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ABSTRACT
Background: Gastric cancer (GC) patients often have nutritional risks or malnutrition, and neoadjuvant chemotherapy (NAC) 
tends to exacerbate malnutrition. Body composition parameters are associated with the prognosis of GC patients. Little is known 
about body composition changes during NAC and its role in clinical outcomes.
Methods: This was a secondary analysis of a Phase 3, open-label, multicentre, randomized clinical trial (RCT) (NCT01364376), 
assessing the usefulness, safety and efficacy of S-1 plus oxaliplatin (SOX) vs. fluorouracil, leucovorin and oxaliplatin (FOLFOX) 
as a perioperative chemotherapy regimen for patients with locally advanced GC. Pre-NAC and post-NAC computer tomography 
(CT) were collected to evaluate the prognostic role of skeletal muscle, adipose tissue and their dynamic change. Overall survival 
(OS) and progression-free survival (PFS) rates were calculated using the Kaplan–Meier method.
Results: A total of 583 patients from 12 Chinese hospitals were enrolled. After exclusion, 423 patients who proceeded to surgery 
were used for further analysis. The median age was 60 (IQR: 54, 66) years, and 133 patients (31.4%) were female. Prior to NAC, 132 
(31.2%) patients were diagnosed with sarcopenia. There was no significant difference in overall survival between sarcopenia and 
non-sarcopenia patients (p = 0.363). During NAC, most patients suffered skeletal muscle (SM) loss (n = 268, 63.4%), subcutaneous 
adipose tissue (SAT) loss (n = 236, 55.8%) and visceral adipose tissue (VAT) loss (n = 254, 60.0%). Patients with SAT loss > 12.5% 
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had significantly worse PFS (p = 0.005) and OS (p = 0.003) than those without. Patients with VAT loss > 15% had significantly 
worse PFS (p = 0.003) and OS (p = 0.004) than the stable or gain group. Patients with SMI loss > 4.7% had significantly worse PFS 
(p = 0.043) and showed a tendency of reduced OS (p = 0.181) than those without. In patients without sarcopenia, the incidence of 
grade 3/4 neutropenia in the FOLFOX group was higher than that of the SOX group (p = 0.019). In patients with myosteatosis, the 
incidence of Grade 3/4 thrombocytopenia in the SOX group was higher than that of the FOLFOX group (p < 0.001).
Conclusion: In this RCT study, patients with GC experience significant losses of muscle and adipose tissue during NAC. A 
high level of adipose tissue or muscle loss during NAC is prognostic of reduced survival in patients with locally advanced GC. 
Assessing and monitoring body composition can predict prognosis and effectively guide individual nutrition intervention and 
the prevention of complications.

1   |   Introduction

Gastric cancer (GC) is the fifth most common malignant tu-
mour and one of the leading causes of cancer-related death 
worldwide [1]. The most common symptoms of GC patients 
are related to digestion, including indigestion, anorexia or 
early satiety, weight loss and abdominal pain [2]. Therefore, 
GC patients often suffer from nutritional risks or malnutrition. 
Surgical resection remains a primary procedure for curative 
purposes. For resectable localized GC, neoadjuvant chemo-
therapy (NAC) is typically administered rather than upfront 
surgery followed by adjuvant therapy because of the fact that 
NAC could result in downstaging of a locally advanced tu-
mour, address micrometastatic disease, improve survival and 
improve identification of patients who do not benefit from sur-
gery due to disease progression during NAC [3–6]. However, 
NAC often causes side effects and toxicity, which tend to ex-
acerbate malnutrition. Therefore, it is of great significance to 
identify factors that might explain individual variation in ther-
apeutic safety and efficacy.

