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Abstract

Objectives To explore the association between computed tomography (CT)-measured sex-specific abdominal adi-
pose tissue and the pathological grade of clear cell renal cell carcinoma (ccRCC).

Methods This retrospective study comprised 560 patients (394 males and 166 females) with pathologically proven
ccRCC (467 low- and 93 high-grade). Abdominal CT images were used to assess the adipose tissue in the subcutane-
ous, visceral, and intermuscular regions. Subcutaneous fat index (SFI), visceral fat index (VFI), intermuscular fat index
(IF1), total fat index (TFI), and relative visceral adipose tissue (r'VAT) were calculated. Univariate and multivariate logistic
regression analyses were performed according to sex to identify the associations between fat-related parameters
and pathological grade.

Results IFl was significantly higher in high-grade ccRCC patients than in low-grade patients for both men

and women. For male patients with high-grade tumors, the SFI, VFI, TFl, and rVAT were significantly lower, but not for
female patients. In both univariate and multivariate studies, the IFl continued to be a reliable and independent predic-
tor of high-grade ccRCC, regardless of sex.

Conclusions Intermuscular fat index proved to be a valuable biomarker for the pathological grade of ccRCC
and could be used as a reliable independent predictor of high-grade ccRCC for both males and females.

Critical relevance statement Sex-specific fat adipose tissue can be used as a new biomarker to provide a new
dimension for renal tumor-related research and may provide new perspectives for personalized tumor management
decision-making approaches.

Key points

« There are sex differences in distribution of subcutaneous fat and visceral fat.

« The SFI, VFI, TFI, and rVAT were significantly lower in high-grade ccRCC male patients, but not for female patients.

« Intermuscular fat index can be used as a reliable independent predictor of high-grade ccRCC for both males and females.
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Intermuscular fat index (IFl) is an independent predictor of high-grade ccRCC in both
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males and females. Subcutaneous fat index (SFI) and visceral fat index (VFI) have
specific predictive value in the pathological grading of ccRCC. /
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Introduction

Worldwide, renal cell carcinoma (RCC) ranked as the
ninth most frequently diagnosed cancer in men and
the 14™ in women [1]. Clear cell renal cell carcinoma
(ccRCC), the most common histological subtype, origi-
nates from proximal tubular cells of the nephron and
accounts for approximately 75% of all cases [2]. The
incidental renal mass detection rates have increased
dramatically in recent decades, possibly because of
the widespread use of abdominal imaging [3]. Over the
next few decades, the incidence of ccRCC is predicted
to increase due to obesity and the aging population [2].
Recently, treatment options for individuals with clinical
T1 renal tumors have received considerable attention.
Partial nephrectomy preserves more nephrons, but it
may lead to a higher likelihood of recurrence and worse
prognosis in high-grade tumors [4]. Balancing the com-
peting risks associated with tumors against those related
to comorbidities and performance status is essential for
treatment decision-making.

Currently, the WHO/ISUP nucleolar grade has been
adopted to replace the traditional Furhman grading
system in routine clinical practice. The WHO/ISUP
grading has been proven to be strongly associated with

the prognosis of individuals with ccRCC and papillary
RCC [5]. Although renal mass biopsy yields high diag-
nostic accuracy for discriminating RCC subtypes, the
accuracy of pathological grades is much less reliable
[6]. Many attempts have been made to preoperatively
evaluate the pathological grades of renal tumors, using
clinical and radiological modalities.

Obesity is closely associated with kidney cancer. Pre-
vious studies have reported that obesity is associated
with RCC carcinogenesis and may impair therapeutic
effects and surgical outcomes [7, 8]. Although BMI is
widely used to assess obesity status, it cannot quantita-
tively define the distribution of body fat or distinguish
between muscle and adipose tissue [9]. Adipose tissue
is generally divided into three parts: subcutaneous adi-
pose tissue (SAT), visceral adipose tissue (VAT), and
intermuscular adipose tissue (IMAT). There is a dif-
ferential adipose tissue distribution between males
and females [10]. According to Zhu et al., increased
VAT is associated with a higher Furhman grade [11],
whereas Maurits et al. reported the opposite results
[12]. This contradictory result suggests that the rela-
tionship between visceral fat and pathological tumor
grade requires further investigation. Furthermore,
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none of these studies focused on the intermuscular
fat. Hence, the true effect of adipose tissue on can-
cer pathology should be further investigated based on
each component.

