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BSTRACT

Objective. The aim of this study was to investigate the
prognostic value of preoperative sarcopenia and systemic
inflammation for patients with resectable gastric cancer
(GC) and develop a novel and powerful prognostic score
based on these factors.

Materials and Methods. Patients with GC who underwent
radical gastrectomy between December 2009 and December
2013 were included. A multivariate Cox regression analysis
was performed to identify the prognostic factors. A novel
prognostic score (SLMR) was developed based on preopera-
tive sarcopenia and the lymphocyte-monocyte ratio (LMR),
and its prognostic value was evaluated.

Results. In total, 1,167 patients with resectable GC were
included in the study. On multivariate analysis, preoperative
sarcopenia and the LMR were shown to be independent

prognostic factors (both p < .001). A low LMR was an indepen-
dent predictor from sarcopenia (p < .001). Based on preopera-
tive sarcopenia and the LMR, we established the SLMR. An
elevated SLMR was associated with older age, higher ASA
scores, larger tumor size, advanced stages, and vascular inva-
sion (all p < .05). Multivariate analysis revealed that the SLMR
was a significant independent predictor (p < .001). We incor-
porated the SLMR into a prognostic model that included
tumor size and TNM stage and generated a nomogram, which
accurately predicted 3- and 5-year survival for GC patients.
Conclusion. Preoperative systemic inflammation is signifi-
cantly associated with sarcopenia. The LMR combined with
sarcopenia could enhance prognostication for patients with
GC who underwent radical gastrectomy. The Oncologist
2019;24:e1091-e1101

Implications for Practice: Increasing evidence shows that sarcopenia and systemic inflammation are closely associated with
the prognosis of malignant tumors, and it is essential for clinicians to understand the relationship and combined prognostic
effects of these factors for gastric cancer (GC). Based on a large data set, this study found that preoperative systemic
inflammation was significantly associated with sarcopenia in GC, and combining these two predictors could effectively pre-
dict the prognosis and complement the prognostic value of the TNM staging system. These findings may lead to the devel-
opment of new therapeutic avenues to improve cancer outcomes.

INTRODUCTION

Gastric cancer (GC) is the fifth most common malignancy
and the third most common cause of cancer-related death
worldwide [1]. Despite advancements in surgical techniques
and adjuvant therapy, the survival of patients with advanced
GC remains poor [2]. Early detection of which patients with

GC who are at a high risk of adverse treatment outcomes
and premature mortality has been a long-standing clinical
problem. Recently, there have been accumulating studies
that have proven that sarcopenia and systemic infla-
mmation are closely associated with a poor prognosis from
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malignant tumors [3-5]. Sarcopenia, a syndrome character-
ized by the progressive and generalized loss of skeletal mus-
cle mass and strength, is associated with a poor surgical
outcome [6]. Systemic inflammation has been reported to
play a critical role in the pathogenesis and progression of
cancer [7]. Preoperative hematological inflammatory bio-
markers, including blood neutrophil, lymphocyte, monocyte,
and platelet count, albumin (Alb) level and their combina-
tion such as the neutrophil-lymphocyte ratio (NLR), lympho-
cyte-monocyte ratio (LMR), and platelet-lymphocyte ratio
(PLR), which have been reported could reflect systemic and
local inflammation associated with cancer progression and
prognosis [8-10]. Some studies have shown that systemic
inflammation is associated with the cardinal features of
muscle depletion, including decreased quality of life, or
increased risk of morbidity and mortality [11]. However,
whether preoperative sarcopenia is associated with sys-
temic inflammation and the combined prognostic effect of
these factors for patients with GC remain largely unknown.
Therefore, the aim of this study was to assess the prognos-
tic efficacy of preoperative sarcopenia and systemic inflam-
mation, and develop a novel and powerful prognostic score
based on these factors to most efficiently predicts long-
term outcomes for patients with resectable GC.