Body composition has been studied in several types of tumours 
and has been suggested to be associated with cancer prognosis 
[7–9]. Cross-sectional computed tomography (CT) imaging at the 
level of the third lumbar spine is considered as a standard approach 
to estimate the contents and distribution of skeletal muscle and 
adipose tissue due to its wide availability, high precision, and low 
incremental costs [10, 11]. According to the 2011 international con-
sensus, cancer cachexia was defined as a multifactorial syndrome 
characterized by an ongoing loss of skeletal muscle mass (with or 
without loss of fat mass), which cannot be fully reversed by con-
ventional nutritional support and leads to progressive functional 
impairment [12]. Cachexia is a common complication in gastric 
cancer and is often linked to poor chemotherapy response, decline 
in the quality of life and diminished survival [13–16]. Sarcopenia, 
defined as the depletion of skeletal muscle mass and muscle dys-
function, is widely recognized to be associated with the prognosis 
of several types of tumours. Some recent research revealed that 
GC patients with sarcopenia had significantly shorter overall sur-
vival (OS) and more chemotherapy toxicity [17–20]. Adipose tissue 
was another important component of body composition and was 
regarded as a marker for prognosis in GC patients [21–23]. Most 
studies found that patients with GC who receive NAC often have 
significant changes in body composition [24]. A recent study found 
that patients with foregut cancers experience significant losses of 
muscle during chemotherapy and a high level of skeletal mus-
cle loss (> 6%) is prognostic of reduced survival [25]. In addition, 
muscle loss ≥ 5% was associated with a higher Mandard tumour 

regression grade in GC patients treated with pre-operative fluoro-
uracil plus leucovorin, oxaliplatin and docetaxel (FLOT) therapy 
[26]. However, the prognostic role of adipose tissue change is still 
unknown.

In 2022, we reported the results of the FOCUS trial, which com-
pared the safety and efficacy of S-1 plus oxaliplatin (SOX) vs. 
fluorouracil, leucovorin and oxaliplatin (FOLFOX) as a periop-
erative chemotherapy regimen for patients with locally advanced 
GC [27]. We concluded that SOX was non-inferior to FOLFOX as 
perioperative chemotherapy for patients with GC. Herein, based 
on the data from the FOCUS trial, we assessed systematically 
the dynamic change of body composition parameters including 
skeletal muscle and adipose tissue during NAC and evaluated 
their prognostic role on survival outcomes and the association 
with relevant complications.

2   |   Methods

2.1   |   Design and Patients

We conducted a secondary analysis of the FOCUS trial, which 
was an investigator-initiated, multicentre, open-label ran-
domized controlled trial involving 12 Chinese hospitals [27]. 
Briefly, patients with locally advanced gastric cancer were ran-
domly assigned (1:1) to receive either perioperative FOLFOX 
or SOX. The inclusion and exclusion criteria were elaborated 
in our previous study [27]. SOX or FOLFOX was administered 
for 2–4 cycles as NAC, and surgery was scheduled within 
2 weeks after completion of the last cycle of NAC. Patients who 
did not undergo surgery were excluded. Of these, CT scans of 
423 patients (82%) were evaluable for our analysis of dynamic 
change of body composition parameters. The reason is related 
to the fact that the other patients' CT image data were lost. 
The flowchart of patient selection procedures was shown in 
Figure 1.

The study was done according to the Declaration of Helsinki 
and Good Clinical Practice Guidelines as defined by the 
International Conference on Harmonization. All enrolled 
patients provided written informed consent. The trial is reg-
istered at ClinicalTrials.gov (NCT01364376). The study pro-
tocol was approved by the ethics committees of participating 
institutions based on the ethical approval obtained from the 
ethics committee of the lead centre, the first affiliated hospi-
tal, Zhejiang University School of Medicine (approval number: 
ZDYYLS2024Y, No. 1105-K).

http://ClinicalTrials.gov
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2.2   |   Body Composition Assessment

The pre-NAC (baseline) CT scan is performed during the pa-
tient's initial consultation, which was closest to the first NAC 
circle, and the post-NAC CT scan is conducted following the 
completion of NAC and prior to surgery. Skeletal muscle (SM), 
visceral adipose tissue (VAT) and subcutaneous adipose tissue 
(SAT) were analysed using axial CT images at the level of the 
third lumbar vertebra (L3) by SliceOmatic software (Version 
5.0; Tomovision). Tissue Hounsfield unit (HU) thresholds 

were described previously: −29 to +150 HU for SM, −190 to 
−30 for SAT and −150 to −50 for VAT [10]. The mean tissue-
specific radiation attenuation (RA) of SM, VAT or SAT was 
recorded, and the area of SM, VAT and SAT was measured, 
and each value of the cross-sectional areas (cm2) was normal-
ized for height squared (m2) to calculate SM index (SMI), VAT 
index (VATI) or SAT index (SATI) (Figure  2), respectively. 
Sarcopenia and myosteatosis were evaluated based on CT 
at the L3 level by SMI and SMRA using predefined and fre-
quently used cut-off values [28]. Specifically, sarcopenia was 

