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Abstract: This study aimed to clarify the factors associated with death due to other diseases after a
gastrectomy for gastric cancer. This retrospective cohort study included consecutive patients who had
undergone gastrectomy between April 2008 and June 2018 for primary stage II-III gastric cancer. The
primary outcome was other-cause survival. To identify prognostic factors for other-cause survival
for univariate analysis, we used a Cox proportional hazard regression model. A total of 512 patients
met the inclusion criteria. The average age was 67.93 years, and the average body mass index
was 22.75 kg/m?, with 84 (16.4%) being moderately malnourished and 88 (17.2%) being severely
malnourished, as defined by the Global Leadership Initiative on Malnutrition (GLIM) criteria. The
other-cause survival for the malnourished group was significantly worse than that for the normal
group (p < 0.001). The prognosis was worse when the severity of malnutrition was worse (p < 0.001).
Multivariate analysis showed that severe malnutrition was significantly independent of prognostic
factors for other-cause survival (hazard ratio: 3.310; 95% confidence interval: 1.426-7.682; p = 0.005).
Undernutrition, as defined by the GLIM criteria, is useful for the preoperative prediction of death
due to other diseases after gastrectomy in patients with advanced gastric cancer.
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1. Introduction

Recently, body composition, including skeletal muscle mass and fat mass, has been
used to assess undernutrition, and its correlation with the prognosis for patients with gastric
cancer after a gastrectomy has been explored [1-3]. The widely accepted Global Leadership
Initiative on Malnutrition (GLIM) criteria consider reduced muscle mass to be indicative of
undernutrition, suggesting that patients with sarcopenia are undernourished [4]. A recent
systematic review has shown that reduced skeletal muscle mass is associated with a poor
prognosis for gastric cancer patients [1,2,5], and reduced visceral and subcutaneous fat
mass is also associated with a poor prognosis for gastric cancer patients [3,6,7]. Therefore,
the assessment of body composition is essential for predicting postoperative outcomes.

Death due to other diseases is one factor related to long-term prognosis after gas-
trectomy; however, few studies have examined the relationship between death due to
other diseases and undernutrition. Sarcopenia has been reported to increase short-term
postoperative pneumonia [5]. In addition, the preoperative assessment of muscle quantity
and quality, in particular, has been reported to be useful in assessing long-term death due
to other diseases [8]. However, the effect of visceral and subcutaneous fat on death due
to other diseases has not been clarified, and the relationship between undernutrition and
death due to other diseases, as defined by the GLIM criteria, has not been fully investi-
gated. The preoperative prediction of death due to other diseases after a gastrectomy is an
important factor in postoperative treatment and its selection.
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This study aimed to clarify the factors associated with death due to other diseases
after a gastrectomy for advanced gastric cancer. In addition to cancer-related and surgical
factors, we focused on body composition and undernutrition as defined by the GLIM
criteria, which have recently drawn attention.

2. Materials and Methods
2.1. Study Design

This retrospective cohort study included consecutive patients who had undergone a
gastrectomy between April 2008 and June 2018 for primary stage II-1II gastric cancer, as
defined by the 15th edition of the Japanese Classification of Gastric Carcinomas [9]. Patients
were excluded if they (1) had residual gastric cancer, (2) had cancer in other organs, (3) had
undergone surgical procedures not related to gastrectomy, (4) had unresectable distant
metastases, and (5) had undergone preoperative treatment. Patients with positive ascite
cytology (CY1) without distant metastases were included.

In this study, all experimental protocols were approved by the Ishikawa Prefectural
Central Hospital Institutional Ethical Review Committee (authorization number 1847); they
met the ethical guidelines issued by the Ministry of Health, Labour and Welfare for Medical
and Health Research Involving Human Subjects; and they adhered to the Declaration of
Helsinki. To provide all patients with the opportunity to decline participation, an opt out
recruitment method was used.

2.2. Outcomes and Analyses

Other-cause survival (OCS), defined as the time between surgery and death not related
to the gastric cancer, was the primary outcome of this study. We included deaths of patients
without a recurrence of gastric cancer after a gastrectomy in the OCS. Kaplan—-Meier survival
analysis was performed using the log-rank test for OCS. To identify prognostic factors for
OCS for univariate analysis, we used a Cox proportional hazard regression model, in which
multivariate analysis was conducted to obtain hazard ratios (HRs). Statistical analyses were
performed using EZR software (ver. 1.61) [10] and statistical significance was set at p < 0.05.

