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Background and Objective: Obesity is an important risk factor for the onset of kidney cancer, and 
the mechanism of obesity leading to the occurrence and development of kidney cancer has been further 
studied and confirmed in the past decade. The emergence of the “obesity paradox” phenomenon has made 
the correlation between obesity and the prognosis of kidney cancer survival controversial. This review 
summarizes the association between obesity and the occurrence and development of kidney cancer based on 
newly discovered evidence in the past 10 years, in order to provide reference for follow-up research.
Methods: A comprehensive, non-systematic review of the latest literature was carried out in order to 
investigate the progress of the correlation between obesity and kidney cancer. PubMed, Web of Science and 
Embase were being examined and the last run was on July 15, 2024.
Key Content and Findings: The correlation between obesity and the occurrence and development of 
kidney cancer was discussed in this review, and the newly discovered evidence of epidemiology and related 
mechanisms in the past 10 years was summarized. The latest evidence suggests that obesity is an important 
risk factor for the development of kidney cancer. Perirenal fat plays an important role in promoting kidney 
cancer progression and prognosis.
Conclusions: Epidemiology shows that the high rates of kidney cancer and obesity coincide in terms 
of region and ethnicity. The underlying mechanisms associated with obesity in promoting the occurrence 
and development of kidney cancer mainly include: abnormal expression of adipocytokines, abnormal lipid 
metabolism, abnormalities in the insulin-like growth factor-I (IGF-I) axis and hyperinsulinemia/insulin 
resistance, hypoxia and inflammation. As adipose tissue is adjacent to the kidney, the effect of perirenal 
adipose tissue on the prognosis of kidney cancer is controversial, and some evidence supports the idea of the 
“obesity paradox”.
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Introduction

In recent years, the incidence of kidney cancer has been 
increasing year by year. The global incidence of kidney 
cancer increased by 155% in 2019 compared to 1990 (1). 
According to the Global Cancer Statistics 2020, urinary 

cancers account for 13.1% of new cancer cases and 7.9% of 
total cancer mortality, of which kidney cancer is a common 
malignant tumor of the urinary system, accounting for 
2.2% of the total cancer incidence and 1.8% of the total 
cancer mortality (2). Common carcinogenic factors such as 
smoking, obesity, hypertension, type II diabetes, alcohol, 
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and occupational exposure are considered to be the main 
causes of kidney cancer (1,3). Obesity is a worldwide health 
problem, and over the past decade, new evidence has 
emerged for the association between obesity and cancer 
risk and prognosis, which has been shown to be associated 
with 13 cancer types and is a recognized risk factor for the 
development of renal cell carcinoma (RCC) (4-6). At the 
same time, the underlying mechanism of obesity on the 
occurrence and progression of kidney cancer has also been 
newly understood. We present this article in accordance 
with the Narrative Review reporting checklist (available at 
https://tcr.amegroups.com/article/view/10.21037/tcr-24-
744/rc).

Methods

A non-systematic review of the latest literature to investigate 
the progress of the correlation between obesity and kidney 
cancer was carried out. Relevant articles in English available 
in the PubMed, Web of Science and Embase as at 15 July, 
2024 were included. Search terms included (“Obesity”) 
AND (“kidney cancer” OR “Epidemiology” OR “Perirenal 
fat” OR “Mechanism” OR “Prognosis”). The secondary 
references cited in articles obtained from the PubMed 
search were also retrieved (Table 1).

Epidemiological association of obesity with 
kidney cancer

RCC is the most common type of kidney cancer, accounting 
for the vast majority (90%) of cases, mainly including 
clear cell renal cell carcinoma (ccRCC; 70%), papillary 
renal cell carcinoma (pRCC; 10–15%) and chromophobe 

