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Abstract 
Background:  Sarcopenia or skeletal muscle depletion is a poor prognostic factor for gastric cancer (GC). However, existing cutoff values of 
skeletal muscle index (SMI) for defining sarcopenia have been found to have limitations when clinically applied. This study aimed to determine 
the optimal cutoff for SMI to predict severe toxicities of chemotherapy and overall survival (OS) in patients with advanced GC.
Methods:  Patients with metastatic gastric adenocarcinoma who received first-line palliative chemotherapy between January 2014 and 
December 2021 at Queen Mary Hospital, Hong Kong, were included in this study. The SMI was determined via a pre-chemotherapy computed 
tomography scan. Optimal cutoff points of SMI were identified by recursive partitioning analysis. Univariate and multivariate analyses evaluating 
risk factors of severe chemotherapy toxicities and OS were also performed.
Results:  A total of 158 patients (male: 108 (68.4%), median age: 65.3) were included. The SMI cutoff to define low SMI was ≤33 cm2/m2 for 
males and ≤28 cm2/m2 for females; 30 patients (19.0%) had low SMI. Patients with low SMI had a higher incidence of hematological toxicities 
(63.3% vs 32.0%, P = .001) and non-hematological toxicities (66.7% vs 36.7%, P = .003). Multivariable analysis indicated that low SMI and low 
serum albumin (≤28 g/L) were independent predictive factors of hematological toxicity, while low SMI and neutrophil-lymphocyte ratio ≥5 were 
predictive factors of non-hematological toxicity. Moreover, patients with low SMI had a significantly shorter OS (P = .011), lower response rate 
to chemotherapy (P = .045), and lower utilization of subsequent lines of treatment (P < .001).
Conclusions:  Using pre-chemotherapy SMI cutoff (≤33 cm2/m2 for males and 28 cm2/m2 for females) one can identify individuals with a higher 
risk of severe chemotherapy toxicities and worse prognosis.
Key words: chemotherapy toxicities; sarcopenia; gastric cancer; hematological toxicity; skeletal muscle mass.

Implications for practice
Using pre-chemotherapy SMI cutoff (SMI ≤ 33 cm2/m2 in males and ≤28 cm2/m2 in females) can identify individuals with a higher risk 
of severe chemotherapy toxicities and worse prognosis. Evaluation of skeletal muscle mass by CT imaging is a useful objective tool 
to identify individuals with low SMI. Physicians can consider using these cutoff points to identify patients who may have increased 
risk of chemotherapy toxicities and make decisions on dose adjustments, monitoring strategies after chemotherapy, and supportive 
interventions.

Introduction
Gastric cancer (GC) is the world’s fourth leading cause of 
cancer mortality, particularly in East Asia.1,2 Despite the 
advancement in immunotherapy and targeted therapies, the 
prognosis of advanced GC remains poor, with median sur-
vival being approximately 10-14 months.3 Chemotherapy 
remains the backbone of systemic treatment in advanced GC. 
Patients with GC have a high prevalence of sarcopenia at the 
time of diagnosis, ranging from 12.5% to 57.7%.4-7 This high 
prevalence of sarcopenia is multifactorial—probably due to 

poor oral intake and malnutrition, use of chemotherapy with 
lack of physical activities, altered metabolism, and increased 
chronic inflammation within the body, thereby causing mus-
cle wasting.8,9

Sarcopenia is a progressive and generalized loss of muscle 
mass and function and is associated with increased adverse 
outcomes, including falls, functional decline, disabilities, and 
mortality.10 Histologically, it is a condition that is prevalent 
in the older population, but it is now gaining attention as an 
important issue in the oncology field.11-14 Sarcopenia is highly 
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prevalent in patients with cancer, with prevalence as high as 
70%, and is strongly associated with worse overall survival 
(OS) and increased risk of adverse events, such as surgical 
complications and chemotherapy-related side effects.