2.3. Definition of Other Factors

The GLIM criteria were used in this study to define the parameters used to diagnose
the severity of malnutrition [4]. The body mass index (BMI) and body weight loss (BWL)
rate were used to classify the patients as having moderate or severe malnutrition, according
to the GLIM criteria (Table 1). Normal nutrition was defined as the absence of malnutrition.

Table 1. Malnutrition severity grade as defined by GLIM criteria in the present study.

Moderate malnutrition

Severe malnutrition

BWL (%) BMI (kg/mz) Skeletal Muscle Mass
Sige/;;v (::‘hllg—gg‘? ?)é?/grr:glz frﬁ)ftlﬁ <20.0 if <70 years old or Not available
prior to surgery <22.0if >70 years old
;jfg/;)r;vi)t? ;r;g‘;lsltos;lr(r)lr?g ?fn}:())ﬁflfstgrior <185 if <70 years old or Not available
° <20.0 if >70 years old

to surgery

GLIM: Global Leadership Initiative on Malnutrition; BMI: body mass index; BWL: body weight loss.

Visual analysis of preoperative plain computed tomography (CT) images using the
graphical analysis software Ziostation (ZIOSOFT, Tokyo, Japan) was used to estimate
visceral and subcutaneous fat mass at the umbilical level, as well as skeletal muscle mass at
the third lumbar vertebra level. Visceral and subcutaneous fat mass and skeletal muscle
mass were measured on one CT image slice. The masses were divided by the height of
the patient to determine the visceral adipose tissue index (VAI), subcutaneous adipose
tissue index (SAI), and skeletal muscle mass index (SMI), respectively [11]. As performed
in previous studies, we measured the CT values (in Hounsfield units (HU)) of the regions
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of interest at the umbilical level and then calculated the intramuscular adipose tissue
content (IMAC) by dividing the CT value of the multifidus muscles by the CT value of
the subcutaneous fat [12]. The cutoff values for the VAI, SAI, and IMAC were estimated
for men and women based on the median values for each group, and the reported cutoff
values for SMI were adopted [13]. The cutoff values for each parameter are presented in
Table 2. Patients with an SMI below or above the cutoff value were classified as having
a low SMI or a high SMI, respectively. Low SMI was further divided into moderate and
severe SMI [13].

Table 2. Cutoff values of body composition parameters in present study.

Cutoff Values
Parameters

Male Female Prevalence (%)
Low SMI (cm?/m?) Moderate <40.8 <34.9 31.3%

Severe <34.5 <28.9 17.1%

High IMAC >—0.42 >—0.32 50.7%
Low VAI (cm?/m?) <35.42 <26.81 50.1%
Low SAI (cm?/m?) <33.90 <41.70 49.9%

IMAC: intramuscular adipose tissue content; SAI: subcutaneous adipose tissue index; SMI: skeletal muscle mass
index; VAI: visceral adipose tissue index.

We defined postoperative complications that occurred within 30 days after surgery as
Clavien-Dindo classification (CD) grade > 2 and severe complications as CD grade > 3 [14].

For comorbidities, chronic kidney disease was defined as an estimated glomerular
filtration rate of < 60 mL/min/1.73 m?, diabetes was defined as either having a history of
treatment or preoperative HbAlc of > 6.5%, chronic obstructive pulmonary disease (COPD)
was defined as an FEV1.0% of < 70% on spirometry, and congestive heart failure was defined
as either having a history of treatment or ejection fraction of < 50% on echocardiography.

2.4. Postoperative Chemotherapy with S-1

Following the Japanese gastric cancer treatment guidelines [15], we administered
postoperative adjuvant chemotherapy with S-1 to patients with cancer stages II or higher.
The regimen was started at 80-120 mg/day and administered for 4 weeks, followed by
2 weeks of rest. If side effects were observed, we reduced the dose gradually according
to the guidelines from 120 to 100 mg/day or from 100 to 80 mg/day. We decided to
discontinue treatment when side effects could not be controlled with dose optimization,
when there were two or more steps of dose reduction, or when there was a confirmed
recurrence of disease during adjuvant chemotherapy. In this study, we defined treatment
failure discontinuation of adjuvant chemotherapy within one year of having started it.

2.5. Postoperative Follow-Up

The postoperative follow-up was conducted at an outpatient clinic. Hematological
tests were per formed at least every 2-3 weeks during the S-1 treatment, and at least every
3 months for 5 years after completion of the S-1 treatment. Patients underwent a CT scan
every 6 months, and endoscopy every year, for 5 years after surgery. We administered no
treatment other than adjuvant chemotherapy with S-1 until recurrence.

