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Abstract
Purpose Sarcopenia is a risk factor of severe surgical complications, short-term outcomes, and long-term outcomes for patients
with gastric cancer. Several computed tomography (CT) measurements have been performed to diagnose sarcopenia. However,
the optimal CT measurements for determining long-term outcomes have not been revealed.
Methods A retrospective review of gastric cancer patients with clinical stage I, II, or III who underwent gastrectomy at age 75
years or more at Shizuoka General Hospital from 2007 to 2015 was performed. Using preoperative CT, skeletal muscle index
(SMI), total psoas area, intramuscular adipose tissue content in multifidus muscle, morphologic change of psoas muscle, and
visceral-to-subcutaneous adipose tissue area ratio (VSR) were measured in the third lumbar section. A Cox regression analysis
was used to explore prognostic factors for overall survival.
Results A total of 257 patients were reviewed. There were 171, 53, and 33 patients with clinical stages I, II, and III, respectively.
A multivariate analysis indicated that, in addition to age, performance status, clinical stage, and types of resection, which are
known prognostic factors, SMI and VSR are prognostic factors (p = 0.016, 0.046, respectively). The prognostic score, which was
the frequency of positive SMI and VSR values within the cutoff, also indicates overall survival. The five-year OS rates of patients
with prognostic scores of 0, 1, and 2 were 90.9%, 62.3%, and 52%, respectively (p < 0.001).
Conclusion Preoperative SMI and VSR were prognostic factors for the overall survival of elderly patients with gastric cancer
after gastrectomy.
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Introduction

Sarcopenia was first proposed by Rosenberg in 1989 [1]. In
2018, its definition was revised as “a muscle disease rooted in
adverse muscle changes that accrue across a lifetime” [2].

Sarcopenia is attributable to aging, physical inactivity, and
systemic diseases, especially those that may invoke inflammato-
ry processes such as malignancy or organ failure. Because
sarcopenia impairs the ability to perform activities of daily living

and is a risk factor for fractures, morbidity disorders, and death,
screening for and diagnosis of sarcopenia is essential.

Gastric cancer is the third most common cause of cancer-
related death worldwide [3]. The main curative treatment for clin-
ical stages I, II, and III gastric cancer is resection with or without
adjuvant chemotherapy [4]. After gastrectomy, patients often ex-
perience appetite loss, diminished food intake, andweight loss. For
patients with gastric cancer, sarcopenia is a risk factor for severe
surgical complications [5]. It is also associatedwith short-term and
long-term outcomes of gastric cancer patients [6].

Sarcopenia is screened using questionnaires as well as
muscle strength based on the handgrip or chair stand test
and is confirmed by measurements of muscle quality or quan-
tity [2]. Computed tomography (CT) is the gold standard for
diagnosing sarcopenia [2]; however, this exposes patients to
X-rays. Because patients routinely undergo CT before gastrec-
tomy to have their clinical stage determined, sarcopenia can be
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diagnosed without additional radiation exposure. There are
numerous measurements that can be performed to determine
sarcopenia. The total muscle area of the third lumbar vertebra
(L3) level has been measured during many studies [6–8].
Other studies have measured the total psoas area (TPA) [9],
intramuscular adipose tissue content of the multifidus muscle
(IMAC) [10], and morphologic change of the psoas muscle
(MPM) [11] to evaluate muscle mass and quality. The
visceral-to-subcutaneous adipose tissue area ratio (VSR) has
also been reported as a long-term prognostic factor [12].
However, to the best of our knowledge, no report has com-
pared CT measurements to diagnose sarcopenia. This study
aimed to explore the optimal preoperative CT measurements
for determining sarcopenia and predicting long-term out-
comes of gastric cancer patients who underwent gastrectomy.