SuBJECTS, MATERIALS, AND METHODS

Study Population

We retrospectively reviewed data collected from patients
who underwent radical gastrectomy at Fujian Medical Uni-
versity Union Hospital from December 2009 to December
2013. The following inclusion criteria were applied: (a) a his-
tologically confirmed adenocarcinoma of the stomach; (b)
no evidence of tumors invading adjacent organs, paraaortic
lymph node enlargement or distant metastasis demonstrated
by abdominal computed tomography and/or abdominal ultra-
sound and posteroanterior chest radiography; and (c) a
D1/D1+/D2 lymphadenectomy with a curative RO resection.
The case exclusion criteria were as follows: (a) patients with
T4b tumors, (b) metastatic disease, (c) gastric stump carci-
noma, (d) patients with no available computed tomography
(CT) imaging or with a preoperative CT image older than
30 days, and (e) patients with incomplete or inaccurate medi-
cal records. In total, 1,167 patients were included in the
study (supplemental online Fig. 1). All surgical procedures,
including D2 lymphadenectomy, were performed according
to the guidelines of the Japanese Gastric Cancer Association
[12]. Staging was performed according to the corresponding
eighth edition of the American Joint Committee on Cancer
(AJCC) Staging Manual [13]. Adjuvant chemotherapy using 5-
fluorouracil-based regimens (mostly oxaliplatin with either
capecitabine or S-1) was recommended for the majority
of patients with advanced GC [14, 15]. In our study, all
patients with elective gastric surgery were divided into
three groups according to preoperative American Society
of Anesthesiologists (ASA) scoring system, as follows: an
ASA score of 1 (healthy person), an ASA score of 2 (mild
systemic disease), or an ASA score of 3 (severe systemic
disease) [16].
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Definition of Sarcopenia

In this study, CT-based measurements were performed
using Software OsiriX, version 3.3 (32-bit; http://www.
osirix-viewer.com) by a single trained researcher who
was blinded to the outcome [17]. The cross-sectional skele-
tal muscle surface area (cm?) was measured, based on atten-
uation thresholds of —29 to +150 Hounsfield units, at the
level of the third lumbar vertebra (L3) on two consecutive
transverse slices in which both vertebral spines were visible,
and the average surface (cm?) of the two consecutive slices
was used for the analyses (supplemental online Fig. 2). Mus-
cle areas were normalized for height (m?) to obtain the L3
skeletal muscle index (SMI; cm?/m?) [18]. Single-slice muscle
area at the third lumbar vertebra strongly correlated with
the whole-body volume of muscle tissue and has been exten-
sively used in oncology settings [19]. Based on our previous
reports [6], the optimal cutoff levels for SMI were calculated
by the X-tile software (Yale University, New Haven, CT) [20].
In the current study, preoperative sarcopenia was defined as
follows: for men, an SMI less than 36.4 cm?/m?; for women,
an SMI less than 28.4 cm?/m?>.

Markers of Systemic Inflammation

The hematological and laboratory parameters were obtained
within 1 week before surgery [21]. These included the neu-
trophil count, lymphocyte count, platelet count, and Alb
level. The NLR was defined by dividing the neutrophil count
by the lymphocyte count. The PLR was defined by dividing
the platelet count by the lymphocyte count. The LMR was
defined by dividing the lymphocyte count by the monocyte
count. The optimal cutoff values for the NLR, PLR, and LMR
were calculated by the X-tile software [20], and were 2.6,
160.7, and 3.4, respectively.

Follow-up Investigation

A postoperative follow-up assessment was performed every
3 months, for 2 years, and then every 6 months, during years
2-5. The final follow-up evaluation was conducted in Decem-
ber 2017. Most routine follow-up appointments included a
physical examination, laboratory testing (including cancer
antigen [CA] 19-9, CA72-4, and carcinoembryonic antigen-
level measurements), chest radiography, and abdominopelvic
ultrasonography or computed tomography, along with an
annual endoscopic examination. Overall survival (OS) was
defined as the time from surgery to death from any cause or
to the time of censoring on the date of the last follow-up.

