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Abstract

Obesity is one of modifiable risk factors for clear cell renal cell cancer (ccRCC). We aim to identify the association between
obesity-driven biomarkers and ccRCC risk. This is a retrospective, two-phase, case-control study involving 682 cases and
733 controls. Obesity-driven biomarkers [gastric inhibitory polypeptide (GIP), C-peptide, insulin, resistin, adipsin, peptide YY,
pancreatic polypeptide, interleukin-6 (IL-6), tumor necrosis factor-a (TNF-a), plasminogen activator inhibitor-1, monocyte
chemoattractant protein 1, lipocalin2, leptin, adiponectin] were measured using the Milliplex method. Multivariate logistic
regression was used to assess the associations between biomarkers and ccRCC risk. Results revealed that GIP, C-peptide,
IL-6 and TNF-a levels were consistently distinct between cases and controls. These markers were significantly associated
with ccRCC risk in both phases (except C-peptide). In the combined population, compared with individuals with low levels
of the biomarkers, individuals with high level of GIP [odds ratio (OR) = 0.52, 95% confidence interval (CI): 0.40-0.67] had
lower risk, whereas individuals with high levels of C-peptide (OR = 1.46, 95% CI: 1.15-1.87), IL-6 (OR = 2.20, 95% CI: 1.50-3.22),
TNF-a (OR = 1.90, 95% CI: 1.49-2.43) had significantly higher risk. Stratified analysis showed consistent associations with
ccRCC risk in most subgroups (P < 0.05). The risk score based on the IL-6, TNF-o and GIP was positively associated with
ccRCC risk in a dose-response manner (P for trend = 2.18E-13). Data from The Cancer Genome Atlas indicate that insulin
signaling, IL-6 signaling and TNF-a signaling were enhanced in tumors. Collectively, our study demonstrates the integrative
effect of insulin resistance and inflammation in ccRCC development, which may elucidate the basis of association between
obesity and carcinogenesis. Further confirmation in prospective cohort studies are warranted for clinical applications in
prevention and precision medicine of ccRCC.

Introduction
Kidney cancer is one of the most lethal urologic cancer (1). Clear of the independent modifiable risk factors of ccRCC and studies
cell renal cell cancer (ccRCC) is the predominant form of kidney have demonstrated that the risk of ccRCC is 1.5 times higher

cancer among all subtypes. Obesity has been identified as one
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Abbreviations
ccRCC clear cell renal cell cancer
CI confidence interval
IGF insulin-like growth factor
IL-6 interleukin-6
OR odds ratio
PAI-1 plasminogen activator inhibitor-1
RCC renal cell cancer
T2D type 2 diabetes
TNF-a tumor necrosis factor-a

in obese population than that in normal weight population (2).
However, the underlying mechanism remains largely unclear.

Dysfunction of adipose tissue is often linked to obesity.
Increased volume of adipose tissue may lead to peripheral insulin
resistance, abnormal adipokine secretion and inflammation,
which may promote carcinogenesis (3,4). Insulin and insulin-like
growth factor (IGF) related pathways have been reported to play
important roles in renal cell cancer (RCC) risk and outcome (5).
Genetic variations of IGF-binding protein-3 (IGFBP3) were associ-
ated with ccRCC risk in men (6). Several studies have examined
the association of adiponectin and/or leptin levels with the risk
of RCC with inconsistent findings, partly due to the difference
in study population. For example, Liao et al. reported that higher
circulating adiponectin levels were associated with reduced RCC
risk in Finnish male smokers (7), whereas opposite results were
observed in African American males (8). Inflammatory cytokines,
including tumor necrosis factor-a (TNF-a) (9), interleukin-6 (IL-
6) (10) and plasminogen activator inhibitor-1 (PAI-1) (11) were
found significantly higher in obese individuals. These cytokines
are mostly secreted by monocytes and other immune cells that
infiltrate into the adipose tissues (12). Altered expressions of IL-6
and TNF-o were observed in RCC, which was mainly composed
of ccRCC (13). Thus, insulin resistance, adipokines, inflamma-
tion and their cross talks have been proposed as major biological
mechanisms linking obesity and ccRCC.

In this case-control study, we systematically evaluated the
independent and cumulative associations between circulating
levels of 14 obesity-driven biomarkers and ccRCC risk in a dis-
covery phase and validated the findings in a validation phase.
Further risk score and bioinformatic analysis were conducted to
explore the predictive value and underlying biological mechan-
isms of our findings.

