
ONCOLOGY LETTERS  16:  1341-1347,  2018

Abstract. Sarcopenia has been reported to relate to poor 
prognosis in various malignant cancer types. The present 
study aimed to clarify the prognostic impact of skeletal muscle 
mass (SMM) loss after curative gastrectomy in patients with 
gastric cancer. A total of 119 patients who underwent cura-
tive gastrectomy for gastric cancer between 2009 and 2016 
were analyzed. The SMM loss at 6 months postoperatively 
compared with the SMM prior to surgery was calculated 
using the hospital records. The median loss of SMM was 
3.8%. Multivariate logistic regression analysis demonstrated 
that total gastrectomy was a significant and independent risk 
factor for SMM loss of ≥5% (odds ratio=2.58; P=0.02). Results 
from multivariate analysis using stepwise Cox proportional 
hazards regression indicated that the following factors were 
significantly associated with shorter overall survival after 
curative gastrectomy: Age [>70 years; hazard ratio (HR)=2.46, 
P=0.04], TNM stage (≥2; HR=2.65, P=0.04) and loss of SMM 
(≥5%; HR=2.57, P=0.03). The present findings suggested that 
loss of SMM after curative gastrectomy for gastric cancer is an 
independent predictive factor for poor prognosis.

Introduction

In 1989, Rosenberg first advocated the term ‘sarcopenia’ for 
reductions in muscle mass due to aging (1). Sarcopenia is a 
syndrome characterized by progressive and generalized 
loss of skeletal muscle mass (SMM) and strength, and is 
associated with increased risks of adverse outcomes such as 
physical disability, frailty, poor quality of life, and mortality. 
Sarcopenia has been reported to relate to poor prognosis in 
many malignant cancers, including hepatocellular carci-
noma (2), lung cancer (3), bladder cancer (4), pancreatic 

cancer (5), melanoma (6), and colorectal cancer (7,8). By 
clarifying the mechanisms of sarcopenia, it may be possible to 
improve the prognosis of patients with sarcopenia. In addition, 
understanding the mechanisms of sarcopenia may also help 
elucidate the mechanisms of cachexia.

In gastric cancer, preoperative sarcopenia has been shown to 
be a predictive marker of postoperative complications and poor 
prognosis (9). In two previous studies, a 6.2% loss of skeletal 
muscle was observed after total gastrectomy (10), and adjuvant 
chemotherapy with S‑1 was identified as an independent risk 
factor for significant loss of skeletal muscle (11). Moreover, 
reductions of lean body muscle mass after gastrectomy has 
been reported to prevent the continuation of adjuvant chemo-
therapy (12). Despite this prior evidence, however, the effect of 
postoperative SMM loss on long-term survival remains unclear.

With this in mind, the aim of the present study was to 
clarify: i) the factors that cause loss of SMM at 6 months 
post‑gastrectomy; and ii) the impact of postoperative SMM 
loss on prognosis.

Patients and methods

Patients. The present study enrolled patients with gastric 
cancer who underwent curative surgery with nodal dissec-
tion at Yamaguchi University Hospital (Yamaguchi, Japan) 
between January 2009 and April 2016. Computed tomography 
(CT) was performed within 1 month before surgery and 
at 6 months postoperatively. Patients who relapsed within 
6 months or did not undergo CT examination at these fixed 
times were excluded.

Data collection. All relevant data, including the clinical, 
surgical, and pathological records, were collected retrospec-
tively from the database of our hospital. All cancers were 
staged in accordance with the tumor node metastasis (TNM) 
classification system used in the 14th edition of the Japanese 
Gastric Cancer Classification.

Measurement of SMM. A skeletal muscle area was measured 
retrospectively on CT scans performed before gastrectomy and 
6 months after surgery. The muscle area was evaluated at the 
level of the third lumbar vertebra (L3) in the inferior direction, 
with the patient in the supine position. Cross-sectional areas 
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(cm2) of skeletal muscles in the L3 region were measured using 
AZE Virtual Place image analysis software (AZE, Tokyo, Japan). 
SMM was identified by Hounsfield unit thresholds of ‑30 to +150 
on CT. A SMM index was defined such that the cross‑sectional 
areas were normalized for the patient height (cm2/m2).

