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PSFT were associated with shorter OS (P  =  0.003; 
0.003) and DFS (P  <  0.001; 0.004). By multivariate 
analysis, high IFT and PSFT were independently associ-
ated with OS (HR 2.94, 95 % CI 1.54–5.60; 0.38, 95 % 
CI 0.21–0.71) and DFS (HR 3.28, 95  % CI 1.55–6.93; 
0.42, 95  % CI 0.21–0.82). BMI was not significant for 
OS and DFS.
Conclusions  This study provided the first evidence that 
IFT, ASFT, and PSFT measured before neo-adjuvant chem-
otherapy were likely to be useful predictive biomarkers for 
survival of advanced gastric cancer patients.

Keywords  Gastric cancer · Computed tomography · Fat · 
Survival

Introduction

Gastric cancer is one of the most common malignancies 
worldwide, accounting for 986,600 new cases and 738,000 
deaths each year. Its incidence and mortality rate are even 
higher in Asian countries (Jemal et  al. 2011). Surgical 
resection is the main choice for gastric cancer treatment, 
and preoperative chemotherapy is commonly used for 
advanced gastric cancer (Ajani et  al. 2013). Tumor stage, 
distant metastasis, treatment plan, and tumor-specific bio-
marker expressions are generally regarded as predictors 
for patient prognosis with gastric cancer (Grabsch and Tan 
2013; Medina-Franco et al. 2004; Smith et al. 2005; Wag-
ner et al. 2006).

In addition to these prognostic factors, gastric cancer 
patients’ health situations are also associated with prog-
nosis (Piazuelo and Correa 2013). Obesity has become a 
research focus as a physical factor associated with tumor 
prognosis (Aleman et  al. 2014; Bianchini et  al. 2002; 
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Calle et al. 2003; Demark-Wahnefried et al. 2012). Body 
mass index (BMI) has historically been used as a sur-
rogate method for measuring an individual’s degree of 
obesity (Li et  al. 2009; Renehan et  al. 2008; Yuan et  al. 
2013). However, the BMI does not differentiate among 
differing body fat distributions; thus, it represents at best 
a poor and inexact parameter for obesity (House et  al. 
2008; Maurovich-Horvat et al. 2007). At present, several 
studies have used computed tomography (CT) images to 
quantitatively measure fat content on a specific body part 
to reflect the degree of obesity (Griggs and Sabel 2008; 
Guiu et  al. 2010; Ladoire et  al. 2011). In these studies, 
body fat measurements often included the measurements 
of subcutaneous fat (SF) and visceral fat (VF). CT images 
can obtain body fat distribution; thus, they probably pro-
vide more appropriate parameters than the BMI to define 
obesity.

Whether the BMI and SF and/or VF amounts at treat-
ment initiation predict outcomes in patients with advanced 
gastric cancer has not been investigated. Therefore, we pro-
posed a retrospective study into exploring the association 
linking BMI and fat parameters measured on CT images 
to the survival outcomes in patients with locally advanced 
gastric cancer. We also proposed to determine whether 
the CT parameters were better than the BMI in predicting 
prognosis.

Materials and methods

Patients

This study retrospectively included consecutive patients 
with histopathologically proved locally advanced (>cT2 
and/or cN+) gastric cancer who underwent preoperative 
chemotherapy in our hospital from January 2005 to June 
2008. All eligible patients received abdominal CT exami-
nation before preoperative chemotherapy. We excluded 
patients with multiple tumors, patients who did not com-
plete preoperative chemotherapy, patients with metastatic 
tumor verified by laparoscope, patients who received 
incomplete excision, patients who died within 30 days after 
surgery, and patients whose CT data could not be obtained. 
This study was approved by our institutional review board 
with an informed consent waiver.

In total, 112 patients were eligible for inclusion. We 
excluded 19 patients who had metastatic tumors that could 
not be surgically excised, four with incomplete excision, 
two with multiple tumors, two who could not tolerate 
preoperative chemotherapy, one patient suffering periop-
erative death. A total of 84 patients were thus included for 
analysis.