Materials and methods

Study population

All enrolled ccRCC patients were drawn from an ongoing case-control
study at The University of Texas MD Anderson Cancer Center (Houston,
TX) initiated in 2002. The study has been approved by MD Anderson
Cancer Center Institutional Review Board. Details of the study have been
described previously (14). In brief, all recruited cases were individuals with
newly diagnosed (within 1 year of diagnosis), histologically confirmed and
previously untreated ccRCC. Healthy control subjects without a history of
cancer, except non-melanoma skin cancer, were identified and recruited
via random digit dialing during the same time period as the cases, fre-
quency matched according to age (+5 years) and gender. All participants
provided written informed consent before participating in the study. Due
to the small number of minority participants, we restricted our analysis
to non-Hispanic whites.

Data collection

A 45-min structured in-person interview was conducted to collect epi-
demiological data by MD Anderson interviewers. Information on phys-
ical activity, weight at diagnosis (for cases) or recruitment (for control

subjects), history of hypertension (yes/no), smoking status and pack-years
of smoking was recorded. Body mass index (BMI, kg/m? was calculated
through self-reported usual height and weight. BMI was categorized ac-
cording to the standard classifications of the World Health Organization
(normal/underweight and overweight: <30 kg/m? obese: >30 kg/m?).
Smoking status and pack-years of smoking were defined as follows: an
individual who had never smoked or had smoked <100 cigarettes in his
or her lifetime was defined as a never smoker; an individual who had
smoked at least 100 cigarettes in his or her lifetime but had quit at least
12 months before diagnosis (for cases) or before the interview (for con-
trols) was classified as a former smoker. Current smokers were those who
were currently smoking or quit <12 months before diagnosis (for cases)
or before the interview (for controls). The number of pack-years was cal-
culated as the average number of cigarettes smoked per day divided by
20 and then multiplied by smoking years. Immediately after interview, a
40 ml blood sample was collected from each participant and delivered to
the laboratory for further analysis. The plasma was separated from blood
and stored in MAPI straws (Cryo Bio System). All samples were then trans-
ferred into liquid nitrogen tanks for long-term storage.

Immunoassay for detecting plasma levels of various
obesity-driven biomarkers

Plasma samples were thawed on ice prior to the assay. Samples were
tested in duplicates using Milliplex® MAP Human Metabolic Hormone
Magnetic Bead Panel kit (HMHEMAG-34K; EMD Millipore; using undiluted
plasma) and Milliplex® MAP Human Adipokine Magnetic Bead Panel kit
(HADK1MAG-61K; EMD Millipore; using 1:400 diluted plasma) in 96-well
plate format to quantify the 14 selected obesity-driven biomarkers. The
selection of obesity-related markers was based on systematic literature
review (3,4) and the availability of Luminex assays. Among them, seven
biomarkers were further assayed in the validation phase. Each plate con-
tained positive and negative controls and samples for standard curve.
Assay was conducted according to protocols provided by the manufacturer
using Luminex 200™ instrument and xPONENT® software (Luminex Corp).
All inter-assay and intra-assay coefficients of variation were below 15%.

Statistical analysis

To compare baseline characteristics between cases and controls, we
used the Pearson’s chi-squared test for categorical variables, Student’s
t-tests for continuous variables and Wilcoxon rank sum test for plasma
biomarkers as they were not normally distributed. All biomarker levels
were dichotomized using a logistic regression spline model (15). We es-
timated the associations between each biomarker and ccRCC risk using
unconditional logistic regression models. Odds ratios (ORs) and 95% con-
fidence intervals (CIs) were reported for gender- and age-adjusted as well
as fully adjusted analysis by age (<60, >60), gender, smoking status (ever/
never), history of hypertension (yes/no), diabetes mellitus (yes/no) and
BMI (<30, >30). Combined analyses were performed based on the pooled
populations.