renal cell carcinoma (cRCC; 5%) (7). The most common 
histological subtype, ccRCC, arises from proximal tubular 
epithelial cells and causes most cancer-related deaths (8), 
characterized by the presence of lipid droplets in the cells (9). 
This intracellular accumulation of large amounts of lipids 
and glycogen may indicate that metabolic alterations play a 
role in the biology and pathogenesis of ccRCC, particularly 
lipid metabolism (10). According to the World Health 
Organization (WHO), RCC is the 6th most commonly 
diagnosed malignancy in men and the 10th most common 
in women (11). Studies of different countries and age groups 
have shown that the incidence of kidney cancer in men is 
about twice that of women (12,13). The incidence of kidney 
cancer increases steadily with age, and globally, the median 
age at diagnosis is around 75 years (14). Geographically, 
the regions with the highest incidence of kidney cancer are 
North America and Europe, and the higher the median 
income, the higher the incidence of kidney cancer (13,14). 
Of course, this may be related to the reason that abdominal 
imaging examinations are more common in high-income 
areas and there is a stronger awareness of health check-
ups. In the reported incidence by race in the United 
States, blacks (age-standardized rate 17.0/100,000) have 
a higher incidence of kidney cancer than whites (age-
standardized rate 13.2/100,000), with African Americans, 
Native Americans, and Alaska Natives having the highest 
susceptibility, and Asian Americans and people of Pacific 
Island descent having the lowest susceptibility (15-17).

Obesity is characterized by excess body fat, which the 
WHO defines as “abnormal or excessive fat accumulation 
that may harm health” (18), and it is caused by a complex 
interplay among genetic, environmental, socioeconomic 
and behavioural factors (19). Body mass index (BMI) is 

Table 1 The search strategy summary

Items Specification

Date of search March 4, 2024 and July 15, 2024

Databases and other sources searched PubMed, Web of Science and Embase

Search terms used (“Obesity”) AND (“kidney cancer” OR “Epidemiology” OR “Perirenal fat” OR “Mechanism” 
OR “Prognosis”)

Timeframe 2000–2024

Inclusion and exclusion criteria Inclusion criteria: original articles, review articles; written in English only

Exclusion criteria: case reports, letters to the editor; non-English language

Selection process L.K. independently conducted the search; all the authors contributed to final version of the 
paper

https://tcr.amegroups.com/article/view/10.21037/tcr-24-744/rc
https://tcr.amegroups.com/article/view/10.21037/tcr-24-744/rc
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a good proxy for assessing overall body fat, and in adults, 
overweight is defined as a BMI of 25–29.9 kg/m2 and obesity 
is BMI ≥30 kg/m2. BMI greater than 30 kg/m2 is further 
classified as follows: grade I: BMI of 30.0–34.9 kg/m2, 
grade II: BMI of 35.0–39.9 kg/m2, and grade III: BMI of 
greater than 40 kg/m2 (20). Global obesity rates have almost 
tripled since 1975 (18), with 2.7 billion adults expected 
to be overweight by 2025, more than 1 billion obese and  
177 million extremely obese, while by 2030, about 38% of 
the global adult population will be overweight and another 
20% obese (21). Many epidemiological studies have shown 
that obesity is associated with an increased risk of cancer 
in multiple parts of the body (4,22,23). Based on data from 
observational studies in International Agency for Research 
on Cancer (IARC) Working Group 2016 (4) and World 
Cancer Research Fund and American Institute for Cancer 
Research under Continuous Update Project (WCRF/AICR 
CUP) 2018 (24), there is strong or probable evidence that 
being overweight or obese increases the risk of esophageal 
(adenocarcinoma), stomach (cardia), colorectal, liver, 
gallbladder, pancreas, kidney (RCC), endometrial, ovarian, 
and breast (postmenopausal women) cancer. Approximately 
20% of kidney cancer worldwide is attributable to obesity, 
primarily due to higher levels of central obesity [visceral 
adipose tissue (VAT)] (14). In the study conducted by 
the WCRF CUP group, a 5 kg/m2 increase in BMI was 
associated with a 1.30 increase in the associated risk of 
kidney cancer. A British cohort study noted that for every 
1-point increase in BMI, the risk of kidney cancer increased 
by 4% (25). Another pooled analysis of three America 
cohort studies also found that a higher BMI was associated 
with a significantly increased risk of kidney cancer (RCC), 
with an overall risk ratio of 2.16 [95% confidence interval 
(CI): 1.77–2.63] for a BMI of ≥30 kg/m2 versus a BMI of 
18–25 kg/m2 (26). A Sweden study of associations between 

