
Abstract. Background/Aim: The aim of this study was to
evaluate the impact of sarcopenia diagnosed by the
European Working Group on Sarcopenia in Older People
(EWGSOP) algorithm on long-term outcome after
gastrectomy. Patients and Methods: A total of 90 elderly
gastric cancer patients without distant metastasis aged 65
years or older who underwent gastrectomy at the Osaka
National Hospital between July 2012 and January 2015
were included in the current analysis. Results: The
sarcopenic group (n=19) had a poorer overall survival
(OS) (p<0.0001) compared to the non-sarcopenic group
(n=79). OS after recurrence was also worse in the
sarcopenic group. Multivariate analysis indicated that
sarcopenia was an independent risk factor for worse OS
after gastrectomy (hazard ratio(HR)=2.92; 95% confidence
interval(CI)=1.15-7.75; p=0.025), along with N stage ≥2,
age ≥75 years, and presence of severe postoperative
complications. Conclusion: Sarcopenia is a potential target
for preoperative intervention in elderly gastric cancer
patients to improve prognosis after gastrectomy. (UMIN-
CTR: R000041532)

Surgery is the most effective type of treatment for gastric
cancer. The proportion of elderly patients with gastric cancer
is increasing (1). Aging itself is considered a risk factor for
operative mortality according to a risk model for gastrectomy
based on data from a Japanese nationwide internet-based

database (2, 3). Appropriate risk estimation for elderly
gastric cancer patients is important for improving surgical
outcomes.

In 1989, sarcopenia was defined by Rosemberg as
attenuation of muscle mass and muscle strength or physical
performance associated with aging (4). The relationship
between sarcopenia and treatment outcomes after surgery for
gastrointestinal malignancies has been actively examined. A
number of studies have demonstrated the negative impact of
sarcopenia on short-term and long-term outcomes after
surgery (5, 6). In terms of gastric cancer surgery, we
previously reported (7) that among 99 elderly gastric cancer
patients aged 65 years or older undergoing gastrectomy, 21
(21.2%) were diagnosed with sarcopenia according to the
algorithm proposed by the European Working Group on
Sarcopenia in Older People (EWGSOP) (8). In addition,
sarcopenia was identified as an independent risk factor for
severe postoperative complications of Clavien-Dindo (CD)
classification (9) grade III or higher, particularly nonsurgical
complications such as pneumonia.

Several studies have investigated the negative impact of
sarcopenia on survival (10), but the results were
controversial (11) and diagnostic criteria and cut-off values
for sarcopenia varied among them. Some studies determined
sarcopenia only by measuring skeletal muscle from
preoperative computed tomography (CT) images before
cancer surgery (12). Cintosun et al. (13) have pointed out the
limitations of such definitions and argued that muscle
strength and definition of muscle function are important
components of sarcopenia. The relationship between
sarcopenia diagnosed using the original EWGSOP (8)
algorithm with all of the criteria (e.g. muscle mass, muscle
strength, and physical performance) and prognosis that
includes stage stratification has not been fully investigated
and will attract great interest.
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The purpose of this study was to investigate the impact of
sarcopenia diagnosed using the authoritative criteria in the
EWGSOP algorithm on long-term outcomes after
gastrectomy in elderly gastric cancer patients.

Patients and Methods
Screening for sarcopenia. Preoperative screening for sarcopenia was
based on diagnostic criteria from the EWGSOP algorithm (8) using
gait speed (m/sec), handgrip strength (kg), and skeletal muscle mass
index (SMI, kg/m2). Gait speed was calculated by dividing the
distance of 4 meters by the time required (m/sec). A cut-off of 0.8
m/sec was used to indicate the risk for sarcopenia. Handgrip
strength was tested twice in each hand by a hand dynamometer, and
the average of four values (kg) was analyzed. A cut-off of 30 kg for
men and 20 kg for women was employed to identify the risk for
sarcopenia. SMI was calculated by dividing absolute skeletal muscle
mass (kg) measured using a bioimpedance analysis (BIA) with a
multifrequency body composition analyzer, InBody 720 (Biospace)
by height2. A cut-off of 8.87 kg/m2 for men and 6.42 kg/m2 for
women was used based on EWGSOP recommendations.