In this study, we attempted to thoroughly explore the
association between sex-specific body adipose compo-
sition and WHO/ISUP grades of ccRCC using a larger
sample size.

Materials and methods

Patients

This retrospective study adhered to the Declara-
tion of Helsinki’s rule of ethics and was approved by
our hospital’s ethics committee, and the requirement
for informed consent was waived. Data from January
2019 to March 2022 were obtained from the hospital
information system, and CT images were downloaded
from the Picture Archiving and Communication Sys-
tem. The inclusion criteria were as follows: (1) post-
operative pathology confirmed ccRCC with WHO/
ISUP grade, and (2) available preoperative CT scans
with full axial abdominal CT images. The following
were the exclusion criteria: (1) received therapeutic
intervention before surgery; (2) abdominal CT images
were not fully scanned; and (3) pathological confirmed
pathology other than ccRCC. Ultimately, 560 eligible
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patients (394 males and 166 females) were included in
this study (Fig. 1).

CT anthropometric measurements

All CT scans were performed using one of these scan-
ners (Optima 660, GE Healthcare, Chicago; uCT 780,
United Imaging, Shanghai; Somatom Definition AS+,
Siemens Healthcare, Erlangen). An intravenous con-
trast agent (iodixanol 320 mg/mL) was injected at a rate
of 3.0-3.5 mL/s (within 20 s), dose dependent on the
patient’s weight (1 mL/kg body weight, with a maximum
of 150 mL), and was subsequently flushed with 25 mL
of saline. After contrast agent administration, the cor-
ticomedullary phase was acquired at 25-28 s, and the
nephrography phase at 65-70 s. All images were obtained
from routine clinical CT scans and there were no defined
recommendations for the acquisition and reconstruc-
tion protocols. These were the precise details: tube volt-
age, 120 kV; tube current, varied with dose modulation;
matrix, 512X 512 mm; and reconstructed slice thickness,
0.625-1.250 mm. Images selected from the arterial phase
were used for the subsequent measurements.

Blinded to the clinical and pathological details of the
patients, two trained radiologists (L.Z.Y. and L.S.C.,
with 2 and 6 years of experience) performed the image
analysis. Thirty cases were randomly selected to evalu-
ate the interobserver reproducibility. Independent

Patients underwent CT followed by partial or radical nephrectomy in our
hospital between January 2019 and March 2022 (n = 926)

Excluded:

Angiomylipoma (n = 97)

Papillary RCC (n = 54)
Chromophobe RCC (n = 44)
Oncocytoma (n = 24)

Urothelial carcinoma (n = 39)

Other rare type (n =27)

Without pathological results (n = 18)

Patients were pathologically diagnosed with ccRCC after the surgery (n = 623) |

Excluded:

Poor image quality and subcutaneous fat
was incomplete at the level of L3 (n =47)
Received therapeutic intervention before
surgery (n=16)

N =560 included patients |

Fig. 1 Flowchart of the study population. CT, computed tomography; RCC, renal cell carcinoma. ccRCC, clear cell renal cell carcinoma
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observer reviewed the images and selected an axial CT
slice at the middle level of the L3 vertebra where both
pedicles could be seen. First, the total adipose tissue
area of the three compartments was semi-automati-
cally calculated using the Image] software (National
Institutes of Health, USA) based on predefined Houns-
field unit thresholds (— 190 to—30). The SAT’s outer
and inner edges were identified using the wand tool.
IMAT was measured after removing all adipose tissue
outside the muscle area. Finally, the SAT and IMAT
were subtracted from the total adipose tissue, and a
clean VAT was obtained by manual adjustment. Fur-
ther details have been described previously [13]. The
distribution of different portions of adipose tissue dis-
tribution is shown in Fig. 2. Similar to the BMI, further
indices based on the three types of fat area described
above were calculated by dividing the fat area by the
height of the patient’s height to counteract the impact
of body size. Finally, the intermuscular fat index (IFI),
subcutaneous fat index (SFI), and visceral fat index
(VFI) were subsequently determined. rVAT is the ratio
of VAT and TAT.

WHO/ISUP grade and clinical characteristics

Both clinical and pathological information was collected
from electronic medical record system of our hospital.
The WHO/ISUP grade was obtained from the postopera-
tive pathological report. And the T-stage was evaluated

B 13318.7 mm?
377.7 mm?
11722.8 mm?