2.6. Clinicopathological Variables

The prognostic factors that were analyzed were sex, age, BMI, surgical approach,
surgical procedure, lymph node dissection, pathological stage, postoperative chemotherapy,
comorbidities, GLIM malnutrition, SMI, IMAC, VAI, SAI, and postoperative complications.
We performed a multivariate analysis of these factors, including those with p < 0.05 in
univariate analyses to identify prognostic factors.
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3. Results
3.1. Patient Background

Table 3 presents a summary of patient characteristics. A total of 512 patients (336
(65.6%) male and 176 (34.4%) female) met the eligibility criteria. The average age was
67.93 years old and the average BMI was 22.75 kg/m?. The pathological stages of the pa-
tients were as follows. Briefly, 88 (17.2%) were stage I, 176 (34.4%) were stage II, 193 (37.2%)
were stage III, and 55 (10.7%) were stage IV. Eighty-four (16.4%) patients were moder-
ately malnourished and eighty eight (17.2%) were severely malnourished. The low-SMI
group comprised 235 (48.5%) patients, while the moderate and severe groups comprised
152 (31.3%) and 83 (17.1%), respectively. There were 246 (50.7%) in the high-IMAC group,
243 (50.1%) in the low-VAI group, and 242 (49.9%) in the low-SAI group.

Table 3. Patient characteristics.

All Patients (n = 512)

Sex

Male 336 (65.6%)

Female 176 (34.4%)
Age (mean £ SD) 67.93 £ 11.10
BMI (mean =+ SD) 22.75 4+ 3.52
Surgical approach

Laparoscopic 266 (52.0%)

Open 246 (48.0%)
Surgical procedure

Distal gastrectomy 279 (54.5%)

Proximal gastrectomy 25 (4.9%)

Total gastrectomy 208 (40.6%)
Lymph node dissection

D1+ 233 (45.5%)

D2 279 (54.5%)
Clinical stage

II 163 (31.8%)

I 349 (68.2%)
Pathological stage

I 88 (17.2%)

I 176 (34.4%)

I 193 (37.7%)

v 55 (10.7%)
Postoperative chemotherapy 326 (63.7%)
Comorbidity

CKD 93 (18.2%)

COPD 110 (21.5%)

Diabetes 92 (18.0%)

CHF 28 (5.5%)
Preoperative albumin (g/dL)

>3.5 409 (82.6%)

<35 86 (17.4%)
Preoperative CRP (mg/dL)

<0.5 423 (82.6%)

>0.5 89 (17.4%)
Malnutrition defined by GLIM criteria

Moderate 84 (16.4%)

Severe 88 (17.2%)
SMI (cm?/m?), median (IQR) 39.08 (33.98-45.33)

Low SMI (all patients) 235 (48.5%)

Low SMI (moderate) 152 (31.3%)

Low SMI (severe) 83 (17.1%)
IMAC, median (IQR) —0.39 (—0.47 to —0.28)

High IMAC 246 (50.7%)
VAI (cm? /m?), median (IQR) 32.46 (16.69-51.02)

Low VAI 243 (50.1%)
SAI (cm?/m?), median (IQR) 36.32 (21.70-53.83)

Low SAIL 242 (49.9%)

BMI: body mass index; CHF: chronic heart failure; CKD: chronic kidney disease; COPD: chronic obstructive
pulmonary disease; CRP: C-reactive protein. GLIM: Global Leadership Initiative on Malnutrition; IMAC: intra-
muscular adipose tissue content; IQR: interquartile range; SD: standard deviation; SAI: subcutaneous adipose
tissue index; SMI: skeletal muscle mass index; VAI: visceral adipose tissue index.
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3.2. Comparison of OCS Curves

Death due to other diseases was observed in 45 (8.8%) patients. The median follow-
up time was 41 months (interquartile range: 17-60 months). The OCS curves of the
two groups are compared in Figure 1. The prognosis for the malnourished group was
significantly worse than that for the normal group (p < 0.001), that for the low-SMI group
was significantly worse than that for the high-SMI group (p = 0.003), and that for the
low-SAI group was significantly worse than that for the high-SAI group (p = 0.001). In
contrast, the prognoses for the high- and low-IMAC groups (p = 0.476) and the low- and
high-VAI groups were not significantly different (p = 0.076).

