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Abstract

Background and objective: Renal cancer (RC) is a common malignancy. Its incidence and
mortality rates vary by geographic area and sex, and are projected to increase in the
future. This review aims to describe global epidemiology of RC examining its incidence,
mortality, survival, genetic predisposition, and risk factors.
Methods: We obtained national estimates of the current and projected incidence and
mortality from the Global Cancer Observatory of the International Agency for Research
on Cancer. Incidence and mortality were defined as the number of new cases and deaths
for the year 2022, respectively. Future estimations from 2022 to 2050 were based on the
projected population growth and aging. We have assessed all the global metrics and
stratified the data according to geographic area and sex. We evaluated survival from
international or national registries, systematic reviews and meta-analyses, or original
reports. Additionally, we updated epidemiological reviews on genetic predisposition
and risk factors.
Key findings and limitations: Globally, 434,840 individual cases and 155,953 individual
deaths were recorded in 2022. Incidence and mortality varied according to geographic
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area and sex. In total, 745,791 new cases (+72%) and 304,861 (+96%) new deaths are
expected in 2050. The 5-yr overall survival rate ranged from 40% to 75% according to
geographic area. Pathogenic variants in the alleles, VHL, ELOC, TSC1/2, MET, FLCN,
PRDM10, SDHA/B/C/D, MiTF, CDC73, FH, PTEN, BAP1, SMARCB1, CHEK2, MUTYH, BRCA2,
ATM, and APC, predispose to RC. Nonmodifiable risk factors include sex, geography, eth-
nicity/ancestry, and family history. In contrast, modifiable risk factors include obesity,
insulin resistance/diabetes, hypertension, chronic kidney disease, smoking, environmen-
tal exposure, and lack of physical exercise.
Conclusions and clinical implications: The current and projected incidence and mortality
rates empower patients, clinicians, and policymakers. Data on RC epidemiology, genetic
predisposition, and risk factors may facilitate early detection, aid selective genetic test-
ing, and guide risk-adapted prevention and screening strategies.

� 2025 Published by Elsevier B.V. on behalf of European Association of Urology.
ADVANCING PRACTICE

What does this study add?
This study adds information on up-to-date incidence, mortality, survival, genetic predisposition, and risk factors of renal
cancer.

Clinical Relevance
This comprehensive review of renal cancer epidemiology highlights the substantial and rising global burden of disease,
with projected incidence and mortality increases of 72% and 96%, respectively, by 2050. For the uro-oncology community,
these findings underscore the imperative for risk-adapted prevention strategies, including genetic testing for hereditary
syndromes and targeted screening of high-risk populations based on modifiable and non-modifiable risk factors. Incorpo-
rating these epidemiological insights into clinical and policy frameworks can guide early detection initiatives and inform
equitable allocation of healthcare resources across diverse geographic settings. Associate Editor: Gianluca Giannarini, M.D.

Patient Summary
Renal cancer (RC) is a common malignancy with notable geography and sex-specific differences. Out of ten patients
diagnosed with RC, four to seven are alive 5 yr after the diagnosis, depending on the cancer and patient characteristics.
Genetic testing is indicated for some patients with RC. Individuals with a higher risk of developing RC can be identified by
specific, well-defined risk factors. Management of body weight, diabetes, hypertension, and renal dysfunction control,
along with smoking cessation, may reduce the risk of developing RC.
1. Introduction

Globally, renal cancer (RC) ranks as the sixth and ninth lead-
ing new cancer diagnosis for men and women, respectively
[1]. TheWorld Health Organization classification of RC com-
prehends renal cell carcinoma (RCC) subtypes such as clear
cell (ccRCC), papillary (pRCC), and oncocytic and chromo-
phobe (chRCC) RCC; moreover, it also includes metanephric,
mixed epithelial and stromal, mesenchymal, and embryonal
tumors of the kidney [2–5].

Given the critical role that cancer epidemiology plays in
informing patients, clinicians, and policymakers, the aim of
this report is to update the European Urology 2019 [6] and
2022 [7] epidemiology studies with contemporary data.
Specifically, we describe herein the global epidemiology of
RC based on regional- and sex-specific cases and deaths,
the available survival estimates, and, for the first time, the
projected rates for the year 2050. We also review and sum-
marize the current available evidence regarding genetic
nasss.sa.cr) en National Library o
o se permiten otros usos sin auto
predisposition and risk factors associated with the develop-
ment of RC.
2. Methods

2.1. Incidence and mortality

We retrieved data on the incidence and mortality of RC from
the CANCER TODAY tool [8] of the Global Cancer Observa-
tory, an interactive web-based platform presenting global
cancer statistics [9,10] developed by the International
Agency for Research on Cancer of the World Health Organi-
zation. RC was defined as malignant neoplasms of the kid-
ney, except for renal pelvis or lymphoid, hematopoietic,
and related tissues, based on the code C64 of the Interna-
tional Classification of Disease, tenth revision. Incidence
and mortality were defined as the number of RC cases and
deaths due to RC in 2022, respectively. The estimates were
assembled at the national level using the best available
f Health and Social Security de ClinicalKey.es por Elsevier en octubre 23, 
rización. Copyright ©2025. Elsevier Inc. Todos los derechos reservados.
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sources of cancer incidence and mortality data within a
given country [9].

We described incidence and mortality by reporting the
total number of cases/deaths; crude rates per 100,000
persons; age-standardized rates (ASRs), defined as weighted
average of the age-specific rates per 100,000 persons based
on the 1966 Segi-Doll standard population [11]; and, finally,
cumulative risk, defined as the number of newborn children
out of 100, who would be expected to develop/die from RC
before 75 yr, assuming the absence of competing causes of
death. We analyzed all the metrics globally after stratifica-
tion according to geographic areas and sex. Finally, with
the purpose of assessing the impact of differences in infras-
tructures and health care systems on the observed inci-
dence and mortality, we analyzed, for each country, the
incidence and mortality ASRs stratified according to the
human development index, a summary metric of three
key dimensions of human development, namely, life expec-
tancy at birth, education based on years of schooling, and
gross national income per capita. We assessed the associa-
tion between the human development index and incidence
and mortality with linear regression. The statistical tests
were two sided, with a significance set at p < 0.05.

2.2. Survival

We retrieved the survival data from international, national,
or subnational population-based cancer registries, when
available. Alternatively, in the absence of the former, sys-
tematic reviews and meta-analyses as well as original
reports were considered. We reported overall survival and
relative survival, assuming the absence of competing causes
of death. We described survival in terms of the rate and 95%
confidence interval for patients with RC alive at 1, 5, and
10 yr after diagnosis.

2.3. Future estimation

We retrieved the data on incidence and mortality from the
CANCER TOMORROW tool [12] of the Global Cancer Obser-
vatory. We have described future incidence and mortality
by reporting the total number of RC cases expected in the
year 2050, the projected annual increase, and the percent-
age increase from 2022 up to 2050. The prediction is based
on the assumptions that the 2022 rates do not change in
future years and that the population change projections
are correct for these years [13,14]. These estimations do
not consider any changes in the prevalence of risk factors
or improvements in cancer treatments, but rather reflect
the growth and aging of the population only.

2.4. Genetic predisposition and risk factors

We have updated the 2019 [6] epidemiology report and
2022 [7] systematic review by performing a narrative
review on the risk factors and genetic predisposition for
RC (Supplementary material), and we have qualitatively
summarized the available evidence.