Statistical Analysis

Descriptive statistics were used to summarize preoperative
sarcopenia, markers of systemic inflammation, and other
cohort characteristics. Categorical variables were analyzed
using the chi-square or Fisher’s exact test, whereas contin-
uous variables were analyzed using Student’s t tests. Uni-
variate and multivariate logistical regressions were used to
assess the relationship between preoperative sarcopenia
and systemic inflammation. Survival curves were con-
structed according to the Kaplan-Meier method, and differ-
ences between curves were analyzed using the log-rank test.
Variables that significantly affected survival were investigated
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Table 1. Univariate and multivariate analysis of clinicopathologic variables in relation to overall survival in patients
undergoing potentially curative resection of gastric cancer
Clinicopathological Univariate analysis Multivariate analysis
features HR (95% Cl) p value HR (95% Cl) p value
Age

<65 Reference .089

265 1.409 (1.143-1.738) .001
Sex

Female Reference

Male 0.869 (0.685-1.103) .248
BMI

<25 Reference

>25 0.772 (0.556-1.073) 124
ASA score

1 Reference

2 1.345 (1.081-1.673) .008 .181

3 1.581 (0.941-2.656) .084 171
Tumor location

Upper Reference

Middle 1.089 (0.795-1.494) .595 .821

Lower 0.669 (0.512-0.874) .003 .053

Mixed 1.596 (1.164-2.189) .004 .061
Tumor size (cm)

<4.5 Reference Reference

>4.5 3.439 (2.736-4.321) <.001 1.599 (1.246-2.051) <.001
Histologic type

Differentiated Reference

Undifferentiated 1.079 (0.826-1.410) .576
Vascular invasion

Negative Reference

Positive 1.809 (1.452-2.254) <.001 .751
Perineural invasion

Negative Reference

Positive 1.857 (1.459-2.364) <.001 .191
pTNM stage

| Reference Reference

Il 1.913 (1.197-3.057) .007 1.618 (1.006-2.604) .047

11l 8.625 (5.882-12.649) <.001 6.194 (4.114-9.325) <.001
Adjuvant chemotherapy

No Reference

Yes 0.884 (0.717-1.090) .248
Sarcopenia

No Reference Reference

Yes 1.867 (1.496-2.329) <.001 1.539 (1.229-1.926) <.001
NLR

<2.6 Reference

22.6 1.636 (1.324-2.021) <.001 .782
LMR

<3.4 Reference Reference

234 0.526 (0.427-0.649) <.001 0.683 (0.552-0.846) <.001
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Table 1. (continued)

Clinicopathological Univariate analysis

Multivariate analysis

features HR (95% Cl) p value HR (95% Cl) p value
PLR

<160.7 Reference

2160.7 1.714 (1.391-2.112) <.001 .322
Alb

<3.5 Reference

23.5 0.587 (0.465-0.740) <.001 377

Abbreviations: Alb, albumin; ASA, American Society of Anesthesiologists; BMI, body mass index; Cl, confidence interval; HR, hazard ratio; LMR,
lymphocyte-monocyte ratio; NLR, neutrophil-lymphocyte ratio; PLR, platelet-lymphocyte ratio; pTNM, pathologic TNM.

using multivariate analysis, according to the Cox regression
model. A nomogram was created by R software, using the
“rms” package. Calibration plots were generated to examine
the performance characteristics of the predictive nomogram.
The Harrell’s Concordance index (C-index) and time-dependent
receiver operating characteristic (t-ROC) curves were used to
quantify the predictive accuracy [22, 23]. All tests were two-
sided, and statistical significance was inferred at a p value of
< .05. Statistical analyses were performed using SPSS for Win-
dows version 18.0 (SPSS Inc., Chicago, IL) and R ver. 3.1.2
(R Foundation for Statistical Computing, Vienna, Austria). The
R package “timeROC” was used for t-ROC analyses.