Image analysis

Fat measurements were taken independently by two expe-
rienced radiologists (Chen Y and Tang L, 8 and 10 years of 
experience) in the non-contrast phase of the available CT 
images obtained before treatment initiation. The fat param-
eters included intraperitoneal fat thickness (IFT, distance 
between the anterior peritoneum and retroperitoneum in 
the midline at the umbilicus level), retro-renal fat thickness 
(RFT, distance along renal axis between the perinephrium 
and retroperitoneum at the renal hilum level), subcutaneous 
fat thickness of anterior abdominal wall (ASFT, the largest 
paraumbilicus vertical distance from the skin to the muscle 
at the umbilicus level), lateral wall (LSFT, bilateral vertical 
distance from the skin to the muscle at the umbilicus level), 
and posterior wall (PSFT, the largest vertical distance from 
the skin to the iliopsoas muscle at the umbilicus level). 
The thickness of musculi psoas (PMT) was also measured 
on an axial image at the umbilicus level by measuring the 
maximum diameter. ASFT, LSFT, PSFT, and PMT were 
measured on both the left and right sides, and the mean val-
ues were used in analysis. IFT and RFT were considered 
parameters for visceral fat, and ASFT, LSFT, and PSFT 
were for subcutaneous fat. All parameters were recorded in 
cm. Figure 1 presents the fat parameter measurements on 
CT. The two radiologists were blind to patients’ clinical or 
prognostic information.

Therapeutic efficacy evaluation

Post-therapy CT images were also collected for each patient. 
The gastric wall thickness at tumor was measured and com-
pared between pre-therapy and post-therapy. The change 
was calculated as (TPost-therapy  −  Tpre-therapy)/Tpre-therapy  
× 100 %. Patients with a decreased change of ≥30 % were 
regarded as good responders, those with change <30  % 
were as poor responders. In this study, there were 33 good 
responders and 42 poor responders; nine patients without 
post-therapy CT examination could not be judged for thera-
peutic efficacy.

Follow‑up

Patients in this retrospective cohort were regularly fol-
lowed up with after surgery. Follow-up consisted of an out-
patient interview at 3-month interval for 1  year and then 
6-month interval until death. Date of the last follow-up, 
data of recurrence, and date and cause of death were col-
lected. Disease-free survival (DFS) was measured from the 
CT date until local recurrence or distant metastasis. Over-
all survival (OS) was measured from the CT date until all-
cause death. Patients who were alive were censored at the 
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last follow-up or death. The cutoff date for the follow-up in 
this study was July 31, 2014.

Statistical analysis

Continuous variables were described as means  ±  stand-
ard deviations. Two raters’ agreements were assessed with 
the Bland–Altman plot and intraclass correlation coef-
ficient (ICC). The percentage of difference between two 
raters was plotted on the Y-axis against the average of two 
raters on the X-axis. An ICC > 0.80 indicated almost per-
fect agreement, 0.61–0.80 substantial, 0.41–0.60 moderate, 
0.21–0.40 fair, and 0.0–0.2 indicated poor or no agreement. 
The measurements from the two raters were averaged for 
the following analysis. The correlation between parameters 
was tested with Pearson’s correlation coefficient, and 0.81–
1.0 indicated a very strong relationship, 0.61–0.8 strong, 
0.41–0.60 moderate, 0.21–0.40 weak, 0.0–0.2 was very 
weak. CT measurements were converted into dichotomized 
variables by medians. The BMI was dichotomized as over-
weight (>25 kg/cm2) and standard weight (18–25 kg/cm2). 
Survival curves were estimated using the Kaplan–Meier 
method and compared using a log-rank test. Kaplan–Meier 
analyses were also conducted in sex, cStage, and/or thera-
peutic efficacy-stratified population. A multivariate Cox 
model was then constructed to discover independent prog-
nostic factors and compute the adjusted hazard ratios (HRs) 
with their 95  % CIs. The multivariate model was inter-
nally validated using bootstrapping (200 replications). The 

difference of fat distribution between males and females 
was tested with an independent T test. P values <0.05 were 
considered statistically significant. Calculations were per-
formed using the Statistical Package for Social Sciences 
Program, version 22.0 (SPSS, Chicago, IL).

Results

Patient characteristics and clinical outcome

Eighty-four patients were included in the analysis, and 
patient characteristics and CT parameters are listed in 
Table 1. No patient was lost to follow-up, and the median 
follow-up at the cutoff data was 33 months (6–102 months). 
The 3-year survival rate of all included patients was 48 % 
(95 % CI 37–59 %).