Stratified analysis was applied in pooled population by known or sus-
pected ccRCC risk factors, including age, gender, BMI, history of hyperten-
sion, diabetes mellitus and smoking status. We tested for multiplicative
interaction by including a cross-product term and the significance of the
interactions was determined using the Wald statistic for the cross-product
term. The risk score was generated by a sum of the product of dichotom-
ized expression level of each biomarker by its logistic regression coeffi-
cient obtained at the discovery stage as shown by the following equation:

RSj = — 042 x I (GIPj >75.864) + 0.64 x I (TNF-0j > 6.598)
+ 050 x I (IL-6f > 15.341)

where RS is the risk score for subject j; for each soluble obesity-driven
marker (SOM) i [(SOMij > cutoff value) is an indicator function which is 1 if
SOMij level > cutoff value and 0 otherwise. The bonferroni correction were
applied in the multiple comparison of P-values. We assessed the associ-
ation between the risk score (in quartiles) and ccRCC risk using uncondi-
tional logistic regression model.

In addition, messenger RNA expression data from 72 primary ccRCC
samples and corresponding normal tissues were downloaded from The
Cancer Genome Atlas (TCGA) Kidney Renal Clear Cell Carcinoma study



to explore potential mechanism (16). The genes of signal pathways were
selected from KEGG (http://www.genome.jp/kegg/) and Biocarta (https://
cgap.nci.nih.gov/Pathways/ BioCarta_Pathways). All the data were further
analyzed and plotted using R software (v3.4.1).

All statistical tests were two sided with a significance cutoff at 0.05.
All analyses were conducted using Stata 10.1 statistical software package
(Stata Corp, College Station, TX).

Results

Host characteristics

This is a two-phase, case-control study. The discovery phase in-
cluded 182 cases and 182 controls, whereas the validation phase
consisted of 500 cases and 551 controls. The characteristics of
study participants are described in Table 1, and the whole de-
sign of the study was depicted in Supplementary Figure S1. In
discovery phase, the mean age was 59.0 + 9.2 years in cases
and 58.9 + 9.0 years in controls. Over two-thirds of the subjects
were males and around half were smokers in cases and con-
trols with slightly more smokers among cases. BMI and hyper-
tension were significantly different between cases and controls
(P < 0.05). There were 36 (19.8%) cases and 25 (13.7%) controls
with type 2 diabetes (T2D) mellitus. The distributions of patient
characteristics in the validation phase were similar to those in
the discovery phase.

Obesity-driven biomarkers predict ccRCC risk

The distributions of all obesity-driven biomarkers (median and
inter-quartile range) were listed in Supplementary Table S1.
Among them, the levels of seven biomarkers were significantly
different among cases and controls in the discovery phase
(Figure 1, Supplementary Table S2). GIP levels were significantly
lower in cases than in controls in both the discovery phase and
the validation phase (P = 0.02 and 0.01, respectively), whereas
C-peptide, IL-6 and TNF-a levels were higher in cases in both the
discovery phase and the validation phase (P < 0.05). Leptin and
adiponectin levels were significantly different between cases

Table 1. Host characteristics
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and controls in the discovery phase (P < 0.01) and demonstrated
consistent trend in the validation phase (P = 0.10 and 0.36, re-
spectively). PAI-1 levels showed opposite directions in the dis-
covery and the validation phase.

Further multivariate logistic regression analysis was per-
formed to assess the association between binary biomarker
levels (i.e. low and high) and ccRCC risk adjusted for potential
confounders (Table 2). All four biomarkers were significantly as-
sociated with ccRCC risk in the same direction in the discovery
phase and the validation phase except C-peptide (P > 0.05 in
the validation phase). In the combined population, compared
with individuals with low levels of the biomarkers, individuals
with high level of GIP (OR = 0.52, 95% CI: 0.40-0.67) had lower
risk of ccRCC, whereas individuals with high levels of TNF-a
(OR = 1.90, 95% CI: 1.49-2.43), IL-6 (OR = 2.20, 95% CI: 1.50-3.22)
and C-peptide (OR = 1.46, 95% CI: 1.15-1.87) had significantly
higher risk of ccRCC.