RESULTS

Clinicopathological Characteristics

Of the 1,167 patients with GC included in the study, 892
(76.4%) were men and 275 (23.6%) were women; their
median age was 61 years (interquartile range, 54-68). Almost
half the tumors were located in the lower third of the stomach
(n = 553; 47.4%). The distribution of TNM staging was as fol-
lows: 342 (29.3%) patients with stage |, 285 (24.4%) with stage
I, and 540 (46.3%) with stage Il disease. The prevalence of
sarcopenia was 22.8% (n = 266; supplemental online Table 1).

Survival Analysis

The median follow-up period was 69.0 months (range,
1-96). The 5-year OS rate for the entire cohort was 68.2%.
Univariate analysis showed that preoperative sarcopenia,
NLR, PLR, LMR, and Alb were associated with OS (all p < .05,
Table 1). In addition, other variables, including age, the ASA
score, tumor location, size, vascular invasion, perineural inva-
sion, and TNM stage, also had prognostic significance for OS
(all p < .05, Table 1). In multivariate analyses, age, ASA score,
tumor location, size, vascular invasion, perineural invasion,
TNM stage, NLR, PLR, and Alb all were not independent prog-
nostic factors for GC (all p > .05). However, both preoperative
sarcopenia (hazard ratio [HR], 1.539; 95% confidence interval
[Cl], 1.229-1.926; p < .001) and a high LMR (LMR 23.4; HR,
0.683; 95% Cl, 0.552—-0.846; p < .001) were still independent
prognostic factors (Table 1).

Correlations Between Sarcopenia and Systemic
Inflammation

To investigate whether systemic inflammation, expressed as
the LMR, was associated with sarcopenia, univariate and
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multivariate logistic regression analyses were performed.
Univariate analysis identified the LMR, age, ASA score, tumor
size, vascular invasion, and TNM stage to be predictors of
sarcopenia. Multivariate analysis showed that a low LMR
(OR, 2.000; 95% Cl, 1.471-2.720; p < .001, respectively) was
an independent predictor of sarcopenia, together with age
and BMI (Table 2). Furthermore, the results were consis-
tent across other markers of systemic inflammation, with a
higher NLR, a higher PLR, and hypoalbuminemia all shown to
be independently associated with a higher chance of sar-
copenia (all p <.001, supplemental online Table 2).

Establishment of the Prognostic Score Based on
Sarcopenia and the LMR

As observed in the Kaplan-Meier curves, preoperative sar-
copenia and a low LMR were both associated with a worse
OS (both p < .001; Fig. 1A, 1B). To further discriminate
between patients with different outcomes, we combined
sarcopenia and LMR levels to generate four subgroups.
Patients with sarcopenia and an LMR <3.4 had the worst
survival, whereas patients with no sarcopenia and an LMR
>3.4 survived the longest (p < .001, Fig. 1C). However, the
survival of patients with no sarcopenia and an LMR < 3.4
was similar to that of patients with sarcopenia and an LMR
>3.4 (p > .05). Thus, we combined the two subgroups to
establish the sarcopenia and the LMR (SLMR) defined as
follows: patients with neither sarcopenia or an LMR 23.4
were assigned a score of 0; patients with either sarcopenia
or an LMR <3.4 were assigned a score of 1, and patients
with both sarcopenia and an LMR <3.4 were assigned a
score of 2 (supplemental online Table 3).

The relationship between clinicopathological factors and
the SLMR is given in Table 3. There were 653 patients (56.0%)
in the SLMR = 0 group, 390 (33.4%) in the SLMR = 1 group,
and 124 (10.6%) in the SLMR = 2 group (Table 3). An increased
SLMR was significantly associated with older age, a higher ASA
score, a larger tumor size, vascular invasion, and a more
advanced TNM stage (all p < .001, Table 3).

