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High Subcutaneous Adipose Tissue Radiodensity Predicts
Poor Prognosis in Patients With Gastric Cancer
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Abstract. Background/Aim: Although the impact of body
composition on cancer treatment outcomes of patients with
cancer has been increasingly reported, it is still unclear whether
the radiodensity of subcutaneous adipose tissue (SAT) on
computed tomography (CT) images has a prognostic impact on
patients with gastric cancer. We measured muscle and SAT
profiles on CT and performed an integrated analysis with
clinicopathologic factors. Patients and Methods: We
retrospectively analyzed 230 patients with gastric cancer who
underwent gastrectomy between June 2016 and December
2020. SAT radiodensity (SAT-R), and skeletal muscle index
(SM1) were measured in preoperative CT images. These were
compared with clinicopathologic factors, overall survival (OS),
and recurrence-free survival (RFS). Results: High SAT-R was
significantly associated with older age (p=0.003) and lower
BMI, lymphocyte, hemoglobin, y-GTP, cholinesterase, albumin,
and triglyceride values (p<0.001, <0.001, 0.027, 0.032, <0.001,
0.001, and <0.001, respectively). In the univariate analysis,
high SAT-R, and low SMI were significantly associated with
poor OS (p=0.003 and <0.001) and poor RFS (p=0.014 and
0.011). In the multivariate analysis by Cox proportional hazard
model, high SAT-R and low SMI were identified as independent
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prognostic factors for poor OS (p=0.037 and 0.007).
Conclusion: High SAT-R on preoperative CT was associated
with poor OS in patients with gastric cancer after gastrectomy.
SAT-R has a potential to be a novel prognostic marker for
surgically treated patients with gastric cancer.

Gastric cancer (GC) remains one of the most critical cancers
worldwide, with more than 1 million new cases and an
estimated 769,000 deaths in 2020, ranking fifth in incidence and
fourth in mortality worldwide (1). Despite advances in surgical
precision, preoperative chemotherapy, immunotherapy, and
nutritional management, postoperative survival rates are
unsatisfactory due to increasing patient comorbidities and
advanced age (2, 3).

In recent years, predicting prognosis of patients with GC
based on body composition, including skeletal muscle and
adipose tissue identified by preoperative computed
tomography (CT), has received much attention, in addition to
clinical classifications and blood samples (4). Skeletal mass
index (SMI) is a renowned parameter for prognosis of GC (5).
The amount of adipose tissue (AT), such as subcutaneous AT
(SAT) and visceral AT (VAT), and VAT/SAT ratio are also
associated with the prognosis of GC (6, 7).

The quantity and quality of skeletal muscle (SM)
radiodensity (which reflect lipid deposition within the muscle)
have been reported to be associated with mortality (8).
Similarly, AT radiodensity (AT-R) has been reported to have a
prognostic value in several types of cancer (9-15). However, in
GC only a few articles refer to the relationship between
prognosis and AT-R (16, 17). Therefore, this study focused on
AT-R, especially SAT radiodensity (SAT-R), and analyzed its
relationship with clinicopathologic factors and prognosis.

Patients and Methods

Patients. We retrospectively collected data from 269 consecutive
patients who underwent gastrectomy for primary GC at Chiba
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University Hospital between June 2016 and December 2020. All the
patients were treated according to the Japanese Gastric Cancer
Treatment Guidelines (18). Thirty-nine patients were excluded from
the study for the following reasons: preoperative chemotherapy
administration (25 patients), pathological stage IV (4 patients), and
insufficient data for analysis (10 patients). For the remaining 230
patients, clinical and pathological data were obtained from the
medical records for retrospective analysis.

The following characteristics were documented for all subjects: age,
sex, body mass index (BMI), tumor-node-metastasis stage, computed
tomography (CT) image body composition parameters (mentioned
later), and laboratory parameters. Postoperative complications were
graded according to the Clavien-Dindo classification (19). Cancer
staging was based on the 15t edition of the Japanese Classification of
Gastric Carcinoma to define pT and pN status (20).

Image analysis. Preoperative portal venous phase contrast-enhanced
CT images were analyzed using Image J software (National
Institutes of Health, Bethesda, MD, USA) as previously described
(21). The skeletal muscle, SAT, and VAT were assessed on a single
midlevel slice of the third lumbar vertebra, identified and quantified
within tissue specific Hounsfield Unit (HU) ranges of —29 to 150
HU, -190 to —30 HU, and —150 to —50 HU, respectively (21). Each
of the area was divided by the square of height in meters to obtain
skeletal muscle index (SMI), SAT index (SATI), and VAT index
(VATI) following previously published methods (4). Mean CT
radiodensity of the area was measured to obtain SM radiodensity,
SAT-R, and VAT radiodensity (VAT-R).