While most previous studies focused on the associations 
of sarcopenia with surgical complications or chemotherapy 
toxicity in pre-operative settings, only a few studies have 
investigated the association between skeletal muscle mass 
and side effects of palliative chemotherapy or prognosis in 
patients with advanced GC. A Japanese study by Matsunaga 
et al revealed that patients with low skeletal muscle index 
(SMI) had a higher incidence of grade 3/4 side effects of che-
motherapy and had a shorter survival rate than those with 
high SMI.15 However, the sample size was small (n = 83) and 
the chemotherapy regimens used were heterogeneous, with 
the involvement of triplet chemotherapies and intraperitoneal 
chemotherapy. Another Korean study by Lee et al revealed 
that patients with low SMI had a worse prognosis, but the 
study did not evaluate the side effects of chemotherapy.16 In 
addition, there is no universal cutoff point for low skeletal 
muscle mass, and most of the cutoff points used in extant 
literature have been derived based on Caucasian patients, 
thereby probably making these cutoff points inappropriate 
for Asian patients with cancer.17-19

The aim of our study was to examine the associations 
between skeletal muscle mass and chemotherapy toxicities 
and survival in patients with advanced or metastatic GC 
treated with first-line palliative chemotherapy and define a 
SMI cutoff point associated with the risk of severe toxicities 
and survival.

Methods
Patients
The medical records of consecutive patients diagnosed with 
advanced or metastatic GC between January 2014 and 
December 2021 in the Department of Clinical Oncology at 
Queen Mary Hospital, Hong Kong, were screened. The inclu-
sion criteria were patients who had histologically proven 
adenocarcinoma of the stomach, with at least one meta-
static lesion, received first-line palliative chemotherapy using  
fluoropyrimidine-based or platinum-based chemotherapy, 
had abdominal computed tomography (CT) or positron emis-
sion tomography-computed tomography (PET-CT) images 
within one month of beginning palliative chemotherapy, 
and accessible medical records in the Clinical Management 
System (CMS) under the Hospital Authority, Hong Kong. 
Patients with double primary cancers were excluded.

Data collection
Clinical data were collected from the CMS under Hospital 
Authority, and included age, gender, Eastern Cooperative 
Oncology Group Performance Status (ECOG PS), height (m), 
body weight (kg), body mass index (BMI), comorbidities, his-
topathological type, site of primary tumor in the stomach, 
sites of metastasis, previous gastrectomy, previous radiother-
apy, previous use of chemotherapy, type of chemotherapy and 
targeted agent, subsequent treatments, baseline laboratory 
results (including complete blood count, liver, and renal func-
tion test), albumin level, and any severe chemotherapy-related 
toxicity defined below, response to first-line chemotherapy 
according to RECIST 1.1 criteria, any use of second-line sys-
temic treatment, and survival data.

Chemotherapy-related toxicity
Severe chemotherapy-related toxicities included grade 3-5 
hematological or non-hematological toxicities defined by 
the National Cancer Institute Common Toxicity Criteria for 
adverse events (NCI-CTCAE) V5.0. Patients were followed 
up for any severe chemotherapy-related toxicities for 3 weeks 
after completion of the first 6 cycles of chemotherapy or early 
termination of treatment or death. Data on termination of 
treatment due to toxicity was also collected.

Assessment of skeletal muscle mass
Pre-chemotherapy CT images were used to assess skeletal 
muscle area (SMA). SMA (cm2) was quantified at the axial 
slice nearest the inferior aspect of the third lumbar vertebra 
(L3) by applying a Hounsfield units threshold range of −29 to 
+150. L3 was selected, as the cross-sectional area of the skele-
tal muscle in this region as it has been found to be most highly 
correlated with whole-body skeletal muscle mass.20-22 The 
muscles at the L3 level include the psoas major, erector spi-
nae, quadratus psoas, transversus abdominis, external oblique 
abdominis, and internal oblique abdominis. The L3 skeletal 
muscle index (SMI, cm2/m2) was calculated as SMA normal-
ized by the square of the height (m2). Skeletal muscle density 
(SMD) was expressed as the mean HU-value of the cross- 
sectional areas of the skeletal muscle. All images and calculations 
were analyzed using the MIM Maestro software version 7.0.

Statistical analysis
In this study, continuous data are expressed as median with 
ranges, and categorical data are presented as counts and per-
centages. The Mann-Whitney U test was used to compare 
continuous variables. Categorical variables were compared 
using Fisher’s exact test or χ2 test.