FIGURE 1    |    Flowchart of patient selection procedures. CT, computed tomography; FOLFOX, fluorouracil, leucovorin and oxaliplatin; SOX, S-1 
plus oxaliplatin.

FIGURE 2    |    Cross-section of pre-NAC and post-NAC CT-scan images at the L3 region from the same patient. (A) Pre-NAC. (B) Post-NAC. Red: 
skeletal muscle; blue: subcutaneous adipose tissue; yellow: visceral adipose tissue. CT, computed tomography; NAC, neoadjuvant chemotherapy.
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defined in male patients as SMI < 43 cm2/m2 if BMI < 25 kg/m² 
and SMI < 53 cm2/m2 if BMI ≥ 25 kg/m2, and in female patients 
as SMI < 41 kg/m2 irrespective of BMI. Myosteatosis was de-
fined as SMRA < 41 HU if BMI < 25 kg/m2 and SMRA < 33 HU 
if BMI ≥ 25 kg/m2 [29].

2.3   |   Outcomes and Follow-Up

The follow-up was ended in September 2019, and the median 
(range) follow-up time was 61 (2–96) months in the SOX group 
and 60 (1–96) months in the FOLFOX group. After comple-
tion of the treatment, enrolled patients were followed up every 
3–6 months from 1 to 2 years, 6 to 12 months from 3 to 5 years 
and then annually after 5 years. Patients' OS and progression-
free survival (PFS) were assessed. Whether the tumour recurred 
or progressed was determined by radiological findings or tissue 
biopsy, if it was feasible. Cause of death and sites of recurrence 
or progression were assessed and recorded by investigators.

2.4   |   Statistical Analysis

Continuous variables were presented as means ± standard devi-
ations (SDs) or medians and interquartile ranges (IQRs) as ap-
propriate for the data type. The Kolmogorov–Smirnov test was 
used to evaluate the normality of the data distribution. Normally 
distributed data were compared using Student's t-tests, and non-
normally distributed continuous variables were compared using 
Mann–Whitney U tests or the Wilcoxon matched-pairs signed 

rank test. Categorical variables are expressed as numbers (%) 
and were compared with the chi-square test. A precision test 
was performed by analysing twice 30 images (15 pre-NAC im-
ages repeated twice and 15 post-NAC images repeated twice) 
according to a previously reported approach [30, 31]. Precision 
error was calculated by the percentage coefficient of variation 
(%CV) and by the root-mean-square (RMS) SD with the least 
significant change (LSC) for RMS %CV and for RMS SD. OS 
and PFS rates were calculated using the Kaplan–Meier method 
and compared using the log-rank test. Kaplan–Meier survival 
analyses were conducted using the ‘survival’ and ‘survminer’ 
packages in R version 4.2.2 and the optimal cut-off values were 
determined using the ‘maxstat’ package (https://​CRAN.​R-​proje​
ct.​org/​packa​ge=​maxstat), utilizing the methodology of maxi-
mum rank statistics. Statistical analyses were conducted using 
SPSS software, Version 26 (IBM, Armonk, NY USA). A p value 
< 0.05 was considered statistically significant.

3   |   Results

3.1   |   Baseline Characteristics of the Patients

A total of 583 patients from 12 Chinese hospitals were enrolled. 
After exclusion, 423 patients who proceeded to surgery were 
used for further analysis including 216 patients in the SOX group 
and 207 patients in the FOLFOX group (Figure 1). The baseline 
characteristics were shown in Table S1. The median age was 60 
(IQR: 54–66) years, and 290 patients (68.6%) were male. In addi-
tion, the parameters of body composition were shown in Table 1. 