The patients were divided into two subgroups based on SMI, SM
radiodensity, SATI, SAT-R, VATI, and VAT-R. The cutoff values for
SMI were 40.8 cm?/m? for male and 34.9 cm?/m? for female, and
for radiodensity were 38.5 HU for male and 28.6 HU for female,
according to a previous meta-analysis and large cohort study in Asia
(5, 8). The cutoff values for VATI and SATI were separately
estimated for male and female based on the median of each group.
For SAT-R and VAT-R, as optimal cutoff values have not been
established, we applied the receiver operating characteristic (ROC)
curve analysis to predict survival at three years. The Youden Index
method was used to set the best cutoffs (22).

Postoperative complications. Postoperative complications occurring
within 30 days after gastrectomy and assigned a Clavien—Dindo
classification of Grade III or higher were reviewed retrospectively
(19). If multiple complications occurred in a single patient, the
highest-grade complication was used for analysis.

Follow-up and definition of recurrence. Physical examination and
blood testing, including for tumor markers, were performed every
three months. Patients underwent CT scans at 6-month intervals
during the first two years after surgery and at 1-year intervals until
five years after surgery (18). Recurrence was diagnosed based on
radiological and/or cytological findings. Even if tumor markers
exceeded the normal limits, no diagnosis of recurrence was made
before the radiologic and/or cytologic findings were reviewed. The
follow-up period was extended to January 2024.

Statistical analysis. Baseline data are presented as medians with
interquartile ranges for continuous variables and numbers with
percentages for categorical variables. The Mann—Whitney U-test
was used to compare continuous variables, whereas Fisher’s exact

Table I. Characteristics of the 230 patients with gastric cancer.

Characteristics or Variables

Age? 71 (65-77)
Sex

Male/Female 162/68
Body mass index? 22.8 (20.8-24.9)
Brinkman Index =500 98
Comorbidity

Atrial fibrillation 14

Coronary artery disease or Heart failure 35

Cerebral infarction or hemorrhage 10

Diabetes treatment 40

Respiratory disease 26
pT Stage

T1/T2/T3/T4 148/26/35/21
Lymph node metastasis

Presence/Absence 73/157
TNM pStage

Stage I/II/IIT 153/46/31
Lauren classification

Intestinal/Diffuse 138/92
Operative approach

Laparoscopic/Open 151/79
Operative procedure

DG/TG/PG/PPG and PR 163/39/17/11
Operative time (min)? 292 (245-350)
Operative blood loss (g)?2 63 (5-250)

Postoperative complications 30
Postoperative hospital stay? 11.5 (9-16)

aValues are median (interquartile range). DG: Distal gastrectomy; TG:
total gastrectomy; PG: proximal gastrectomy; PPG: pylorus-preserving
gastrectomy; PR: partial resection.

test was used to compare categorical variables. OS was defined as
the interval between the date of gastrectomy and the date of death
from any cause. RFS was defined as the interval from the date of
gastrectomy to the date of GC recurrence or death from any cause.
The survival duration of patients was defined according to the date
at which they were last known to be alive. Survival is displayed on
Kaplan—-Meier curves and compared using the log-rank test. Hazard
ratios (HRs) and 95% confidence intervals (CIs) were estimated
using a Cox proportional hazard model. p<0.05 was considered to
indicate statistical significance. Statistical analysis was conducted
using JMP Pro version 17.0 (SAS Institute, Cary, NC, USA).

Results

Patient characteristics and correlations with clinical
features. The study enrolled 230 patients, including 162 male
and 68 female. Clinical and pathological details are
summarized in Table I. SMI and SM radiodensity showed a
significant positive correlation (p<0.001, r=0.300). In
contrast, SATI and SAT-R showed a significant negative
correlation (p<0.001, r=—0.713). The same correlation was
observed for VATI and VAT-R (p<0.001, r=-0.839). As for
sex differences, SMI, SM radiodensity, and VATI were
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Figure 1. Adipose tissue radiodensity difference according to sex. There was no significant difference according to sex in subcutaneous adipose
tissue radiodensity (SAT-R). Visceral adipose tissue radiodensity (VAT-R) was significantly higher in females.

significantly higher in male (p<0.001, <0.001 and <0.001,
respectively). Similarly, SATIT and VAT-R were significantly
higher in female (p=0.007 and <0.001). In contrast, there
was no significant difference in SAT-R according to sex
(Figure 1).