The first step was to determine the association of SMI with 
the development of severe toxicities using an univariable logis-
tic regression analysis. If the univariable analysis showed SMI 
was significantly associated with severe toxicities, the recur-
sive partitioning analysis (RPA) was conducted to identify the 
optimal cutoff point of SMI to dichotomise patients into low 
SMI and normal SMI.23 Second, univariable and multivari-
able analysis were performed using logistic regression models 
to identify factors associated with severe hematological and 
non-hematological toxicities. The following clinical param-
eters were assessed: age, BMI, albumin level, neutrophil- 
lymphocyte ratio (NLR), any use of tube feeding, number of 
metastatic site, number of chemotherapy, any dose reduction 
of chemotherapy, number of comorbidities, low or normal 
SMI and SMD. Variables with P ≤ .1 in univariable analysis 
were added as confounders for multivariable analysis.

Further, OS was calculated from the first day of palliative 
chemotherapy to death by any cause. Patients who did not die 
were censored at the date of their last follow-up. The Kaplan-
Meier method was used to estimate OS, and survival differ-
ences were examined using the log-rank test. Cox regression 
analysis was performed for significant findings regarding 
mortality. For all analyses, P < .05 was considered statistically 
significant. Data analysis was performed using R software 
(version 3.3.0+).

Ethics approval
This retrospective study was approved by the Institutional 
Review Board of The University of Hong Kong/Hospital 
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Authority Hong Kong West Cluster (HKU/HA HLW IRB; ref 
no. UW 20-345).

Results
Characteristics of the study population
This study included 158 consecutive patients (Table 1), 
among which 108 (68.4%) were male and 121 (76.6%) had 
de-novo metastasis. The median age was 65.3 years (range 
26.3-88.4 years). The average BMI was 21.4 kg/m2 and 36 
patients (38.1%) were underweight (BMI < 18.5 kg/m2). 
All patients had an ECOG status of 0 or 1. In addition, 21 
patients (13.3%) were HER2-positive.

Further, all patients received 5-FU-based chemotherapy; 15 
(9.5%) underwent monotherapy using TS-ONE, while 143 
(90.5%) underwent doublet chemotherapy (Supplementary 
Table S1). In addition, 21 (13.3%) had HER2-positive 
tumors and received trastuzumab along with chemotherapy. 
The median number of cycles of chemotherapy received was 
5 (range 1-28). Further, 44 (27.8%) patients underwent dose 
reduction at the initial cycle, while 114 (72.2%) received the 
standard dose.

Skeletal muscle measurement
The median SMI was 37.2 cm2/m2 (range 14 cm2/m2-72.7 cm2/
m2) for all patients, 39.9 cm2/m2 for male patients (range 
14 cm2/m2-72.7 cm2/m2), and 34.1 cm2/m2 (range 19.9 cm2/
m2-50.4 cm2/m2) for female patients. On univariable analy-
sis, SMI was associated with both severe hematological (HR 
0.83, 95% CI, 0.75-0.96, P = .03) and non-hematological 
toxicities (HR 0.97, 95% CI, 0.85-0.99, P = .04).

After RPA, low SMI was defined with the cutoff points of 
33 cm2/m2 for males and 28 cm2/m2 for females. Further, 30 
patients (19.9%) were identified as having low SMI and 128 
(81%) as having normal SMI. The mean pre-treatment SMD 
for the entire group was 37.8 HU (range: −2.72 HU to 66.24 
HU).

Types and frequency of severe chemotherapy 
toxicities
Overall, 95 out of 158 patients (60.1%) developed severe tox-
icities after chemotherapy (Table 2). Sixty percent (38.0%) 
patients had G3-5 hematological toxicities and 67 (42.4%) 
had G3-5 non-hematological toxicities. The most common 
hematological toxicity was anemia (n = 36; 22.8%), while the 
most common non-hematological toxicities were hyponatre-
mia (n = 21; 16.4%) and infection (n = 21; 16.4%).

Association of SMI with severe toxicities
Differences in the incidences of severe toxicities in low SMI 
vs normal SMI
The overall grade 3-5 hematological toxicities occurred sig-
nificantly more often in patients with low SMI than patients 
with normal SMI (63.3% vs 32.0%, P = .001). The incidences 
of anemia (53.3% vs 15.6%, P < .001), thrombocytopenia 
(20.0% vs 4.7%, P = .004), and neutropenic fever (16.7% vs 
5.5%, P = .037) were all significantly higher in patients with 
low SMI. In addition, for grade 3-5 non-hematological tox-
icities, the incidence was significantly higher in patients with 
low SMI than in patients with normal SMI (66.7% vs 36.7%, 
P = .003). Hyponatremia, infection, hyperkalemia, and hand-
foot syndrome were all more prevalent in patients with low 
SMI. The incidences of other side effects—including deranged 

Table 1. Patients characteristics.