Stratified analyses and risk score based on three
obesity-driven biomarkers

For the four biomarkers, we conducted stratified analysis in the
combined population (Figure 2). The interaction between bio-
markers and stratified factors were shown in Supplementary
Table S3. High GIP (versus low) demonstrated significant and
consistent associations with reduced ccRCC risk in most sub-
groups (Figure 2A). High TNF-a (Figure 2B) and IL-6 (Figure 2C)
were consistently associated with increased ccRCC risk in all
subgroups. Also, we showed the pairwise correlations among
biomarkers in pooled population, GIP level was correlated with
C-peptide level (rtho = 0.52, P = 1.49E-99) (Supplementary Table
S4). Additionally, we also investigated the association between
C-peptide and ccRCC risk in subgroup. High C-peptide (versus
low) demonstrated significant and consistent associations with
increased ccRCC risk in most subgroups of pooled population
(Figure 2D);C-peptide was significantly interacted with obese
status (BMI > 30; P, = 4.87E-04).

interaction

Discovery Validation

Variables Cases, n (%) Controls, n (%) P-value Cases, n (%) Controls, n (%) P-value
Age, mean (SD) 59.0 (9.2) 58.9 (9.0) 0.87 59.1 (10.9) 59.7 (10.0) 0.36
BMI, mean (SD) 30.4 (6.7) 28.4 (5.6) 2.28E-03 30.3 (6.2) 28.5 (5.5) 1.23E-06
Sex

Male 135 (74.2) 135 (74.2) 323 (64.6) 381 (69.2)

Female 47 (25.8) 47 (25.8) 1.00 177 (35.4) 170 (30.8) 0.12
Age (years)

<60 87 (47.8) 92 (50.6 245 (49.0) 284 (51.5)

>60 95 (52.2) 90 (49.4) 0.60 255 (51.0) 267 (48.5) 0.41
Ever smoking

Yes 99 (54.4) 88 (48.4) 235 (47.0) 266 (48.3)

No 83 (45.6) 94 (51.6) 0.25 265 (53.0) 285 (51.7) 0.68
BMI (kg/m?)

<30 102 (56.0) 125 (68.7) 246 (56.4) 373 (67.9)

>30 80 (44.0) 57 (31.3) 0.01 190 (43.6) 176 (32.1) 2.02E-04
Hypertension

Yes 133 (73.1) 72 (39.6) 289 (57.8) 236 (42.8)

No 49 (26.9) 110 (60.4) 1.15E-10 211 (42.2) 315 (57.2) 1.25E-06
Diabetes

Yes 36 (19.8) 25 (13.7) 67 (13.5) 77 (14.0)

No 146 (80.2) 157 (86.3) 0.12 430 (86.5) 474 (86.0) 0.82

SD, standard deviation.
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Figure 1. Distribution of seven obesity-driven biomarkers in discovery and validation stages. Among them, GIP, C-peptide, TNF-a and IL-6 levels were significantly dif-
ferent between controls and cases in both stages, whereas PAI-1, adiponectin and leptin were not.

Table 2. Multivariate logistic regression analysis of markers in cases and controls

Discovery Validation Combined

Markers OR (95% CI)* P OR (95% CI)* P OR (95% CI)* P
GIP

Low 1 (reference) 1 (reference) 1 (reference)

High 0.38 (0.22-0.66) 5.83E-04 0.56 (0.42-0.76) 1.19E-04 0.52 (0.40-0.67) 6.63E-07
TNF-a

Low 1 (reference) 1 (reference) 1 (reference)

High 4.32 (2.65-7.03) 3.96E-09 1.39 (1.05-1.85) 0.02 1.90 (1.49-2.43) 1.85E-07
IL-6

Low 1 (reference) 1 (reference) 1 (reference)

High 3.13(1.43-6.87) 4.00E-03 1.93 (1.24-3.02) 4.00E-03 2.20 (1.50-3.22) 5.41E-05
C-peptide

Low 1 (reference) 1 (reference) 1 (reference)

High 3.55 (1.96-6.43) 2.82E-05 1.19 (0.91-1.57) 0.21 1.46 (1.15-1.87) 2.27E-03

Significant P-values in bold font.

2Adjusted by age, gender, smoking, BMI, diabetes and hypertension.

The combined effects of the three validated biomarkers were
investigated by calculating a risk score using the linear combin-
ation of GIP, TNF-a and IL-6 in discovery, validation and com-
bined population (Figure 3, Supplemental Table S5). The risk score
was positively associated with ccRCC risk in a dose-response
manner in all populations (P for trend <0.001). Compared with
individuals in the first quartile, individuals in the second, third
and fourth quartile had a 1.94-fold (95% CI: 1.43-2.62), 2.33-fold

(95% CI: 1.68-3.22) and 3.04-fold (95% CI: 2.19-4.24) elevated risk
of ccRCC in combined population, respectively.