Page 4 of 10

according to the eighth American Joint Committee on
Cancer TNM staging manual. All pathologic results in
our hospital were reviewed and reported by experienced
senior pathologists.

Statistical analysis
Data are presented as mean tstandard deviation or
number (proportion). We compared categorical data
using the chi-square test. Student ¢ test or Mann—
Whitney U test was carried out depending on the dis-
tribution, and the Shapiro—Wilk test was employed to
examine the normality of continuous data. The asso-
ciation between these variables and a high WHO/ISUP
grade of ccRCC was evaluated using univariate logistic
regression analysis. For the multivariate analysis, vari-
ables with p 0.05 were chosen, and odds ratios (ORs)
and 95% confidence intervals (CIs) were determined.
Receiver operating characteristic (ROC) curve analysis
was used to evaluate the discriminative ability of the dif-
ferent models, and the area under the ROC curve (AUC)
was measured. In addition, Spearman’s rank correla-
tion analysis was used to correlate SFI, VFI, TFI, IFI, and
BML. Strong correlations (r>0.75), moderate correlations
(r>0.50 and £0.75), weak correlations (»>0.25 and <0.50),
and no correlations (r>0.25) were all judged to exist.
SPSS (version 26.0, IBM) and GraphPad Prism (ver-
sion 8.3.0, GraphPad Software Inc., USA) were used for

21892.3 mm?
1909.4 mm?2

6902.5 mm?

Fig. 2 Representative cross-sectional CT images and fat area of each part. A Image of a 42-year-old man with WHO/ISUP Il ccRCC. B Image
of a 60-year-old woman with WHO/ISUP IV ccRCC. The subcutaneous adipose tissue area (orange), intramuscular adipose tissue area (red),

and visceral adipose tissue area (blue) were quantified
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all statistical analyses. A two-tailed significance thresh-
old of p <0.05 was applied.

Results

Clinical characteristics

Five hundred sixty patients (374 males and 166 females;
mean age, 55.9+10.5 years; age range, 23-85 years;
tumor size, 4.6 +2.2 cm) were included in this retro-
spective study. All participants underwent partial or
radical nephrectomy and had postoperative patho-
logically confirmed ccRCC (139 WHO/ISUP grade I
lesions, 328 WHO/ISUP grade II lesions, 69 WHO/
ISUP grade III lesions, and 24 WHO/ISUP grade IV
lesions). The clinicopathological information for the
560 participants is shown in Table 1.

Interobserver reliability assessment

The interobserver consistency between the two
radiologists was excellent. The intraclass correla-
tion coefficients (ICCs) and 95% confidence inter-
vals for each adipose tissue parameter were as
follows: SAT (ICC=0.999, 95% CI: 0.998-1.000); IMAT
(ICC=0.997, 95% CI: 0.993-0.998); VAT (ICC=1.000,

Table 1 Baseline characteristics of the population

Variable N=560
Sex

Male 394 (70.4%)

Female 166 (29.6%)
Age (years) 555+109
Size (cm) 46+22
Side

Right 256 (45.7%)

Left 304 (54.3%)
WHO/ISUP grade

| 139 (24.8%)

Il 328 (58.6%)

Il 69 (12.3%)

v 24 (4.3%)
Pathological T stage

Tla 295 (52.7%)

T1b 146 (26.1%)

T2a 52(9.3%)

T2b 5(0.9%)

T3a 59 (10.5%)

T3b 2 (0.4%)

T4 1(0.2%)

Continuous data are expressed as mean + standard deviation (interquartile
range) and categorical data as number (proportion)

BMI Body mass index
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95% CI: 1.000—1.000). The results indicate good meas-
urement repeatability for adipose tissue measurements.

Adiposity measurements of ccRCC patients according

to sex

The clinical characteristics and adiposity variables of the
sexes are presented in Table 2. Males were significantly
taller and heavier than females. The SAT, SFI, and IFI
were significantly higher in women, and the BMI, VAT,
TAT, VFI, and rVAT were higher in males. The IMAT and
TFI showed no differences according to sex.