We have summarized the current criteria for selecting RC
patients for genetic testing, as well as the actionable genes
Descargado para Irene Ramírez (iramirez@binasss.sa.cr) en National Library of
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for RC, defined as genes that confer a higher risk for cancer
phenotype in the setting of hereditary RC. For each gene,
we have described the frequency of germline pathogenic/-
likely pathogenic variants in RCC patients, and we have clas-
sified the associated hereditary RC syndromes according to
the ORPHANET inventory and classification [15]. For each
hereditary syndrome, we have described the prevalence, risk
of RC development, RC histology, prognosis, and extrarenal
clinical manifestations. Finally, we have classified risk factors
as nonmodifiable and modifiable, and we have reported the
potential underlying biological mechanism, magnitude of
risk increase, and efficacy of preventive measures.
3. Results

3.1. Incidence and mortality

Fig. 1 illustrates the global incidence of RC. In 2022, 434,840
individual cases were indexed. The heatmap describes the
ASR ranging from 0.04 per 100,000 individuals in Sierra
Leone to 14.1 in Belarus. Approximately 35% (151,276) of
the cases were recorded in Asia, 34% (145,721) in Europe,
18% (79,769) in North America, 8% (35,927) in Latin Amer-
ica, 4% (17,129) in Africa and 1% (5,018) in Oceania.

Fig. 2 illustrates the global mortality of RC. In 2022,
155,953 individual deaths were indexed. The heatmap
describes the ASR for each country, ranging from 0.01 per
100,000 individuals in Sierra Leone and 4.6 in Uruguay.
About 38% (59,239) of the deaths were recorded in Asia,
34% (52,347) in Europe, 11% (16,977) in North America,
10% (15,678) in Latin America, 6.5% (10,173) in Africa and
1% (1,539) in Oceania.

RC region- and sex-specific incidence and mortality are
depicted in Fig. 3 and Fig. 4, respectively.

Fig. 5 illustrates RC incidence and mortality ASR strati-
fied according to human development index for each coun-
try. Geographic areas and individual countries with higher
level of human development index have elevated higher
incidence and mortality ASR (all p<0.0001).

3.2. Survival

The survival estimates are reported in Table 1. Based on the
registry data, the 5-yr overall survival rate was 66% in Eur-
ope [16], 67% in North America [17], and 75% in Oceania
[18]. Based on systematic reviews and meta-analyses, the
5-yr overall survival rate was 69% in Asia [19]. Based on
original reports, the 5-yr overall survival rate ranged from
40% to 63% in Africa [20,21]. In Latin America, the 5-yr over-
all survival rate was 86% for patients with nonmetastatic RC
[22]. Based on the registry data, the 5-yr relative survival
rate ranged from 67% to 76% in Europe [16,23], was 75%
in North America [24], and was 82% in Oceania [18].

3.3. Future estimation

Fig. 6 depicts the projected new cases over the next years, as
based on the expected population growth and aging.
Globally, 745,791 new cases are predicted by the year
 Health and Social Security de ClinicalKey.es por Elsevier en octubre 23, 
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Fig. 1 – Global renal cancer incidence in 2022. The heatmap depicts age-standardized rates of renal cancer cases for each country. The tables outline total
cases, crude rates, age-standardized rates and cumulative risk for each geographic area.
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Fig. 2 – Global renal cancer mortality in 2022. The heatmap depicts age-standardized rates of renal cancer deaths for each country. The tables outline total
cases, crude rates, age-standardized rates and cumulative risk for each geographic area.
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Region Sex Crude
rate ASR Cumulative 

risk

Eastern Africa
F 1.1 1.3 0.12
M 1.2 1.8 0.18

Middle Africa
F 0.92 1.0 0.09
M 1.1 1.5 0.12

Northern Africa
F 1.7 1.8 0.18
M 2.2 2.5 0.27

Southern Africa
F 1.7 1.8 0.17
M 2.6 3.3 0.36

Western Africa
F 0.82 1.0 0.10
M 0.91 1.2 0.11

Region Sex Crude
rate ASR Cumulative 

risk

Eastern Asia
F 4.4 2.4 0
M 8.1 4.8 0

South-Eastern 
Asia

F 1.3 1.1 0
M 2.4 2.3 0

South Central 
Asia

F 1.0 1.0 0.11
M 1.6 1.7 0

Western Asia
F 2.7 2.8 0
M 4.5 5.1 0

Region Sex Crude
rate ASR Cumulative 

risk

Eastern Europe
F 13.8 7.0 0.84
M 23.0 14.5 1.8

Northern Europe
F 14.3 6.8 0.77
M 25.8 13.7 1.6

Southern Europe
F 12.3 5.1 0.58
M 26.0 12.5 1.5

Western Europe
F 15.4 6.2 0.70
M 28.0 13.0 1.5

Region Sex Crude
rate ASR Cumulative 

risk

Caribbean
F 2.9 2.3 0
M 4.4 3.5 0

Central America
F 2.8 2.6 0
M 5.5 5.7 0

South America
F 4.3 3.2 0
M 8.0 6.7 0

Region Sex Crude
rate ASR Cumulative 

risk

Northern America
F 14.8 8.5 0.96
M 28.1 16.9 2.0

Region Sex Crude
rate ASR Cumulative 

risk

Australia-New 
Zealand

F 8.9 5.0 0
M 22.7 13.7 1.6

Melanesia
F 0.58 0.79 0.08
M 1.0 1.6 0

Micronesia
F 0.00 0.00 0.00
M 4.6 4.8 0

Polynesia
F 2.6 2.4 0
M 6.8 6.3 0

Renal cancer region- and sex-specific incidence

Source: Cancer Today - IARC; https://gco.iarc.who.int/today; Data version: Globocan 2022 (version 1.1) - 01.03.2025

Fig. 3 – Region- and sex-specific incidence of renal cancer. The tables report crude rates, age-standardized rates and cumulative risk according to United
Nations Regional Groups and sex.
2050. The estimated increase is consistent across sexes,
with an additional 71.6% in males and 71.4% in females.
The estimated increase varies considerably by geographic
area, ranging from an additional +19% in Europe to +106%
in Africa.

Fig. 7 depicts the projected new deaths in the next years
as based on the expected population growth. Globally,
304,861 new deaths are expected by 2050. The estimated
increase is consistent across sexes, with an additional
94.5% in males and 97.3% in females. The estimated increase
varies considerably by geographic area, ranging from an
additional +39% in Europe to +103% in Africa.

3.4. Genetic predisposition

3.4.1. Indications for genetic testing
Hereditary factors play a significant role in determining
genetic predisposition to RC, with an estimated 5–8% of
RC cases being indexed as hereditary [25,26]. Hereditary
RC syndromes are often suspected based on early onset,
synchronous multifocal or bilateral tumors, a personal or
Descargado para Irene Ramírez (iramirez@binasss.sa.cr) en National Library o
2025. Para uso personal exclusivamente. No se permiten otros usos sin auto
family history of RC or other cancers, and presence of other
syndrome-specific lesions [7,25,26].

Several guidelines are available to select candidates for
genetic testing following an RC diagnosis [4,27–31]. Testing
may be conducted either as primary genetic testing, defined
as the initial test performed on an individual without a
known pathogenic variant in the family, or as cascade test-
ing, which targets a specific known variant in family mem-
bers of an individual diagnosed with a genetic condition or
mutation.