BMI in youth and site-specific cancer in men showed a 
linear association between increased BMI and the risk of 
kidney cancer (27). In the two most recent meta-analyses, 
Liu et al. (28) included 24 cohort studies that concluded 
that overweight/obesity increases the risk of kidney cancer 
in both men and women, and Shi et al. (29) also showed 
that the risk of kidney cancer increases with higher BMI. 
Globally, obesity prevalence varies by region, ethnicity, 
and gender. Europe and North America have the highest 
prevalence of obesity (30). An American study showed an 
overall prevalence of obesity of about 35 percent, with 
higher rates among Hispanics (43 percent) and African 
Americans (48 percent) (31,32). Interestingly, this coincides 
with areas with a high incidence of kidney cancer and 
susceptible populations. The population attributable 
fraction (PAF) of obesity-related cancers is 11.9% for 
men and 13.1% for women among all obesity-related 
malignancies, with 16.6% for men and 25.9% for women 
with kidney cancer (33). This contradicts the difference in 
the incidence of kidney cancer between the sexes, which is 
derived from BMI statistics. However, BMI is an indirect 
indicator and does not reflect the difference between fat 
and non-fat tissue, nor does it reflect the location of fat 
(centrally, periphery, or in organs) (34). Females and males 
have different fat distributions, with females being more 
susceptible to obesity as classified by BMI (32), while males 
are more likely to develop visceral obesity (35). This may 
explain the high incidence of kidney cancer in men and the 
high PAF in obesity in women.

In the latest meta-analysis on the impact of obesity on 
RCC, Shi et al. (29) included studies prior to July 2023. 
We systematically searched PubMed, Web of Science 
and Embase from July 2023 to July 2024 and included six 
articles, all of which supported the idea that obesity increases 
the incidence or mortality of kidney cancer (Table 2).

Table 2 Study characteristics of the effect of obesity on RCC from July 2023 to July 2024

Study Year Country Sex Remark

Maimaitiyiming et al. (36) 2023 UK M/F Obesity-related dietary pattern

Deng et al. (37) 2023 US M/F Lifetime body weight trajectories

Wang et al. (38) 2024 UK M/F Metabolic syndrome

Onerup et al. (39) 2023 Sweden M BMI and mortality

Suarez Arbelaez et al. (40) 2023 US M/F BMI and morbidity, a cross-sectional study

Onerup et al. (27) 2024 Sweden M BMI and morbidity in young men, a cohort study

RCC, renal cell carcinoma; M, male; F, female; BMI, body mass index.
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Potential mechanisms of obesity leading to the 
development of kidney cancer

Although the mechanism by which obesity leads to the 
development of kidney cancer has not been fully elucidated, 
the latest research highlights the role of obesity-related 
factors in cancer (35). Excess body fat is associated with 
metabolic and endocrine abnormalities and it can stimulate 
the occurrence and progression of obesity-related cancers 
(41-43). Excess body fat is associated with metabolic and 
endocrine abnormalities and can stimulate the occurrence 
and progression of obesity-related cancers. At present, little 
research is known on the pathways and potential mechanisms 
related to the occurrence and development of obesity and 
ccRCC, mainly including the following aspects (Figure 1).

Abnormal expression of adipose tissue and adipocytokines

Adipose tissue is the most prevalent tissue in the human 
body. It is commonly found in the subcutaneous connective 
tissues and also surrounds various organs, including the 
kidneys. The development of obesity leads not only to an 
increase in the fat depot in the classical anatomical position, 
but also to the deposition of lipids in and around other 
tissues and organs, a phenomenon known as ectopic adipose 
deposition (44). Adipose tissue is not only a storage site 
for lipids, but also a major endocrine gland that secretes 
a variety of adipokines, including adiponectin, leptin, 
resistin, plasminogen activator inhibitor-1 (PAI 1), tumor 
necrosis factor α (TNF-α), vascular endothelial growth 
factor (VEGF), and interleukin 6 (IL-6) (45,46). With 
the continuous weight gain, the secretion function of 

adipose tissue is dysregulated, and the physiological state 
of perirenal fat may have carcinogenic effects and affect 
the progression of kidney tumors (47,48). Adiponectin is 
currently the focus of research on adipocytokines.