Materials and methods

Study design and patient population

The study protocol was approved by the institutional review
board of Shizuoka General Hospital (SGHIRB #2018061).
The requirement of patient consent was waived because of
the retrospective nature of the study. The records of patients
with a diagnosis of clinical stage I, II, or III gastric cancer who
underwent gastrectomy and were aged 75 or older between
January 2007 and December 2015 at Shizuoka General
Hospital were retrospectively identified from a prospectively
maintained database. Patients with urgent conditions such as
bleeding or stenosis, double primary cancers, or no CT before
treatment at our institution were excluded from this study.

We investigated the clinical findings, clinical stage, labo-
ratory data, surgical outcomes, and postoperative complica-
tions using prospectively collected data and individual patient
medical records. Postoperative follow-up was performed rou-
tinely every 6 months or every year for 5 years at our institu-
tion. Patients who had transferred to other hospitals or stopped
attending hospital visits were investigated using hospital re-
ferral forms or telephoning the patients.

The modified Charlson comorbidity index [13], excluding
gastric cancer, was calculated. Postoperative complications
were graded according to the Clavien–Dindo (CD) classifica-
tion system [14]. CD grade II or higher complications were
assessed during this study. Cancer staging was evaluated ac-
cording to the 7th edition of the Union for International
Cancer Control TNM classification system [15]. The indica-
tion for postoperative adjuvant chemotherapy was based on
the Japanese gastric cancer treatment guidelines 2014 (ver. 4)
[16]. Briefly, S-1 adjuvant chemotherapy was indicated for
one year among patients with pathological stage II or III (ex-
cept T3N0M0). The decision on chemotherapy was based on
the patient’s age, general condition, and consent.

Measurement and definition of skeletal muscle mass

A preoperative CT image of the L3 cross-sectional area was
selected for measurements. To minimize measurement bias,
one investigator (Y.T.) who was blinded to the patients’ out-
comes at that time measured all evaluation items using
Volume Analyzer SYNAPSE VINCENT (Fujifilm, Tokyo,
Japan). Fat tissue was identified and quantified using
Hounsfield units (HU) with thresholds of −50 to −200.
Tissue boundaries were manually corrected.

The skeletal muscle index (SMI) was calculated by divid-
ing the area of all skeletal muscles at the L3 level by the
squared value of the height. The muscles of the L3 level con-
tain the psoas, erector spine, quadratus lumborum, multifidus,
transversus abdominis, external and internal obliques, and rec-
tus abdominis. TPA was obtained by dividing the area of the
psoas muscle of the L3 level by the square of the height. The
IMAC was calculated by dividing the region of interest (ROI)
of the multifidus muscle by the ROI of subcutaneous fat (HU)
[10]. The MPM score was defined as the mean of the short
axis-to-long axis ratios of the right and left psoas muscles. The
MPM grade was defined by the MPM score (range, 0 to 4) as
follows: grade 0, score >2/3; grade 1, score >1/2 to ≤2/3; grade
2, score >1/3 to ≤1/2; grade 3, score >1/4 to ≤1/3; and grade 4,
score ≤1/4 [11]. The VSR was the ratio of the visceral fat area
to the subcutaneous fat area.

Outcomes

Overall survival (OS) was defined as the time from gastrecto-
my to the date of death from any cause. Relapse-free survival
(RFS) was defined as the time from gastrectomy to the first
recurrence (local, regional, or distant) or death from any cause
(whichever occurred first).

Statistical analysis

The continuous and categorical variables were summa-
rized, respectively, by the median (min–max) and fre-
quency (percent). We dichotomized the continuous quan-
tities (SMI, TPA, IMAC, MPM, and VSR) at all possible
thresholds. We compared these variables to OS in a two-
group comparison using the log–rank test in a gender-
specific dataset. In each of these variable- and sex-
specific comparisons, the threshold with the maximum
log–rank statistic (the minimum p value) was adopted as
the sex-specific cutoff value for SMI, TPA, IMAC, MPM,
and VSR. The Cox proportional hazard model was used
for univariate and multivariate analyses to investigate
prognostic factors for OS. Age, Eastern cooperative on-
cology group performance status (PS), clinical stage, and
type of resection [17] are known prognostic factors.
Univariate analysis of OS was performed with these
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known prognostic factors and CT measurements.
Multivariate analyses were conducted using the signifi-
cant factors determined by the univariate analysis. Non-
parametric values of more than two groups were com-
pared using the Kruskal–Wallis test. The correlation of
each item was checked using the absolute Pearson corre-
lation coefficient. A prognostic score for each patient was
defined by the frequency of positive variables selected by
the multivariate analyses.