Influence of the SLMR on OS

The Kaplan-Meier curves for the 5-year OS rate were divided
into three groups according to the SLMR (SLMR = 0: 77.2%,
SLMR = 1: 60.7%, and SLMR = 2: 45.6%; log-rank test: p < .001;
Fig. 1D). Multivariate analyses revealed that the SLMR was
an independent prognostic factor for OS (SLMR = 1: HR,
1.466; SLMR = 2: HR, 2.269; p < .001; Table 4). Patients with
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Table 2. The relationship between sarcopenia and clinicopathological parameters
Odds ratio for sarcopenia (95% Cl)

Clinicopathological features Univariate analysis p value Multivariate analysis p value
Age

<65 Reference Reference

265 4.613 (3.449-6.169) <.001 4.593 (3.396-6.210) <.001
Sex

Female Reference

Male 0.94 (0.683-1.294) .703
BMI

<25 Reference Reference

225 0.221 (0.118-0.415) <.001 0.19 (0.099-0.363) <.001
ASA score

1 Reference

2 2.629 (1.934-3.575) <.001 .145

3 3.906 (1.994-7.563) <.001 277
Tumor location

Upper Reference

Middle 1.013 (0.648-1.582) .956

Lower 1.067 (0.753-1.512) 714

Mixed 1.284 (0.805-2.050) .294
Tumor size, cm

<4.5 Reference

24.5 1.624 (1.233-2.319) .001 314
Histologic type

Differentiated Reference

Undifferentiated 0.989 (0.702-1.394) .952
Vascular invasion

Negative Reference

Positive 1.424 (1.050-1.931) .023 .755
Perineural invasion

Negative Reference

Positive 0.988 (0.686-1.422) .947
pTNM stage

| Reference

Il 0.873 (0.582-1.310) .513 .063

11l 1.564 (1.128-2.169) .007 .187
Adjuvant chemotherapy

No Reference

Yes 1.007(0.764-1.329) .958
LMR

<3.4 2.299 (1.735-3.048) <.001 2 (1.471-2.720) <.001

>3.4 Reference Reference

Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass index; Cl, confidence interval; LMR, lymphocyte-monocyte ratio;

pTNM, pathologic TNM.

sarcopenia and an LMR < 3.4 had a nearly twofold increased
risk of death from any cause, compared with patients with
neither condition (Table 4). Other independent risk factors
included a larger tumor size and a more advanced TNM stage
(both p <.001).

Furthermore, we explored the prognostic accuracies of
the SLMR and each of its components—sarcopenia and

www.TheOncologist.com

LMR—by using areas under the curve (AUCs) for the pre-
diction of 5-year OS. AUCs for the SLMR, sarcopenia, and
the LMR were 0.621 (95% Cl, 0.591-0.649), 0.573 (95% Cl,
0.544-0.603), and 0.589 (95% Cl, 0.560-0.618), respec-
tively. According to the Z-test method, the AUC for the
SLMR was significantly higher than that for sarcopenia and
the LMR (both p < .05).

© AlphaMed Press 2019
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Figure 1. Kaplan-Meier analysis for overall survival (OS) of patients with gastric cancer according to the preoperative LMR and sar-
copenia. Kaplan-Meier analysis for OS according to (A) preoperative LMR, (B) preoperative sarcopenia, (C) combination of preop-

erative LMR and sarcopenia, and (D) SLMR.

Abbreviations: LMR, lymphocyte-monocyte ratio; SLMR, sarcopenia and the LMR.

Predictive Nomogram Based on the SLMR

To provide a quantitative method for better outcome pre-
diction, we constructed a nomogram that integrated the
proven independent prognostic factors, the SLMR, tumor
size, and TNM stage (Fig. 2A). For internal validation, cali-
bration plots of the nomogram predicting 3- and 5-year
survival performed well with the ideal model (Fig. 2B,
2C). The C-index of the nomogram based on the SLMR
(0.761; 95% Cl, 0.737-0.784) was significantly higher than
the prognostic model without a combined SLMR (non-
SLMR nomogram; 0.742; 95% Cl, 0.719-0.765; p < .001)
and pathologic TNM (pTNM) stage (0.719; 95% Cl 0.697-
0.740; p < .001).