Enhanced IL-6, insulin and TNF signaling in ccRCC
tissues

To further characterize the potential mechanisms underlying
obesity-driven ccRCC carcinogenesis, we evaluated the
obesity-related gene expressions in the TCGA database,
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Figure 2. Forest plot of ORs for obesity-driven biomarkers in stratified analyses based on selected covariates for (A) GIP, (B) TNF-q, (C) IL-6 and (D) C-peptide. All P-values
of interaction between biomarker and selected covariates were Bonferroni corrected. The solid circles with horizontal lines corresponding to the multivariable-adjusted
ORs and 95% CIs. The vertical dash line indicates an OR of 1.0.
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Figure 3. Risk score of obesity-driven biomarkers predicts ccRCC risk in (A) discovery, (B) validation and (C) combined populations. In combined population, the fourth
(Q4), third (Q3) and second (Q2) quartile subgroups demonstrated significant increased cancer risk (3.04-fold, 2.33-fold and 1.94-fold) compared with first quartile (Q1)
subgroup of risk score (P for trend = 2.18E-13) using multivariable logistic regression model adjusted by age, gender, smoking, BMI, diabetes and hypertension.



1196 | Carcinogenesis, 2019, Vol. 40, No. 10

which includes 72 ccRCC tumor tissues and paired adjacent
72 normal tissues. The genes in IL-6 signaling, TNF signaling
and insulin signaling pathways were elevated in tumor tis-
sues compared with normal tissues (except STAT3, IGF1, IGFR1,
IGFR2), whereas GIPR was downregulated in tumor tissues
(Supplementary Figure S2).

Discussion

To our knowledge, this is the first large-scale, two-phase case-
control study to systematically evaluate obesity-driven bio-
markers in ccRCC susceptibility. Obesity is a known risk factor for
RCC, and possible biological mechanisms involving adipokines,
chronic inflammation, insulin/IGF pathways and sex steroids
have been implicated (17). In this study, we noted significant
inverse association between circulating GIP and ccRCC risk,
whereas circulating C-peptide, IL-6 and TNFa exhibited positive
associations with ccRCC risk in both phases and the combined
population (except C-peptide in validation phase). Stratified
analysis in the combined population showed consistent as-
sociations in all subgroups except for C-peptide by BMI. High
C-peptide was associated with significantly increased ccRCC
risk in non-obese individuals but reduced ccRCC risk in obese
individuals (P, ...on < 0-001). Significant interactions were also
observed for GIP with age and hypertension and TNF-a with sex.
A risk score based on these three validated biomarkers could
stratify the risk of ccRCC. Further bioinformatics analysis using
TCGA data set indicated that insulin signaling, IL-6 signaling
and TNF signaling were enhanced in tumor tissues. Therefore,
our findings revealed the predictive role of obesity-driven bio-
markers for ccRCC risk and highlighted potential obesity-related
mechanisms during ccRCC carcinogenesis.

In this study, we observed that GIP, secreted by
enteroendocrine K cells, was inversely associated with ccRCC
risk for the first time. Previous publications indicated that GIP
could induce insulin secretion in beta cells in obese or diabetic
patients (18,19). As a notable regulator of insulin resistance, GIP
was strongly associated with C-peptide in our study; however,
GIP and C-peptide were associated with ccRCC risk in opposite
direction (OR < 1 for GIP and OR > 1 for C-peptide). This could be
resulted from the stimulatory effect of GIP on insulin secretion,
which could also increase the C-peptide level (20). Intriguingly,
GIP could also promote lipogenesis via stimulating lipopro-
tein lipase in adipocyte (19), which may promote obesity. GIP
receptor (GIPR) expression in ccRCC tissues was significantly
lower than normal tissues in TCGA data set. This suggested that
GIP-GIPR signaling may be defective during ccRCC development.
These findings indicate that circulating GIP may be protective
in ccRCC development through abrogating insulin resistance,
though it may also increase adiposity. However, more research is
warranted in deciphering the mechanisms underlying GIP and
ccRCC development.