Measurement consistency

Substantial agreement was obtained measuring IFT 
(ICC  =  0.65, Table  2). According to Bland–Altman 
plot (Fig.  2) of IFT, the average percentage of difference 
between two raters was 9.3 %, the percentage of difference 
between two raters was <20 % for 73 out of 84 cases, and 
the percentage of difference was beyond 95 % CI in only 
three cases. Perfect agreement was observed in the meas-
urements of RFT, ASFT, LSFT, PSFT, and PMT (all ICC 
>0.80, Table 2). The Bland–Altman plots (Fig. 2) for these 

Fig. 1   Measurements of fat parameters: IFT was measured as dis-
tance between the anterior peritoneum and retroperitoneum in the 
midline (the value of 56.6 mm on a), RFT as distance along renal axis 
between the perinephrium and retroperitoneum (the value of 10.6 mm 
on b), ASFT as the largest paraumbilicus vertical distance from the 
skin to the muscle (the value of 37.4 and 32.0 mm on a), LSFT as 

bilateral vertical distance from the skin to the muscle (the value of 
27.3 and 22.3 mm on a), PSFT as the largest vertical distance from 
the skin to the iliopsoas muscle(the value of 58.9 and 59.8  mm on 
a). ASFT, LSFT and PSFT were measured on both the left and right 
sides
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parameters also suggested good agreement, showing the 
average percentage of difference between two raters less 
than 3 %, the percentage of difference was <10 % for most 
cases. Therefore, the CT measurements in this study were 
accurate and reliable.

Correlation analysis

The CT-measured fat parameters showed weak to moderate 
positive correlation with the BMI. The three subcutaneous 
fat parameters of ASFT, LSFT, and PSFT showed strong 
or very strong positive correlation between either of the 
two parameters. IFT and RFT, two visceral fat parameters, 
showed moderate positive correlation. The SF parameters 
had moderate positive correlations with VF parameters. 
Both SF and VF parameters exhibited weak positive cor-
relation with PMT (Table 3).

Survival analysis

The median OS of all included patients was 30  months 
(95  % CI 13–47  months), and the median DFS was 
33 months (95 % CI 14–52 months). Table 4 summarizes 
the univariate survival analysis results of patient character-
istics and fat parameters according to survival outcomes.

Poor responders, patients at Stage III, and patients with 
signet ring cell cancer presented statistically worse OS 
(P  =  0.001  <  0.001 and 0.045, respectively, on univari-
ate log-rank test). Poor responders and patients at Stage 
III still presented statistically worse DFS (P =  0.002 and 
0.001, respectively). Patients with IFT >4.9  cm, ASFT 
≤1.9  cm, or PSFT ≤4.16 cm presented statistically worse 
OS than patients with IFT ≤4.9  cm, ASFT >1.9  cm, or 
PSFT >4.16 cm (P = 0.003, 0.001 and 0.003, respectively). 
Patients with IFT/PSFT >1.2 also presented significantly 
worse OS (P = 0.003). IFT and IFT/PSFT were significant 
for DFS on univariate analysis (P was <0.001 and 0.003, 
respectively). ASFT and PSFT showed borderline signifi-
cant association with DFS (P  =  0.05 and 0.056, respec-
tively). Overweight patients showed similar OS and DFS as 
standard weight patients (P = 0.814 and 0.56, respectively). 
Kaplan–Meier survival curves are shown in Figs. 3 and 4.

IFT and IFT/PSFT were still significant for OS and DFS 
in different sex, cStage, and/or therapeutic efficacy-strati-
fied population (all P < 0.05). ASFT and PSFT were still 
significant for OS in different sex and/or cStage-stratified 
population (all P < 0.05). However, ASFT and PSFT were 
not significant for OS in good responders, P = 0.177 and 
0.715, respectively (Fig. 5).