Indications for testing include young age at diagnosis,
with specific thresholds identified at 46 and 50 yr of
age; a multifocal or bilateral tumor; a family history of at
least another first- or second-degree relative diagnosed
with RC; and histological features associated with heredi-
tary RC [4,27–31]. Specific criteria based on a personal his-
tory of extrarenal features suggestive of hereditary RC
syndrome (Fig. 8) must also be contemplated [27–31].
Pathogenic variants in specific genes are often linked to
extrarenal manifestations in the context of a hereditary RC
f Health and Social Security de ClinicalKey.es por Elsevier en octubre 23, 
rización. Copyright ©2025. Elsevier Inc. Todos los derechos reservados.
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Region Sex Crude
rate ASR Cumulative 

risk

Eastern Africa
F 0.95 0.71 0.09
M 1.3 0.80 0.14

Middle Africa
F 0.75 0.60 0.07
M 1.2 0.71 0.10

Northern Africa
F 0.91 0.87 0.09
M 1.3 1.1 0.13

Southern Africa
F 0.80 0.75 0.08
M 1.5 1.1 0.16

Western Africa
F 0.69 0.51 0.07
M 0.85 0.57 0.09

Region Sex Crude
rate ASR Cumulative 

risk

Eastern Asia
F 0.59 1.4 0.
M 1.4 2.7 0

South-Eastern 
Asia

F 0.58 0.71 0.06
M 1.3 1.3 0

South Central 
Asia

F 0.57 0.56 0.06
M 1.0 0.93 0.12

Western Asia
F 0.92 0.94 0.10
M 2.2 1.8 0

Region Sex Crude
rate ASR Cumulative 

risk

Eastern Europe
F 1.8 4.6 0.21
M 5.0 8.6 0.62

Northern Europe
F 1.6 5.0 0.17
M 3.5 8.5 0.38

Southern Europe
F 1.3 4.5 0.13
M 3.5 9.1 0.39

Western Europe
F 1.5 5.6 0.16
M 3.9 10.6 0.42

Region Sex Crude
rate ASR Cumulative 

risk

Caribbean
F 0.78 1.2 0.
M 1.4 1.9 0

Central America
F 1.3 1.5 0
M 2.9 2.9 0

South America
F 1.2 1.8 0
M 2.7 3.3 0

Region Sex Crude
rate ASR Cumulative 

risk

Northern America
F 1.2 3.1 0.13
M 2.9 6.1 0.32

Region Sex Crude
rate ASR Cumulative 

risk

Australia-New 
Zealand

F 1.2 3.2 0
M 3.0 6.4 0

Melanesia
F 0.32 0.21 0.03
M 0.98 0.54 0.10

Micronesia
F 0.00 0.00 0.00
M 1.5 1.4 0

Polynesia
F 0.61 0.88 0.00
M 2.5 2.9 0

Renal cancer region- and sex-specific mortality

Source: Cancer Today - IARC; https://gco.iarc.who.int/today; Data version: Globocan 2022 (version 1.1) - 01.03.2025

Fig. 4 – Region- and sex-specific mortality of renal cancer. The tables report crude rates, age-standardized rates and cumulative risk according to United
Nations Regional Groups and sex.
syndrome. Table 2 summarizes individual genes associated
with RC together with any related hereditary RC syndrome.

3.4.2. Von Hippel-Lindau Disease
Von Hippel-Lindau disease is caused by a germline patho-
genic variant in one VHL allele. In line with the two-hit
hypothesis, any somatic event disrupting the other VHL allele
induces loss of function, hypoxia inducible factor accumula-
tion, and oncogenesis [32,33]. A Von Hippel-Lindau–like phe-
notype has also been described as result of an ELOC variant
[34]. The incidence ranges from one per 27,000 to one per
43,000 individuals, and the prevalence is one to nine per
100,000 individuals [35,36]. In RCC patients, the frequency
of pathogenic/likely pathogenic variant ranges from 0.1 to
0.5 [37–43]. Affected individuals develop multiple tumors
in multiple organ sites at metachronous time points
[44,45]. Prototypical tumors include hemangiomas of the
retina and hemangioblastomas of the central nervous sys-
tem, pancreatic cystadenomas and neuroendocrine tumors,
Descargado para Irene Ramírez (iramirez@binasss.sa.cr) en National Library of
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pheochromocytomas/paragangliomas, and ccRCC [44,45].
Management involves close surveillance until intervention
becomes necessary to prevent local or systemic cancer pro-
gression or to alleviate symptoms [46,47]. Historically, local
treatment with surgery or ablation was the only available
option to treat ccRCC [48,49];, however, hypoxia inducible
factor inhibitors have shown activity in clinical trials [50–
52] and have been approved by regulatory agencies. As such,
current management is based on the combination of local
and systemic therapies [53].

3.4.3. Tuberos sclerosis complex
Tuberos sclerosis complex is associated with a germline
pathogenic variant in either TSC1 or TSC2 allele [54]. These
variants cause activation of the mTOR pathway and multifo-
cal tumor formation [55]. The incidence is one per 18,000
and the prevalence is one to nine per 100,000 individuals
[56]. In RCC patients, the frequency of pathogenic/likely
pathogenic variant ranges from 0.1 to 0.3 [37–43]. Affected
 Health and Social Security de ClinicalKey.es por Elsevier en octubre 23, 
zación. Copyright ©2025. Elsevier Inc. Todos los derechos reservados.
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Fig. 5 – Renal cancer incidence and mortality according to human development index. The figures present country-specific age-standardized incidence and
mortality rates stratified by human development index, which is a summary metric of three key dimensions of human development: life expectancy at birth,
education based on years of schooling and gross national income per capita.
individuals develop multisystem hamartomas, most com-
monly involving the skin, brain, eye, lung, and heart, and
often present with epilepsy and neuropsychiatric disorders
[54]. RC occurs in <5% of cases, while angiomyolipoma and
benign cysts are more frequent [57]. Available therapies
include surgery and ablation of renal tumors, systemic
and local mTOR inhibitors, antiseizure medications, and
dermatological surgery [58].

3.4.4. Hereditary papillary renal cell carcinoma
Hereditary pRCC stems from an activating missense patho-
genic variant in the proto-oncogene MET, encoding the hep-
atocyte growth factor–responsive tyrosine kinase receptor
[59]. The activation promotes cell proliferation and inhibi-
tion of apoptosis. The incidence is unknown, the estimated
prevalence is one per 100,000 persons [60], and the fre-
quency of pathogenic/likely pathogenic variant ranges from
0% to 0.2% in RCC patients [37–43]. Affected individuals are
at risk of multifocal pRCC, and, unlike other hereditary RC
syndromes, extrarenal manifestations have not been
described [61,62]. The management of pRCC includes active
surveillance and surgery [60]. For unresectable diseases,
Descargado para Irene Ramírez (iramirez@binasss.sa.cr) en National Library o
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dual MET/VEGFR2 kinase inhibitor and tyrosine kinase inhi-
bitors have shown promising results [63].

3.4.5. Birt-Hogg-Dubé
Birt-Hogg-Dubé syndrome is associated with a loss-of-
function pathogenic variant in an FLCN allele responsible
for mTORC1 hyperactivation [64,65]. A Birt-Hogg-Dubé–like
phenotype has been described as a result of a PRDM10 vari-
ant [66]. The incidence is unknown, and the estimated
prevalence is one to nine per 1,000,000 individuals,
although this figure might underestimate the true rate
[67]. In RCC patients, the frequency of pathogenic/likely
pathogenic variant ranges from 0.1 to 1.8 [37–43]. Patients
may present with fibrofolliculomas, lung cysts leading to
spontaneous pneumothoraxes, and multifocal renal tumors
[68–70]. RC in this setting is heterogeneous, but largely
indolent, with mixed histologies, including hybrid tumors,
chRCC, oncocytoma, and, rarely, ccRCC and pRCC [71].

