 (15.5%)
Pathological N factor, n NO 620 (69.8%) 568 (70.6%) 52 (61.9%) 0.252
N1 101 (11.4) 94 (11.7%) 7 (8.3%)
N2 85 (9.6%) 73 (9.1%) 12 (14.3%)
N3 82 (9.2%) 69 (8.6%) 13 (15.5%)

pneumonia. In contrast, ileus was the most frequently diagnosed
complication in the elderly group, followed by pancreatic fistula
and pneumonia. Surgical mortality was observed in one patient
due to anastomotic leakage and cardiovascular disease in the

non-elderly group (0.1%) and in two patients due to
cardiovascular disease in the elderly group (1.2%). There were
marginally significant differences in surgical mortality between
the two groups (p=0.05).
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Table III. Comparison of morbidity and mortality.

Grade Non-elderly (<80 years), N (%) Elderly (=80 years), N (%) Total (N=888)
Pancreatic fistula 2 29 (3.6%) 5 (5.9%) 34 (3.8%)
3a/3b 4 (0.5%) 0 (0%) 4 (0.4%)
4a/4b 1(0.1%) 0 (0%) 1(0.1%)
5 0 (0%) 0 (0%) 0 (0%)
Abdominal abscess 2 6 (0.7%) 0 (0%) 6 (0.6%)
3a/3b 10 (1.2%) 1(1.2%) 11 (1.2%)
4a/4b 2 (0.2%) 0 (0%) 2 (0.2%)
5 0 (0%) 0 (0%) 0 (0%)
Anastomotic leakage 2 6 (0.7%) 0 (0%) 6 (0.6%)
3a/3b 21 (2.6%) 1(1.2%) 22 (2.4%)
4a/4b 4 (0.5%) 1 (1.2%) 5 (0.5%)
5 0 (0%) 0 (0%) 0 (0%)
Anastomotic stenosis 2 1(0.1%) 0 (0%) 1 (0.1%)
3a/3b 9 (1.1%) 1 (1.2%) 10 (1.1%)
4a/4b 0 (0%) 0 (0%) 0 (0%)
5 0 (0%) 0 (0%) 0 (0%)
Tleus 2 5 (0.6%) 2 (2.4%) 7 (0.7%)
3a/3b 9 (1.1%) 3 (3.6%) 12 (1.3%)
4a/4b 0 (0%) 1(1.2%) 1(0.1%)
5 0 (0%) 0 (0%) 0 (0%)
Pneumonia 2 18 (2.2%) 2 (2.4%) 20 (2.2%)
3a/3b 2 (0.2%) 0 (0%) 2 (0.2%)
4a/4b 1(0.1%) 0 (0%) 1 (0.1%)
5 0 (0%) 0 (0%) 0 (0%)
Postoperative bleeding 2 4 (0.5%) 0 (0%) 4 (0.4%)
3a/3b 3 (0.4%) 0 (0%) 3 (0.3%)
4a/4b 1(0.1%) 0 (0%) 1(0.1%)
5 0 (0%) 0 (0%) 0 (0%)
‘Wound abscess 2 4 (0.5%) 1 (1.2%) 5 (0.5%)
3a/3b 0 (0%) 0 (0%) 0 (0%)
4a/4b 0 (0%) 0 (0%) 0 (0%)
5 0 (0%) 0 (0%) 0 (0%)
Pleural effusion 2 5 (0.6%) 0 (0%) 5(0.5%)
3a/3b 2 (0.2%) 1(1.2%) 3 (0.3%)
4a/4b 0 (0%) 0 (0%) 0 (0%)
5 0 (0%) 0 (0%) 0 (0%)
Other 2 10 (1.2%) 0 (0%) 10 (1.1%)
3a/3b 0 (0%) 0 (0%) 0 (0%)
4a/4b 1(0.1%) 0 (0%) 1(0.1%)
5 1(0.1%) 1(1.2%) 2 (0.2%)

Body composition. The loss of body weight at 1 week, and
1 and 3 months was —3.4% (range=—14.6% to 7.2%), —6.1%
(range=-23.7% to 5.9%), and —8.3% (range=-26.6% to
7.3%) for the whole cohort. Figure 1 shows a comparison of
the loss of body weight between the non—elderly and elderly
groups at 1 week to 3 months. Marginally significant
decreases were observed at 1 and 3 months in the elderly
group (p=0.125 and 0.153, respectively).