Adiponectin
Adiponectin, which is mainly secreted by adipocytes and was 
first reported in 1995 as the adipocyte complement-related 
protein 30 (Acrp30), was thought to be specifically expressed 
only in adipose tissue and differentiated adipocytes (49), 
and has now been found to be produced by bone marrow, 
osteoblasts, etc. (50,51). Adiponectin has been shown to have 
a variety of functions in the human body, balancing glucose 
and lipid metabolism, insulin-sensitizing, anti-apoptosis, 
and immunomodulatory effects (52). Under the regulation 
of transcription, translation, and post-translational level 
feedback loops, adiponectin was negatively correlated 
with BMI and central obesity, and negatively correlated 
with waist-to-hip ratio (53,54). Multiple evidence suggests 
that low levels of adiponectin are associated with a risk of 
several cancers, including breast, endometrial, non-small 
cell lung, renal cell, pancreatic, liver, prostate, stomach, 
and colon (55-58). Several case-control studies have shown 
a relationship between adiponectin and kidney cancer 
(59,60), two of which have been linked to distant metastasis 
and vascular invasion of kidney cancer (61,62). In a study 
that measured the predictability of preoperative serum 
adiponectin in predicting cancer-specific survival in patients 
with RCC, patients with high adiponectin levels had an 83% 
lower risk of death due to RCC (63). Another study showed 
a significant reduction in serum levels of total adiponectin 
and polymer adiponectin in patients with metastatic kidney 

Aberrant expression 
of adipocytokines

Abnormal lipid metabolism IGF-I axis abnormalities/insulin 
resistance

Excess fat 
accumulation

Hypoxia Inflammation

HIF-1α

Figure 1 Underlying mechanisms by which obesity promotes the development and progression of kidney cancer. By Figdraw. IGF-I, 
insulin-like growth factor-I; HIF-1α, hypoxia-inducing factor-1α.
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cancer compared with non-metastatic RCC (64). Numerous 
studies have shown that adiponectin exerts anti-tumor 
effects on cancer mainly through two mechanisms. First, it 
can affect tumor growth by acting directly on cancer cells 
through a receptor-mediated pathway (65). It is mainly 
for the activation of adenosine monophosphate-activated 
protein kinase (AMPK). Other avenues are mitogen-
activated protein kinase (MAPK) and phosphatidylinositol 
3 kinase (PI3K)/protein kinase B (Akt). AMPK inhibits the 
induction of tumor formation by influencing cell growth 
through mammalian target of rapamycin (mTOR) signaling 
pathway targets (66). As a key regulator of energy balance, 
AMPK addresses metabolic abnormalities by shutting 
down anabolic and proliferative pathways in response to 
inflammation and oxidative stress, while increasing adenosine 
triphosphate (ATP) production (67). Adiponectin induces 
growth arrest and apoptosis by activating AMPK in various 
cell lines in a p53- and p21-dependent manner and by various 
cellular mediators including the adaptor protein containing 
pleckstrin homology (PH) domain, phosphotyrosine binding 
(PTB) domain and leucine zipper motif 1 (APPL-1), 
calcium-dependent kinase, and liver kinase B1 (LKB1) (68).  
For example, adiponectin inhibits colon cancer cell 
proliferation by inducing p27 and p21 and impairing the cell 
cycle during the G1/S transition (69), induces the tumor 
suppressor gene LKB1, which leads to AMPK activation 
and inhibits cell adhesion, invasion and migration in breast 
cancer cell lines (70,71). The role of adiponectin in MAPK 
signaling remains controversial (66). In addition, some 
studies have shown that PI3K/Akt and cyclin D1 signaling 
are also associated with adiponectin-mediated growth arrest 
and apoptosis (72). Second, adiponectin may indirectly 
affect tumor invasion and metastasis by modulating insulin 
sensitivity, inflammation, and tumor angiogenesis (65). 
Data have shown that insulin can promote the proliferation 
of tumor cells (73). Serum adiponectin levels appear to be 
inversely correlated with fasting insulin concentrations 
and decrease under conditions of insulin resistance (74). 
Adiponectin has been shown to have anti-inflammatory 
effects and interfere with cancer progression by inhibiting 
TNF-α. Adiponectin-deficient mice do exhibit increased 
levels of TNF-α-encoding mRNA in adipose tissue and 
higher concentrations of TNF-α in plasma compared to 
wild-type mice. In addition, adiponectin exhibits a negative 
effect on macrophage phagocytic activity (75). In terms 
of antiangiogenesis, adiponectin hinders angiogenesis 
and reduces macrophage infiltration by inhibiting the 

mTOR and Stat3 pathways and stimulating AMPK and 
caspase activity (76). However, the results reported in the 
literature appear to be contradictory, and there are also 
convincing studies that suggest that adiponectin may have 
a potent pro-angiogenic effect and may promote cancer 
development (77). This contradictory result suggests that 
the regulation of angiogenesis by adiponectin warrants 
further investigation.