Patients. Patients for the current analysis were the same patients as
in our previous report (7). Between July 2012 and January 2015, a
total of 99 consecutive gastric cancer patients aged 65 years or older
underwent gastrectomy at Osaka National Hospital (ONH). Among
99 patients, 21 patients (21.2%) were diagnosed with sarcopenia
according to the EWGSOP algorithm (8). We excluded two patients
from the sarcopenic group and seven patients from the non-
sarcopenic group because they had synchronous distant metastases
(M1). The remaining 90 patients (19 sarcopenic and 71 non-
sarcopenic patients) who underwent R0 resection were included in
the survival analysis of the current study (Figure 1).

Evaluation of clinical outcomes. Clinicopathological factors were
compared between the sarcopenic (n=19) and non-sarcopenic (n=71)
groups. Nutritional status was assessed using the preoperative serum
albumin levesl (g/dl) and Onodera’s Prognostic Nutritional Index
(PNI) (14, 15) calculated as 10 × serum albumin (g/dl) + 0.005×
total lymphocyte count (/mm3). Gastric cancer staging was based
on the Japanese Classification of Gastric Carcinoma, third English
edition (16). Postoperative surgical complications were graded
according to the CD classification system (9) and severe
complications were defined as CD grade IIIa or higher. In terms of
adjuvant chemotherapy, S-1 [ACTS-GC trial (17) regimen] was
recommended for pathological (p) stage II/III gastric cancer except
for pT3N0 and pT1 disease by the 2014 gastric cancer treatment
guideline from the Japanese Gastric Cancer Association (18). The
induction rate for postoperative adjuvant chemotherapy in target
patients was also compared between the two groups.

Follow-up. All 90 patients were followed in the OHN outpatient
clinic after surgery with the goal of monitoring for recurrence
according to the 2014 gastric cancer treatment guidelines from the
Japanese Gastric Cancer Association (18). Patients received medical
examinations, blood testing including tests for tumor markers such as
carcinoembryonic antigen and carbohydrate antigen 19-9, and CT at
least every 6 months until 5 years after surgery or when recurrence
was confirmed. Treatment strategy and post-recurrence regimens were
also compared between the two groups. Recurrence and survival data

of enrolled patients were acquired from medical records. There were
no enrolled patients lost to follow-up within 3 years of surgery.

Statistical analysis. We expressed continuous variables as medians
(range). Fisher’s exact test was used to compare binary variables. The
Mann-Whitney U-test was used to compare continuous variables.
Recurrence-free survival (RFS) was defined as the time from surgery
to the first evidence of clinical recurrence of gastric cancer. Overall
survival (OS) was defined as the time from surgery to death from any
cause. Cancer-specific survival (CSS) was defined as the time from
surgery until death from gastric cancer. Non–cancer-specific survival
(non-CSS) was defined as the time from surgery to death from causes
other than gastric cancer. OS after recurrence, which was defined as
time from recurrence to death from any cause, was also examined
between the two groups among patients who developed recurrence.
Survival curves for RFS, OS, CSS, non-CSS, and OS after recurrence
were estimated using the Kaplan-Meier method and compared using
the log-rank test. Cox proportional hazard models were used in
univariate and multivariate analyses of OS. p-Values<0.05 were
considered statistically significant. Statistical analysis was conducted
using JMP® software (SAS Institute, Cary, NC, USA).

Results
Patient characteristics. Clinicopathological and oncological
factors of the sarcopenic (n=19) and non-sarcopenic (n=71)
patients are shown in Table I. A higher proportion of
sarcopenic patients were male (89.5% vs. 62.0%, p=0.014).
Sarcopenic patients had a lower body mass index (BMI) (18.9
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Figure 1. Study flow chart. CY: Peritoneal lavage cytology positive for
carcinoma cells; EGWSOP: European Working Group on Sarcopenia
in Older People; H: hepatic metastasis; P: peritoneal metastasis.



vs. 22.7 kg/m2, p=0.002) than non-sarcopenic patients. In
terms of nutritional parameters, there were no differences in
preoperative serum albumin levels and PNI between the two
groups. The open approach was used more frequently (94.7%
vs. 66.2%, p=0.0056) in sarcopenic patients because
sarcopenic patients had more advanced disease based on the
Japanese Classification of Gastric Carcinoma, third English
edition (16). The rate of total gastrectomy and the extent of
lymph node dissection were comparable between the two
groups. As in our previous report, the incidence of severe
postoperative complications of CD classification grade IIIa or
higher was significantly higher in sarcopenic than non-
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Table I. Clinicopathological factors in sarcopenic and non-sarcopenic patients.