Meanwhile, we generated t-ROC curves to compare the
prognostic accuracy of the three prognostic models (Fig. 3).
The t-ROC curve for the nomogram based on the SLMR
was consistently superior to that of the non-SLMR nomo-
gram and pTNM stage throughout the observation period.

© AlphaMed Press 2019

Discussion

Accumulating studies have shown that sarcopenia and sys-
temic inflammation are associated with the prognosis of mul-
tiple tumors; however, most studies have addressed them
individually [5, 9, 24]. Whether there is a correlation
between sarcopenia and systemic inflammation in GC and
their prognostic value has remained unclear. In this study,
sarcopenia and systemic inflammatory markers, measured as
the LMR, were proven to be independent predictors of OS
for patients with GC undergoing curative surgical resection,
which was consistent with previous studies [9, 24]. Further-
more, univariate and multivariate analysis revealed that sex
was not an independent prognostic factor, but age had a sig-
nificant effect on prognosis for GC. Until now, whether sex
and age can affect the prognosis of GC remained controver-
sial [8, 25, 26]. Wang et al. found that sex and age were not
associated with the prognosis of in resectable gastroesopha-
geal junction and gastric adenocarcinoma [8]. However, Han
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Table 3. The relationship between the SLMR and clinicopathological characteristics in patients undergoing potentially

curative resection for gastric cancer

SLMR
Clinicopathological features 0 1 2 p value
Case 653 390 124
Median age 59 64 71 <.001
Sex, n (%) .505
Male 491 (75.2) 303 (77.7) 98 (79.0)
Female 162 (24.8) 87 (22.3) 26 (21.0)
Median BMI 22.0 21.5 20.5 .073
ASA score, n (%) <.001
1 341 (52.2) 142 (36.4) 24 (19.4)
2 297 (45.5) 230 (59.0) 91 (73.4)
3 15 (2.3) 18 (4.6) 9 (7.3)
Tumor location, n (%) .090
Upper 157 (24.0) 94 (24.1) 26 (21.0)
Middle 92 (14.1) 75 (19.2) 25 (20.2)
Lower 332 (50.7) 166 (42.6) 56 (45.2)
Mixed 73 (11.2) 55 (14.1) 17 (13.7)
Median tumor size, cm 4.0 4.8 5.0 <.001
Histologic type, n (%) .591
Differentiated 136 (20.8) 73 (18.7) 22 (17.7)
Undifferentiated 517 (79.2) 317 (81.3) 102 (82.3)
Vascular invasion, n (%) <.001
Negative 518 (79.3) 279 (71.5) 81 (65.3)
Positive 135 (20.7) 111 (28.5) 43 (34.7)
Perineural invasion, n (%) .549
Negative 547 (83.8) 322 (82.6) 99 (79.8)
Positive 106 (16.2) 68 (17.4) 25 (20.2)
Adjuvant chemotherapy, n (%) .055
Yes 296 (45.3) 150 (38.5) 47 (37.9)
No 357 (54.7) 240 (61.5) 77 (62.1)
pTNM stage, n (%) <.001
I 226 (34.6) 92 (23.6) 24 (19.4)
I 165 (25.3) 95 (24.4) 25 (20.2)
I 262 (40.1) 203 (52.1) 75 (60.5)

Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass index; pTNM, pathologic TNM; SLMR, Sarcopenia and the

lymphocyte-monocyte ratio.