Abnormal lipid metabolism

Both RCC and obesity are considered metabolic diseases, 
and lipid metabolism plays an important role in the 
occurrence and development of both diseases. ccRCC is 
a highly metabolically functional tumor characterized by 
a “clear cell” appearance due to excessive accumulation of 
lipid droplets and glycogen. The lipid droplets formed by 
this large amount of lipid deposition can provide sufficient 
energy for cell membrane formation and signaling of 
tumor cells in the form of fatty acids, and promote cancer 
cell proliferation and metastasis (10). Recent studies have 
focused on the molecular mechanisms of lipid metabolism in 
RCC and the search for effective targets for the treatment of 
RCC with abnormal lipid metabolism. Ancient ubiquitous 
protein 1 (AUP1; a lipid droplet-regulated very low-density 
lipoprotein assembly factor) can promote the synthesis of 
intracellular fatty acids and the formation of cholesteryl 
esters by targeting the sterol O-acyltransferase 1 (SOAT1) 
pathway, and induce lipid accumulation in ccRCC tissues by 
inhibiting β-oxidation of fatty acids, regulating lipolysis and 
cholesterol transport, thereby promoting the proliferation 
and metastasis of ccRCC cells (78). The Hippo pathway is 
able to alter tumor metabolism and is associated with lipid 
metabolism. Miao et al. demonstrated that Hippo signaling 
regulated by the dihydrolipoamide branched-chain 
transacylase (DBT) E2/Recombinant Annexin A2 (ANXA2)/
Yes-associated protein (YAP) axis has a tumor suppressive 
effect. They believe that DBT is a tumor suppressor that 
inhibits tumor progression and corrects lipid metabolism 
disorders in ccRCC, and suggests that DBT can be used 
as a potential target for pharmacological intervention in  
ccRCC (79). In view of the fact that abnormal lipid 
metabolism is a common pathogenesis of RCC and obesity, 
and obesity is an important risk factor for RCC, it is worth 
exploring whether there is a mechanism of obesity reverse 
to promote the occurrence and development of RCC by 
aggravating abnormal lipid metabolism.
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Abnormalities in the insulin-like growth factor-I (IGF-I) 
axis and hyperinsulinemia/insulin resistance

In obese individuals, changes in adiponectin levels and 
other reasons lead to reduced insulin sensitivity, insulin 
resistance, insulin cannot bind to receptors, glucose cannot 
enter cells and remains in the blood in large quantities. The 
continuous increase in blood glucose causes the pancreatic 
β cells to compensate for the secretion of more insulin, 
manifesting as elevated levels of circulating insulin and 
insulin-like growth factor (IGF) (80). The data showed 
that every 1 kg/m2 increase in BMI increased fasting 
insulin levels by 8.5% (81). Johansson et al. demonstrated 
a significant association between fasting insulin-related 
variables and the risk of RCC, with an increase of one 
standard deviation (SD) in fasting insulin increasing the risk 
of RCC by 82% (82). High serum insulin concentrations 
may inhibit autophagy, proteasome activity, and apoptosis 
through the insulin action of its receptors, exert anti-
apoptotic and mitotic effects (83), and secondly, enhance 
the growth and proliferation of cancer cells by activating 
the IGF pathway. The interaction between insulin and the 
IGF system, which includes IGF-1, IGF-2 and its receptors 
(IGF-1R and IGF-2R), and six types of IGF-binding 
proteins (IGFBPs), appears to be critical to the development 
and progression of RCC. Insulin directly or indirectly 
regulates hepatic IGF-1 production through upregulation 
of growth hormone (GH) receptors and increases IGF-1 
bioavailability by downregulating IGFBP-1 and IGFBP-2 
(hindering IGF-1 action) (84). IGF-1 is thought to stimulate 
tumor angiogenesis, and inhibition of IGF-1R signaling is 
a fundamental mechanism in RCC biology (85). Binding 
of IGF-1 to IGF-1R activates tyrosine kinase signaling and 
phosphorylation of insulin receptor substrate (IRS) protein, 
thereby activating the PI-3K/Akt/mTOR (mammalian 
target of rapamycin) and Ras/MAPK pathways (86). These 
pathways have been shown to regulate apoptosis and cell 
proliferation and may be involved in the development 
of cancer. Takahashi found that the expression of insulin 
receptor (IR) on RCC cells was inversely correlated with 
cancer stage and the occurrence of distant metastases, and 
this value was significantly reduced in patients with tumor-
stage pT2–4 and distant metastases. In addition, enhanced 
IR expression is strongly associated with better disease-
free survival and overall survival after nephrectomy (87). 
However, they did not clearly observe the pro-tumor effect 
of hyperinsulinemia in clinical and mouse experimental 