3.4.6. Other rare hereditary syndromes
Other RC hereditary syndromes with a prevalence of fewer
than one per 1,000,000 individuals or uncertain data
f Health and Social Security de ClinicalKey.es por Elsevier en octubre 23, 
rización. Copyright ©2025. Elsevier Inc. Todos los derechos reservados.
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Table 1 – Renal cancer survival by geographic area a

Region Source Type Follow-up Year(s) from
diagnosis

Overall
survival (95% CI)

Relative survival
(95% CI)

International
population-
based cancer
registry

Europe NORDCAN, The Association of the Nordic
Cancer Registries. Data version 9.3 –
October 2, 2023 [23]

2021 1

5
10

NA

NA
NA

88.4 (87.2–89.4)

75.9 (74.1–77.9)
NA

National
population-
based cancer
registry

Europe Cancer Survival in England, National
Health System; Cancers diagnosed during
2016–2020, followed up to 2021. Data
version February 16, 2023 [16]

2021 1

5
10

78.8 (78.4–79.2

65.6 (65.0–66.2)
NA

80.8 (80.2–81.4)

66.8 (65.7–68.0)
NA

Subnational
population-
based cancer
registry

Surveillance, Epidemiology, and End
Results (SEER) Program. SEER*Stat
Database: incidence, 22 registries
(excluding IL and MA), November 2023
Sub (2000–2021). Data version April 2024
[17]

North America 2021 1

5
10

84.4 (84.3–84.6)

67.1 (67.0–67.3)
53.0 (52.8–53.2)

86.2 (86.1–86.3)

74.7 (74.6–74.9)
67.4 (67.2–67.7)

National
population-
based cancer
registry

Oceania Cancer Data in Australia 2024 web report,
Australian Institute of Health and Welfare.
Data version December 9, 2024 [18]

2020 1

5
10

89.5 (89.0–89.9)

75.2 (74.5–75.8)
61.6 (60.8–62.4)

91.1 (90.6–91.5)

82.3 (81.6–83.0)
75.6 (74.6–76.5)

CI = confidence interval; NA = not applicable.
a Net survival is reported assuming the absence of a competing cause of death.
include MiTF-related melanoma and RCC predisposition
syndrome, hyperparathyroidism-jaw tumor syndrome,
fumarate hydratase–deficient RCC, phosphatase and tensin
homolog hamartoma syndrome, BAP1-related tumor predis-
position syndrome, renal medullary carcinoma, and chro-
mosome 3 translocation syndrome [72]. Finally, besides
the already known genes and the associated hereditary RC
syndromes described above, the frequency of germline
pathogenic or likely pathogenic variants in the genes
CHEK2,MUTYH, BRCA2, ATM, and APCwas >1% in three large,
contemporary case-control investigations of RC susceptibil-
ity in patients with RCC [38,40,41]. Other less frequent vari-
ants [73] or different genome regions [74] are currently
under scrutiny.
3.5. Risk factors

3.5.1. Nonmodifiable risk factors
The risk factors for RC are summarized in Fig. 9. The non-
modifiable risk factors are age, male sex, geography, ethnic-
ity/ancestry, and family history [4,7]. These risk factors
deserve consideration for the purpose of primary preven-
tion strategies. The RC incidence and mortality rise consis-
tently with age [6,7,75]. Males have a higher risk of
developing RC, are diagnosed with more aggressive disease,
and have worse oncological outcomes relative to their
female counterparts [1,76]. Sexual dimorphism is largely
affected by geographic factors; for instance, the difference
is more pronounced in Europe, North America, and Oceania,
and less pronounced in Africa, as noted in Figs. 3 and 4.
Geography is also associated with incidence and mortality
regardless of sex, as depicted in Figs. 1 and 2. Finally, other
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factors linked to genetic predisposition such as ancestry/
ethnicity [40] and family history [77] increase RC risk.
Specifically, Native American/Alaska Native and Black/Afri-
can Americans have the highest risk, White individuals have
intermediate risk, and Asian and Native Hawaiian/Pacific
Islanders have the lowest risk [1,7].

3.5.2. Modifiable risk factors
Modifiable risk factors for RC are obesity, insulin resis-
tance/diabetes, hypertension, chronic kidney disease, smok-
ing, environmental exposure, and lack of physical exercise
[4,7]. More than 50% of RC cases and deaths are attributable
to potentially modifiable risk factors [78], and these deter-
minants identify high-risk individuals who may benefit
from screening policies for secondary prevention.

3.5.2.1. Excess body weight
Excess body weight is a recognized risk factor for RC
[7,79,80], and the relationship between overweight/obesity
and RC is causal [81,82]. The mechanisms linking obesity to
RC incidence include sex hormone biosynthesis, inflamma-
tion and oxidative stress, and dysfunction of the gut micro-
biota, and are cross-linked to hyperinsulinemia or insulin
resistance [7]. These conditions may facilitate mitogenic,
antiapoptotic, and proangiogenic effects [7,79]. Up to 34%
cases of RC are attributable to excess body weight [78],
and the relative risks (RRs) were 1.35 (1.27–1.43) in over-
weight and 1.76 (1.61–1.91) in obese individuals compared
with the normal-weight individuals in a meta-analysis [83].
Surprisingly, obesity has a protective effect on RC mortality
[84,85], and body mass index is associated with improved
outcomes in patients treated with immunotherapy [86];
 Health and Social Security de ClinicalKey.es por Elsevier en octubre 23, 
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Fig. 6 – Projected renal cancer incidence through 2050. The figure illustrates
the overall estimated new cases in 2050, detailing sex-specific trends over
time and the variation according to geographic area.
hence, the term ‘‘obesity paradox’’ refers to the counterintu-
itive evidence that obesity facilitates RC development but is
protective with respect to cancer-specific mortality. Mecha-
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nistically, body mass index–dependent fatty acid synthase
activation might improve RC survival [87,88].

3.5.2.2. Insulin resistance or diabetes
Insulin resistance/diabetes increases the risk of RC indepen-
dently [89–91]. The expression of IGF-1 resulted in an increase
in RC cells in preclinical investigations via promotion of cell
cycle progression and inhibition of apoptosis [92]. The RRs
were 1.57 (1.36–1.82) in diabetic relative to nondiabetic indi-
viduals [93] in a meta-analysis and 1.44 (1.34–1.53) in a large
population-based registry [94]. Secondary prevention through
specific diet was found to be associated with risk reduction
[95]. The effect of Glucagon-like peptide-1 receptor agonists
on the risk of RC development is controversial [96,97].

3.5.2.3. Hypertension
Hypertension is a documented risk factor for RC [7,79]. The
biological mechanism includes dysregulation of hypoxia
inducible factor, lipid peroxidation, and formation of reac-
tive oxygen species [98]. The association of hypertension
and RC has been confirmed in a large meta-analysis report-
ing RRs ranging from 1.12 to 2.6 [89]. Diastolic blood pres-
sure has more impact than systolic blood pressure on RC
risk, and hypertension severity and lack of control were also
found to be positively associated with RC [99]. Antihyper-
tensive drugs may also be associated with RC [100]. How-
ever, these observations indirectly reflect hypertension
severity and duration rather than a mechanistic effect of
the medication. Taken together, obesity, insulin resistance/-
diabetes, hypertension, and elevated low-density lipopro-
teins [101] collectively contribute to metabolic syndrome,
which is in itself a risk factor for RC [4,6,102].