The OS and RFS were calculated using the Kaplan–Meier
method, and the curves among groups were compared using
the log–rank test. We considered it significant when p < 0.05
from two-tailed tests. Statistical analyses were performed
using SAS (SAS Institute Inc., Cary, NC, USA).

Results

Patient demographics and characteristics

Between January 2007 and December 2015, a total of 1290
gastric cancer patients underwent gastrectomy at Shizuoka
General Hospital. Among 366 patients who had clinical stage
I, II, or III and were 75 years or older, patients with urgent
conditions (n = 42), double primary cancer (n = 64), or no CT
before treatment at our institution (n = 3) were excluded. After
exclusion, 257 patients were included in this study.

Patient characteristics are shown in Table 1. Only 16 pa-
tients (6.2%) had a performance status score of 2 or worse.
One hundred seventy-one patients (66.5%) had clinical stage

Table 1. Patient characteristics
and CT measurements Characteristic All (n = 257)

Age Median (range) 80 (75–90)

Sex Male (%) 134 (52.1)

Female (%) 123 (47.9)

PS 0 (%) 102 (39.6)

1 (%) 139 (54.1)

2 (%) 13 (5.1)

3 (%) 3 (1.2)

4 (%) 0 (0.0)

BMI Median (range) 21.4 (15.2–32.2)

Clinical stage I (%) 171 (66.6)

II (%) 53 (20.6)

III (%) 33 (12.8)

Modified Charlson index Median (range) 0 (0–4)

Lymphocyte (μL) Median (range) 1516 (423–3959)

Albumin (g/dL) Median (range) 4.0 (1.9–4.8)

Types of resection DG (%) 159 (61.9)

TG (%) 54 (21.0)

PPG (%) 27 (10.5)

PG (%) 17 (6.6)

Postoperative complication None or grade I (%) 205 (79.8)

II (%) 36 (14.0)

III (%) 13 (5.1)

IV (%) 3 (1.2)

V (%) 0 (0.0)

Postoperative hospital days Median (range) 11 (8–128)

Indication of adjuvant chemotherapy Number (%) 60 (23.3)

SMI, cm2/m2 Median (range) 37.8 (20.9–62.4)

TPA, cm2/m2 Median (range) 4.4 (1.7–8.8)

IMAC Median (range) −0.39 (−1.45–0.3)
MPM Median (range) 2 (0–4)

VSR Median (range) 0.87 (0.06–13,4)

CT computed tomography, PS performance status, BMI body mass index, DG distal gastrectomy, TG total
gastrectomy, PPG pylorus-preserving gastrectomy, PG proximal gastrectomy, SMI skeletal muscle index, TPA
total psoas area, IMAC intramuscular adipose tissue content in the multifidus muscle,MPMmorphologic change
of the psoas muscle, VSR visceral-to-subcutaneous adipose tissue area ratio
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I. The modified Charlson scores of 47 patients (18.3%) were
one or higher. Postoperative complications occurred in 52
patients (20.2%).

Outcomes

The median follow-up period was 5.0 years (range, 0.16–11.0
years). A total of 48 patients (18.7%) were diagnosed with
gastric cancer recurrence. Ninety-two patients (35.8%) died
during the observation period (from any cause). Five-year
OS and RFS rates of all patients were 64.7% (Fig. 1a) and
80.7% (Fig. 1b), respectively.

Optimal measurements of CT images and cutoff
values

Sex-specific cutoff levels are shown in Table 2. The cutoff
levels of IMAC could not be determined because the OS rates
of patients with extremely high IMAC and low IMAC were
lower than those of patients with medium IMAC.