Y b) 104 = 4
a) 1 To———— Nommlgrowp g TN High SMI
08 4 08 o e N LomSML e
""" GLIM malnutrition group
5067 206
3 g
3 °
& 04 [Py
P<0.001 P=0.003
02 02 -
00 00
T T T T T T T T T T T T
0 2 4 6 8 10 0 2 4 6 8 10
Time after surgery (Years) Time after surgery (Years)
Number at risk Number at risk
Nomal 340 251 187 43 15 5 High-SMI 250 182 134 29 9 4
Malnutition172 87 50 10 3 0 Low-SMI 235 135 89 22 8 1
c) q=
08
206 06
8 3
2 8
04 & 04
P=0.476 P=0.076
02 — 02 P=0.076
0.0 00 -
T T T T T T T T T T T T
0 2 4 6 8 10 0 2 4 6 8 10
Time after surgery (Years) Time after surgery (Years)
Number at risk Number at risk
Low-IMAC 239 152 114 25 10 5 HighVAI 242 173 125 35 12 3
HighIMAC 246 165 109 26 7 0 Low-VAI 243 144 98 16 5 2

10 4 =
e) “‘--N‘ e High- S AT
08 7 Low-SAI
> 06
=
3
3
e
%044
P=0.001
02
0.0 -
T T T T T T
0 2| 4 6 8 10
Time after surgery (Years)
Number at risk
High-SAI 243 179 133 37 13 3
Low-SAl 242 138 920 14 4 2

Figure 1. Other-cause survival curves with respect to the following factors: (a) malnutrition defined
by GLIM criteria (p < 0.001), (b) SMI (p = 0.003), (c) IMAC (p = 0.476), (d) VAI (p = 0.076), (e) and SAI
(p =0.001).
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3.3. Stratified Survival Curves for OCS

The stratified survival curves for OCS are shown in Figure 2. As can be seen from
Figure 2a, the prognosis worsened with the increasing severity of malnutrition (p < 0.001).
Figure 2b shows that both moderate and severe low-SMI patients had a poor prognosis
(p = 0.006). Figure 2c shows that patients with the comorbidities of low SMI and high IMAC
had the worst prognosis (p = 0.036). Finally, Figure 2d shows that the patients with both
low VAI and low SAI had the worst prognosis (p = 0.015).

1.0
a) Normal group b) Normal group
sac Severe lowS MI group
Moderate malnutrition group 0.8
Moderate low-S MI group
> 06 — o ?fyere malnutrition group z 06 1
= o
8 g
8 [
E 04 04
0.2 P<0.001 0.2 - P=0.006
00 00
d T . T T T : T T T T T T
0 2 4 6 8 10 0 2 4 6 8 10
Time after surgery (Years) Time after surgery (Years)
Number at risk Number at risk
Normal group 340 251 187 43 15 5 Nomal group fgg 19852 16364 fg g 4
Moderaregroup 84 40 26 5 2 0 Moderaregroup
Severe group 88 47 24 5 1 0 Severe group 83 40 2 9 3 0
C) 109 =0 Normal group d) 107 = g
Low-SMI or HighIMAC
08 08
Low-SMI and HighIMAC
206 206
3 3
3 3
%04 o4
0.2 - P=0.036 02 o P=0.015
00 4 0.0
T T T T T T T T T T T T
0 2 4 6 8 10 0 2 4 6 8 10
Time after surgery (Years) Time after surgery (Years)
Number at risk Number at risk
Normal group 136 94 72 16 6 4 Normal group 188 135 100 29 1 2
Low-SMI or HighiIMAC 217 146 104 22 7/ 1 Low-VAI or LowSAI 109 82 58 14 3 2
Low-SMI and HighIMAC 132 77 47 13 4 0 Low-VAI and LowSAI 188 100 65 8 3 1

Figure 2. Other-cause survival curves stratified with respect to the following factors: (a) severity
of malnutrition defined by GLIM criteria (p < 0.001), (b) low-SMI severity (p = 0.006), (c) low SMI
and/or high IMAC (p = 0.036), and (d) low VAI and/or low SAI (p = 0.015).