Sex-specific abdominal fat measurements in comparison
between WHO/ISUP low-and high-grade ccRCC

The low- and high-grade groups were compared accord-
ing to sex (Fig. 3 and Table 3). The SAT and SFI showed
no significant difference across the groups in men. In
comparison to the low-grade group, the IMAT and IFI
were significantly higher, and the BMI, VAT, TAT, VF],
TFI, and rVAT were significantly lower in the high-grade
group. In females, the IMAT and IFI were significantly
higher, and the TAT was significantly lower in the high-
grade group.

High-grade ccRCC prediction using univariate

and multivariate logistic regression analysis

Univariate logistic regression analysis was conducted on
each variable in both males and females to establish the

Table 2 Clinical and adipose parameters of ccRCC patients
according to sex

Variables Males (n=394) Females (n=166) p-value
Age (years) 549+11.0 56.8+105 0.061
Height (m) 1.7+0.1 16+0.1 <0001"
Body weight (kg) ~ 72.2+108 60.1+9.7 <0001"
Size (cm) 44%21 50424 0037
BMI (kg/m?) 248+32 237+37 0001
SAT (mm?) 12,559.2+52383 15,383.1+63115 <0.001"
VAT (mm?) 15,400.8+7736.1 10,014.7+5627.9 <0.001"
IMAT (mm?) 8104+4818 808.8+4716 0.984
TAT (mm?) 28,7704+11,5730  26,2066+107135  0.002"
SFI (cm?/m?) 432177 60.6+24.5 <0001
VFI (cm?/m?) 53.1+26.7 396+224 <0.001"
IFI (cm?/m?) 28+16 32£19 0012"
TFl (cm¥m?) 99.0+39.4 103.4+42.1 0.680
TVAT (%) 512+116 364+112 <0001"

BMI Body mass index, SAT Subcutaneous adipose area, VAT Visceral adipose
tissue, IMAT Intermuscular adipose tissue, TAT Total adipose tissue, SFI
Subcutaneous fat index, VFl Visceral fat index, IFl Intramuscular fat index, TF/
Total fat index, rVAT Relative VFA

* Significant results
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Fig. 3 Plots show individual data points by sex for subcutaneous fat index (a, b), visceral fat index (c, d), intramuscular fat index (e, f), total fat index
(g, h), and relative visceral adipose tissue (i, j) of patients with different pathologic grades

Table 3 Sex-specific abdominal adipose tissue measurements stratified by WHO/ISUP grade

Variables Male p-value Female p-value
Low-grade (n=337) High-grade (n=57) Low-grade (n=91) High-grade (n=19)

Age (years) 546+109 569+115 0.099 56.1+10.2 594+116 0.101
Size (cm) 41+£19 61426 <0001 45422 6.6+2.7 <0001
BMI (kg/m?) 249+32 239+3] 0028 239+38 230+33 0.194
SAT (mm?) 12,716.1+52889 11,631.7 +4869.2 0.335 15,910.6+6583.7 134780448235 0.133
VAT (mm?) 15,862.3+7729.6 12,672.6+7257 4 0.004" 10,452.1+58586 84348444196 0057
IMAT (mm?) 790.0+480.3 930.6+477.3 0014 7543+4503 1005.8+500.3 0.004"
TAT (mm?) 29,3684+ 11,4687 252349+ 11,656.3 0012" 27,117.1£11,171.1 229186+81824 0037
SFI (cm?/m?) 4374179 403+164 0.392 6244256 5434192 0297
VFI (cm?/m?) 5464266 4394250 0.004" 411£232 341+18.1 0.096
IFI (cm?/m?) 27416 32417 0.009" 30+18 41420 0002
TFI (cm?/m?) 101.0+39.0 874+399 0018 1064439 924332 0.174
rVAT (%) 5194117 4724102 0002 3664115 3564103 0629

BMI Body mass index, SAT Subcutaneous adipose area, VAT Visceral adipose tissue, IMAT Intermuscular adipose tissue, TAT Total adipose tissue, SFI Subcutaneous fat
index, VFI Visceral fat index, IFl Intramuscular fat index, TFI Total fat index, rVAT Relative VFA

" Significant results

relationship between sex-specific abdomen fat measure-
ments and the pathological grade of ccRCC. Variables
with p<0.1 were further incorporated into the multivari-
ate analysis (Table 4). For males, the multivariate model

identified size (OR 1.039, 95% CI 0.025-1.053, p <0.001),
VFI (OR 0.979, 95% CI 0.965-0.992, p=0.002), and IFI
(OR 1.408, 95% CI 1.162—1.705, p <0.001) as independent
significant predictors of high-grade ccRCC. In females,
the multivariate model identified size (OR 1.031, 95% CI
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Table 4 Univariate and multivariate logistic regression analysis for predicting high-grade ccRCC