3.5.2.4. Chronic kidney disease and end-stage renal disease
Pathological changes in the renal parenchyma, such as
chronic kidney disease and end-stage renal disease, increase
RC incidence [87] and mortality [88] in patients treated with
either dialysis or transplant. In the latter, RC is more fre-
quently found in the native kidney relative to the trans-
planted kidney [103]. While acquired renal cystic disease
raises the risk of both renal dysfunction and RC [104], and
may act as a confounder; it is notable that reduced renal
function is also linked to higher cancer-specific mortality in
patients with RC who underwent surgical treatment [105].

3.5.2.5. Smoking
Smoking is an established risk factor for RC [79,106]. Pre-
clinical evidence supports a relationship between tobacco
smoke and stemness of RC cells, thus fueling carcinogenesis
[107]. The estimated rate of RC cases attributable to
cigarette smoking is 19% [78] and RRs ranges from 1.3 to
2.3 in individual reports [89] and pooled RR from a meta-
analysis resulted 1.39 (1.28-1.51) for smokers relative to
never-smokers and 1.20 (1.14-1.27) for former- relative to
never-smokers [108]. This relationship is dependent on
the dose and time, with a consistent increase according to
the number of cigarettes per day and a consistent decrease
according to the years since smoke cessation [108]. Follow-
f Health and Social Security de ClinicalKey.es por Elsevier en octubre 23, 
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Fig. 7 – Projected renal cancer mortality through 2050. The figure illustrates
the overall estimated new deaths in 2050, detailing sex-specific temporal
trends and the variation according to geographic area.
ing smoking cessation, the risk of RC decreases for former
smokers relative to current smokers, but remains higher
relative to never smokers [108]. Consistently, current and
former smokers have a higher risk of mortality due to RC
than never smokers [109] even if smoking does not directly
affect the risk of RC pulmonary metastasis [110,111].
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Whether this risk is modified using electronic cigarettes
or vaping devices is uncertain [112,113].

3.5.2.6. Other modifiable risk factors
Other possible modifiable risk factors include environmen-
tal exposure and lack of physical exercise [4,7]; however,
the evidence supporting a causal relationship with RC is
mixed. Despite increasing awareness of the contribution
of environmental exposures to cancer development in gen-
eral [114,115], adequate evidence is available for individual
compounds only. Namely, perfluorinated chemicals and
aristolochic acid [116], aristolochia-based herbal medicines
[117], trichloroethylene and perchloroethylene [118],
micro or nano plastic particles [119], and cadmium [120]
increase RC incidence and mortality. No causal relationship
between physical exercise and RC risk reduction has been
demonstrated [7,121]. A higher level of physical activity
during leisure time was associated with a lower RC inci-
dence in a pooled analysis of 1.44 million participants with
available details on sport and physical activity [122], even
after adjustment for body mass index. In contrast, another
investigation measuring sedentary lifestyle by time spent
sitting did not find any association [123].

Dietary modification [95,124] and regular and pro-
longed use of nonsteroidal anti-inflammatory drugs
[125,126] might have an impact on RC, but the available
evidence is inconclusive [89]. Moderate alcohol consump-
tion has a protective effect for unknown reasons [4,127].
The approximate RR ranges from 0.4 to 0.8 [89], however,
it is noteworthy that alcohol is an established risk factor
for other cancer types, such as oral cavity, pharynx, larynx,
esophagus, colorectum, liver, and female breast cancer
[78,128], and that this increased risk outweighs any benefit
with respect to a reduction in the RC incidence [129]. Sim-
ilarly, coffee consumption appears to have an inverse asso-
ciation with RC for reasons yet to be elucidated [130].

4. Discussion

This report summarizes contemporary RC epidemiology by
assessing survival data and estimating potential future inci-
dence. When applying these findings to clinical decision-
making, guideline development, policymaking, or health
care resources allocation, it is necessary to be aware of
the intrinsic limitations of epidemiological studies.

Ideally, measurement of disease incidence captures the
contribution of genetic predisposition and risk factors, test-
ing those potentially at risk and diagnosing all individuals
at risk. Similarly, measurement of disease-specific mortal-
ity aims to reflect the interplay between tumor biology
and impact of contemporary medical care, assuming equal
access to that care. However, in real-world datasets, it is
noteworthy that differences in health care access, hetero-
geneity in screening programs, data collection methods,
and disease indexing may introduce significant selection,
reporting, or classification biases. In this regard, the rele-
vant variations in incidence and mortality according to the
human development index offer a pragmatic, albeit indirect,
measure of these biases and care disparities.
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Fig. 8 – Extrarenal clinical features in hereditary renal cancer syndromes. Extrarenal sites are categorized as central nervous system, eye, hear, mouth and oral
cavity, thyroid and parathyroid, uterus and ovaries, testis, breast, blood cells, lung, stomach, pancreas, adrenal gland, bowel and skin. S.: Syndrome.
It is important to highlight that RC is not yet included
among the primary cancers that are indexed in the
SURVMARK-2 or SURVCAN, the two principal global
cancer survival tools of the Global Cancer Observatory
[10]. Given the current incidence and mortality statistics
and the expected projections, its inclusion warrants seri-
ous consideration. In the absence of a global data source,
we relied on individual registries. Such data sources were
available for Europe, North America, and Oceania, while
data for Asia, Africa, and South America were drawn from
systematic reviews, meta-analyses, or original reports.
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Survival estimation is heavily influenced by the period
considered, and tumor registry data may not fully cap-
ture the impact of evolving clinical advances—a phe-
nomenon referred to as ‘‘treatment disconnect’’—and,
thus, must be interpreted within this context [131]. In
the setting of RC, survival has improved significantly over
time [132].

Moreover, projections through 2050 are based on the
assumptions that the 2022 risk of developing or dying from
kidney cancer remains constant, or in other words, that risk
factors, cancer prevention, treatment, and survivorship care
f Health and Social Security de ClinicalKey.es por Elsevier en octubre 23, 
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Table 2 – Genes associated with renal cancer and hereditary renal cell carcinoma syndromes a

Gene or genetic
background (gene
location)

Frequency of

)

Associated hereditary syndrome Prevalence RCC risk (%) Histology RCC prognosis Selected extrarenal clinical features

VHL (3p25.3)
ELOC (8q21.11)

0.1–0.5 Von Hippel-Lindau disease 1–9/100 000 30–40 Clear cell RCC (bilateral and
m

Favorable Retinal or central nervous system hemangioblastoma
sa

Pancreatic neuroe
Pheochromocytom
Epididymal/adnex

TSC1 (9q34.13)
TSC2 (16p13.3)

0.1–0.3 c Tuberous sclerosis complex 1–9/100 000 <5 Clear cell RCC, papillary RCC,
ch CC
angiomyolipoma,
multifocal)

Intermediate Angiofibroma and
ysp

Subependymal gia
Lymphangioleiom
pulmonary cyst/pn
Seizures

MET (7q31.2) 0.2 Hereditary papillary RCC 1/100 000 100 Papillary (bilateral and multifocal) Favorable None

FLCN (17p11.2)
PRDM10 (11q24.3)

0.1–1.8 d Birt-Hogg-Dubé sy 30 Chromophobe RCC, hybrid oncocytic
R a,
multifocal)

Favorable Fibrofolliculomas and other skin lesions
s/p

Parotid gland onco
SDHA (5p15.33)
SDHB (1p36.13)
SDHC (1q23.3)
SDHD (11q23.1)

0.1–1.1 c Hereditary
om

(ORPHA:29072)

1–9/1 000 000 <10 Clear cell RCC Paraganglioma
om

Gastrointestinal st

MiTF (3p13) MiTF-related melanoma and RCC
yn

(ORPHA:293822)