Associations between clinicopathological factors and
preoperative SAT-R are shown in Table II. All patients were
divided into two groups based on SAT-R: high SAT-R (N=46)
and low SAT-R (N=184). Similarly, they were divided into
high SMI (N=180) and low SMI (N=50) groups using the
cutoff values explained in the methods section. High SAT-R
was significantly associated with older age (p=0.003) and
lower BMI, lymphocyte, hemoglobin, y-GTP, cholinesterase,
albumin, and triglyceride values (p<0.001, <0.001, 0.027,
0.032, <0.001, 0.001, and <0.001, respectively). Surgical
outcomes were also compared with preoperative SAT-R. High
SAT-R was associated with a significantly shorter operative
time (p=0.020) and fewer postoperative complications
(p=0.018).

Survival outcomes and prognostic analyses. The median
observation period was 4.6 years (interquartile range=3.3-5.0
years). The three-year OS and RFS rates for all patients in
this cohort were 86.2% and 82.7%, respectively. Kaplan—
Meier analyses demonstrated that high SAT-R was associated
with poor OS (p=0.002) and poor RFS (p=0.011), with
three-year OS rates of 72.8%, and three-year RFS rates of
70.6% (Figure 2). Similarly, low SMI was significantly
associated with poor OS and RFS.

Given that SAT-R was significantly associated with
nutritional and inflammatory markers, it is possible that the
relationship between body composition markers and OS was
confounded by these factors. Therefore, we performed
univariate and multivariate analyses, including body
composition markers and clinicopathological factors, including
albumin and C-reactive protein (CRP) levels, to further test
the prognostic relevance of body composition markers.
Among a number of body composition markers, we focused
on SMI, the most well-known marker, and SAT-R, which
shows minimal variation among sexes.

In the univariate survival analysis (Table III and Table
1V), age =75 years, albumin <3.5 g/dl, pStage =II, low SMI,
and high SAT-R were significantly associated with poor OS
(»=0.006, 0.048, <0.001, <0.001, and 0.003, respectively).
Age =75 years, albumin <3.5 g/dl, CEA =4.8 ng/ml, pStage
=II, low SMI, and high SAT-R were related to poor RFS
(»<0.001, 0.024, 0.038, <0.001, 0.011, and 0.014,
respectively). Variables that showed statistical significance
(p<0.05) in the univariate analysis were selected for the
multivariate analysis.

In the multivariate analysis, pStage =II, low SMI, and
high SAT-R remained independent predictors for poor OS
(»<0.001,0.007, and 0.037, respectively), and age =75 years,
CEA =4.8 ng/ml, pStage =II, and low SMI were independent
predictors for poor RFS (p=0.026, 0.048, <0.001, and 0.023,
respectively).

Combination of SMI and SAT radiodensity for more sensitive
prognostic prediction in patients with gastric cancer. Given
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Table II. Associations between clinicopathological factors and subcutaneous adipose tissue (SAT).

Variables High SAT (N=46) Low SAT (N=184) p-Value
Age? 76 (67-81) 70.5 (63-76) 0.003
Sex 0.386

Male 30 (65) 132 (72)

Female 16 (35) 52 (28)
Body mass index? 20.5 (18.6-21.9) 23.2 (21.5-25.8) <0.001
White Blood Cell (/ul)? 5,150 (4,475-5,800) 5,300 (4,500-6,400) 0.167
Neutrophil (/ul)? 3,302 (2,420-3,867) 3,077 (2,495-4,006) 0.843
Lymphocyte (/ul)? 1,239 (1,013-1,645) 1,592 (1,258-1,996) <0.001
Monocyte (/pl)2 326 (259-391) 319 (257-401) 0.957
Hemoglobin (g/dl)? 129 (12.2-14.2) 14 (12.5-14.8) 0.027
Platelet (103/ul)2 229 (188-262) 221 (186-275) 0.958
v-GTP (U/1)2 22 (15-32) 28 (19-48) 0.032
Cholinesterase (U/1)2 245 (206-288) 311 (265-358) <0.001
Albumin (g/dl)2 4.1 (3.8-4.3) 43 (4.1-4.5) 0.001
Total cholesterol (mg/dl)2 185 (163-210) 196 (177-227) 0.063
Triglyceride (mg/dl)2 80 (65-120) 124 (87-175) <0.001
CRP (mg/dl)a 0.04 (0.01-0.17) 0.1 (0.02-0.2) 0.139
CEA (ng/ml)2 2.5(1.8-3.9) 2.2 (1.5-3.2) 0.079
CA19-9 (U/ml)2 11.1 (5.9-21.6) 10.9 (6.6-19.9) 0.979
pT Stage 0514