Evaluation of CT image measurements in terms of OS

Univariate and multivariate Cox regression analyses of clini-
cal findings and CT image measurements to determine OS are
shown in Table 3. Univariate analyses indicated that, in addi-
tion to the four known prognostic factors (age, PS, clinical
stage, and types of resection), SMI and VSR were significant
prognostic factors that can be obtained by measuring CT im-
ages. A multivariate analysis with these six variables revealed
that, in addition to the four known prognostic factors, SMI and
VSR were independent prognostic factors (SMI: hazard ratio
(HR), 1.78; 95% confidence interval (CI), 1.11–2.83; p =
0.016; VSR: HR, 1.59; 95% CI, 1.01–2.49; p = 0.046).

Correlation between clinical stage, SMI, and VSR

According to theKruskal–Wallis test, nocorrelationcanbeobserved
between clinical stage and SMI or VSR (Fig. 2a and b). Similarly,
according to the analysis using Pearson’s correlation coefficient,
there is no correlation between SMI and VSR (r = 0.055).

Association of postoperative adjuvant chemotherapy
with SMI and VSR

A total of 60 patients (23.3%) were eligible for postoperative
adjuvant chemotherapy. Among the 60 patients, 41 (68.3%)
had low SMI and 43 (71.6%) had low VSR, both of which
tended to be slightly higher than the overall percentage.
Nineteen of the 60 patients received adjuvant chemotherapy,
and 10 received more than 50% of dose intensity. Among
these 10 patients, 7 had low SMI (17.1%) and 7 had low
VSR (16.3%). Moreover, no association was observed be-
tween postoperative adjuvant chemotherapy with dose inten-
sity ≥ 50% and SMI or VSR (p = 1.00, for both); however,
dose intensity ≥ 50% was a significant prognostic factor for
OS. (p = 0.027)

Fig. 1 Overall and relapse-free survival. Kaplan–Meier curves for the a overall survival and b relapse-free survival of all patients

Table 2. Sex-specific cutoff levels of CT measurements

Variable Male (n = 134) Female (n = 123)

SMI (cm2/m2) 39.0 37.3

TPA (cm2/m2) 6.3 4.15

IMAC Not determined Not determined

MPM 1 3

VSR 1.8 0.5

CT computed tomography, SMI skeletal muscle index, TPA total psoas
area, IMAC intramuscular adipose tissue content in the multifidus muscle,
MPM morphologic change of the psoas muscle, VSR visceral-to-
subcutaneous adipose tissue area ratio
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Prognostic scores according to SMI and VSR and long-
term outcomes

Patients with both high SMI and high VSR were assigned a
prognostic score of 0. Patients with either low SMI or low
VSR were assigned a prognostic score of 1. Patients with both

low SMI and low VSR were assigned a prognostic score of 2.
Five-year OS rates of patients with prognostic scores of 0, 1,
and 2 were 90.9%, 62.3%, and 52%, respectively (p < 0.001)
(Fig. 3a). Five-year RFS rates of patients with prognostic
scores of 0, 1, and 2 were 96.2%, 80.2%, and 71.3%, respec-
tively (p = 0.004) (Fig. 3b). The clinical stage-specific OS and

Table 3 Univariate and
multivariate analyses of overall
survival according to clinical
findings and CT measurements

Variable Category n Univariate Cox model Multivariate Cox model

HR (95% CI) P HR (95% CI) P

Age <80 114 1 (reference) <0.001 1 (reference) 0.004

80–85 100 2.72 (1.67–4.53) 2.18 (1.31–3.63)

≥85 43 3.20 (1.78–5.74) 2.50 (1.34–4.68)

PS 0 102 1 (reference) <0.001 1 (reference) <0.001

1 139 1.98 (1.22–3.23) 1.33 (0.80–2.23)

2/3 16 7.60 (3.82–15.2) 4.78 (2.32–9.86)