<1/1 000 000 <10 MiTF family translocation RCC Aggressive Melanoma
er

Pheochromocytom
CDC73 (1q31.2) – Hyperparathyroid

HA
<10 Wilms tumor, others, stromal

tu
Intermediate Jaw fibroma

id
Parathyroid cance
Uterine cancer

FH (1p42.1) 0.2–2.8 Fumarate hydratase-deficient RCC – 15–32 Fumarate hydratase-deficient RCC Aggressive Skin leiomyomas
om

Adrenal nodules
PTEN (10q23.31) 0.1–0.3 Phosphatase and tensin homolog

dr
(ORPHA:306498)

– 10–15 Clear cell RCC, papillary RCC,
ch CC

Intermediate Macrocephaly
mo

Breast cancer
Thyroid cancer
Endometrial cance
Prostate cancer
Colorectal polyp

BAP1 (3p21.1) 0.1–0.5 BAP1-related tumor predisposition
HA

– <15 Clear cell RCC Aggressive Uveal and cutaneo
ral

Lung cancer
Breast cancer
Pancreatic cancer
Cholangiocarcinom
Ovary cancer
Meningioma

SMARCB1 (22q11.23) and
others

– Renal medullary carcinoma
9)

– – SMARCB1-deficient renal medullary
ca

Aggressive Hereditary hemog

Translocations
3:6; 3:8; 3:11

Chromosome 3 tra 30 Clear cell RCC None

N
353

PV or LPV in
RCC patients (%

b

(Orphanet ID)

(ORPHA:829) ultifocal) Endolymphatic c tumor
ndocrine tumors or serum cystadenoma
a
al cystadenoma
other skin lesions

(ORPHA:805) romophobe R , renal
(bilateral and

Brain cortical d lasia
nt cell astrocytoma
yomatosis or
eumothorax

(ORPHA:47044)
ndrome 1–9/1 000 000

(ORPHA:122) CC, oncocitom (bilateral and

Aggressive

Pulmonary cyst neumothorax
cytomas

E
U
R

0.2–0.7

pheochromocyt a/paraganglioma Pheochromocyt a
romal tumor

O
P
E
A

predisposition s drome

ism-jaw tumor <1/1 000 000

Pancreatic canc
a

U
R
O
L

syndrome (ORP :99880) mors Hyperparathyro ism
r

O
G
Y

8
8

(ORPHA:523) Uterine leiomy as or leiomyosarcomas

(2
0
2
5

hamartoma syn ome romophobe R Facial trichilem ma

r

us melanoma

)
3
4
1
–
3
5
8

syndrome (ORP :289539) Malignant pleu mesothelioma

a

lobinopathies

–
(ORPHA:31931

nslocation (Cr3T) –
rcinoma

Intermediate
syndrome

LPV = likely pathogenic variant; PV = pathogenic variant; RCC = Renal Cell Carcinoma.
a For each syndrome, the prevalence in the overall population, the risk of renal cancer development, histology, prognosis, and selected extrarenal clinical manifestations are outlined.
b Frequencies for VHL only.
c Combined frequencies for all genes of interest.
d Frequencies for FLC only.
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Fig. 9 – Non-modifiable and modifiable risk factors for renal cancer. *: Mixed evidence.
do not change over time. Accordingly, future estimation
reflects only population growth and aging. Of course, devi-
ation from these estimates is expected, owing to variability
in risk factors over time. For instance, the prevalence of obe-
sity has increased worldwide to pandemic levels [133–135];
tobacco use is increasing in some countries [136], while it is
decreasing in others [137]. In addition, improvement in sur-
vival due to advances in diagnosis and treatment are likely.

A clear understanding of genetic predisposition is critical
to guide testing strategies, especially given the tradeoffs
between the low prevalence of hereditary RC and the costs
and clinical implications of genetic testing [72,138]. Most
data on RC genetic predisposition stem from unique settings
of rare diseases, where fragmentation in patient care,
knowledge acquisition, and research advancements may
hinder the construction of robust evidence and practical
guidelines [45]. Nonetheless, the relevance of genetic
predisposition in RC extends beyond the setting of rare
hereditary syndromes, since the same germline pathogenic
variant responsible for hereditary RC may also play a role in
sporadic oncogenesis through somatic genetic events [33].
For instance, 75–90% sporadic ccRCC cases exhibit a muta-
tion in the VHL gene [40,139,140]. Another important limi-
tation pertains to the lack of diversity in prevalence studies
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and genomic databases that are primarily based on individ-
uals of European ancestry [141]. In this regard, an inclusive
approach with a broader representation is the key to ensure
generalizability of future research.

Finally, the evidence regarding RC risk factors remains
inconclusive. Epidemiological studies are fraught with
limitations due to measured and unmeasured confounders.
For instance, patients who have arterial hypertension may
undergo renal ultrasound more frequently, potentially
introducing a detection bias into the estimates of RC inci-
dence. Meanwhile, the molecular mechanisms that under-
pin RC oncogenesis, and thus its incidence and mortality,
are not yet fully understood [79].

Notwithstanding these limitations, our report offers key
insights into RC epidemiology and risk stratification. Specif-
ically, potentially modifiable risk factors such as obesity,
insulin resistance/diabetes, hypertension, chronic kidney
disease, smoking, environmental exposure, and lack of
physical exercise could be the focus of future efforts as tar-
gets for RC prevention and screening strategies [79]. Never-
theless, the optimal screening strategy for secondary
prevention of RC is yet to be defined [142]. To date, there
is no robust evidence to support nonselective screening
for RC [143], while targeted screening has been tested in
f Health and Social Security de ClinicalKey.es por Elsevier en octubre 23, 
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the Yorkshire Kidney Screening Trial [144]. In this trial,
among 4,019 ever smokers invited for lung cancer screening
who agreed to undergo noncontrast abdominal computed
tomography, ten (0.25%) had histologically proven RC, and
the number needed to screen to eventually detect one case
of histologically proven RCC was 402 [145]. Looking for-
ward, a risk-adapted screening approach informed by the
available evidence on RC risk factors could be a pragmatic
and scalable approach to implement screening and early
detection of RC [146].

5. Conclusions

RC incidence and mortality rates vary by geographic area
and sex, and both are projected to rise in the coming dec-
ades alongside global population growth. The overall sur-
vival rate ranges from 40% to 75% at 5 yr after the
diagnosis, depending on cancer and patient characteristics.
Genetic testing is indicated for patients diagnosed with RC
at young age, multifocal or bilateral tumors, a family history
of at least another first- or second-degree relative diagnosed
with RC, or histological or extrarenal features associated
with hereditary RC syndromes. An expanding list of genes,
which include VHL, ELOC, TSC1/2, MET, FLCN, PRDM10,
SDHA/B/C/D, MiTF, CDC73, FH, PTEN, BAP1, SMARCB1, CHEK2,
MUTYH, BRCA2, ATM, and APC, is linked to RC oncogenesis,
underscoring genetic underpinnings that extend beyond
hereditary syndromes. Nonmodifiable risk factors include
sex, geography, ethnicity/ancestry, and family history. Mod-
ifiable risk factors include obesity, insulin resistance/dia-
betes, hypertension, chronic kidney disease, smoking,
environmental exposure, and lack of physical exercise. Epi-
demiological insights are strategic tools for patients, clini-
cians, and policymakers, as these may hold the key to
early detection, aid selective genetic testing, and guide
risk-adapted prevention and screening strategies for RC.

Author contributions: Alessandro Larcher had full access to all the data

in the study and takes responsibility for the integrity of the data and the

accuracy of the data analysis.

Study concept and design: Larcher, Campi, Kutikov.

Acquisition of data: All authors.