C-peptide, a byproduct of insulin, is a surrogate marker of
insulin resistance, which eventually results in the T2D (21). T2D
has been reported as a risk factor of ccRCC in women (22). In
this study, C-peptide is positively associated with ccRCC risk,
which is consistent with previous studies (23,24). Interestingly,
C-peptide demonstrated significant interaction with BMI for
ccRCC risk for the first time, indicating higher level of C-peptide
is associated with increased risk of ccRCC in non-obese patients,
whereas higher C-peptide level showed opposite direction of OR
in obese patients. Only one previous study demonstrated that
C-peptide is independent of BMI in predicting colon cancer risk
in men (25). However, our findings were focused on both genders

in ccRCC. Moreover, it is reported that C-peptide could bind to
a specific guanosine triphosphate-binding protein-coupled re-
ceptor, which could promote carcinogenesis through regulating
multiple signaling pathways (26). However, these studies only
partially explain the potential mechanisms of C-peptide in
tumorigenesis. More studies are required to fully address the
role of C-peptide in ccRCC development.

As critical cytokines actively participating in the obesity-
induced inflammation (27), IL-6 and TNF-o were significantly
associated with increased ccRCC risk in this study. This is con-
sistent with a previous study reporting that enhanced IL-6 and
TNF expression could promote liver inflammation and tumori-
genesis (28). Our previous study also demonstrated that genetic
variations of IL6 and TNFA were associated with risk of bladder
cancer (29). Chronic inflammation resulting from obesity could
induce secretion of TNF-a and related cytokines thereby pro-
moting carcinogenesis in ccRCC as well as other cancer sites or
chronic diseases (28-30). For instance, the IL-6 and TNF-a derived
from chronic inflammation could impair host immunity and in-
sulin signaling, resulting in immune dysfunction, insulin resist-
ance and subsequent carcinogenesis (27,31). This is in line with
our findings from TCGA database suggesting that IL-6 signaling,
TNF signaling and insulin signaling were enhanced in ccRCC tis-
sues. Therefore, we proposed that the impact of IL-6 and TNF-a
on ccRCC risk may stem from integrative effect in chronic in-
flammation, insulin resistance and immune dysfunction.

Leptin and adiponectin are adipokines associated with
susceptibility of multiple malignancies (3,9,32-35). Previous
studies in RCC indicate that leptin is not associated with RCC
risk, whereas adiponectin is only associated with the risk in
male smokers (7) or African American males (8). However, we
found that the leptin level and adiponectin level were not as-
sociated with ccRCC risk in our study. The divergence may be
derived from various pathological subtypes of RCC, different ra-
cial groups or genders. To further elucidate the roles of the two
biomarkers in ccRCC, more studies within independent cohort
are warranted.

Furthermore, risk score based on linear combination of three
identified biomarkers demonstrated ideal risk stratification of
ccRCC risk in this study. This finding highlighted synergic effect
of insulin signaling, TNF signaling and IL-6 signaling pathways
on ccRCC susceptibility, suggesting potential integrative mech-
anisms underlying obesity-driven carcinogenesis.

Although our study has distinct strengths including the
two-phase study design, careful matching of controls to cases
by age, gender and sample storage time, integrative obesity
markers panel and relatively large sample size, we acknowledge
several limitations. First, this is a retrospective, case-control
study; therefore, reverse causation is always a possibility to
account for the observed associations. Blood samples were
collected at the time of diagnosis, so we cannot establish the
temporality and causality between obesity-driven markers and
the risk of developing ccRCC. Whether the obesity-driven genes
play causative roles in RCC development require further experi-
mental evidence in animal and human studies (36). To minimize
the potential impact of disease and treatment on obesity-
driven biomarkers, we only included newly diagnosed ccRCC
patients (within 1 year of diagnosis) for which blood samples
were drawn at recruitment and before treatment. Future pro-
spective studies are warranted. Second, we only evaluated the
most representative obesity-driven biomarkers in this study;
other obesity-related factors, such as IGF-1, were not included.
Third, an independent cohort is warranted to validate the risk
score as it was constructed based on discovery stage. Fourth,
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we restricted our ethnicity on non-Hispanic white subjects,
thus the results may not be applicable to other ethnic groups.
Finally, our results were based solely on patients treated at a
single institution; further validation in large, independent co-
horts is required.

In summary, we investigated the associations between
obesity-driven biomarkers and ccRCC susceptibility. GIP, TNF-a
and IL-6 were significantly associated with the risk of ccRCC,
which implicates the integrative effect of insulin resistance and
chronic inflammation in the development of ccRCC. These find-
ings may shed light on the preventive approaches and precision
medicine of ccRCC.
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