et al. demonstrated that male sex and older age both were
independent risk factors for GC [25]. Our result is consistent
with the result of Woo et al [26]. Sarcopenia, the loss of skele-
tal muscle mass and strength, is a key criterion for cancer
cachexia [27], which was recognized as a risk factor for func-
tional limitation, physical disability, decreased quality of life,
and ultimately death [28]. Prado et al. demonstrated that
there is an association between sarcopenia and having a
poorer functional status and an increased risk of chemo-
therapy toxicity in patients with cancer [18]. Therefore, the
prognosis of patients with sarcopenia is poor. LMR consists of
lymphocytes and monocytes. Elevated LMR values indicate
increased lymphocyte count and/or decreased monocyte
count in peripheral blood. Recent evidence indicates that
lymphocytes can enhance cancer immune-surveillance to

www.TheOncologist.com

inhibit tumor cell proliferation, invasion, and metastasis [29].
Azimi et al. found that the presence of tumor-infiltrating
lymphocytes was associated with improved outcomes in a
variety of cancers, possibly owing to tumor-infiltrating,
lymphocyte-induced, antitumor activity and inhibition of
angiogenesis [30]. Circulating monocytes may contribute
to both tumor growth and reduced immunosurveillance,
which is supported by previous findings [31]. In addition,
tumor-associated macrophages, which are derived from
circulating monocyte populations, have been reported to
be a key player in the tumor microenvironment, encour-
aging metastasis and tumor progression [32]. Thus, the
LMR plays an important role in the prognosis of gastric
cancer, and an increase in LMR is a protective factor for
the prognosis of gastric cancer.

© AlphaMed Press 2019
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Table 4. Multivariate analysis of clinicopathologic variables
in relation to overall survival in patients undergoing
potentially curative resection for gastric cancer

- - a
Clinicopathological Multivariate analysis

features HR (95% Cl) p value
Tumor size, cm <.001
<45 Reference
>45 1.597 (1.245-2.049)
pTNM stage <.001
I Reference
I 1.614 (1.004-2.596)
11l 6.193 (4.114-9.325)
SLMR <.001
0 Reference
1 1.466 (1.163-1.847)
2 2.269 (1.689-3.049)

?Adjusted for the following variables: age, American Society of Anesthe-
siologists score, tumor location, size, vascular invasion, perineural inva-
sion, pTNM stage, neutrophil-lymphocyte ratio, platelet-lymphocyte
ratio, and albumin.

Abbreviations: Cl, confidence interval; HR, hazard ratio; pTNM, patho-
logic TNM; SLMR, Sarcopenia and the lymphocyte-monocyte ratio.

So far, the cutpoint of sarcopenia has not been uniform
worldwide [18, 27, 33]. In Western countries, most cutpoints
for L3 SMI appear in the upper 30 cm?/m? in women and
40 cm?/m? and low 50 cm?/m? in men, which are higher than
that of Eastern countries researched [6, 24, 34]. If the West-
ern definitions are applied, the prevalence of sarcopenia in
our study is about 90.7%. Therefore, to better evaluate the
prognostic value of sarcopenia in Eastern population, the
optimal cutoff values for SMI were calculated by the X-tile
software and were 36.4 cm?/m? in men and 28.4 in women,
which is similar to the definition of sarcopenia in previous
studies from Asian researches [6, 24, 34]. X-tile plot is a novel
time-dependent cutoff value analysis based on survival infor-
mation, which identifies the cutoff value with minimum
p values from log-rank x2 statistics for the categorical bio-
markers in terms of survival, which has been widely used in
previous studies [6, 35]. Therefore, in our study, the other
optimal cutoff values for the inflammatory biomarkers were
also determined by the software. However, the optimal cut-
off values for SMI in our study were based on the large num-
ber of Eastern patients. Martin et al. defined the different
cutoff values for SMI in men according to the BMI, but the
cutoff value in women is the same [33]. In the current study,
there were only 41 (3.5%) obese patients (BMI >28; 3.0% for
male and 0.5% for female patients), so we did not define the
different cutoff values for SMI according to BMI.