model studies, and the decrease in IR expression in high-
stage RCC tumors with poor prognosis may be the result 
of host hyperinsulinemia-induced downregulation. Another 
study showed that the lack of IR on RCC cell lines was not 
associated with inhibition of insulin activity in RCC cells, 
which remained susceptible to insulin stimulation through 
IGF-1R (86). These results seem to suggest that insulin is 
more likely to play a role in the growth and proliferation 
of cancer cells through interaction with the IGF system, 
or that the IGF system appears to be a more effective 
stimulator of cancer cell proliferation.

Hypoxia

Hypoxia is a hallmark of solid tumors, and the effects of 
obesity on adipose tissue vascular function and oxygen 
supply have been well studied. Hypertrophy and expansion 
of adipose tissue affects the tumor microenvironment to 
stimulate hypoxia, and the limited supply of oxygen triggers 
compensatory angiogenesis mechanisms in response to 
oxygen and nutrient deficiencies (88). There are two main 
hypoxia-inducing factors (HIFs) that mediate hypoxia 
responses: HIF-1α and HIF-2α. Decreased partial pressure 
of oxygen and elevated HIF-1α expression in adipose tissue 
can trigger adipose tissue inflammation and dysfunction in 
obese patients (89). Von Hippel-Lindau (VHL) mutation 
inactivation is a genetic event in most ccRCC whose 
encoded amino acid protein (pVHL) leads to aberrant 
activation of HIFs, which induces gene expression programs 
by altering cellular metabolism, inducing angiogenesis, and 
promoting epithelial-mesenchymal transition, invasion, 
and metastatic diffusion, which play a key role in the 
pathogenesis of ccRCC (90). Previous studies have suggested 
that HIF-2α is the main pro-tumor factor in ccRCC, and 
HIF-1α appears to inhibit tumor invasion. ccRCC expressing 
only HIF-2α has a higher rate of proliferation than tumors 
expressing HIF-1α and HIF-2α (91), and knockdown of 
HIF-1α enhances xenograft tumor formation in cell lines 
expressing both HIF-1α and HIF-2α (92). Recent studies 
have demonstrated that HIF-1α is also essential for tumor 
formation, and that both HIF-1α and HIF-2α are required 
for ccRCC, and that alterations in the balance of activity 
of both can affect different aspects of ccRCC biology and 
disease aggressiveness (90). HIF-1α and HIF-2α may play 
different roles at different stages of tumor formation and 
progression, and these effects may be regulated by the 
spectrum of mutations present in each individual ccRCC.
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Chronic inflammation

Chronic inflammation has been shown to promote cancer 
progression. Obesity is associated with the secretion of a 
large number of pro-inflammatory cytokines that produce 
a low-grade chronic inflammatory state. This chronic 
inflammatory state maintained by adipocytes may modulate 
host immune surveillance, resulting in direct effects on 
the local tumor microenvironment and distant tumor cells 
(through systemic effects of endocrine signaling) (93). 
Systemic inflammation is often observed in the late stages 
of RCC. Studies have shown that levels of IL-10 protein 
are higher in more advanced tumor node metastasis (TNM) 
classification tumors (pT3). IL-6, IL-10, and heat shock 
protein 90 (HSP-90) have been identified as markers of RCC 
development and progression (94). In addition, the expression 
of inflammation-related genes and neutrophil infiltration in 
tumor tissues are prognostic markers for metastatic RCC 
(95). A recent study showed that the pro-inflammatory 
factor angiopoietin-like protein 8 (ANGPTL8) can induce 
the expression of CXC motif chemokine ligand 1 (CXCL1) 
and CXC motif chemokine ligand 2 (CXCL2) chemokines 
by activating the nuclear factor kappa-B (NF-κB) signaling 
pathway, maintain cancer cells in an undifferentiated state, 
and play an important role in ccRCC tumor progression by 
establishing a tumor microenvironment (96).