Clinical stage I 171 1 (reference) <0.001 1 (reference) 0.001

II 53 2.84 (1.78–4.52) 2.36 (1.46–3.81)

III 33 2.95 (1.70–5.11) 1.89 (1.06–3.37)

Types of resection DG/PPG 186 1 (reference) <0.001 1 (reference) 0.003

TG/PG 71 2.51 (1.65–3.79) 1.92 (1.24–2.97)

SMI High 123 1 (reference) <0.001 1 (reference) 0.016

Low 134 2.33 1.78 (1.11–2.83)

TPA High 64 1 (reference) 0.242

Low 193 1.34 (0.81–2.22)

MPM High 119 1 (reference) 0.450

Low 138 1.17 (0.78–1.77)

VSR High 103 1 (reference) 0.031 1 (reference) 0.046

Low 154 1.61 (1.03–2.51) 1.59 (1.01–2.49)

CT computed tomography, PS performance status,DG distal gastrectomy, PPG pylorus-preserving gastrectomy,
TG total gastrectomy, PG proximal gastrectomy, SMI skeletal muscle index, TPA total psoas area, MPM mor-
phologic change of the psoas muscle, VSR visceral-to-subcutaneous adipose tissue area ratio

Fig. 2 Box-and-whisker diagram of the a skeletal muscle index and b visceral-to-subcutaneous fat area ratio by clinical stage
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RFS rates are shown in Fig. 4. The prognostic score signifi-
cantly discriminates OS for clinical stage I and clinical stage II
(p = 0.021 and 0.012, respectively).

Discussion

Clinical stage, PS, and sarcopenia are known prognostic fac-
tors. However, the definition of sarcopenia has not been clear-
ly described, and there are many CT image measurements
used to determine sarcopenia. In this study, we showed that
preoperative SMI and VSRwere significant prognostic factors
for OS after gastrectomy. To the best of our knowledge, this is
the first report to compare CT findings and show the optimal
CT measurement items for predicting long-term outcomes.
Among muscle measurements, SMI was superior to TPA,
MPM, and IMAC for determining the prognosis. These results
suggest that total muscle volume is more important than par-
tial muscle volume, muscle shape, and muscle density.

Shachar et al. performed a meta-analysis of 7843 patients
with solid tumors from 38 studies and revealed that low SMI
was associated with poor OS (HR, 1.44; 95% CI, 1.32–1.56; p
< 0.001) [18]. The SMI has been reported as a prognostic
factor for many types of cancer, such as gastric cancer [19],
hepatocellular cancer [20], colon cancer [21], and esophageal
cancer [22]. However, some studies have shown no significant
differences in OS [23–25]. Because SMI alone is not a strong
prognostic factor, using an additional factor is expected to
improve the prognostication.

Moon et al. reported that high VSR was a poor prognostic
factor for colorectal cancer patients [12]. However, our data
showed that patients with high VSR had more prolonged sur-
vival. We estimated that this discrepancy was due to the dif-
ferences in the body mass index (BMI) of the patients

involved in these studies. The mean BMI of the patients in
the study byMoon et al. [12] was 23.9, but that of our patients
was 21.7. Visceral adipose tissue loss is preferential to subcu-
taneous abdominal adipose tissue loss with modest weight
loss [26]. Visceral fat tissue has a physiological role in pro-
viding energy at times of acute negative energy balance [26].
Gonzalez et al. reported that obesity can be used to predict a
high survival rate when sarcopenia is absent [27]. Our data
also showed that high VSR was a better prognostic factor
when SMI was high (log–rank: p = 0.013), but not when
SMI was low (log–rank: p = 0.296).

A combination of SMI and VSR discriminates the Kaplan–
Meier curves for OS and RFS. This result indicated that both
muscle volume and energy storage are important for the
prolonged survival of gastric cancer patients. In previous re-
ports, several factors such as body weight loss, muscle atten-
uation [28], comorbidity [29], age [30], and sex [30] were
combined with SMI to explain prolonged survival.
However, regarding muscle attenuation, it is difficult to dis-
criminate between fat in muscle and fat between muscle, es-
pecially around the intercostal muscle and multifidus muscle.
The combination of SMI and VSR is logically simple, and
both could be measured on CT images without much bias
between measurers. The prognostic scores of SMI and VSR
stratified the OS. This result supported the fact that SMI and
VSR are both independent prognostic factors.