Variables Univariate analysis-males Multivariate analysis-males Univariate analysis-females Multivariate analysis-females
OR 95% Cl p-value OR 95% Cl p-value OR 95% Cl p-value OR 95% Cl p-value

Age (years) 102  0994-1048 0.138 1032 0994-1.071 0.103

Size (cm) 104 1026-1054 <0001 1039 1025-1.053 <0001° 1035 1018-1051 <0001 1031 1014-1.049 <0001

BMI (kg/m?) 0903 0824-0990 0.029" 0933 0840-1.036 0.194

SFl(cm?/m?) 0988 0971-1.005 0.181 0984 0.967-1.002 0.080 0975 0.955-0994 0012°

VFI (cm?/m?) 0984 0973-0995 0005 0979 0965-0992 0002° 0985 0967-1.003 0098

IFl (cm?/m?) 1192  1.021-1391 0026 1408 1.162-1705 <0001" 1345 1.108-1632 0003 1446 1.155-1810 0001

TFl(cm¥m?) 0991 0984-0998 0017 0991 0982-1001 0079

rVAT (%) 0967 0.944-0990 0006 0992 0960-1.025 0627

BMI Body mass index, SFI Subcutaneous fat index, VFI Visceral fat index, IFl Intramuscular fat index, TF/ Total fat index, rVAT Relative VFA

" Significant results
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Fig.4 ROC curves and area under the curve (AUC) of WHO/ISUP grading were evaluated for male (a) and female (b) patients with different models

1.014-1.049, p<0.001), SFI (OR 0.975, 95% CI 0.955—
0.994, p=0.012), and IFI (OR 1.446, 95% CI 1.155-1.810,
p=0.001) as significant predictors of high-grade ccRCC.

As shown in Fig. 4, for males, the AUC of the multi-
variate model was 0.785 (95% CI 0.722-0.848). And for
females, the AUC of the multivariate model was 0.769
(95% CI 0.681-0.857).

Correlation analysis

SFI (males, r=0.596, p<0.001; females, r=0.726,
»<0.001) and VFI (males, r=0.604, p<0.001; females,
r=0.719, p<0.001) were both moderately positively cor-
related with BMI. The TFI had a moderate positive cor-
relation with BMI in males (r=0.673, p<0.001) but had a
strong positive correlation with BMI in females (r=0.815,
»<0.001). The IFI (males, r=0.296, p<0.001; females,
r=0.255, p<0.001) and rVAT (males, r=0.305, p<0.001;

females, r=0.342, p<0.001) were both weakly positively
correlated with BMI (Fig. 5).

Discussion

In this study of 560 patients with ccRCC, we found that
IFI was an independent predictor of high-grade ccRCC
in both males and females. Unlike previous studies, this
result indicates that intermuscular adipose tissue, rather
than visceral fat, is the most valuable component of
abdominal fat for the pathological grading of ccRCC. In
addition, SFI and VFI have sex-specific prognostic value
in the pathological grading of ccRCC.

Epidemiological studies suggest that obesity may be a
significant risk factor for kidney cancer [14, 15]. However,
there exists a paradox between obesity and improved
prognosis. The relationship of obesity to the pathological
grade of kidney cancer remains unclear. Consistent with
the findings of this study, Hu et al. reported that BMI
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Fig. 5 Scatterplots of BMI vs. subcutaneous fat index (a), BMI vs. visceral
and BMI vs. relative VAT (e) according to sex

was not a significant risk factor for high-grade ccRCC.
This may be because BMI is a general concept that does
not reflect the fat content, and the pathological grade of
ccRCCs may be related to specific changes in the compo-
sition of one or more fat types.

Our study revealed significant differences in fat com-
ponents between the sexes. Male patients had signifi-
cantly higher BMI, VAT, TAT, and rVAT values than
female patients, whereas female patients had significantly
higher SAT values than male patients. Similar findings
have been reported by Park et al. [16], and demonstrated
sexual dimorphism based on anthropometric measure-
ments, with males tending to accumulate more visceral
fat and females accumulating more fat in the subcutane-
ous depot [17]. Therefore, consideration of sex in obesity-
related studies is highly warranted.