On multivariate analysis (Table  5), IFT (>4.9  cm) and 
PSFT (>4.16 cm) were independent prognostic fat factors 

Table 1   Patient characteristics and CT Parameters

FOLFOX: oxaliplatin, 100 mg/m2  , ivgtt 2 h, d1 Q14; calcium foli-
nate, 400 mg/m2, ivgtt 2 h, d1 Q14; fluorouracil, 2,400 mg/m2, ivgtt 
46 h, d1 Q14

XELOX: capecitabine, 1,000 mg/m2  , p.o. bid, d1–14 Q21; oxalipl-
atin, 130 mg/m2, ivgtt 2 h, d1 Q21

BMI body mass index, IFT intraperitoneal fat thickness, RFT retro-
renal fat thickness, ASFT subcutaneous fat thickness of anterior 
abdominal wall, LSFT subcutaneous fat thickness of lateral abdomi-
nal wall, PSFT subcutaneous fat thickness of posterior abdominal 
wall, PMT thickness of musculi psoas

Variable Description

Age (years) 57 ± 9

Sex

 Male 60 (71.4 %)

 Female 24 (28.6 %)

Histopathological type

 Non-signet ring cell carcinoma 74 (88.1 %)

 Signet ring cell cancer 10 (11.9 %)

cStage

 Stage II 31 (36.9 %)

 Stage III 53 (63.1 %)

Preoperative chemotherapy

 FOLFOX 54 (64.3 %)

 XELOX 30 (35.7 %)

Surgery

 Radical gastrectomy 62 (73.8 %)

 Radical distal gastrectomy 22 (26.2 %)

BMI (kg/cm2) 23.49 ± 3.03

IFT (cm) 5.09 ± 1.85

RFT (cm) 1.14 ± 0.70

ASFT (cm) 2.05 ± 0.99

LSFT (cm) 1.19 ± 0.71

PSFT (cm) 4.23 ± 1.83

PMT (cm) 3.28 ± 1.21

Table 2   ICC of CT parameters

ICC intraclass correlation coefficient, IFT intraperitoneal fat thick-
ness, RFT retro-renal fat thickness, ASFT subcutaneous fat thickness 
of anterior abdominal wall, LSFT subcutaneous fat thickness of lat-
eral abdominal wall, PSFT subcutaneous fat thickness of posterior 
abdominal wall, PMT thickness of musculi psoas

CT parameters ICC 95 % CI

IFT 0.6546 0.5111–0.7623

RFT 0.9962 0.9942–0.9975

ASFT 0.9917 0.9871–0.9946

LSFT 0.9945 0.9915–0.9964

PSFT 0.9866 0.9785–0.9916

PMT 0.9527 0.9280–0.9691
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for OS; adjusted HR were 2.94 (95 % CI 1.54–5.60) and 
0.38 (95 % CI 0.21–0.71), respectively. IFT (>4.9 cm) and 
PSFT (>4.16  cm) were also independent prognostic DFS 

factors; adjusted HR were 3.28 (95  % CI 1.55–6.93) and 
0.42 (95 % CI 0.21–0.82), respectively.

When bootstrapping was performed to check the mul-
tivariate Cox model validity, the association between 
IFT and PSFT and OS was close to statistical signifi-
cance (P  =  0.069 and 0.055, respectively), the asso-
ciation between IFT and DFS was statistically significant 
(P = 0.007), and the association between PSFT and DFS 
was close to statistical significance (P = 0.051).

Sex and fat distribution

Table 6 shows the fat parameter comparison between males 
and females. Females presented higher ASFT and LSFT 
than males in this study, but no statistical difference was 
detected between males and females in IFT, RFT, PMT, 
PSFT, and the BMI.

Discussion

Obesity is a well-established risk factor for developing 
gastric cancer (Renehan et al. 2008) and is associated with 
increased mortality from gastric cancer (Calle et al. 2003). 
However, its definition is controversial, and it is unclear 
whether the BMI is an appropriate measure of obesity 
(Moore et al. 2004). Several studies used waist circumfer-
ence or a waist-to-hip circumference ratio instead of the 

Fig. 2   Bland–Altman plots of CT parameters. a IFT, b RFT, c PMT, d ASFT, e LSFT, f PSFT

Table 3   Correlation of fat parameters

ICC intraclass correlation coefficient, IFT intraperitoneal fat thick-
ness, RFT retro-renal fat thickness, ASFT subcutaneous fat thickness 
of anterior abdominal wall, LSFT subcutaneous fat thickness of lat-
eral abdominal wall, PSFT subcutaneous fat thickness of posterior 
abdominal wall, PMT thickness of musculi psoas