Tl 26 (57) 122 (66)

T2 7 (15) 19 (10)

T3 7 (15) 28 (15)

T4 6 (13) 15 (8)
Lymph node metastasis 0.395

Presence 17 (37) 56 (30)

Absence 29 (63) 128 (70)
TNM pStage 0.602

Stage 1 28 (61) 125 (68)

Stage 11 10 (22) 36 (20)

Stage IIT 8 (17) 23 (13)
Lauren classification 0.893

Intestinal type 28 (61) 110 (60)

Diffuse type 18 (39) 74 (40)
Approach 0.677

Laparoscopic 29 (63) 122 (66)

Open 17 (37) 62 (34)
Procedure 0.387

DG 35 (76) 128 (70)

TG 4(9) 35(19)

PG 4(9) 13 (7)

PPG and PR 3(7) 8(4)
Operative time (min)? 271 (228-313) 296 (250-360) 0.020
Operative blood loss (g)2 45 (5-188) 90 (5-260) 0.242
Postoperative complications 2 (4) 34 (18) 0.018
Postoperative hospital stay? 12 (9-17) 11 (9-16) 0.737

Values in parentheses are percentages unless indicated otherwise. 2Values are presented as median (interquartile range). CRP: C-reactive protein;
CEA: carcinoembryonic antigen; CA19-9: carbohydrate antigen 19-9; DG: distal gastrectomy; TG: total gastrectomy; PG: proximal gastrectomy;
PPG: pylorus preserving gastrectomy; PR: partial resection.

the independent correlations of SAT-R and SMI with OS,
we considered that combining SMI and AT-R would enable
a more sensitive prediction. Patients were divided into
three groups depending on the presence of factors (Figure 3):
patients with neither high SAT-R nor low SMI (0 factors),
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patients with either high SAT-R or low SMI (1 factor), and
patients with both high SAT-R and low SMI (2 factors).
Regarding the combination of SAT-R and SMI, patients
with these two factors had the worst OS (0 and
1 vs. 2, p<0.001).
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Figure 2. Kaplan—Meier overall survival (OS) and recurrence-free survival (RFS) curves according to subcutaneous adipose tissue radiodensity
(SAT-R) radiodensity and skeletal muscle index (SMI). Kaplan—Meier OS curves according to SAT-R (A) and SMI (C). Kaplan—Meier RFS curves
according to SAT-R (B) and SMI (D). OS and RFS were significantly worse in the high SAT-R and low SMI groups than in the other groups.

Discussion

In our cohort of patients with GC, preoperative low SMI and
high SAT-R were associated with a higher risk of death. This
study suggests that SAT-R contributes to prognosis after
gastrectomy independent of pathologic stage and serum
markers. Furthermore, we found the combination of SAT-R
and SMI enabled more sensitive prognostic prediction. To the
best of our knowledge, this is the first study to investigate the
importance of high SAT-R in long-term survival of patients
after gastrectomy.

Previous studies have mentioned the association between
high SAT-R and mortality may reflect reduced lipid storage
capacity of SAT (10, 13), and high VAT-R might represent a
microenvironment of VAT in which cancer cells could easily
recur and progress (16). Although the distribution of AT
clearly differs by sex, the difference in AT-R between male

and female is still disputable. A study in lung cancer shows
less sex difference in SAT-R than VAT-R (13), while no
difference was found in both SAT-R and VAT-R in kidney
cancer (14). Even though it is not clear whether SAT-R or
VAT-R is more important for predicting prognosis in GC, we
focused on SAT-R, which shows less difference according to
sex, for predicting prognosis of patients with GC.

AT-R is associated with many factors, including body weight
and nutritional status, inflammation, blood flow, and adipose
tissue microenvironment and transformation, which may
influence poor prognosis in patients with GC. Firstly, AT-R has
been reported to mainly reflect the lipid content, size of
adipocytes (23, 24). In our study, AT-R was significantly
associated with nutritional markers, such as BMI, albumin, and
cholesterol, suggesting that preoperative low body weight and
poor nutrition may have influenced poor prognosis. Regarding
inflammation, previous studies consider the increased
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Table III. Prognostic factors for overall survival in the univariate and multivariate analysis.