TABLE 1    |    Patient characteristics of body composition parameters.

Overall (n = 423) SOX (n = 216) FOLFOX (n = 207) p

Pre-sarcopenia (%) 132 (31.2) 64 (29.6) 68 (32.9) 0.542

Pre-myosteatosis (%) 269 (63.6) 141 (65.3) 128 (61.8) 0.526

Pre-SMI (mean [SD]) 47.43 (8.03) 47.52 (8.11) 47.32 (7.97) 0.799

Pre-VATI (median [IQR]) 30.95 [16.67, 47.51] 31.69 [17.59, 47.74] 27.96 [15.40, 47.09] 0.219

Pre-SATI (median [IQR]) 34.84 [22.81, 47.64] 36.08 [24.50, 49.09] 33.73 [21.60, 46.92] 0.116

Pre-SMRA (median [IQR]) 37.72 [32.50, 41.71] 37.92 [32.42, 41.45] 37.60 [32.73, 42.22] 0.737

Pre-VATRA (median [IQR]) −93.16 [−100.24, −85.28] −94.39 [−101.43, −86.04] −92.33 [−99.04, −84.50] 0.102

Pre-SATRA (median [IQR]) −94.99 [−101.10, −87.53] −95.83 [−101.60, −88.62] −94.68 [−100.80, −86.36] 0.164

Post-sarcopenia (%) 158 (37.4) 91 (42.1) 67 (32.4) 0.048

Post-myosteatosis (%) 278 (65.7) 143 (66.2) 135 (65.2) 0.911

Post-SMI (mean [SD]) 46.62 (8.09) 46.42 (8.27) 46.82 (7.92) 0.608

Post-VATI (median [IQR]) 28.19 [17.11, 44.11] 28.46 [17.62, 43.90] 27.34 [16.30, 44.65] 0.651

Post-SATI (median [IQR]) 32.41 [22.48, 45.27] 33.42 [23.09, 47.12] 31.68 [22.11, 43.30] 0.302

Post-SMRA (median [IQR]) 36.41 [31.44, 40.97] 36.38 [30.79, 40.65] 36.46 [31.96, 41.20] 0.661

Post-VATRA (median [IQR]) −88.98 [−95.21, −83.39] −88.91 [−95.08, −82.82] −89.18 [−95.35, −84.22] 0.614

Post-SATRA (median [IQR]) −92.48 [−97.71, −85.03] −92.92 [−98.19, −84.34] −92.34 [−97.54, −85.46] 0.909

Abbreviations: FOLFOX, fluorouracil, leucovorin and oxaliplatin; IQR, interquartile range; SATI, subcutaneous adipose tissue index; SATRA, subcutaneous adipose 
tissue radiation attenuation; SD, standard deviation; SMI, skeletal muscle index; SMRA, skeletal muscle radiation attenuation; SOX, S-1 and oxaliplatin; VATI, visceral 
adipose tissue index; VATRA, visceral adipose tissue radiation attenuation.

https://CRAN.R-project.org/package=maxstat
https://CRAN.R-project.org/package=maxstat
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The baseline characteristics (including age, sex, ECOG perfor-
mance status and surgical and pathological findings) were well 
balanced between the SOX group and the FOLFOX group.

3.2   |   The Clinical Characteristics in Patients With 
Sarcopenia or Myosteatosis

According to predefined criteria, 132 patients (31.2%) were diag-
nosed with sarcopenia and 269 patients (63.6%) were diagnosed 
with myosteatosis. The characteristics of the patients according 
to sarcopenia or myosteatosis were shown in Table  2. Female 
patients were more prone to sarcopenia (p < 0.001) or myosteato-
sis (p < 0.001). Patients with sarcopenia and myosteatosis were 
older than those without (p = 0.048; p < 0.001). Sarcopenic pa-
tients had a lower BMI than non-sarcopenic patients (p < 0.001). 
Either sarcopenia or myosteatosis affected performance status 
and was associated with the elevated ECOG scores (p = 0.025; 
p = 0.019). There was no significant difference in surgical and 
pathological characteristics between sarcopenia patients and 
non-sarcopenia patients, and these characteristics were also 
balanced between myosteatosis patients and non-myosteatosis 
patients.