Patients  
(total: 158)

Percentage 

Age (years)

  Median (range) 65.3 (26.3-88.4)

ECOG

  0 10 8.9

  1 148 91.1

Male 108 68.4

BMI (kg/m2)

  Average (range) 21.4 (14.3-36.9) 22.8

 < 18.5 kg/m2 36

Recurrence

  Recurrent 37 23.4

  De novo 121 76.6

Previous gastrectomy 50 31.6

Previous palliative radiotherapy to 
stomach

6 3.8

HER2 positive 21 13.3

Primary tumor location

  Cardia 53 33.5

  Fundus 12 7.6

  Body 75 47.5

  Antrum 50 31.6

  Pylorus 24 15.2

  Linitis plastic 13 8.2

Site of metastasis

  Liver 37 23.4

  Peritoneum 103 65.2

  Distant lymph nodes 94 59.4

  Lung 22 13.9

  Bone 17 10.8

  Adrenal 8 50.6

  Brain 1 0.6

Number of metastatic sites

  1 69 43.0

  2 59 37.3

  3 25 15.8

  4 6 3.8

Need tube feeding 11 7.0

Comorbidities

  Diabetes 34 21.5

  Hypertension 63 39.9

  Hyperlipidemia 36 22.8

  Ischemic heart disease 17 10.8

  Cerebrovascular disease 4 2.5

  Hepatitis B carrier 12 7.6

No. of comorbidities

  0 69 43.7

  1 35 22.2

  2 27 17.1

  3 20 12.7

  4 7 4.4

NoNo. of chemotherapy

  Mono-chemotherapy 15 9.5

  Doublet chemotherapies 143 90.5

  Dose reduction at first cycle 44 27.8

https://academic.oup.com/oncolo/article-lookup/doi/10.1093/oncolo/oyae123#supplementary-data
https://academic.oup.com/oncolo/article-lookup/doi/10.1093/oncolo/oyae123#supplementary-data
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renal function, liver function, diarrhea, and nausea/vomit-
ing—were not significantly different between the 2 groups.

Univariable and multivariable analyses on severe toxicities
The results of the univariate and multivariate analyses are 
presented in Table 3. After univariable and multivariable 
analyses, low SMI and albumin ≤ 28 g/L were identified as 
independent predictors of severe hematological toxicities, 
while low SMI and neutrophil-lymphocyte ratio (NLR) ≥ 5 
were identified as independent predictors of severe non- 
hematological toxicities.

Duration of treatment, treatment response, and 
overall survival
Patients with low SMI received fewer cycles of chemotherapy 
compared with patients with normal SMI (median number of 
cycles: 3 vs 6, P < .001). More patients with low SMI under-
went early termination of treatment (≤ 3 cycles of chemo-
therapy) than patients with normal SMI (76.6% vs 43.0%, 
P = .001). The overall response rate (10.0% vs 27.3%, 
P = .045) and use of subsequent lines of treatment (26.7% 
vs 60.9%, P < .001) were significantly lower in patients with 
low SMI than patients with normal SMI.

The median follow-up period for all patients was 40 
months. Patients with low SMI had a significantly shorter OS 
than those with normal SMI (33.1 vs 57.7 weeks, P = .011) 
(Figure 1). Further, univariable and multivariable analysis 
revealed that low SMI (HR 1.68, 95% CI, 1.08-2.61, P = .02), 
albumin ≤ 28 g/L (HR 2.18, 95% CI, 1.18-4.01, P = .01), and 
NLR ≥ 5 (HR 1.98, 95% CI, 1.32-2.95, P < .001) were signifi-
cantly associated with shorter OS (Supplementary Table S2).

Discussion
Currently, there are different definitions of sarcopenia and a 
wide variability exists in the cutoff values of SMI for defining 
low muscle mass. Instead of using the existing cutoff points, 

we decided to identify the cutoff points that can potentially 
guide our GC management plan. There are several reasons for 
this decision.