In contrast, the loss of lean body mass at 1 week, and 1
and 3 months were —3.5% (range=—27.0% to 26.1%), —4.8%
(range=-20.2% to 17.3%), and —4.9% (range=-23.3% to
24.9%), respectively, for the whole cohort. Figure 2 shows a
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comparison of the loss of lean body mass between the
non—elderly and elderly groups at 1 week to 3 months. Loss
was significantly greater in the elderly group at 1 and 3
months (p=0.036 and p=0.029, respectively). When
comparing the loss of fat mass after gastrectomy between the
elderly patients and the non-elderly patients, there were no
differences between two groups.

Discussion

The aim of the present study was to compare the degree and
duration of body composition changes between elderly and
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Figure 1. A comparison of the loss of body weight after gastrectomy
between elderly and non-elderly patients in this study. Bars: Median,
boxes: lower and upper quartiles, lines: minimum and maximum.

non-elderly patients who underwent curative gastrectomy.
The major finding was that decreases in lean body mass after
gastrectomy were significantly more serious in the elderly
patients than in the non-elderly patients at 1 and 3 months
after surgery. Our results suggest that additional care or
treatment might be needed to maintain lean body mass after
gastrectomy in elderly patients.

In the present study, the loss of lean body mass after
surgery was significantly greater in elderly patients at 1 and 3
months after surgery. In addition, body weight loss after
surgery also tended to be greater in the elderly patients at 1
and 3 months after surgery. Regarding why these results were
observed, the first potential explanation is age-related
differences in skeletal muscle protein synthesis after surgery
(19). Toth et al. examined the effect of age on skeletal muscle
protein metabolism by measuring the body composition,
muscle function, and muscle protein synthesis in seven young
and 15 old volunteers (72+1 years). They found that mixed-
muscle and non-myofibrillar protein synthesis tended to be
lower in the old volunteers than in the young ones. A similar
result had been found in another study (20). Secondly,
endocrine reactions to surgical stress have been reported to
differ between elderly and non-elderly patients (21, 22). When
surgical stress occurs, immune cells produce cytokines that act
as mediators of both immune and systemic responses to injury.
Muscle catabolism is accelerated by the cytokines that are
produced during and after surgery, which leads to a decrease
in muscle content after surgery. Acute psychological stress
activates the endocrine response more profoundly in elderly
than in non-elderly patients. In addition, the balance between
the catabolic effect of cytokines and the anabolic effect of

[]<80 Years
= >80 Years

Lean body mass change (%)
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Figure 2. A comparison of the loss of lean body mass after gastrectomy
between elderly and non-elderly patients in this study. Significantly
different from the non-elderly group at “p=0.036, and bp=0.029. Bars:
Median, boxes: lower and upper quartiles, lines: minimum and maximum.

insulin-like growth factor 1 (IGF1) may play an important role
in the loss of lean body mass (21). Aging is also associated
with increased cytokine levels/production and reduced
circulating IGF1 concentration (22). Thirdly, the elderly
patients had already significantly lower preoperative total
body weight and lean body mass in the present study.
Preoperative loss of total body weight and lean body mass
might affect the postoperative finding of greater loss in lean
body mass. These factors might affect the differences in the
postoperative lean body mass and body weight.

However, previous studies have shown that body weight
loss after gastrectomy was approximately 10-20% of the
preoperative body weight, while this value in the present
study was <10% (5). This discrepancy may be because an
ERAS program was used for the perioperative care of
gastrectomy patients in this cohort. The ERAS program
incorporates a number of factors, including early oral intake
and exercise. We standardized the use of the ERAS program
in the perioperative care of gastric cancer surgery patients.
Our ERAS program includes 13 items. Among them,
preoperative  counseling, preoperative fasting, and
preoperative treatment with carbohydrates prevent nausea
and vomiting and stimulate gut motility, while perioperative
oral nutrition supported calorie intake. The use of epidural
analgesia, early removal of catheters, and mobilization care
pathways are useful for ensuring adequate physical activity.
Therefore, our ERAS program including the above multiple
approaches might be effective for suppressing body weight
loss after gastrectomy in both elderly and non-elderly
patients. Actually, we previously studied the clinical
characteristics, oncological factors, surgical factors, and
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outcomes in patients who underwent elective radical
gastrectomy for gastric cancer before and after the
introduction of an ERAS protocol. The ratio of the
postoperative body weight at 1 week to the preoperative
body weight was significantly higher in the ERAS group
than in the conventional group (0.95 vs. 0.94, respectively,
p=0.01) (14). If body weight loss during the first month can
be suppressed using ERAS care, there is a possibility that
subsequent body weight loss might be suppressed.