Pairs Pearson’s correlation coefficient P

IFT vs BMI 0.313 0.004

RFT vs BMI 0.362 0.001

ASFT vs BMI 0.410 <0.001

LSFT vs BMI 0.291 0.007

PSFT vs BMI 0.335 0.002

PMT vs BMI 0.248 0.023

ASFT vs LSFT 0.801 <0.001

ASFT vs PSFT 0.707 <0.001

LSFT vs PSFT 0.665 <0.001

ASFT vs IFT 0.410 <0.001

ASFT vs RFT 0.475 <0.001

ASFT vs PMT 0.302 0.005

IFT vs RFT 0.553 <0.001

IFT vs PMT 0.241 0.027

RFT vs PMT 0.275 0.02
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BMI to predict the risk of developing colon or prostate can-
cer (Hsing et al. 2000; Pischon et al. 2006). However, these 
circumferences are crude measures of body fat distribution 
that fail to distinguish between deep abdominal or visceral 
fat and subcutaneous fat (Bazzocchi et al. 2012; Fox et al. 
2007). As such, the patients who have almost identical 
sagittal abdominal diameters (supine abdominal height) 
and similar waist circumferences may have completely 

different abdominal fat distribution. CT can be used to 
obtain an accurate assessment of intra-abdominal fat by 
measuring specific areas or distances representative of vis-
ceral and subcutaneous fat (Tokunaga et  al. 1983; Yoshi-
zumi et al. 1999), mainly by applying specialized software. 
This study used specific distances measured from cross-
sectional images, as referred to other literature (House 
et al. 2008). These parameters were surrogates for visceral 

Table 4   Univariate 
survival analysis of patient 
characteristics and fat 
parameters according to survival 
outcomes

IFT intraperitoneal fat 
thickness, RFT retro-renal fat 
thickness, ASFT subcutaneous 
fat thickness of anterior 
abdominal wall, LSFT 
subcutaneous fat thickness of 
lateral abdominal wall, PSFT 
subcutaneous fat thickness of 
posterior abdominal wall, PMT 
thickness of musculi psoas

* P < 0.05

Characteristics No. Overall survival Disease-free survival

Rate 95 % CI P Rate 95 % CI P

Age 0.347 0.837

 <60 48 36 30–52 39 25–53

 ≥60 36 46 32–60 50 33–67

Sex 0.127 0.07

 Female 24 54 34–74 57 36–78

 Male 60 37 25–49 38 25–51

cStage <0.001* 0.001*

 Stage III 53 28 13–43 30 17–43

 Stage II 31 65 47–83 65 47–83

Therapeutic efficacy 0.001* 0.002*

 Good 33 57 40–74 60 42–78

 Poor 42 29 14–44 34 20–48

Pathological type 0.045* 0.074

 Signet ring cell cancer 10 10 0–32 15 0–41

 Non-signet ring cell carcinoma 74 46 34–58 45 31–59

IFT (cm) 0.003* <0.001*

 >4.90 41 28 17–39 18 4–32

 ≤4.90 43 56 42–70 66 41–71

RFT (cm) 0.71 0.203

 >1.15 43 40 25–55 34 19–49

 ≤1.15 41 44 29–59 53 37–69

ASFT (cm) 0.001* 0.05

 >1.90 42 62 44–80 52 35–69

 ≤1.90 42 21 10–32 35 18–52

LSFT (cm) 0.170 0.9

 >1 44 48 33–63 41 26–66

 ≤1 40 35 20–50 46 29–63

PSFT (cm) 0.003* 0.056

 >4.16 42 57 42–72 51 34–68

 ≤4.16 42 26 13–39 36 18–54

PMT (cm) 0.825 0.516

 >3.32 34 47 30–64 41 26–56

 ≤3.32 37 41 25–57 45 28–62

BMI (kg/cm2) 0.56

 >25 26 43 30–56 0.814 43 29–57

 ≤25 58 39 21–57 39 19–59

IFT/PSFT 0.003* 0.004*

 >1.20 42 26 13–39 30 15–45

 ≤1.20 42 57 42–72 57 39–75
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Fig. 3   Kaplan–Meier curves of 
fat parameters on overall sur-
vival. a BMI, b IFT, c RFT, d 
PMT, e ASFT, f LSFT, g PSFT, 
h IFT/PSFT
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Fig. 4   Kaplan–Meier curves 
of fat parameters on disease-
free survival. a BMI, b IFT, c 
RFT, d PMT, e ASFT, f LSFT, g 
PSFT, h IFT/PSFT
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and subcutaneous fat and were easily obtained with good 
reproducibility.