3.4. Prognostic Factors for OCS

Table 4 presents the results of the analysis of the prognostic factors for OCS. Uni-
variate analysis showed that an age of > 70 years (p < 0.001), D2 lymph node dissection
(p = 0.038), postoperative chemotherapy (p < 0.001), moderate and severe malnutrition
(p = 0.013 and p < 0.001, respectively), severely low SMI (p = 0.024), low SAI (p = 0.002),
and severe postoperative complications (p < 0.001) were statistically significant prognos-
tic factors for OCS. Multivariate analysis showed that postoperative chemotherapy (HR:
0.283; 95% confidence interval (CI): 0.140-0.573; p < 0.001), severe malnutrition (HR: 3.310;
95% CI: 1.426-7.682; p = 0.005), and severe postoperative complications (HR: 3.353; 95% CI:
1.707-6.588; p < 0.001) were significant independent prognostic factors for OCS.
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Table 4. Results of analyses of prognostic factors for other-cause survival.

Univariate Analysis Multivariate Analysis
Variables
HR 95% CI p Value HR 95% CI p Value

Sex

Female 1

Male 1.186 0.631-2.230 0.597
Age (years)

<70 1 1

>70 3.669 1.918-7.020 <0.001 1.709 0.820-3.562 0.153
Surgical procedure Distal gastrectomy 1

Total gastrectomy  0.802 0.431-1.493 0.487

Surgical approach

Laparoscopic 1

Open 1.278 0.712-2.296 0.411
Lymph node dissection

D1+ 1 1

D2 0.534 0.295-0.965 0.038 0.736 0.392-1.382 0.34
p stage

<III 1

>IIT 0.854 0.465-1.567 0.61
Postoperative chemotherapy Absent 1 1

Present  0.204 0.107-0.388 <0.001 0.283 0.140-0.573 <0.001

CKD

Absent 1

Present 1.406 0.696-2.839 0.342
Diabetes

Absent 1

Present 1.769 0.914-3.427 0.091
COPD

Absent 1

Present 1.735 0.910-3.309 0.095
CHF

Absent 1

Present 2.201 0.867-5.586 0.097
GLIM malnutrition

Normal 1 1

Moderate 2.316 1.193-4.496 0.013 2.100 0.904—4.880 0.085

Severe 3.350 1.813-6.191 <0.001 3.310 1.426-7.682 0.005
SMI (cm?/m?)

High 1 1

Low (moderate) 1.559 0.858-2.831 0.145

Low (severe) 2.149 1.107-4.173 0.024 1.121 0.547-2.297 0.756
IMAC

Low 1

High 1.238 0.688-2.229 0.477
VAI (cm?/m?)

High 1

Low 1.706 0.938-3.102 0.08
SAI (cm?/m?)

High 1 1

Low 2.698 1.431-5.086 0.002 1.876 0.897-3.925 0.095
Postoperative complications

Absent 1 1

Total 3.230 1.794-5.815 <0.001

Severe 4.797 2.551-9.022 <0.001 3.353 1.707-6.588 <0.001

BMI: body mass index; CHF: chronic heart failure; CI: confidence interval; CKD: chronic kidney disease; COPD:
chronic obstructive pulmonary disease; CRP: C-reactive protein; GLIM: Global Leadership Initiative on Malnu-
trition; HR: hazard ratio; IMAC: intramuscular adipose tissue content; IQR: interquartile range; SD: standard
deviation; SAI: subcutaneous adipose tissue index; SMI: skeletal muscle mass index; VAI: visceral adipose tissue
index.
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4. Discussion

Our study identified factors associated with death due to other diseases after a gas-
trectomy in patients with advanced gastric cancer. We found that severe malnutrition, as
defined by the GLIM criteria and assessed via the BMI and BWL, as a preoperative predictor
and the occurrence of severe complications with CD grade 3 or higher as a postoperative
factor were independent factors associated with a poor prognosis for OCS.

In this study, pneumonia was the most common cause of death among the other
diseases. GLIM-defined malnutrition has been linked to death due to other diseases caused
by pneumonia, which is a complication of gastric cancer and the risk of which increases
as undernutrition increases [13]. In addition, severe GLIM-defined undernutrition not
only increases postoperative pneumonia but also increases mortality within 90 days after
surgery [16]. The present study showed that severe GLIM-defined undernutrition increases
the incidence of fatal pneumonia in the long term. This is the first study to show that
GLIM-defined undernutrition is a factor associated with a poor prognosis for OCS.