Statistical analysis. Statistical analyses were performed using 
SPSS version 22 for Windows (IBM Corp., Armonk, NY, 
USA). The percentage loss of skeletal body muscle mass was 
defined as follows: Percentage loss of SMM=(skeletal body 
muscle mass 6 months after surgery/preoperative skeletal 
body muscle mass) x100. Subsequently, the patients were 
divided into two groups based on the percentage loss of SMM: 
<5 vs. ≥5%. Each of the remaining cutoff values, including the 
operation time, surgical blood loss, and SMM, was set at the 
median point of the recorded values. Surgical complications 
were classified according to the Clavien‑Dindo classification.

Differences between groups were analyzed using the t-test 
or χ2 test, as appropriate. Univariate and multivariate logistic 
regression analyses were performed to identify risk factors 
for loss of SMM. Cox proportional hazards regression models 
were used to identify variables associated with relapse-free 
survival (RFS) or overall survival (OS). Backward stepwise 
elimination with a threshold of P=0.10 was used to select the 
variables to be included. Survival curves were generated using 
the Kaplan‑Meier method and compared using the log‑rank 
test. For all analyses, P<0.05 was considered to indicate a 
statistically significant difference.

Results

Patients. From January 2009 to April 2016, a total of 
119 patients met our inclusion criteria and were included in 
the analysis. The median follow-up time for these patients was 
30.9 months (range; 7.3‑94.0 months).

The median loss of SMM was 3.8%. Histograms showing 
the loss of SMM in this study are presented in Fig. 1. A SMM 
loss of ≥5% was noted in 51 patients (42.9%). Patients with a 
SMM loss of ≥5% showed a significantly higher preoperative 
SMM index than those with a SMM loss <5% (P=0.005), and 
showed a significantly higher frequency of total gastrectomy 
(P=0.01; Table I).

Risk factors for loss of SMM. The risk factors for SMM loss 
≥5% were investigated using univariate and multivariate 
analyses including clinical, surgical, and pathological factors. 
The results are shown in Table II. In the multivariate analysis, 
total gastrectomy was the only independent predictor of the 
loss of SMM (P=0.02).

Loss of SMM and RFS. In the univariate Cox proportional 
hazards regression analyses, the following variables were 
significantly associated with worse RFS: Lymphadenectomy 
(D1+; P=0.04), operation time (>309 min; P=0.01), T stage (≥2; 
P=0.005), N stage (≥1; P=0.001), TNM stage (≥2; P=0.002), 
adjuvant chemotherapy (present; P=0.001), and loss of SMM 
(≥5%; P=0.01; Table III). Furthermore, in the multivariate 
analysis using a stepwise Cox model, adjuvant chemotherapy 
(present; P=0.001) remained significantly associated with 
worse RFS (Table III).

Loss of SMM and OS. In the univariate Cox regression 
analyses, the following variables were significantly associated 
with worse OS: T stage (≥2; P=0.03), TNM stage (≥2; P=0.03), 
and loss of SMM (≥5%; P=0.04; Table IV). In the multivariate 
analysis using a stepwise Cox model, age (>70 years; P=0.04), 
TNM stage (≥2; P=0.04), and loss of SMM (≥5%; P=0.03) 
were found to be significantly associated with poor prognosis 
after curative gastrectomy (Table IV).

In the Kaplan‑Meier analysis, patients with a SMM loss of 
≥5% experienced significantly shorter 5‑year RFS (62.2 vs. 79.9%, 
log‑rank P=0.008) and OS (64.5 vs. 84.2%, log‑rank P=0.039) 
than those with a SMM loss <5% (Fig. 2A and E). Among patients 
with TNM stage II disease, the 5‑year OS was remarkably shorter 
for patients with SMM loss of ≥5% than for those SMM loss of 
<5% (55.8 vs. 90.9%, log‑rank P=0.03; Fig. 2G).