                                                                                                          Sarcopenic                                    Non-sarcopenic                                p-Value
                                                                                                              (n=19)                                               (n=71)

Age (years)                                                                                        78 (67-83)                                        75 (66-91)                                     0.094
Gender, n (%)                                                                                                                                                                                                    0.014
  Male                                                                                                 17 (89.5)                                           44 (62.0)                                         
  Female                                                                                               2 (10.5)                                            27 (38.0)                                         
BMI (kg/m2)                                                                                 18.9 (15.6-26.9)                               22.7 (16.8-32.2)                                 0.0026
Serum albumin level (g/dl)                                                             4.3 (2.3-4.9)                                     4.1 (3.0-4.7)                                    0.50
PNI                                                                                                51.2 (29.3-64.9)                               50.3 (37.4-62.1)                                 0.83
ASA-PS, n (%)                                                                                                                                                                                                  0.69
  1-2                                                                                                    15 (78.9)                                           53 (74.7)                                         
  3                                                                                                         4 (21.1)                                            18 (25.4)                                         
Surgical approach, n (%)                                                                                                                                                                                  0.0056
  Open                                                                                                 18 (94.7)                                           47 (66.2)                                         
  Laparoscopic                                                                                      1 (5.3)                                             24 (33.8)                                         
Procedure, n (%)                                                                                                                                                                                               0.77
  TG                                                                                                     6 (31.6)                                            25 (35.2)                                         
  Non-TG                                                                                            13 (68.4)                                           46 (64.8)                                         
Lymph node dissection, n (%)                                                                                                                                                                          0.33
  D0-1                                                                                                  5 (26.3)                                            27 (38.0)                                         
  D2 or higher                                                                                    14 (73.7)                                           44 (62.0)                                         
Operative time (min)                                                                     291 (172-530)                                  281 (141-561)                                  0.67
Operative blood loss (ml)                                                              210 (50-2900)                                  160 (10-1450)                                  0.029
Severe postoperative complications†, n (%)                                                                                                                                                    0.0083
  Yes                                                                                                     6 (31.6)                                              5 (7.0)                                           
  No                                                                                                     13 (68.4)                                           66 (93.0)                                         
Pathological tumor depth, n (%)                                                                                                                                                                      0.0012
  T3-                                                                                                    12 (63.2)                                           17 (23.9)                                         
  T1a-2                                                                                                 7 (36.8)                                            54 (76.1)                                         
Pathological lymph node metastasis, n (%)                                                                                                                                                     0.032
  N2-                                                                                                    9 (47.4)                                            16 (22.5)                                         
  N0-1                                                                                                 10 (52.6)                                               77.5                                             
Neoadjuvant chemotherapy, n (%)                                                                                                                                                                   0.62
  Yes                                                                                                      1 (5.3)                                               2 (2.8)                                           
  No                                                                                                     18 (94.7)                                           69 (97.2)                                         
Adjuvant chemotherapy, n (%)‡                                                                                                                                                                       0.35
  Yes                                                                                                     6 (54.5)                                            17 (70.8)                                         
  No                                                                                                      5 (45.5)                                             7 (29.2)                                          

†Clavien-Dindo classification grade IIIa or more; ‡Adjuvant chemotherapy for patients with pathological stage II/III disease, except for pT3N0 and
pT1. Gastric cancer staging based on the Japanese Classification of Gastric Carcinoma, third English edition. ASA-PS: American Society of
Anesthesiologists physical status; BMI: body mass index; Non-TG: Non-total gastrectomy (includes distal gastrectomy and proximal gastrectomy);
PNI: Prognostic Nutritional Index, calculated as 10× serum albumin (g/dl) + 0.005× total lymphocyte count (/mm3); TG: total gastrectomy. 

Table II. First treatment after recurrence.

                                               Sarcopenic      Non-sarcopenic      p-Value
                                                    (n=8)                   (n=7)

Metastasectomy†                            0                         3*                    0.13
Chemotherapy                                7                          3                         
  Platinum-based doublet              1                          2                         
  Taxane±ramucirmab                    5                          1                         
  S-1 monotherapy                         1                          0                         
None                                               1                          1                         

†Metastasectomy was performed for lung metastasis in two patients and
rectum metastasis in one patient. 



sarcopenic patients (31.6% vs. 7.0%, p=0.0083). The
proportion of patients who received postoperative adjuvant
chemotherapy among patients with p Stage II/III disease
except for pT3N0/pT1 disease tended to be lower in the
sarcopenic group than in the non-sarcopenic group (54.5% vs.
70.8%); however, this difference did not reach statistical
significance (p=0.35).