Effect of perirenal adipose tissue (PAT) on renal 
cancer progression

Adipose tissue is divided into subcutaneous adipose tissue 
(SAT) and VAT, which are significantly different in terms of 
adipokine secretion, lipolytic activity and endocrine. VAT 
is an endocrine organ that secretes a variety of hormones 
and cytokines associated with carcinogenesis and tumor 
progression (97). PAT is a type of VAT between the renal 
fascia and the renal fibrous sac that surrounds the kidneys 
and supports their function.

PAT is a complex microenvironment consisting of a 
mixture of white adipocytes and dormant, active brown 
adipocytes. Because of its anatomically adjacent relationship 
to the kidney, PAT is able to regulate renal activity through 
paracrine or endocrine mechanisms such as adiponectin, 
leptin, resistin, TNF-α, visceral lipids, IL-6, and IL-1β (98). 
In addition, there has been recent evidence that PAT is 
involved in local tumor invasion, and during tumorigenesis, 
ccRCC cells can infiltrate through the renal fibrous sac and 
enter PAT, a process that is associated with poor prognosis 
of renal cancer (99). BMI, as a widely used indicator 

in clinical practice to assess obesity, has limitations in 
measuring body fat distribution. Computed tomography 
(CT) and magnetic resonance imaging have been used 
to assess the distribution of fat in the body. Includes 
measurements of SAT, VAT, perirenal fat thickness (PFT), 
perirenal fat area (PFA), and perirenal fat volume (PFV). 
In a study of PFT measurements in 174 patients, high 
PFT predicted poor progression-free survival in patients 
with localized ccRCC (100). A higher percentage of PFA 
in surgically treated patients with ccRCC also suggests an 
independent association with an increased risk of death, and 
perirenal fat is thought to be a new independent prognostic 
factor for surgical treatment of patients with ccRCC (101). 
Controversially, the findings of Preza-Fernandes et al. (102) 
are consistent with the obesity paradox, in which obese 
patients were observed to have greater PFA and prevent 
ccRCC disease progression and death. This may be due 
to a decrease in fat density in larger PFAs, which reduces 
metabolic activity and produces less secretory signaling. Wei 
et al. (103) found that there is bidirectional communication 
between ccRCC cells and PAT, and that ccRCC cells secrete 
parathyroid hormone-related protein (PTHrP) and promote 
PAT browning through protein kinase A (PKA) activation. 
PAT-mediated thermogenesis where browning occurs leads 
to the release of excess lactate, which provides ample energy 
to ccRCC to enhance growth, invasion, and metastasis. 
Current studies have shown that perirenal fat infiltration is 
closely related to the development of ccRCC disease, but 
the effect of perirenal fat accumulation on survival outcomes 
remains controversial. The extent of radical nephrectomy 
requires free excision of the kidney and perirenal fat outside 
the perirenal fascia, so the completeness of perirenal fascial 
resection and the amount of residual perirenal fat may also 
have an important impact on the prognosis of patients with 
renal cancer. The measurement of perirenal fat distribution 
using imaging technology may be a new method to assess 
the prognosis of patients with renal cancer. New perspectives 
on PAT as an endocrine organ, and more recent knowledge 
that dormant brown adipocytes may be activated, are now 
considered a new area of research on the relationship 
between obesity and kidney cancer. Future in-depth research 
on PAT may provide new ideas for the treatment of kidney 
cancer (Figure 2).