Analysis of body composition revealed that muscle quantity, muscle quality, visceral
fat mass, and subcutaneous fat mass were not independent indicators of OCS. Comparison
of the survival curves showed that the comorbidities of low SMI and high IMAC were
factors for a poor prognosis, as were low VAI and low SAIL A previous report showed the
usefulness of the assessment of muscle quantity and quality in predicting death due to
other diseases [8], supporting the results of this study. We used the SMI cutoff value, which
is the most commonly used value in Asia, and further divided the low SMI category into
moderate and severe SMI, but none was an independent predictor of a poor prognosis.
Based on these results, the combination of muscle mass and muscle quality is more useful
than muscle mass and muscle quality separately for predicting the prognosis for OCS.
The assessment of handgrip strength has been regarded as essential for the diagnosis of
sarcopenia [17]. In an earlier study, we showed that low preoperative handgrip strength
increases the risk of death due to other diseases [18]. In addition to muscle mass and
muscle quality measurements, functional assessments may be useful in predicting death
due to other diseases, but further study is needed. Although fat mass reflects excessive
nutrient accumulation, BWL occurs after gastrectomy. Those with a low VAI and low SAI
before gastrectomy may experience postoperative energy depletion. This suggests that
body composition assessment alone cannot predict death due to other diseases.

Regarding the generalization of our results, the determination of GLIM-defined mal-
nutrition based on the BMI and BWL does not require any special tests and can be easily
performed immediately in daily clinical practice. In addition, GLIM-defined malnutrition
can be evaluated repeatedly, not only preoperatively, but also during the follow-up period.
In this study, we did not include low SMI in the diagnosis of GLIM-defined malnutrition
because the cutoff value for muscle mass has not been established in the current GLIM
criteria, so its validity has not been verified [19]. Multivariate analysis suggested that
GLIM-defined malnutrition based on BMI and BWL may be more useful than muscle mass
alone in predicting death due to other diseases.

Severe complications were a poor prognostic factor related to OCS. Previous reports
have shown that postoperative complications worsen long-term prognosis [20,21]. In
addition, Nagata et al. show that the occurrence of severe complications increases death
from other diseases [22]. The results of this study also support these findings.

This study has some limitations. First, it was a single-center retrospective cohort
study. Second, the cutoff values of the parameters are unclear and require validation via
additional multicenter cohort studies. This study revealed that a low preoperative BMI or
high BWL may increase the risk of death due to other diseases in gastric cancer patients with
postoperative weight loss. Patients with preoperative GLIM-defined malnutrition should
be followed up to check their nutritional status and, if necessary, considered for nutritional
support. They should also be followed up for any postoperative decline in physical function.
Intervention with physical exercise may be necessary to prevent long-term pneumonia and
muscle weakness due to lack of use. Therefore, it is necessary to clarify whether or not such
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nutritional and exercise interventions have prolonged prognostic effects on patients with
GLIM-defined malnutrition.

5. Conclusions

Undernutrition as defined by the Global Leadership Initiative on Malnutrition criteria
as useful for the preoperative prediction of death due to other diseases after gastrectomy in
patients with advanced gastric cancer.

Author Contributions: Conceptualization, R.M. and N.L; methodology, R.M., N.I. and T.T.; formal
analysis, R.M.; investigation, R.M. and T.T.; data curation, RM. and T.T.; writing—original draft
preparation, R M. and N.L; writing—review and editing, RM., N.I. and T.T.; visualization, R.M.,
N.I and T.T.; supervision, N.I. All authors have read and agreed to the published version of the
manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Institutional Review Board of Ishikawa Prefectural Central Hospital
(authorization number 1847).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The datasets generated and/or analyzed during the current study are
available upon reasonable request from the corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Kamarajah, SK.; Bundred, J.; Tan, B.H.L. Body composition assessment and sarcopenia in patients with gastric cancer: A
systematic review and meta-analysis. Gastric. Cancer 2019, 22, 10-22. [CrossRef] [PubMed]

2. Rinninella, E.; Cintoni, M.; Raoul, P.; Pozzo, C.; Strippoli, A.; Bria, E.; Tortora, G.; Gasbarrini, A.; Mele, M.C. Muscle mass,
assessed at diagnosis by L3-CT scan as a prognostic marker of clinical outcomes in patients with gastric cancer: A systematic
review and meta-analysis. Clin. Nutr. 2020, 39, 2045-2054. [CrossRef]

3. Matsui, R.; Watanabe, J.; Banno, M.; Inaki, N.; Fukunaga, T. Association of visceral adipose tissue with postoperative outcome
in upper gastrointestinal cancer: A systematic review and meta-analysis. Am. J. Clin. Nutr. 2022, 116, 1540-1552. [CrossRef]
[PubMed]

4. Cederholm, T,; Jensen, G.L.; Correia, M.I.T.D.; Gonzalez, M.C.; Fukushima, R.; Higashiguchi, T.; Baptista, G.; Barazzoni, R.;
Blaauw, R.; Coats, A.; et al. GLIM criteria for the diagnosis of malnutrition—A consensus report from the global clinical nutrition
community. Clin. Nutr. 2019, 10, 207-217.