In a large cohort of patients with resectable GC, our study
found that a low LMR was significantly associated with sar-
copenia. Gupta et al. found that proinflammatory cytokines
and growth factors, released as part of the systemic inflam-
matory response to the tumor, have profound catabolic
effects on host metabolism, which can lead to muscle break-
down [36]. Kantola et al. found that certain markers of sys-
temic inflammation are correlated with elevated circulating
concentrations of various tumor cytokines; these are
implicated in the activation of several catabolic pathways
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[37]. For example, cytokines, such as tumor necrosis factor
and interleukin-6, are produced by the tumor or surrounding
cells and promote protein degradation and decreased syn-
thesis [38]. Fearon et al. demonstrated that tumor necrosis
factor inhibits skeletal myocyte differentiation and promotes
muscle atrophy [39]. Increases in inflammatory cytokines can
also lead to insulin resistance and muscle wasting through
the activation of the ubiquitin-proteasome proteolytic path-
way, whereas the muscle loss itself further exacerbates insu-
lin resistance, forming a vicious cycle [40]. In addition,
Kalinkovich et al. demonstrated that low muscularity could
contribute to local inflammation in the muscle, leading to
further breakdown and driving systemic inflammation [41].
Our results also suggested that systemic inflammation and
sarcopenia are associated, which contributes to the poor
prognosis of patients with GC. Inflammation is thought to be
one of the principle causes of muscle wasting. It is more pos-
sible that both of these measures, muscle wasting by CT and
inflammatory markers, are simply imperfect methods for
detecting cachexia, and by using both parameters simply cap-
tures more of these at-risk patients. Thus, we developed a
novel prognostic score, called the SLMR, based on the combi-
nation of preoperative sarcopenia and the LMR, and found
that the SLMR was an independent prognostic factor for
patients with GC. Furthermore, patients with sarcopenia and
a low LMR (SLMR = 2) had nearly a twofold increased risk of
mortality, compared with patients with neither condition,
and the prognostic accuracy of SLMR was significantly better
than that of preoperative sarcopenia and LMR. Therefore, as
an integrated indicator, based on sarcopenia and the LMR,
the SLMR can better reflect the comprehensive effect of pre-
operative sarcopenia and systemic inflammation on tumor
progression. We recommend that patients with higher SLMR
should exercise regularly before operation or be treated with
standardized neoadjuvant therapy prior to surgery to possi-
bly avoid surgeries in those with micrometastatic disease.

Traditionally, the AJCC TNM staging system has been
the most important prognostic factor and the main basis
for treatment in GC [13]. However, prognoses can vary in
patients with GC, even when they have the same TNM
stage. A nomogram was constructed by incorporating the
SLMR into tumor size and TNM staging; it performed well
in internal validation. When assessing OS, the nomogram
was observed to have a higher predictive accuracy com-
pared with that of non-SLMR nomograms or TNM staging;
thus, the SLMR can improve the prediction of prognoses in
patients with GC. In clinical practice, the SLMR can be used
as a supplement to the TNM staging system, to better
stratify patients, and to provide a more accurate basis for
guiding postoperative follow-up and treatment.

There were several limitations to our study. First, as a ret-
rospective study, it may have been subject to selection bias
and may lack some information, such as complete chemo-
therapy information. Second, there may be inevitable con-
founding factors in the study, such as socioeconomic status,
diet, and alcohol consumption, which could plausibly influ-
ence sarcopenia and the LMR. Third, we are unsure of
whether all patients were in the same state before blood
sampling. Finally, our nomogram were based on the result of
an Eastern population-based study. We have no relevant data
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to verify whether it is suitable for Western populations,
which is the limitation of our study. However, our study con-
firmed the correlation between sarcopenia and systemic
inflammation and that both are significantly associated with
the prognosis of GC, which can provide more evidence-based
medical evidence for Western population-based research.

CONCLUSION

Despite these limitations, our study is the first to demon-
strate that the preoperative systemic inflammation was sig-
nificantly associated with sarcopenia in GC, and by
combining these two predictors, we developed a novel and
easily obtained prognostic score, named the SLMR, which
can effectively predict the prognosis of GC and complement
the prognostic value of the TNM staging system. Thus, a bet-
ter understanding of how the host systemic inflammatory
response influences skeletal muscle changes, such as sar-
copenia, may lead to the development of novel therapies to
improve cancer outcomes.
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