Several studies have reported that visceral fat is asso-
ciated with the pathological grade of RCC [11, 18, 19].
However, the results of these studies were inconsistent.
According to Zhu et al. [11], VAT% (OR 1.06, 95% CI
1.02-1.09, p=0.0018) was an independent prognostic
predictor for a higher Furhman grade in patients with
cTla RCC. Hu et al. [19] reported similar findings and

fat index (b), BMI vs. intramuscular fat index (c), BMI vs. total fat index (d),

found that rVAT (OR 1.06, 95% CI 1.02-1.09, p=0.0018)
was the only predictor of pathological grade in female
patients with ccRCC. However, Maurits et al. [12] found
no association between visceral fat and the pathologi-
cal grade of RCC. In the present study, VAT, VFI, IMAT,
IF1, TAT, TFL and rVAT were associated with the patho-
logical grade of ccRCC in males, whereas only IMAT, IFI,
and TAT were associated with the pathological grade of
ccRCC in females. Although these results appear to be
contradictory, meaningful conclusions can be drawn.
First, there may be considerable heterogeneity by sex.
Second, these studies agree that subcutaneous fat content
is not related to the pathological grade of renal tumors.
Lastly, the study by Maurits et al. [12] was based on a
large sample size, whereas the studies by Zhu et al. [11]
and Hu et al. [19] had a small sample size; therefore, the
association between visceral fat and the pathological
grade of kidney tumors may be weak or even unrelated.
However, none of these studies calculated adipose tissue
index to balance out the effect of body size, nor did they
measured intermuscular fat and included it in further
analyses.
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In this study, we discovered that intermuscular fat was
significantly higher, regardless of sex, in patients with
high-grade ccRCC. We first identified IFI as an inde-
pendent predictor of pathological grade in patients with
ccRCC. Among the fat components, intermuscular fat
has received little attention in cancer-related studies.
Previous studies have found different mRNA expression
patterns in visceral, subcutaneous, and intermuscular
depots, indicating that each fat component represents a
unique regulatory tissue [20, 21]. Similar to visceral adi-
pose tissue, increased intermuscular fat is associated with
poor physical and metabolic outcomes, including diabe-
tes, chronic kidney disease, and cardiovascular disease
[22-25]. Intermuscular fat has recently been shown by
Yu et al. [26] to be a significant risk factor for major com-
plications after primary total hip arthroplasty. Jeon et al.
[27] reported that the intermuscular fat index is associ-
ated with breast cancer prognosis. This may be related to
the fact that high-grade tumors promote an increase in
intermuscular fat with antioxidant and anti-inflamma-
tory effects. However, the underlying biological mecha-
nism remains unclear. Investigations on human IMAT
are essential for further adipose biology research.

In the present study, low VFI and low SFI were inde-
pendent risk factors for high-grade ¢ccRCC in men and
women, respectively. Keehn et al. [18] reported that
VAT may be associated with high pathological grade in
patients with small renal masses. This is consistent with
the results of our study. Visceral fat can secrete adi-
pokines such as leptin and adiponectin [28]. Clinical
studies have shown that low adiponectin is associated
with tumorigenesis and poor prognosis [29, 30]. And
SAT produces leptin and maintains insulin sensitiv-
ity, thus impairing tumor progression [31]. These may
explain the association of higher VFI and SFI with lower
tumor grade.

There are several limitations to this study. First, this
was a single-center, retrospective study. Second, we only
studied the fat area and did not explore the association
between fat density and the pathological grade of ccRCC
because the images were not obtained from plain CT
scans. Third, this study is the first to suggest an associa-
tion between intermuscular fat and kidney tumor grade.
Larger confirmatory studies are needed to verify and
evaluate this association.

In conclusion, intermuscular fat index is a valu-
able biomarker for the pathological grade of ccRCC
and could be used as a reliable independent predic-
tor of high-grade ccRCC for both males and females.
Sex-specific differences in adipose tissue distribution
contribute to the varying predictive values of ccRCC
grades between males and females. This study provides
valuable insights into the importance of considering
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sex-specific adipose tissue components in the patho-
logical grading of ccRCC, potentially paving the way for
personalized treatment approaches based on these spe-
cific fat depots.
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