Variables Univariate analysis Multivariate analysis

HR (95%CTI) p-Value HR (95%CTI) p-Value
Age (=75 vs. <75) 2.72 (1.34-552) 0.006 1.74 (0.82-3.69) 0.150
Sex (Male vs. Female) 1.77 (0.73-4.31) 0.209
Hemoglobin (<12 vs. =12 g/dl) 1.7 (0.76-3.8) 0.197
Albumin (<3.5 vs. 3.5 g/dl) 2.89 (1.01-8.28) 0.048 1.18 (0.39-3.51) 0.772
CRP (<0.5 vs. =0.5 mg/dl) 1.51 (0.52-4.24) 0.447
CEA (=4.8 vs. <4.8 ng/ml) 1.91 (0.73-4.99) 0.184
CA19-9 (=35.4 vs. <354 U/ml) 1.73 (0.6-4.94) 0.307
pStage (II-III vs. I) 4.64 (2.18-9.85) <0.001 3.96 (1.82-8.63) <0.001
Lauren classification (Diffuse vs. Intestinal) 0.69 (0.33-1.48) 0.350
SMI (Low vs. High) 4.24 (2.09-8.6) <.0001 2.72 (1.32-5.6) 0.007
SAT-R (High vs. Low) 3.03 (1.47-6.26) 0.003 2.24 (1.05-4.8) 0.037

CRP: C-reactive protein; CEA: carcinoembryonic antigen; CA19-9: carbohydrate antigen 19-9; SMI: skeletal muscle index; SAT-R: subcutaneous

adipose tissue radiodensity.

Table IV. Prognostic factors for recurrence-free survival in the univariate and multivariate analysis.

Variables Univariate analysis Multivariate analysis

HR (95%CTI) p-Value HR (95%CI) p-Value
Age (275 vs. <75) 3.03 (1.61-5.71) <0.001 2.17 (1.10-4.27) 0.026
Sex (Male vs. Female) 1.43 (0.68-3.02 0.329
Hemoglobin (<12 vs. =12 g/dl) 1.98 (0.99-3.98) 0.055
Albumin (<3.5 vs. 3.5 g/dl) 2.95 (1.15-7.56) 0.024 1.58 (0.60-4.16) 0.350
CRP (<0.5 vs. 20.5 mg/dl) 2.07 (0.85-5.01) 0.108
CEA (=4.8 vs. <4.8 ng/ml) 2.38 (1.05-5.40) 0.038 2.32(1.01-5.33) 0.048
CA19-9 (=354 vs. <35.4 U/ml) 1.69 (0.66-4.33) 0.271
pStage (II-III vs. I) 5.22 (2.64-10.3) <0.001 4.27 (2.13-8.57) <0.001
Lauren classification (Diffuse vs. Intestinal) 0.72 (0.37-1.39) 0.325
SMI (Low vs. High) 2.35(1.22-4.52) 0.011 2.18 (1.12-4.25) 0.023
SAT-R (High vs. Low) 231 (1.18-4.49) 0014 1.48 (0.73-3.03) 0.277

CRP: C-reactive protein; CEA: carcinoembryonic antigen; CA19-9: carbohydrate antigen 19-9; SMI: skeletal muscle index; SAT-R: subcutaneous

adipose tissue radiodensity.

radiodensity may be a sign of inflammation (9, 10), but serum
inflammatory markers have limited value for predicting
alterations of adipose tissue (15).

Although we did not conduct microscopic studies, there
are many reports on adipose tissue microenvironment and
transformation. Adipose tissue has been reported to have
comprehensive endocrine functions in the regulation of
various metabolic and inflammatory states (25). Upon
exposure to cancer cells, adipocytes lose their intracellular
lipid content, secrete inflammatory cytokines, and exhibit a
fibroblast-like morphology (26). These modified adipocytes
promote tumor progression and metastasis (27). In addition,
adipose tissue browning, which causes wasting thermal
energy and weight loss in cancer cachexia (28), might be
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detected by AT-R (13). Thus, AT-R reflects many factors,
and further study in more patients to elucidate the
mechanism are needed to improve the prognosis of patients
with GC.

Study limitations. First, the study was conducted using
retrospective data from a single Japanese institution, so
validation studies with another cohort are needed. Second,
adjuvant chemotherapy was not evaluated, so it may have
influenced the outcome. Finally, the use of contrast-enhanced
CT may have influenced the results of this study through
patient’s cardiac function. However, the impact of using
contrast-enhanced CT is limited according to previously
report (23, 24).
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Figure 3. Kaplan—Meier overall survival (OS) curves according to the combination of subcutaneous adipose tissue radiodensity and skeletal muscle
index. OS was significantly worse in patients with two factors compared with others.

Conclusion

High SAT-R on preoperative CT was identified as an
independent prognostic factor for survival in patients with
GC after gastrectomy. The combination of SAT-R and SMI
might enable more sensitive prognostic prediction for
surgically treated patients with GC.
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