In this study, males showed significantly lower ASF and 
LSF thicknesses and tended toward lower PSF and higher 
IFT, RFT, and PMT, although statistically significant dif-
ferences were not obtained. The general impression that 
female obesity is predominantly located in subcutaneous 
fat deposits, whereas male obesity is found more in visceral 
fat deposits, was to some extent confirmed by our analy-
sis. A weak to moderate positive correlation was observed 
between the parameters measured on CT and the BMI, sug-
gesting these CT parameters had both similarities and dif-
ferences with the BMI as body fat surrogates. The practical 
CT parameters have advantages over the BMI in the quan-
titative assessment of the visceral and subcutaneous fat in 
certain body parts.

Adipose tissue is now recognized as an endocrine and 
paracrine organ that releases cytokine-like polypeptides 
responsible for widespread biological effects (Fox et  al. 
2007). In particular, adipocytes produce insulin-like growth 
factor and multiple angiogenic factors including VEGF and 
leptin, which exert direct angiogenic effects (Cao 2007). 
The cytokine production profile differs between subcutane-
ous and visceral fat (Cao 2007; Miyazawa-Hoshimoto et al. 
2005), so different subcutaneous and visceral fat amounts 
and distributions may result in different disease progress, 
response to therapies, or prognosis.

Recent research has studied the influence of subcuta-
neous and visceral fat on cancer patient survival, mainly 
focusing on pancreatic, colon, prostate, and renal cancer 
(Gaujoux et al. 2012; Guiu et al. 2010; House et al. 2008; 
Ladoire et al. 2011; Pischon et al. 2006). However, agree-
ment about subcutaneous and visceral fat’s influence on 
cancer prognosis has not been reached. The amount of vis-
ceral fat or the visceral fat/subcutaneous fat ratio signifi-
cantly predicted cancer-related survival in several studies 

Fig. 5   Kaplan–Meier curves 
of ASFT and PSFT on overall 
survival in good responders

Table 5   Multivariate Cox regression results of patient characteristics 
and fat parameters according to survival outcomes

IFT intraperitoneal fat thickness, PSFT subcutaneous fat thickness of 
posterior abdominal wall

Items HR 95 % CI P

Overall survival

 Female (vs. male) 0.38 0.18–0.79 0.01

 Stage III (vs. Stage II) 1.92 1.02–4.00 0.047

 Good responder (vs. poor) 0.34 0.17–0.67 0.002

 IFT >4.9 cm (vs ≤4.9 mm) 2.94 1.54–5.60 0.001

 PSFT >4.16 cm (vs ≤4.16 mm) 0.38 0.21–0.71 0.002

Disease-free survival

 Female (vs. male) 0.27 0.11–0.63 0.002

 Stage III (vs. Stage II) 2.01 1.08–4.80 0.048

 Good responder (vs. poor) 0.32 0.15–0.67 0.002

 IFT >4.9 cm (vs ≤4.9 mm) 3.28 1.55–6.93 0.002

 PSFT >4.16 cm (vs ≤4.16 mm) 0.42 0.21–0.82 0.011

Table 6   Comparison of fat parameters between males and females

IFT intraperitoneal fat thickness, RFT retro-renal fat thickness, ASFT 
subcutaneous fat thickness of anterior abdominal wall, LSFT subcu-
taneous fat thickness of lateral abdominal wall, PSFT subcutaneous 
fat thickness of posterior abdominal wall, PMT thickness of musculi 
psoas

* P < 0.05

Variable Male Female P

IFT (cm) 5.15 ± 2.01 4.94 ± 1.39 0.769

RFT (cm) 1.17 ± 0.71 1.00 ± 0.67 0.641

ASFT (cm) 1.91 ± 0.95 2.40 ± 1.01 0.039*

LSFT (cm) 1.00 ± 0.56 1.66 ± 0.84 0.001*

PSFT (cm) 4.09 ± 1.69 4.60 ± 2.14 0.251

PMT (cm) 3.36 ± 1.31 3.06 ± 0.92 0.313

BMI (kg/cm2) 23.78 ± 3.08 22.76 ± 2.83 0.166
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(Griggs and Sabel 2008; Guiu et al. 2010), but studies by 
Gaujoux showed that visceral fat was not associated with 
overall survival in pancreatic cancer patients (Gaujoux 
et al. 2012). There were also studies focusing on the rela-
tionship between visceral and/or subcutaneous adipos-
ity and postoperative complications in colorectal cancer 
patients, and they indicated that fat volumetric/area param-
eters and other BMI were independent predictor for post-
operative outcomes (Jung et al. 2014; Cecchini et al. 2011; 
Sakai et al. 2009). However, the prognostic significance of 
visceral and subcutaneous fat in patients with gastric can-
cer has not been previously studied.