Recurrence-free survival, overall survival, cancer-specific
survival, and non–cancer-specific survival after gastrectomy.
Survival analysis was performed after a median observation
period of 55 months. There were no censored cases within 3
years after surgery in the OS analysis. As shown in Figure 2,
RFS (p<0.0001) and OS (p<0.0001) were significantly worse in
sarcopenic patients. Furthermore, both CSS (p<0.0001) and non-
CSS (p=0.011) were significantly worse in sarcopenic patients.
The main causes of non-CSS were pneumonia (n=8), cardiac
event (n=5), other cancers (n=3), and renal dysfunction (n=2).

Treatment strategy and OS after recurrence. Eight patients
in the sarcopenic group and seven patients in non-sarcopenic
group developed recurrence. The initial site of recurrence in
the sarcopenic group was the peritoneum in five patients,
liver in two patients, and distant lymph node in one patient.
In the non-sarcopenic group, the initial site of recurrence was
the peritoneum in two patients, liver in two patients, lung in
two patients, and rectum in one patient. Treatment strategies
after recurrence are shown in Table II. More aggressive
treatments, such as metastasectomy for lung and rectum
metastasis and chemotherapy using platinum-based doublet
regimens, tended to be employed in non-sarcopenic patients.
In contrast, chemotherapy using taxane or S-1 monotherapy
tended to be administered to sarcopenic patients. One patient
from each group did not receive any treatment after
recurrence because of advanced age and patient refusal.
Sarcopenic patients had significantly worse OS after
recurrence than non-sarcopenic patients (p=0.043). The
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Figure 2. Recurrence-free survival, overall survival, cancer-specific survival, and non-cancer-specific survival in sarcopenic and non-sarcopenic
patients. a) Recurrence-free survival after surgery; b) Overall survival after surgery; c) Cancer-specific survival after surgery; d) Non–cancer-
specific survival after surgery. The blue line indicates the survival curve of sarcopenic patients. The red line indicates the survival curve of non-
sarcopenic patients. CSS: Cancer specific survival; Non-CSS: non–cancer-specific survival; OS: overall survival; RFS: recurrence-free survival.



1-year survival rate was 50.0% in sarcopenic patients,
compared with 71.4% in non-sarcopenic patients (Figure 3). 

Impact of sarcopenia on OS after gastrectomy. To stratify by
stage of gastric cancer, we used Cox proportional hazards
models to investigate the impact of sarcopenia on OS after
gastrectomy (Table III). M stage (pM1/pM0) was not used as
covariate factor in this analysis because patients who had
synchronous distant metastases (pM1) were excluded from
this study and all eligible patients were M0. Age ≥75 years,
sarcopenia diagnosed based on the EWGSOP algorithm,
presence of severe postoperative complications, T stage (pT3-
/pT1-2), and N stage (pN2-/pN0-1) were significant risk
factors for worse OS in univariate analysis. Multivariate
analysis demonstrated that sarcopenia diagnosed based on the
EWGSOP algorithm (hazard ratio (HR)=2.92; 95% confidence
interval (CI)=1.15-7.75; p=0.025) is an independent negative
prognostic factor for OS after gastrectomy along with age,
presence of severe postoperative complications, and N stage.

Discussion

Increasing age leads to reduced skeletal muscle mass, muscle
strength, and physical performance. Sarcopenia (4), which is
recognized as a risk factor for worse treatment outcomes in
the elderly, will become a more important issue in a rapidly
aging society. We investigated the clinical impact of
sarcopenia on long-term outcomes after gastrectomy in
elderly gastric cancer patients. In this study, the sarcopenic
group included more male patients, had lower BMI and more
advanced disease, and developed severe postoperative
complications more frequently. Sarcopenic patients had

worse RFS, OS, CSS, non-CSS, and OS after recurrence.
Furthermore, multivariate analysis showed that sarcopenia is
an independent risk factor for worse OS after gastrectomy in
elderly gastric cancer patients. 

Sarcopenia has recently received much attention from
surgical oncologists. Many studies have investigated the
relationship between sarcopenia and surgical outcomes after
gastrectomy in elderly gastric cancer patients. The majority
of these studies demonstrated that sarcopenia is associated
with an increased risk of morbidity (7, 10), worse disease-
specific survival (10, 19), and higher risk of death from other
causes (20) after gastrectomy. However, the definition and
cutoff values for sarcopenia varied widely across studies
(12); studies in which sarcopenia was diagnosed
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Figure 3. Overall survival after recurrence in sarcopenic (n=8) and
non-sarcopenic (n=7) patients. OS: Overall survival. 