5. Yang, Z.; Zhou, X.; Ma, B.; Xing, Y.; Jiang, X.; Wang, Z. Predictive value of preoperative sarcopenia in patients with gastric cancer:
A meta-analysis and systematic review. ]. Gastrointest. Surg. 2018, 22, 1890-1902. [CrossRef] [PubMed]

6.  Matsui, R.; Inaki, N.; Tsuji, T. Impact of visceral adipose tissue on compliance of adjuvant chemotherapy and relapse-free survival
after gastrectomy for gastric cancer: A propensity score matching analysis. Clin. Nutr. 2021, 40, 2745-2753. [CrossRef] [PubMed]

7. Li, X.T.; Tang, L.; Chen, Y,; Li, Y.L.; Zhang, X.P; Sun, Y.S. Visceral and subcutaneous fat as new independent predictive factors of
survival in locally advanced gastric carcinoma patients treated with neo-adjuvant chemotherapy. J. Cancer Res. Clin. Oncol. 2015,
141, 1237-1247. [CrossRef]

8. Watanabe, J.; Osaki, T.; Ueyama, T.; Koyama, M.; Iki, M.; Endo, K.; Tatebe, S.; Hirooka, Y. The combination of preoperative skeletal
muscle quantity and quality is an important indicator of survival in elderly patients undergoing curative gastrectomy for gastric
cancer. World |. Surg. 2021, 45, 2868-2877. [CrossRef]

9.  Nakamura, T.; Hojo, Y.; Kumamoto, T.; Kurahashi, Y.; Ishida, Y.; Shinohara, H. History of the lymph node numbering system in
the Japanese Classification of Gastric Carcinoma since 1962. Surg. Today 2022, 52, 1515-1523. [CrossRef]

10. Kanda, Y. Investigation of the freely available easy-to-use software "EZR’ for medical statistics. Bone Marrow Transpl. 2013, 48,
452-458. [CrossRef]

11.  Matsui, R,; Inaki, N.; Tsuji, T. Impact of visceral adipose tissue on long-term outcomes after gastrectomy for advanced gastric
cancer. Nutrition 2022, 97, 111619. [CrossRef]

12.  Matsui, R.; Inaki, N.; Tsuji, T. Impact of preoperative muscle quality on postoperative severe complications after radical
gastrectomy for gastric cancer patients. Ann. Gastroenterol. Surg. 2021, 5, 510-518. [CrossRef] [PubMed]

13.  Xu, L.B,; Shi, M.M,; Huang, Z.X.; Zhang, W.T.; Zhang, H.H.; Shen, X.; Chen, X.-D. Impact of malnutrition diagnosed using Global

Leadership Initiative on Malnutrition criteria on clinical outcomes of patients with gastric cancer. J. Parenter. Enteral. Nutr. 2021,
46, 385-394. [CrossRef] [PubMed]


https://doi.org/10.1007/s10120-018-0882-2
https://www.ncbi.nlm.nih.gov/pubmed/30276574
https://doi.org/10.1016/j.clnu.2019.10.021
https://doi.org/10.1093/ajcn/nqac273
https://www.ncbi.nlm.nih.gov/pubmed/36166841
https://doi.org/10.1007/s11605-018-3856-0
https://www.ncbi.nlm.nih.gov/pubmed/29987739
https://doi.org/10.1016/j.clnu.2021.04.019
https://www.ncbi.nlm.nih.gov/pubmed/33933740
https://doi.org/10.1007/s00432-014-1893-y
https://doi.org/10.1007/s00268-021-06204-2
https://doi.org/10.1007/s00595-021-02395-2
https://doi.org/10.1038/bmt.2012.244
https://doi.org/10.1016/j.nut.2022.111619
https://doi.org/10.1002/ags3.12452
https://www.ncbi.nlm.nih.gov/pubmed/34337300
https://doi.org/10.1002/jpen.2127
https://www.ncbi.nlm.nih.gov/pubmed/33908649

Nutrients 2023, 15, 3182 10 of 10

14.