Furthermore, we evaluated the prognostic role of sarcopenia 
or myosteatosis based on Kaplan–Meier survival analyses. The 
1-, 3- and 5-year PFS rates were 85.6%, 70.5% and 67.4% in the 
sarcopenia group, respectively, which showed no significant 
difference with 85.9%, 72.7% and 70.6% in the non-sarcopenia 
group, respectively (p = 0.563, Figure  S1A). There was also 
no significant difference in OS between these two groups 
(p = 0.363; Figure S1B). Likewise, there was no significant dis-
crepancy observed in either PFS (p = 0.985; Figure S1C) or OS 
(p = 0.789; Figure S1D) between myosteatosis patients and non-
myosteatosis patients.

In addition, we reassessed the body status of patients after the 
NAC based on the post-NAC CT images. After the NAC, more 
patients suffered sarcopenia or myosteatosis. A total of 158 pa-
tients (37.4%) were diagnosed with sarcopenia, and 278 patients 
(65.7%) were diagnosed with myosteatosis. Patients with sar-
copenia exhibited a tendency to have reduced PFS (p = 0.068; 
Figure S2A) and markedly reduced OS (p = 0.031;l Figure S2B) 
compared to those without sarcopenia. However, there was 
still no significant difference observed in either PFS (p = 0.571, 
Figure S2C) or OS (p = 0.798; Figure S2D) between patients with 
myosteatosis and those without myosteatosis.

3.3   |   Dynamic Change of Body Composition 
During NAC

To investigate the impact of dynamic changes in body composi-
tion on patient outcomes, we measured and compared the pre-
NAC and post-NAC body composition parameters. The median 
interval between these two images is 55 days (IQR, 48–65). The 
precision error and the LSC of SM or SAT measurements are 
presented in Table  S2. The LSC %CV for SM area, SAT area 
and VAT area was 2.01%, 2.06% and 3.43%, respectively. After 
the NAC, most patients showed reduced SMI, SATI and VATI 
(Figure 3A–C, Figures S3A–C and S4), and the change showed 

no association with NAC cycle number (Figure  S3D–F). The 
reduction of SMI, SATI or VATI in the SOX group was more 
than that in the FOLFOX group (PSMI = 0.043, PVATI = 0.038, 
PSATI = 0.005, respectively) (Figure  3D–F). Additionally, the 
proportion of sarcopenia patients after the NAC was signifi-
cantly higher in the SOX group than that of the FOLFOX group 
(p = 0.048), although the baseline sarcopenic proportions were 
comparable in the two groups (p = 0.542) (Table 1).

3.4   |   Prognostic Role of Adipose or Muscle Loss 
During NAC

To assess the prognostic role of body composition dynamic 
change, we divided patients into two groups (high loss: n = 125; 
stable or gain: n = 298) according to the SATI loss percentage, 
and the optimal cut-off value was 12.5% determined using the 
‘maxstat’ package. Patients with SATI loss > 12.5% had sig-
nificantly worse PFS (p = 0.005; Figure 4A) and OS (p = 0.003; 
Figure  4B) than those without. Using the same method, the 
optimal cut-off value of VATI loss was 15%, and patients with 
VATI loss > 15% (n = 134, 31.7%) had significantly worse PFS 
(p = 0.003; Figure  4C) and OS (p = 0.004; Figure  4D) than the 
stable or gain group. According to the SMI loss percentage, we 
also divided patients into two groups (high loss: n = 105; stable 
or gain: n = 318), and the optimal cut-off value was 4.7%. Patients 
with SMI loss > 4.7% had significantly worse PFS (p = 0.043; 
Figure  4E) and showed a tendency of reduced OS (p = 0.181; 
Figure 4F) than those without.

To sum up, both high loss of adipose tissue and skeletal muscle 
during NAC were associated with adverse survival outcomes, 
and high loss of adipose tissue could better differentiate patients 
with poor prognosis.