Discussion

This study was designed to evaluate the relation between 
postoperative SMM loss and 5‑year survival in gastric cancer 
patients after gastrectomy. First, we investigated the risk 
factors for loss of SMM at 6 months after gastrectomy. In this 
study, the median loss of SMM was 3.8% at 6 months after 
gastrectomy. Other authors have reported that the body weight 
loss at 1 month postoperatively was 6% (13) and that the loss 
of lean body mass was 4.7% (10). In these studies, the risk 
factors for reductions in the body mass index were found 
to include male sex, higher preoperative body mass index, 
total gastrectomy, and advanced TNM stage (13), while the 
independent risk factors for severe lean body mass loss were 
surgical complications, total gastrectomy, and male sex (10). In 
the present study, total gastrectomy was the only independent 
risk factor for SMM loss at 6 months after gastrectomy.

After total gastrectomy, the body weight, lean body mass, 
and SMM all decreased. Reduced oral intake is commonly 

Figure 1. Histogram of the % skeletal muscle mass loss. Percentage change 
of skeletal muscle mass was measured (6 month after surgery skeletal muscle 
mass/preoperative skeletal muscle mass) x100.
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Table Ⅰ. Comparison of the clinicopathological and surgical factors between patients with a loss of SMM <5% vs. ≥5% at 
6 months after gastrectomy.

 Loss of skeletal muscle Loss of skeletal muscle
Factors mass <5% (N=68) N (%) mass ≥5% (N=51) N (%) P‑value

Age  70.8±10.4 69.7±10.3 0.56
Sex    0.14
  Male 42 (61.8) 38 (74.5) 
  Female 26 (38.2) 13 (25.5) 
BMI: kg/m2 22.9±3.2 23.0±3.7 0.86
SMM Index: cm2/m2 42.8±7.4 52.2±8.9 0.005
Albumin: g/dl   4.1±0.4   4.1±0.5 0.67
Hemoglobin: g/dl 12.6±2.3 12.7±2.4 0.78
PNI 49.2±5.3 49.2±7.0 0.99
CEA: ng/ml 7.4±21.2   5.5±8.2 0.50
Comorbidity   
  Diabetes mellitus 11 (16.2) 8 (15.7) 0.94
  Cardiac disease 3 (0.4) 2 (3.9) 0.90
Type of gastrectomy   0.01
  Total gastrectomy 19 (27.9) 26 (51.0) 
  Distal gastrectomy 49 (72.1) 25 (49.0) 
Type of approach   0.26
  Conventional 3 (4.4) 5 (9.8) 
  Laparoscopy 65 (95.6) 46 (90.2) 
Lymphadenectomy   0.36
  D1+ 31 (45.6) 19 (37.3) 
  D2 37 (54.4) 32 (62.7) 
Blood loss: ml   383.6±660.8   415.4±459.2 0.76
Operation time: min 312.5±91.4 329.9±82.3 0.28
Complication   
  ≥grade 2 14 (20.6) 14 (27.5) 0.38
T stage   0.43
  T1 36 (52.9) 19 (37.3) 
  T2   9 (13.2) 12 (23.5) 
  T3 15 (22.1) 14 (27.5) 
  T4   8 (11.8) 6 (11.8) 
N stage   0.93
  N0 40 (58.8) 28 (54.9) 
  N1 12 (17.6) 9 (17.6) 
  N2   8 (11.8) 8 (15.7) 
  N3   8 (11.8) 6 (11.8) 
TNM stage   0.60
  ⅠA, ⅠB 37 (54.4) 23 (45.1) 
  ⅡA, ⅡB 18 (26.5) 16 (31.4) 
  ⅢA, ⅢB, ⅢC 13 (19.1) 12 (23.5) 
Adjuvant chemotherapy   0.30
  Absent 45 (66.2) 29 (56.9) 
  Present 23 (33.8) 22 (43.1) 

BMI, body mass index; SMM index, skeletal muscle mass index; PNI, prognostic nutrition index; CEA, carcinoembryonic antigen.
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noted in patients who undergo total gastrectomy. Two reasons 
for this reduction in oral intake can be considered, namely loss 
of retention ability and/or decreases in ghrelin, an appetizing 
hormone that is released from the stomach. Ghrelin has various 
physiologic functions, including secretion of growth hormone, 
promotion of the appetite signal in the hypothalamus, and 
stimulation of gastrointestinal activity. It has been reported 
that the serum ghrelin level after total gastrectomy for gastric 
cancer decreases to 10% of its preoperative level (14).