This study first suggested that high IFT was associ-
ated with poorer OS and DFS in gastric cancer patients. 
The data strongly supported the notion that visceral fat 
may induce protumorigenic factor accumulation (Ohki 
et  al. 2009) and therefore may be associated with poorer 
survival outcomes. The stomach is a intraperitoneal organ, 
and the invasion and metastasis of gastric cancer may be 
more associated with the intraperitoneal adipose tissue 
than extraperitoneal adipose tissue; this is to some extent 
explains why RFT was not found associated with OS or 
DFS. Contrarily, OS and DFS were longer in patients with 
high ASFT or PSFT; this finding is difficult to explain. One 
possible explanation is that gastric cancer as a debilitating 
disease leads to a weak body, so chemotherapy and surgery 
makes the body even feebler. Subcutaneous fat, serving as 
the body’s normal reservation source, may promote body 
recovery and maintain a better status. However, LSFT was 
not associated with survival; this is most likely due to the 
small sample size; another explanation is that ASFT and 
PSFT better reflect the subcutaneous fat content than LSFT.

Conversely, the BMI was not independently associ-
ated with survival outcomes. Thus, IFT, ASFT, and PSFT 
may be more accurate than the BMI at predicting survival. 
Obese patients defined by a BMI >30 kg/m2 presented poor 
prognoses in previous studies. However, we justly divided 
patients into overweight (>25 kg/cm2) and standard weight 
(18–25 kg/cm2) categories since obese patients with gastric 
cancer are rare. This may be one reason that no statistical 
correlation between the BMI and survival was detected.

Limitations of our study include the small number of 
patients, single-center patient recruitment, and retrospec-
tive design. However, all patients with gastric cancer in 
our hospital received abdominal CT examination before 
undergoing treatment, and all CT images were intact and 
preserved. Difference in CT measurements was observed 
between two raters, but consistency analysis showed there 
was good inter-rater reliability for these CT parameters. A 
small sample size contributes to overfitting, so bootstrap-
ping was performed to internally validate the results and 
prevent overfitting. The results obtained by bootstrapping 
highlighted that high IFT, ASFT, and PSFT remained major 

independent OS predictors with respective P values of 
0.01, 0.04, and 0.05.

In this study, we used the change of gastric wall thick-
ness at tumor before and after neo-adjuvant chemother-
apy to define therapeutic efficacy. However, there is none 
widely accepted imaging criteria for evaluation. We used 
30  % as cutoff value according to the RECIST criteria, 
which might not be suitable as many papers (Tuma et  al. 
2006) suggested. Thus, we did not present the analyses 
associating fat parameters with therapeutic efficacy (Sup-
plementary Table  1) in the results of this paper, mainly 
because the evaluation for therapeutic efficacy was possibly 
inaccurate. Actually, the corresponding univariate and mul-
tivariate logistic regression showed that none of these fat 
parameters were predictors for therapeutic efficacy.

In conclusion, our study provided the first evidence that 
IFT, ASFT, and PSFT measured before neo-adjuvant chem-
otherapy were likely to be a useful predictive biomarker 
for overall survival in patients with advanced gastric can-
cer. This study also provided practical parameters for the 
quantitative measurement of body fat. Further studies are 
continuing to validate our findings in a different dataset and 
determine the optimal cutoff points for these fat param-
eters. Further studies may still help us determine whether 
high IFT and low ASFT and PSFT are correlated with the 
poor response to preoperative treatment. If the hypothesis 
was proven true, patients with high IFT and low ASFT and 
PSFT might not benefit from neo-adjuvant chemotherapy 
or require higher dosage. If further validation studies cor-
roborate our results, IFT, ASFT, and PSFT measurements 
will have to be taken into account as host parameters in 
managing individualized treatment plans for advanced gas-
tric cancer.
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