3.5   |   Subgroup Analysis 
of Chemotherapy-Associated Toxic Effects

Furthermore, to assess the chemotherapy-associated toxic ef-
fects of these two regimens on patients with different baseline 
body composition status, we divided patients into two groups ac-
cording to sarcopenia or myosteatosis and conducted subgroup 
analysis (Table  S3). In non-sarcopenic patients, we observed 
significantly more instances of Grade 3 or 4 neutrocytopenia in 
the FOLFOX group (p = 0.019). In patients with myosteatosis, 
the incidence of thrombocytopenia in the SOX group was higher 
than that of the FOLFOX group (p < 0.001). In patients without 
myosteatosis, there were significantly more instances of Grade 3 
or 4 anaemia in the SOX group (p = 0.043).

4   |   Discussion

Based on this RCT trial, we demonstrated that patients with 
GC often have significant changes in body composition during 
NAC, including a high-level loss of adipose tissue or skeletal 
muscle, which was associated with significantly poor progno-
sis. In addition, the baseline body composition status was also 
related to chemotherapy-associated toxic effects. To our knowl-
edge, it is the first trial that investigated the prognostic role of 
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FIGURE 3    |     Legend on next page.
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body composition parameters in GC patients who received NAC 
of SOX or FOLFOX regimen systematically.

Cachexia is highly prevalent in patients with gastric cancer. 
Taking the extratumoral effects of cancer into account (host 
response to cancer) may be valuable to tumour stage for risk 
stratification and identification of patients with potential poor 
prognosis. A recent multicentre cohort study revealed that 
rates of disease progression during NAC, leading to inopera-
bility, were higher in patients with a low cachexia index (28% 
vs. 12%, p < 0.001), and cachexia was associated with worsened 
post-operative mortality and decreased OS in patients with lo-
cally advanced oesophageal or gastric cancer [32]. According to 
the definition of cachexia, muscle loss is a feature of cachexia. 
Previous studies have focused on muscle, and a significant num-
ber of patients with GC become sarcopenic during NAC [33]. A 
recent study revealed that both of pre-NAC sarcopenia and post-
NAC sarcopenia were associated with the high post-operative 
morbidity rates and post-NAC sarcopenia was an independent 
risk factor for post-operative morbidity (HR: 9.550; 95% CI 2.818–
32.369; p < 0.001) [34]. In addition, sarcopenia is also associated 
with early termination of NAC, a significantly extended post-
operative stay, hospital stay and severe post-operative complica-
tions [35, 36]. SMI loss > 1.2 cm2/m2 during NAC independently 
predicted poor OS (HR: 1.677, 95% CI 1.040–2.704, p = 0.034) 
and recurrence-free survival (HR: 1.924, 95% CI 1.165–3.175, 
p = 0.011) [37]. A previous study demonstrated that muscle 
loss > 6% was associated with reduced survival [25]. Muscle 
loss ≥ 5% during NAC was associated with a higher Mandard 
tumour regression grade, which is a histological score of re-
sponse after NAC, and the higher is the grade, the worse is the 
response [26, 38]. The adverse host response may be interpreted 
by the adverse tumour biology. In addition, muscle mass may 
be involved in the drug pharmacokinetics and the synthesis of 
several acute-phase proteins, and a better pathological response 
may contribute to a reduction in dysphagia and then a better nu-
tritional intake [26, 39]. The cut-off value of SMI loss is 4.7% in 
our study, and it was associated with worse PFS (p = 0.043) and 
only showed a tendency of reduced OS (p = 0.181). Muscle loss 
seems not to be the most important factor in differentiating pa-
tients with poor prognosis in our trial. The reason is related to 
the fact that adipose tissue tends to be consumed first, followed 
by muscle loss.