The present study also revealed that SMM loss of ≥5% was 
an independent risk factor for OS, but not RFS. Similarly, in 
a previous study, preoperative sarcopenia was demonstrated 
to have associate with poor prognosis in gastric cancer after 
curative surgery (9). In other words, primary sarcopenia was 
a predictive factor of poor prognosis. On the other hand, 
although it is known that the patients' diet, body weight, SMM, 
and exercise capacity change after gastrectomy, no previous 
report has demonstrated the relationship between the change 
in SMM after gastrectomy and prognosis. To our knowledge, 
the present study is the first to analyze the postoperative SMM 
loss and determine its relationship with the survival of gastric 
cancer patients undergoing gastrectomy. As a predictor of 
OS, the rate of SMM loss after surgery was found to be more 
useful than the preoperative SMM.

There are numerous possible reasons for why the loss of 
SMM is a poor prognostic factor. Several studies have reported 
that sarcopenia is a poor prognostic factor of various malig-
nant tumors (15). Further, Richards et al reported a strong 
association between sarcopenia and the presence of a systemic 
inflammatory response, including with the C‑reactive protein 
and albumin levels, in patients with colorectal cancer (16), 
and Maggio et al showed that inflammatory cytokines may 
be involved in sarcopenia by interfering with insulin-like 

growth factor-1 signaling in skeletal muscle (17). A few studies 
have moreover reported that postoperative body weight loss 
is a poor prognostic factor after gastrectomy (18,19). In these 
previous reports, the reasons for this finding were considered 
to be related to the immune response and decreases in dietary 
intake.

Aoyama et al reported that body weight loss or lean body 
mass loss was a risk factor associated with the continuation of 
adjuvant chemotherapy (20). In the present study, the relation-
ship between loss of SMM and adjuvant chemotherapy was 
unclear. However, Aoyama et al reported that lean body mass 
and fat decreased after gastrectomy in the early postoperative 
period (12), and it is possible that the same change may occur 
in SMM. Accordingly, one of the reasons for the poor prog-
nosis may be the fact that adjuvant chemotherapy cannot be 
continued in these patients.

The development of sarcopenia is associated with increased 
risks of falling, need for nursing care, and mortality. At the 
same time, the physical ability of patients with sarcopenia is 
reduced, and their living function is weakened, thus negatively 
affecting their quality of life. Clarifying the mechanisms of 
sarcopenia in patients with cancer may help reveal the mecha-
nism of cachexia, the root of cancer death. Previous studies 
have shown that various methods of nutritional support are 
effective for improving dietary intake and outcomes in patients 
who lose weight after surgery (21,22). Hatao et al found that 
the use of oral nutritional supplements after total gastrectomy 
significantly diminished postoperative weight loss (21). If 
oral nutritional supplements can be demonstrated to also be 
efficacious for preventing postoperative muscle mass reduc-
tion, such oral nutritional supplements could consequently 
be administered to patients with sarcopenia, which is an 
especially common finding after total gastrectomy. Further, 

Table II. Univariate and multivariate analyses of clinicopathological factors associated with a loss of SMM <5%.