The SMI and VSR discriminate OS for patients with clinical
stage I and for those with clinical stage II, but not for those with
clinical stage III. The impact of SMI on OS at each stage varies
between reports. Sakurai et al. reported that SMI was a poor
prognostic factor for stage I but not for stages II and III [7],
whereas Zhuang et al. reported that SMI was a poor prognostic
factor for stages II and III but not for stage I [6]. In our study, the
prognostic score in stage III was not statistically significant

Fig. 3 Kaplan–Meier curves stratified by the prognostic scores for a overall survival and b relapse-free survival
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Fig. 4 Kaplan–Meier curves stratified by prognostic scores. Overall survival for those with a clinical stage I, b clinical stage II, and c clinical stage III.
Relapse-free survival for those with d clinical stage I, e clinical stage II, and f clinical stage III
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because the number of patients with clinical stage III was in-
sufficient (n = 33), especially patients with prognostic score 0 (n
= 1). Furthermore, there were not enough events to evaluate
RFS (n = 48). Therefore, the impact of the prognostic score
among stage III patients is unknown in our study. There were
74 deaths and 34 recurrences for patients with clinical stages I
and II. Therefore, more than half of the patients died from
causes other than gastric cancer. Using Kaplan–Meier curves
for OS and RFS, we estimated that SMI and VSR predicted
death from both gastric cancer and other causes.

The cutoff value of SMI differs between studies [6, 20, 28].
Nishigori et al. compared five previously reported cutoff
values for advanced gastric cancer [19]. However, the best
cutoff value for the prognosis depends on race, disease, and
disease progression, and it differs between populations.
Therefore, we did not use the previously reported cutoff
values. We calculated the most distinguishable cutoff value
using our dataset because the purpose of this study was to
identify the optimal CT measurements for diagnosing
sarcopenia and predicting the long-term prognosis.
Therefore, our cutoff value was not ubiquitous, and a retro-
spective study to define cutoff value for each population is
required to apply our results.

Our results are useful for assessing patients’ long-term risk
and personalizing nutritional interventions. For older people, in
addition to an oncologic assessment, evaluations of comorbidity,
activities of daily living, and nutrition are important. Our prog-
nostic score enables physicians to extract patients at high risk for
malnutrition so they can be offered the nutritional intervention.
Imamura et al. reported that nutritional support after gastrectomy
with an oral elemental diet of amino acids prevented bodyweight
loss [31]. However, treatment compliance was not high (mean,
68.7% ± 30.4%), probably because of its bad taste. Using our
prognostic score, physicians and patients can recognize the ne-
cessity for nutritional intervention. This prognostic score might
also be used for nutritional follow-up in addition to body weight
and hematological examinations because gastric cancer patients
usually undergo CT regularly after gastrectomy.

Nevertheless, there were several limitations in our study.
First, our analysis was limited to patients 75 years or more.
Because sarcopenia is an age-related disorder, and because
older people are easily affected by their nutritional status, we
decided that this population is suitable for the study of
sarcopenia. Nakajima et al. reported that elderly patients with
esophageal cancer and sarcopenia had worse OS than those
without sarcopenia; however, this was not observed for youn-
ger patients with esophageal cancer [32]. Therefore, the con-
cept of sarcopenia might not apply to young people. Second,
this study was retrospective and was conducted at a single
institution. More extensive prospective research should be
performed to validate our results. Finally, the BMI of our
study participants was relatively low. Therefore, the meaning
of VSR might also be different for people with different BMI.

Conclusions

Preoperative SMI, VSR, and CT measurement scores were
prognostic for OS of gastric cancer patients aged 75 years or
older after gastrectomy.
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