First, the commonly used definitions were developed for 
non-Asians and might be inappropriate for the Asians. The 
SMI is a measure of muscle mass relative to body height, 
weight, or BMI. The 3 most commonly used definitions in 
extant studies—those given by the European Working Group 
on Sarcopenia in Older People (EWGSOP2), Martin et al, and 
Prado et al—were developed on the basis of healthy European 
adults and cancer patients in Canada.10,17,18,24 The Europeans 
and the Canadians have a bigger body build and larger skel-
etal dimensions than Asians. When applying these cutoff 
points, previous studies have revealed that the prevalence of 
sarcopenia or low SMI was significantly higher in Asian than 
Caucasians, thereby suggesting that these cutoff values may 
not be accurate for Asian populations.25-27

Second, the optimal SMI cutoff points may vary with dif-
ferent cancer types and stages. The meta-analysis by Au et al 
found that the association between low lean mass and can-
cer mortality was insignificant in certain types of cancer—for 
example, breast cancer, prostate cancer, and ovarian cancer.28 
Moreover, the studies included in their meta-analysis also 
used different cutoff points. Therefore, it is important to iden-
tify specific cutoff values for each cancer type instead of using 
a single universal cutoff point.

Third, the existing cutoff points of SMI for GC developed 
in other studies were based on either the standard deviations 
of the study populations or the cancer survival rate of that 
cohort. For example, in Zhuang et al’s study, SMI cutoff 
points of 34.9 cm2/m2 for females and 40.8 cm2/m2 for males 
were found based on the survival differences with log-rank 
test in 937 patients with stages I-III GC and undergoing 
gastrectomy.7 In Sakurai et al’s study, which included 569 
patients who underwent gastrectomy, the cutoff of sarcope-
nia (43.2 cm2/m2 for males and 34.6 cm2/m2 for females) was 
determined by the first quartile of the distribution in the study 

Table 2. The incidence of grades 3-5 toxicities in patients with low SMI and normal SMI.

All patients (n = 158) Low SMI (n = 30) Normal SMI (n = 128) P-value

Hematological AE 60 (38%) 19 (63.3%) 41 (32.0%) .001

  Anemia 36 (22.8%) 16 (53.3%) 20 (15.6%) <.001

  Neutropenia 33 (20.9%) 10 (33.3%) 23 (18%) .083

  Thrombocytopenia 12 (7.6%) 6 (20.0%) 6 (4.7%) .004

  Neutropenic fever 12 (7.6%) 5 (16.7%) 7 (5.5%) .037

Non-hematological AE 67 (42.4%) 20 (66.7%) 47 (36.7%) .003

  Hyponatremia 31 (19.6%) 10 (33.3%) 21 (16.4%) .044

  Hypokalemia 20 (12.7%) 7 (23.3%) 13 (10.2%) .067

  Hyperkalemia 2 (1.3%) 2 (6.7%) 0 (0%) .035

  Hypercalcemia 1 (0.6%) 1 (3.3%) 0 (0%) .190

  Creatinine increased 10 (6.3%) 3 (10.0%) 7 (5.5%) .402

  ALT increased 3 (1.9%) 0 (0%) 3 (2.3%) .662

  AST increased 4 (2.5%) 1 (3.3%) 3 (2.3%) 1.120

  Infection 21 (13.3%) 9 (30.0%) 12 (9.4%) .006

  Hand-foot syndrome 7 (4.4%) 4 (13.3%) 3 (2.3%) .009

  Nausea/vomiting 13 (8.2%) 4 (13.3%) 9 (7.0%) .258

  Diarrhea 15 (9.5%) 5 (16.7%) 10 (7.8%) .136

Bold values indicates significant differences.

https://academic.oup.com/oncolo/article-lookup/doi/10.1093/oncolo/oyae123#supplementary-data
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population.29 In Matsunaga et al’s study, which investigated 
83 patients receiving first-line 5-FU chemotherapy, the SMI 
cutoff of 45.1 cm2/m2 for males and 34.5 cm2/m2 for females 
was developed by dividing the cohort into half; 41 patients 
had low SMI and 42 patients had high SMI. Although studies 
confirmed the significant associations of these cutoff points 
with survival in patients with GC, it is unclear how these cut-
off points can guide physicians regarding subsequent treat-
ment plans.