15.

16.

17.

18.

19.

20.

21.

22.

Dindo, D.; Demartines, N.; Clavien, P.A. Classification of surgical complications: A new proposal with evaluation in a cohort of
6336 patients and results of a survey. Ann. Surg. 2004, 240, 205-213. [CrossRef] [PubMed]

Japanese Gastric Cancer Association. Japanese Gastric Cancer Treatment Guidelines 2014 (Ver. 4). Gastric. Cancer 2017, 20, 1-19.
[CrossRef] [PubMed]

Kakavas, S.; Karayiannis, D.; Bouloubasi, Z.; Poulia, K.A.; Kompogiorgas, S.; Konstantinou, D.; Vougas, V. Global Leadership
Initiative on Malnutrition criteria predict pulmonary complications and 90-day mortality after major abdominal surgery in cancer
patients. Nutrients 2020, 12, 3726. [CrossRef]

Cruz-Jentoft, A.]J.; Bahat, G.; Bauer, J.; Boirie, Y.; Bruyere, O.; Cederholm, T.; Cooper, C.; Landi, F; Rolland, Y.; Sayer, A.A.; et al.
Writing Group for the European Working Group on Sarcopenia in Older People 2 (EWGSOP2), and the Extended Group for
EWGSOP2. Sarcopenia: Revised European consensus on definition and diagnosis. Age Ageing 2019, 48, 16-31. [CrossRef]
Matsui, R.; Inaki, N.; Tsuji, T. The impact of the preoperative hand grip strength on the long-term outcomes after gastrectomy for
advanced gastric cancer. Surg. Today 2021, 51, 1179-1187. [CrossRef]

Barazzoni, R.; Jensen, G.L.; Correia, M.I.T.D.; Gonzalez, M.C.; Higashiguchi, T.; Shi, H.P.; Bischoff, S.C.; Boirie, Y.; Carrasco, F.;
Cruz-Jentoft, A.; et al. Guidance for assessment of the muscle mass phenotypic criterion for the Global Leadership Initiative on
Malnutrition (GLIM) diagnosis of malnutrition. Clin. Nutr. 2022, 41, 1425-1433. [CrossRef]

Kanda, M.; Ito, S.; Mochizuki, Y.; Teramoto, H.; Ishigure, K.; Murai, T.; Asada, T.; Ishiyama, A.; Matsushita, H.; Tanaka, C.; et al.
Multi-institutional analysis of the prognostic significance of postoperative complications after curative resection for gastric cancer.
Cancer Med. 2019, 8, 5194-5201. [CrossRef]

Wang, S.; Xu, L.; Wang, Q.; Li, J.; Bai, B.; Li, Z.; Wu, X,; Yu, P;; Li, X,; Yin, J. Postoperative complications and prognosis after radical
gastrectomy for gastric cancer: A systematic review and meta-analysis of observational studies. World ]. Surg. Oncol. 2019, 17, 52.
[CrossRef] [PubMed]

Nagata, T.; Adachi, Y.; Taniguchi, A.; Kimura, Y;; litaka, D.; Iwata, G.; Yamaoka, N. Prognostic impacts of categorized postoperative
complications in surgery for gastric cancer. Asian J. Surg. 2023, 46, 451-457. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1097/01.sla.0000133083.54934.ae
https://www.ncbi.nlm.nih.gov/pubmed/15273542
https://doi.org/10.1007/s10120-016-0622-4
https://www.ncbi.nlm.nih.gov/pubmed/27342689
https://doi.org/10.3390/nu12123726
https://doi.org/10.1093/ageing/afy169
https://doi.org/10.1007/s00595-021-02256-y
https://doi.org/10.1016/j.clnu.2022.02.001
https://doi.org/10.1002/cam4.2439
https://doi.org/10.1186/s12957-019-1593-9
https://www.ncbi.nlm.nih.gov/pubmed/30885211
https://doi.org/10.1016/j.asjsur.2022.05.087
https://www.ncbi.nlm.nih.gov/pubmed/35691810

	Introduction 
	Materials and Methods 
	Study Design 
	Outcomes and Analyses 
	Definition of Other Factors 
	Postoperative Chemotherapy with S-1 
	Postoperative Follow-Up 
	Clinicopathological Variables 

	Results 
	Patient Background 
	Comparison of OCS Curves 
	Stratified Survival Curves for OCS 
	Prognostic Factors for OCS 

	Discussion 
	Conclusions 
	References