 Univariate analysis Multivariate analysis
 ----------------------------------------------------- ---------------------------------------------------
Factors N (%) OR (95% CI) P‑value OR (95% CI) P‑value

Age >70 47 (34.4) 0.85 (0.40‑1.79) 0.67
Gender Male 80 (67.2) 1.81 (0.82‑4.02) 0.15  
BMI >25 31 (26.1) 1.14 (0.50‑2.59) 0.76  
 <18 9 (7.6) 2.89 (0.69‑12.2) 0.15  
SMM Index Male: >50.7, Female: >44.6 58 (48.7) 0.59 (0.28‑1.22) 0.15
Type of gastrectomy Total gastrectomy 45 (37.8) 2.68 (1.25‑5.75) 0.01 2.58 (1.19‑5.58) 0.02
Approach Conventional 8 (6.7) 2.36 (0.54‑10.3) 0.25
Lymphadenectomy D1+ 50 (42.0) 1.41 (0.67‑2.96) 0.36
Blood loss >230 60 (50.4) 1.19 (0.58‑2.47) 0.63
Operation time >309 60 (50.4) 1.37 (0.66‑2.84) 0.40
Complication ≥Grade 2 28 (23.5) 1.46 (0.62‑3.42) 0.38
T stage ≥2 64 (53.8) 1.90 (0.90‑3.98) 0.09 1.78 (0.83‑3.82) 0.14
N stage ≥1 51 (42.9) 1.17 (0.56‑2.44) 0.67
TNM stage ≥Ⅱ 59 (49.6) 1.45 (0.70‑3.01) 0.31
Adjuvant chemotherapy Present 45 (37.8) 1.48 (0.70‑3.14) 0.30

BMI, body mass index; SMM Index, skeletal muscle mass index; TNM, tumor‑node‑metastasis; OR, odds ratio; CI, confidence interval.
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Table Ⅲ. Univariate and multivariate analyses of clinicopathological factors associated with relapse‑free survival.

 Univariate analysis Multivariate analysis
 ------------------------------------------------------- -----------------------------------------------------
Factors N (%) HR (95% CI) P‑value HR (95% CI) P‑value

Age >70 47 (34.4) 0.53 (0.20‑1.46) 0.22
Gender Male 80 (67.2) 1.57 (0.57‑4.28) 0.38  
BMI >25 31 (26.1) 0.95 (0.37‑2.48) 0.92
 <18 9 (7.6) 0.86 (0.12‑6.51) 0.89
SMM Index Male: >50.7, Female: >44.6 0.72 (0.30‑1.74) 0.47
 58 (48.7)
Type of gastrectomy Total gastrectomy 45 (37.8) 1.21 (0.51‑2.89) 0.66
Approach Conventional 8 (6.7) 0.43 (0.34‑5.38) 0.39
Lymphadenectomy D1+ 50 (42.0) 3.21 (1.08‑9.56) 0.04 1.52 (0.48‑4.77) 0.48
Blood loss >230 60 (50.4) 2.12 (0.82‑5.48) 0.12
Operation time >309 60 (50.4) 3.78 (1.38‑10.3) 0.01 2.42 (0.85‑6.84) 0.10
Complication ≥Grade 2 28 (23.5) 1.36 (0.53‑3.52) 0.52
Histological grade Undiff 62 (52.1) 1.56 (0.65‑3.77) 0.32
T stage ≥2 64 (53.8) 5.78 (1.70‑19.6) 0.005 1.46 (0.24‑8.88) 0.68
N stage ≥1 51 (42.9) 6.59 (2.21‑19.6) 0.001 2.35 (0.51‑10.9) 0.28
TNM stage ≥Ⅱ 59 (49.6) 7.18 (2.11‑24.4) 0.002 0.80 (0.06‑11.8) 0.87
Adjuvant chemotherapy Present 45 (37.8) 7.76 (2.61‑23.1) 0.001 6.15 (2.03‑5.53) 0.001
Loss of SMM ≥5% 51 (42.9) 3.15 (1.29‑7.72) 0.01 2.23 (0.90‑5.53) 0.08

BMI, body mass index; SMM Index, skeletal muscle mass index; Undiff, undifferentiated; TNM, tumor‑node‑metastasis; HR, hazard ratio; CI, 
confidence interval.

Table Ⅳ. Univariate and multivariate analyses of clinicopathological associated with overall survival.