Effect of perirenal fat on surgical treatment  
of RCC

Approximately 25% of clinical T1b/T2 kidney cancers 
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involve perirenal fat, which means that if the Gerota fascia 
and perirenal fat are not completely removed by surgery, 
the prognosis of about 25% of patients with T1b/T2 
disease will be affected in addition to T3a kidney cancer. 
Liu et al. (104) developed a tool to assess the integrity of 
surgical specimens for nephrectomy. Their study showed 
that retroperitoneal laparoscopic radical nephrectomy 
(RLRN) had poor integrity in removing the Gerota fascia 
and perirenal fat compared to transperitoneal laparoscopic 
radical nephrectomy (TLRN). This may be due to the 
transabdominal approach, which has better operating 
space and surgical visibility. It is hypothesized that the use 
of TLRN for large tumors can improve prognosis and 
improve the time to recurrence and survival of patients, 
but no survival data are provided. Perirenal fat adhesions 
limit the mobility of the kidney and make it more difficult 
for the kidney to be free. Mayo Adhesive Probability (MAP) 
score can quantitatively assess the possibility of perirenal fat 
adhesions, so as to effectively predict the difficulty of surgery. 
Studies have shown that the MAP score can have a significant 
impact on the clamp time of robotic-assisted partial 
nephrectomy (PN) (105). Trifecta was the primary criterion 
for evaluating the success of PN, and Campi et al. (106,107) 
found that renal characteristics were reported based on the 
preoperative aspects and dimensions used for an anatomical 
(PADUA) score or RENAL (radius, exophytic/endophytic 
properties, nearness to hilum, anterior/posterior location, 
and location relative to polar lines) score, tumor complexity 
and surgical methods were independent predictors of 
Trifecta failure after PN. At the same time, the 3D virtual 
model is reported to be available for reliable evaluation 

of surgical planning (108). Therefore, perirenal fat has an 
important impact on the surgical treatment of RCC, and 
the combination of MAP score with renal tumor scoring 
systems, such as RENAL score, PADUA score, 3D virtual 
model, etc., may more comprehensively and objectively 
evaluate the complexity of surgery such as laparoscopic/
robotic PN, so as to guide clinical decision-making.

Conclusions

There is growing evidence that obesity plays an important 
role in the development and progression of kidney 
cancer. Although larger studies are needed to uncover 
the pathological mechanisms involved in cancer growth 
to conclusively determine the impact of obesity on the 
occurrence, progression, and prognosis of kidney cancer, 
the current epidemiological evidence appears to be 
sufficient to demonstrate that obesity is an important risk 
factor for kidney cancer. The emergence of the “obesity 
paradox” makes the relationship between obesity and the 
prognostic outcome of kidney cancer still inconclusive. 
The quality and quantity of perirenal fat may replace 
BMI as a new indicator to study obesity and the prognosis 
of kidney cancer. Existing studies have shown that the 
underlying mechanisms of obesity and the occurrence and 
development of kidney cancer mainly include abnormal 
expression of adipocytokines, abnormal lipid metabolism, 
insulin resistance, abnormal IGF-I system and signaling, 
hypoxia and inflammation (Table 3). In addition, sex 
hormones, oxidative stress damage, and inactivation 
of tumor suppressor genes may also play a role in the 
mechanism of obesity-inducing kidney cancer. Despite 
current significant advances in the treatment of kidney 
cancer, disease recurrence and metastasis remain the leading 
cause of kidney cancer-related deaths. Further research on 
obesity and kidney cancer can expand to the treatment of 
kidney cancer. For example, pharmacological inhibition 
of adipocyte browning can enhance the anti-renal cancer 
efficacy of the targeted drug sunitinib (103). It also reminds 
us that monitoring health conditions, such as diabetes, high 
BMI, and high blood pressure, is equally important in the 
prevention and treatment of kidney cancer.

After reading a large number of epidemiological 
literature on obesity and kidney cancer, this article 
summarizes the interaction between the two and adds our 
own interpretation and reflection on the epidemiological 
results. In the TNM stage of renal cancer, the invasion 
of tumor into PAT is defined as T3a. The authors believe 

Paracrine or endocrine Adiponectin, leptin, 
resistin, TNF-α, visceral 

lipids, IL-6, IL-1β
Adipocyte

Figure 2 The tumor invades perirenal fat. By Figdraw. TNF, 
tumor necrosis factor; IL, interleukin. 
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that PAT, as an adipose tissue adjacent to the kidney, is 
inextricably related to the occurrence and development of 
kidney cancer. In this article, we summarize the clinical 
and basic research between perirenal fat and kidney cancer, 
hoping to provide reference for subsequent related studies.

This article has the following limitations. First of all, in 
this article, although the potential mechanism of obesity 
and kidney cancer is summarized, the specific mechanism 
is not described in depth and completely, such as the fact 
that leptin in adipocytokines is also closely related to 
kidney cancer, but it is not described in detail due to space 
considerations. Second, the article mentions the association 
between the “obesity paradox” and kidney cancer, but 
does not explain the mechanism that supports the “obesity 
paradox” view.
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