Adipose tissue is also a significant evaluation factor of body 
composition and was suggested as having a prognostic role in 
GC patients. Recently, a retrospective cohort study (n = 341) re-
vealed that a low VFI (cut-off value: 41.28 cm2/m2) was an inde-
pendent risk factor associated with the poor OS (HR: 1.59; 95% 
CI 1.03–2.45; p = 0.038) in patients with GC (Stages I–III) who 
underwent gastrectomy, and the CT time was within 1 month 
prior to surgery [40]. A retrospective study (n = 157) found 
that patients with marked VAT loss (≥ 35.7%) during NAC or 
neoadjuvant chemoradiotherapy had significantly shorter OS 

(p = 0.028) and marked SAT loss (≥ 30.1%) was also associated 
with poorer OS (p = 0.033) and DFS (p = 0.003) [41]. The propor-
tion of the high SAT loss group and high VAT group was 12.1% 
(n = 19) and 10.2% (n = 16), respectively. In our study, the cut-off 
value was 12.5% for high SAT loss and 15% for high VAT loss, 
and the percentage of the high SAT loss group and high VAT 
group was 29.6% (n = 125) and 31.7% (n = 134), respectively. We 
extended the criteria and figured out more GC patients with po-
tential poor prognosis. In clinical practice, we recommend as-
sessing and monitoring body composition parameters and their 
dynamic changes based on pre-NAC CT images and the post-
NAC CT images. The main purpose of pre-NAC CT is to assist in 
the diagnosis and clinical staging of GC, and the post-NAC CT 
can be used to assess the efficacy of NAC to some degree. The as-
sessment of body composition does not necessitate additional CT 
imaging; instead, it facilitates the extraction of prognostic infor-
mation from the existing data. For patients who suffered muscle 
and fat loss exceeding our cut-off value, individualized therapy, 
dietary guidance, exercise programmes and early nutritional in-
tervention should be considered to mitigate these effects.

NAC followed by radical surgery is recommended as the stan-
dard treatment for locally advanced GC [42–44]. SOX and 
FOLFOX regimens were found to be effective and manageable 
with a favourable safety profile in patients with unresectable 
GC in Asia [5, 45, 46]. As we reported previously, SOX was non-
inferior to FOLFOX for patients with locally advanced GC, and 
the 3-year OS rate was 75.2% for the SOX group and 67.8% for 
the FOLFOX group [27]. SOX is the Grade I recommendation 
for non-oesophagogastric junction locally advanced GC accord-
ing to the Chinese Society of Clinical Oncology (CSCO) clini-
cal guideline [44]. However, we revealed that the SOX group 
showed a remarkable reduction of skeletal muscle and adipose 
tissue after NAC, and the proportion of sarcopenia patients after 
the NAC was significantly higher in the SOX group than that of 
the FOLFOX group. The reason is related to the fact that S-1 was 
given continuously twice daily for 2 weeks. These results remind 
us that body composition status should be taken into account 
when choosing the NAC regimen in clinical practice. In addi-
tion, the chemotherapy-associated toxic effects differed among 
patients with different baseline body composition statuses. 
Prevention and in-time intervention of complications should be 
adopted in specific subgroups.

Admittedly, potential limitations of our study must also be con-
sidered. Body condition requires multidimensional evaluation 
such as grip strength, physical performance and nutritional as-
sessment questionnaire, which were unavailable in our study. 
Furthermore, we investigated the prognostic role of dynamic 
change of body composition during NAC, although surgery 
may have a greater impact on body composition and physical 
function. Hence, further longitudinal studies are warranted to 
clarify the association between perioperative change of body 
composition and outcomes.

FIGURE 3    |    Dynamic change of body composition parameters before and after the NAC. Comparison of SMI (A), SATI (B) and VATI (C) before 
and after the NAC. Change of SMI (D), SATI (E) and VATI (F) in SOX and FOLFOX group. *p < 0.05, **p < 0.01. FOLFOX, fluorouracil, leucovorin 
and oxaliplatin; NAC, neoadjuvant chemotherapy; SATI, subcutaneous adipose tissue index; SMI, skeletal muscle index; SOX, S-1 and oxaliplatin; 
VATI, visceral adipose tissue index.
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FIGURE 4    |     Legend on next page.
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5   |   Conclusion

In conclusion, we found that high loss of adipose tissue during 
NAC played a prognostic role in patients with locally advanced 
GC, which was better than the prognostic role of muscle loss. The 
SOX regimen caused more muscle and fat consumption than the 
FOLFOX regimen. Monitoring body composition change during 
NAC is helpful to predict prognosis and effectively guide indi-
vidual nutrition intervention. Body composition status should 
be taken into account when choosing the NAC regimen in clin-
ical practice.
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