 Univariate analysis Multivariate analysis
 ------------------------------------------------------ ------------------------------------------------------
Factors N (%) HR (95% CI) P‑value HR (95% CI) P‑value

Age >70 47 (34.4) 2.17 (0.93‑5.02) 0.07 2.46 (1.07‑6.13) 0.04
Gender Male 80 (67.2) 0.84 (0.35‑2.00) 0.70
BMI >25 31 (26.1) 0.85 (0.33‑2.18) 0.73
 <18 9 (7.6) 2.00 (0.46-8.66) 0.36
SMM Index Male: >50.7, Female: >44.6 0.86 (0.37‑2.01) 0.73
 58 (48.7)
Type of gastrectomy Total gastrectomy 45 (37.8) 0.85 (0.36‑2.03) 0.72
Approach Conventional 8 (6.7) 0.61 (0.08‑4.57) 0.63
Lymphadenectomy D1+ 50 (42.0) 1.68 (0.68‑4.12) 0.26
Blood loss >230 60 (50.4) 1.27 (0.53‑3.05) 0.60
Operation time >309 60 (50.4) 1.82 (0.76‑4.34) 0.18
Complication ≥Grade 2 28 (23.5) 1.60 (0.65‑3.92) 0.31
Histological grade Undiff 62 (52.1) 1.34 (0.57‑3.14) 0.50
T stage ≥2 64 (53.8) 3.08 (1.14‑9.37) 0.03 1.47 (0.28‑7.77) 0.65
N stage ≥1 51 (42.9) 2.07 (0.88‑4.87) 0.09 1.12 (0.37‑3.43) 0.84
TNM stage ≥2 59 (49.6) 2.94 (1.15‑7.53) 0.03 2.65 (1.03‑6.84) 0.04
Adjuvant chemotherapy Present 45 (37.8) 1.90 (0.82‑4.42) 0.14
Loss of SMM ≥5% 51 (42.9) 2.40 (1.02‑5.62) 0.04 2.57 (1.07‑6.13) 0.03

BMI, body mass index; SMM Index, skeletal muscle mass index; Undiff, undifferentiated TNM, tumor‑node‑metastasis; HR, hazard ratio; CI, 
confidence interval.
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a phase II trial was recently performed to examine the effect 
of ghrelin in patients who had undergone total gastrectomy, 

as a means of preventing body weight loss (23). In another 
study, the administration of synthetic ghrelin successfully 

Figure 2. Relapse‑free and overall survival Kaplan‑Meier survival curves in patients with a SMM <5 vs. ≥5% after gastrectomy. (A) All patients, (B) stage I, 
(C) stage II, and (D) stage III patients. Overall survival curve in patients with a SMM <5 vs. ≥5% after gastrectomy. (E) All patients, (F) stage I, (G) stage II, 
and (H) stage III patients. SMM, skeletal muscle mass.
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lessened the postoperative body weight loss and improved 
appetite and food intake after total gastrectomy (24). Thus, 
the administration of oral nutritional supplements or ghrelin 
after gastrectomy may help to prevent postoperative sarco-
penia. Consistent with this suggestion, a prior study found that 
increased ghrelin signaling improved skeletal muscle atrophy 
in an aged mouse model (25).

The current study has some limitations. First, this was a 
retrospective single-center study with a limited number of 
patients. The body weight index is one of the most common 
parameters used to represent nutritional status. However, 
herein, we did not evaluate the changes in body weight of 
the patients. Moreover, we did not measure the SMM in the 
early postoperative period. Thereby, we could not clarify 
exactly when the SMM decreased postoperatively. If the 
SMM decreases early in the postoperative period, the cause of 
muscle mass loss may be the invasiveness of the surgery itself 
or postoperative complications. If the SMM decreases after 
discharge, it may be due to a decrease in dietary quantity or the 
use of adjuvant chemotherapy. Further research is necessary to 
clarify these issues.

In conclusion, the present study revealed that total gastrec-
tomy was a significant and independent risk factor for SMM 
losses of ≤5% at 6 months after gastrectomy. Moreover, we 
found that the postoperative SMM is a novel predictive marker 
of poor prognosis.
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