Table III. Univariate and multivariate analysis of OS after surgery.

                                                                                                                                 Univariate                                                    Multivariate

                                                                                           n                HR                 95%CI            p-Value             HR                95%CI              p-Value

Gender                                                       Male                61               1.89              0.81-5.15            0.15                0.97             0.34-2.96             0.96
                                                                  Female            29                                                                                                                                        
Age (years)                                                ≥75                  50               2.60              1.15-6.63            0.021              2.46             1.06-6.38             0.036
                                                                  <75                  40                                                                                                                                        
EWGSOP
Sarcopenia                                                 Yes                  19               6.81              3.16-14.99        <0.0001            2.92             1.15-7.75             0.025
                                                                  No                   71                                                                                                                                        
Severe postoperative complications†       Yes                  11               5.17              2.12-11.47          0.0007            9.47             2.97-31.52           0.0002
                                                                  No                   79                                                                                                                                        
Tumor depth                                              pT3-                29               4.40              2.04-10.02          0.0002            1.39             0.50-3.84             0.52
                                                                  pT1-2              61                                                                                                                                        
Lymph node metastasis                            pN2-                25               3.93              1.83-8.61            0.0005            6.69             2.23-21.67           0.0010
                                                                  pN0-1              65                                                                                                                                        

†Clavien-Dindo classification grade IIIa or more. Gastric cancer staging based on the Japanese Classification of Gastric Carcinoma, third English
edition. EWGSOP: European Working Group on Sarcopenia in Older People.



preoperatively based on evaluation of skeletal muscle mass,
muscle strength, and physical performance were rare. We
used the authoritative, well-described EWGSOP algorithm to
diagnose sarcopenia in this study and examined the
background characteristics and treatment strategies of
sarcopenic and non-sarcopenic patients. We demonstrated the
negative impact of sarcopenia on short-term and long-term
outcomes using the same cohort.

Assessment of sarcopenia before gastric cancer surgery
will provide useful information for risk stratification and
choosing optimal treatment strategies. Based on the results
of our previous report, we developed a preoperative exercise
and nutritional support program (21) for elderly sarcopenic
patients with gastric cancer to reduce the severity of
postoperative complications. We have demonstrated that this
preoperative program reduced the severity of sarcopenia to
some extent, even with a limited duration of program
participation. The current study provided some evidence that
this program might improve prognosis after surgery.

However, the mechanisms underlying impaired prognosis
after gastrectomy in sarcopenic patients with gastric cancer
remain unclear. There are three possible explanations of worse
prognosis after gastrectomy in sarcopenic patients with gastric
cancer. First, the rate of severe postoperative complications was
significantly higher in sarcopenic patients. Kubota et al. (22)
indicated that postoperative complications that can cause
prolonged inflammation are associated with worse prognosis.
Second, sarcopenic patients might have impaired tolerance for
gastric cancer treatment. In this study, the induction rate of
postoperative adjuvant chemotherapy among target patients
tended to be lower in sarcopenic group. Also, more invasive
treatments such as metastasectomy or platinum-based doublet
chemotherapy were not employed after recurrence in the
sarcopenic group. Previous reports have indicated that
decreased muscle mass is associated with discontinuation and
decreased relative dose intensity of neoadjuvant (23) and
palliative (24) chemotherapy for gastric cancer because the
clearance of cytotoxic agents was reported to be dependent on
lean body mass (25), not body surface area (BSA), which is
the most important value for deciding on the dose of
chemotherapy. Third, declines in skeletal muscle mass that
characterize sarcopenia have been reported to be associated
with declines in adaptive and innate immunity, including
cancer immunity, through decreased expression of myokines
and suppression of the development of natural killer
lymphocytes (26). These factors mentioned above might reflect
the combined negative impact of sarcopenia on prognosis.

There were some limitations in this study. The sample size
was small and detailed evaluation of cancer immunity or
expression of myokines in skeletal muscle was not performed.
Treatment regimens after recurrence varied because of the
observational nature of the study. Examination of cancer
immunity and myokines related to skeletal muscle and

tolerance of chemotherapy and prognosis of elderly patients
will be challenging issues for future trials. Furthermore,
prospective interventional trials will be necessary to evaluate
the effect of preoperative exercise and nutritional support
programs not only for reducing sarcopenia and severe
postoperative complications, but also for improving prognosis.

In conclusion, our study suggests that sarcopenia is an
independent risk factor for poor prognosis after gastrectomy
in elderly gastric cancer patients.
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