Analysis and interpretation of data: All authors.

Drafting of the manuscript: All authors.

Critical revision of the manuscript for important intellectual content: All

authors.

Statistical analysis: All authors.

Obtaining funding: None.

Administrative, technical, or material support: None.

Supervision: Kutikov.

Other: None.

Financial disclosures: Alessandro Larcher certifies that all conflicts of

interest, including specific financial interests and relationships and affil-

iations relevant to the subject matter or materials discussed in the

manuscript (eg, employment/affiliation, grants or funding, consultan-

cies, honoraria, stock ownership or options, expert testimony, royalties,

or patents filed, received, or pending), are the following: Alessandro

Larcher discloses research funding from VHL Alliance, the Italian Min-
Descargado para Irene Ramírez (iramirez@binasss.sa.cr) en National Library of
2025. Para uso personal exclusivamente. No se permiten otros usos sin autori
istry of Health, and the European Union. Laura Bukavina is an associate

editor for European Urology and discloses research funding from the Kid-

ney Cancer Association. Freddie Bray is employed by the International

Agency for Research on Cancer. Ahmedin Jemal and Hyuna Sung are

employed by the American Cancer Society. All authors have nothing else

to disclose.

Funding/Support and role of the sponsor: None.

Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.eururo.2025.06.005.

References

[1] Siegel RL, Giaquinto AN, Jemal A. Cancer statistics, 2024. CA Cancer
J Clin 2024;74:12–49.

[2] Moch H, Amin MB, Berney DM, et al. The 2022 World Health
Organization classification of tumours of the urinary system and
male genital organs—part A: renal, penile, and testicular tumours.
Eur Urol 2022;82:458–68.

[3] Hora M, Albiges L, Bedke J, et al. European Association of Urology
Guidelines Panel on renal cell carcinoma update on the new World
Health Organization classification of kidney tumours 2022: the
urologist’s point of view. Eur Urol 2023;83:97–100.

[4] Bex A, Ghanem YA, Albiges L, et al. European Association of
Urology guidelines on renal cell carcinoma: the 2025 update. Eur
Urol 2025;87:683–96.

[5] Shuch B, Amin A, Armstrong AJ, et al. Understanding pathologic
variants of renal cell carcinoma: distilling therapeutic
opportunities from biologic complexity. Eur Urol 2015;67:85–97.

[6] Capitanio U, Bensalah K, Bex A, et al. Epidemiology of renal cell
carcinoma. Eur Urol 2019;75:74–84.

[7] Bukavina L, Bensalah K, Bray F, et al. Epidemiology of renal cell
carcinoma: 2022 update. Eur Urol 2022;82:529–42.

[8] Ferlay J, Laversanne M, Ervik M, et al. Global Cancer Observatory:
cancer today (version 1.1). Lyon, France: International Agency for
Research on Cancer. https://gco.iarc.who.int/today.

[9] Filho AM, Laversanne M, Ferlay J, et al. The GLOBOCAN 2022 cancer
estimates: data sources, methods, and a snapshot of the cancer
burden worldwide. Int J Cancer 2024;156:1336–46.

[10] Bray F, Laversanne M, Sung H, et al. Global cancer statistics 2022:
GLOBOCAN estimates of incidence and mortality worldwide for 36
cancers in 185 countries. CA Cancer J Clin 2024;74:229–63.

[11] Doll R, Payne PM, Waterhouse JAH. Cancer incidence in five
continents 1966:19–24. https://doi.org/10.1007/978-3-642-
85849-9_3.

[12] Ferlay J, Laversanne M, Ervik M, et al. Global Cancer Observatory:
cancer tomorrow (version 1.1). Lyon, France: International Agency
for Research on Cancer. https://gco.iarc.who.int/tomorrow.

[13] Bray F, Møller B. Predicting the future burden of cancer. Nat Rev
Cancer 2006;6:63–74.

[14] Soerjomataram I, Bray F. Planning for tomorrow: global cancer
incidence and the role of prevention 2020–2070. Nat Rev Clin
Oncol 2021;18:663–72.

[15] Orphanet. An online rare disease and orphan drug data base �
INSERM 1999; 2025. http://www.orpha.net.

[16] NHS England. Cancer survival in England, cancers diagnosed 2016
to 2020, followed up to 2021. https://digital.nhs.uk/data-and-
information/publications/statistical/cancer-survival-in-england/
index-for-sub-integrated-care-boards-2005-to-2020.

[17] National Cancer Institute. Surveillance, Epidemiology, and End
Results (SEER) Program. SEER*Stat Database: Incidence - SEER
Research Plus Limited-Field Data, 22 Registries (excl IL and MA),
Nov 2023 Sub (2000-2021) - Linked To County Attributes - Total U.
S., 1969-2022 Counties. DCCPS, Surveillance Research Program,
released April 2024. http://www.seer.cancer.gov.

[18] Australian Institute of Health and Welfare (AIHW). Cancer data in
Australia; 2024. https://www.aihw.gov.au/reports/cancer/cancer-
data-in-australia.
 Health and Social Security de ClinicalKey.es por Elsevier en octubre 23, 
zación. Copyright ©2025. Elsevier Inc. Todos los derechos reservados.

https://doi.org/10.1016/j.eururo.2025.06.005
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0005
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0005
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0010
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0010
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0010
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0010
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0015
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0015
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0015
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0015
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0020
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0020
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0020
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0025
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0025
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0025
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0030
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0030
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0035
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0035
https://gco.iarc.who.int/today
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0045
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0045
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0045
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0050
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0050
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0050
https://doi.org/10.1007/978-3-642-85849-9_3
https://doi.org/10.1007/978-3-642-85849-9_3
https://gco.iarc.who.int/tomorrow
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0065
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0065
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0065
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0070
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0070
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0070
http://www.orpha.net
https://digital.nhs.uk/data-and-information/publications/statistical/cancer-survival-in-england/index-for-sub-integrated-care-boards-2005-to-2020
https://digital.nhs.uk/data-and-information/publications/statistical/cancer-survival-in-england/index-for-sub-integrated-care-boards-2005-to-2020
https://digital.nhs.uk/data-and-information/publications/statistical/cancer-survival-in-england/index-for-sub-integrated-care-boards-2005-to-2020
http://www.seer.cancer.gov
https://www.aihw.gov.au/reports/cancer/cancer-data-in-australia
https://www.aihw.gov.au/reports/cancer/cancer-data-in-australia


E U R O P E A N U R O L O G Y 8 8 ( 2 0 2 5 ) 3 4 1 – 3 5 8356
[19] Delam H, Keshtkaran Z, Eidi A, et al. Survival rate of kidney cancer
in the Asian countries: a systematic review and meta-analysis
study; 2023. https://doi.org/10.21203/rs.3.rs-2706310/v1.

[20] Bafadni MM, Osman YM, Ahmed MEIM, et al. Clinical pathological
characteristics and treatment outcomes of renal cell carcinoma
(RCC): a retrospective study from Sudan. Ecancermedicalscience
2023;17:1524.

[21] Mohamed AH, Abdullahi IM, Eraslan A, Mohamud HA, Gur M.
Epidemiological and histopathological characteristics of renal cell
carcinoma in Somalia. Cancer Manag Res 2022;14:1837–44.

[22] Zequi S de C, Mourão TC, Oliveira MM de, et al. Predictors of
survival outcomes in non-metastatic renal cell carcinoma in Latin
America and Spain: a multicentric analysis. Kidney Cancer
2019;3:253–61.

[23] Engholm G, Ferlay J, Christensen N, et al. NORDCAN – a Nordic tool
for cancer information, planning, quality control and research.
Acta Oncol 2010;49:725–36.