In our study, the SMI cutoff points of <33 cm2/m2 for males 
and <28 cm2/m2 for females predict severe chemotherapy 
toxicities and are associated with worse survival outcomes 
in patients with advanced GC on palliative chemotherapy. 
Patients with low SMI had a significantly higher risk of 
grade 3/4 hematological and non-hematological toxicities. 
Moreover, these patients had a significantly shorter survival 
rate, lower response rate to first-line chemotherapy, and less 
frequent use of subsequent lines of treatment. The cutoff point 
of SMI found in our study was determined by the occurrence 
of severe toxicities and mortality; thus, it has both prognostic 
and predictive significance in a clinical context. For patients 
with SMI below our cutoff point, the risks of severe hemato-
logical toxicities and non-hematological toxicities were dou-
bled. Over half of the patients with sarcopenia experienced 
early termination of treatment. Further, the response to first-
line systemic treatment was rather low, only approximately 
10%, and the median survival was only approximately 33.1 
weeks. According to histological data, the median survival 
duration of patients with advanced GC who did not receive 
systemic treatment was approximately 4.3 months (ie, 30.1 
weeks) and this duration is similar to the median OS of 
patients with low SMI.

Therefore, given the much higher risk of severe toxicities 
and minimal benefit in terms of response and survival rates 
in patients with sarcopenia, it is important for both patients 
and caregivers to understand the pros and cons of treatment 
as well as the poor prognosis before beginning chemotherapy. 
An honest and forthright communication among physicians, 
patients, and caregivers is essential to understand the goal of 
treatment and avoid false hope and deterioration of quality of 
life for the patient. Moreover, our study also revealed that low 
serum albumin level was associated with higher risk of severe 
hematological toxicities and shorter OS. Sarcopenia and low 
serum albumin level synergistically increase the risk of inci-
dent disability in older adults. Early identification of people 
at risk for malnutrition and early intervention is important 
in patients with advanced GC. Adequate nutritional support 
with a high protein diet and addition of multivitamins and 
omega-3 fatty acids in combination with close monitoring 
of acute severe toxicities may improve a patient’s tolerance 
to chemotherapy. Future prospective research should focus 
on intervention studies to evaluate the effectiveness of nutri-
tional interventions and benefits of nutritional supplements in 
improving the outcomes of patients with sarcopenia.

Our study has several limitations. First, this is a retrospective 
study with patients only from a single institution. All the data 
were collected from the patients’ records. Second, since sarco-
penia involved 3 aspects—muscle strength, muscle quantity/ 
quality, and physical performance, the data on muscle strength 
and physical performance (eg, grip strength, gait speed, or 
balancing ability) were not collected. Third, data on inflam-
matory markers (eg, C-reactive protein (CRP), interleukin- 
6 (IL-6)) were not available while these markers might  
correlate with the body inflammatory status and sarcopenia. 

Figure 1. Kaplan-Meier curves for survival time in patients with low SMI and normal SMI.
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Fourth, data on low-grade toxicities were not collected in 
this study. These low-grade toxicities also likely affect the 
health-related quality of life in advanced cancer patients. 
Fifth, we did not collect data on the longitudinal changes in 
the SMI during the course of chemotherapy. The change in 
SMI during chemotherapy may also affect chemotherapy tol-
erance and survival of patients.

Nevertheless, our study also had several strengths. First, to 
the best of our knowledge, this is one of the largest retrospec-
tive studies that involves only patients with advanced or met-
astatic GC on palliative chemotherapy. Second, the included 
patients were rather homogenous, as they all had pre-treatment  
CT images in DICOM format and had received first-line pal-
liative chemotherapy using platinum-based chemotherapy or 
5-FU based chemotherapy. Third, we developed a compre-
hensive collection of data from the patients’ medical records; 
patients with missing data were excluded from the analysis.

Conclusion
We observed that low SMI (SMI ≤ 33 cm2/m2 in males 
and ≤ 28 cm2/m2 in females) is an independent predictive fac-
tor for severe toxicities in patients with advanced GC under-
going chemotherapy and is an important prognostic factor for 
survival. Evaluation of skeletal muscle mass by CT imaging is 
a useful objective tool to identify individuals with low SMI. 
Physicians can consider using these cutoff points to identify 
patients who may have increased risk of chemotherapy tox-
icities and make decisions on dose adjustments, monitoring 
strategies after chemotherapy, and supportive interventions. 
Further prospective research is warranted to evaluate the 
effectiveness of nutritional therapies in reversing the condi-
tion of sarcopenia and improving the prognosis of patients 
with advanced GC.
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