In order to maintain the lean body mass and body weight
loss in elderly patients undergoing curative gastrectomy,
optimum care and treatments are needed. Recently, some
studies have shown that oral nutritional supplements (ONS)
clinically influence the body weight loss in elderly patients.
Ohkura et al. evaluated the efficacy of postoperative early
intervention with an elemental diet to reduce body weight
loss in elderly patients with gastric cancer (=80 years of age).
They showed that early intervention with an elemental diet
after distal gastrectomy was useful for reducing perioperative
weight loss in elderly patients (23). However, they did not
evaluate the lean body mass loss. Therefore, the impact of
postoperative early intervention with an elemental diet on the
lean body mass is unclear.

Hatao et al. investigated the effects of ONS on
postoperative body weight loss in patients with gastric cancer
who had undergone total gastrectomy or distal gastrectomy
(24). In their study, although weight loss in the ONS group
after total gastrectomy was significantly less than that in the
control group, the weight loss and skeletal muscle mass loss
after distal gastrectomy did not significantly differ between
the groups. Therefore, whether or not the perioperative use of
ONS is actually associated with a reduction in lean body mass
loss remains controversial. On the other hand, when we
investigated risk factors that affected a lean body mass of 5%
or more after gastrectomy using data from 485 patients, we
found that surgical complications with infection or fasting
([odds ratio (OR) 3.576; p=0.001), total gastrectomy (OR
2.522; p=0.0001], and male (OR 1.928; p=0.001) were
significant independent risk factors for severe lean body mass
loss. We concluded that nutritional intervention or control of
surgical invasion should be tested in future clinical trials for
gastric cancer patients with these risk factors to maintain lean
body mass after gastrectomy. Similar results were observed
for body weight loss. These data might help decide what
additional care should be taken in the future (25, 26).

Several limitations associated with the present study
warrant mentioning. Firstly, the present study was a
retrospective analysis performed at a single institution. The
results need to be confirmed in another cohort or in a
prospective multicenter-study. Secondly, segmental body
composition was analyzed using a bioelectrical impedance
analyzer, which was not able to directly measure muscle mass.
The lean body mass is calculated as the sum of the muscle
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mass and the mass of the visceral organs. However, the mass
of the visceral organs would not have been changed by
surgery, therefore the major contributor to the change in lean
body mass would be a change in the muscle mass. Thirdly, we
failed to measure the total calorie intake, physical activity, and
serum marker after surgery in the present study. The influence
of calorie intake and physical activity on postoperative body
composition changes was, therefore, unclear in the present
study. Fourthly, the definition of elderly patients is variable.
For instance, the United Nations has defined old age as over
60 years of age (27). Conversely, the World Health
Organization defined old age as over 65 years of age (28). In
this study, we defined elderly patients as those over 80 years
of age for the following reasons. The number of elderly
patients is rapidly growing worldwide. With people aged 80
and older representing the fastest growing subset of the
population, the management of complex surgical issues
promises to become even more challenging. However,
previous studies and clinical trials excluded patients over the
age of 80 years. In addition, generally, elderly patients often
have co-morbidities and age-related physiological problems
that can lead to avoidance of gastrectomy. Therefore, clinical
data including the body composition in elderly patients are
scarce. However, the cutoff value may depend on the patient
background. In addition, a wide age range (27-80 years) in the
‘non-elderly’ group would skew and bias the results. Thus, an
appropriate cutoff value should be determined in other
validation studies in other populations.

Conclusion

The reduction in lean body mass after gastrectomy was
significantly greater in elderly than in non-elderly patients at
1 and 3 months after surgery. Our results suggest that
additional care or treatment are needed for elderly patients
to maintain lean body mass after gastrectomy.
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