[24] National Cancer Institute. SEER*Explorer: An interactive website
for SEER cancer statistics [Internet]. Surveillance Research
Program, National Cancer Institute; 2024 Apr 17. https://
seer.cancer.gov/statistics-network/explorer/.

[25] Carlo MI, Mukherjee S, Mandelker D, et al. Prevalence of germline
mutations in cancer susceptibility genes in patients with advanced
renal cell carcinoma. JAMA Oncol 2018;4:1228–35.

[26] Ball MW, An JY, Gomella PT, et al. Growth rates of genetically
defined renal tumors: implications for active surveillance and
intervention. J Clin Oncol 2020;38:1146–53.

[27] Campbell SC, Clark PE, Chang SS, Karam JA, Souter L, Uzzo RG.
Renal mass and localized renal cancer: evaluation, management,
and follow-up: AUA guideline: part I. J Urol 2021;206:199–208.

[28] Reaume MN, Graham GE, Tomiak E, et al. Canadian guideline on
genetic screening for hereditary renal cell cancers. Can Urol Assoc J
2013;7:319–23.

[29] Powles T, Albiges L, Bex A, et al. Renal cell carcinoma: ESMO
clinical practice guideline for diagnosis, treatment and follow-up.
Ann Oncol 2024;35:692–706.

[30] Hampel H, Bennett RL, Buchanan A, et al. A practice guideline
from the American College of Medical Genetics and Genomics
and the National Society of Genetic Counselors: referral
indications for cancer predisposition assessment. Genet Med
2015;17:70–87.

[31] Motzer RJ, Jonasch E, Agarwal N, et al. NCCN Guidelines� insights:
kidney cancer, version 2.2024: featured updates to the NCCN
guidelines. J Natl Compr Cancer Netw 2024;22:4–16.

[32] Cho H, Du X, Rizzi JP, et al. On-target efficacy of a HIF-2a
antagonist in preclinical kidney cancer models. Nature
2016;539:107–11.

[33] Mitchell TJ, Turajlic S, Rowan A, et al. Timing the landmark events
in the evolution of clear cell renal cell cancer: TRACERx Renal. Cell
2018;173:611–623.e17.

[34] Andreou A, Yngvadottir B, Bassaganyas L, et al. Elongin C (ELOC/
TCEB1)-associated von Hippel–Lindau disease. Hum Mol Genet
2022;31:2728–37.

[35] Evans DG, Howard E, Giblin C, et al. Birth incidence and prevalence
of tumor-prone syndromes: estimates from a UK family genetic
register service. Am J Med Genet A 2010;152A:327–32.

[36] Binderup MLM, Galanakis M, Budtz-Jørgensen E, Kosteljanetz M,
Bisgaard ML. Prevalence, birth incidence, and penetrance of von
Hippel–Lindau disease (vHL) in Denmark. Eur J Hum Genet
2017;25:301–7.

[37] Nguyen KA, Syed JS, Espenschied CR, et al. Advances in the
diagnosis of hereditary kidney cancer: Initial results of a multigene
panel test. Cancer 2017;123:4363–71.

[38] Alaiwi SA, Nassar AH, Adib E, et al. Trans-ethnic variation in
germline variants of patients with renal cell carcinoma. Cell Rep
2021;34:108926.

[39] Sekine Y, Iwasaki Y, Aoi T, et al. Different risk genes contribute to
clear cell and non-clear cell renal cell carcinoma in 1532 Japanese
patients and 5996 controls. Hum Mol Genet 2022;31:1962–9.

[40] Kotecha RR, Knezevic A, Arora K, et al. Genomic ancestry in kidney
cancer: correlations with clinical and molecular features. Cancer
2024;130:692–701.

[41] Yngvadottir B, Andreou A, Bassaganyas L, et al. Frequency of
pathogenic germline variants in cancer susceptibility
genes in 1336 renal cell carcinoma cases. Hum Mol Genet
2022;31:3001–11.
Descargado para Irene Ramírez (iramirez@binasss.sa.cr) en National Library o
2025. Para uso personal exclusivamente. No se permiten otros usos sin auto
[42] Glennon KI, Endo M, Usui Y, et al. Germline susceptibility to renal
cell carcinoma and implications for genetic screening. JCO Precis
Oncol 2024;8:e2400094.

[43] Bruinsma F, Harraka P, Jordan S, et al. Prevalence of germline
pathogenic variants in renal cancer predisposition genes in a
population-based study of renal cell carcinoma. Cancers
2024;16:2985.

[44] Lonser RR, Glenn GM, Walther M, et al. von Hippel-Lindau disease.
Lancet 2003;361:2059–67.

[45] Larcher A, Belladelli F, Cei F, et al. Centralization of care for rare
genetic syndromes associated with cancer: improving outcomes
and advancing research on VHL disease. Nat Rev Urol
2024;21:565–71.

[46] Binderup MLM, Smerdel M, Borgwadt L, et al. von Hippel-Lindau
disease: updated guideline for diagnosis and surveillance. Eur J
Med Genet 2022;65:104538.

[47] Daniels AB, Tirosh A, Huntoon K, et al. Guidelines for surveillance
of patients with von Hippel-Lindau disease: Consensus statement
of the International VHL Surveillance Guidelines Consortium and
VHL Alliance. Cancer 2023;129:2927–40.

[48] Capitanio U, Rosiello G, Erdem S, et al. Clinical, surgical,
pathological and follow-up features of kidney cancer patients
with Von Hippel-Lindau syndrome: novel insights from a large
consortium. World J Urol 2021;39:2969–75.

[49] Larcher A, Rowe I, Belladelli F, et al. Von Hippel-Lindau disease-
associated renal cell carcinoma: a call to action. Curr Opin Urol
2022;32:31–9.

[50] Jonasch E, Donskov F, Iliopoulos O, et al. Belzutifan for renal cell
carcinoma in von Hippel-Lindau disease. N Engl J Med
2021;385:2036–46.

[51] Iliopoulos O, Iversen AB, Narayan V, et al. Belzutifan for patients with
von Hippel-Lindau disease-associated CNS haemangioblastomas
(LITESPARK-004): a multicentre, single-arm, phase 2 study. Lancet
Oncol 2024;25:1325–36.

[52] Jonasch E, McCutcheon IE, Gombos DS, et al. Pazopanib in patients
with von Hippel-Lindau disease: a single-arm, single-centre, phase
2 trial. Lancet Oncol 2018;19:1351–9.

[53] Larcher A, Belladelli F, Cei F, et al. Removing barriers to the use of
systemic agents for patients with von Hippel-Lindau disease. Eur
Urol Oncol 2024;7:1141–3.

[54] Peron A, Au KS, Northrup H. Genetics, genomics, and genotype–
phenotype correlations of TSC: Insights for clinical practice. Am J
Med Genet C Semin Med Genet 2018;178:281–90.

[55] Argani P, Mehra R. Renal cell carcinoma associated with tuberous
sclerosis complex (TSC)/mammalian target of rapamycin (MTOR)
genetic alterations. Mod Pathol 2022;35:296–7.

[56] Ebrahimi-Fakhari D, Mann LL, Poryo M, et al. Incidence of tuberous
sclerosis and age at first diagnosis: new data and emerging trends
from a national, prospective surveillance study. Orphanet J Rare
Dis 2018;13:117.

[57] Guo J, Tretiakova MS, Troxell ML, et al. Tuberous sclerosis–associated
renal cell carcinoma. Am J Surg Pathol 2014;38:1457–67.

[58] Curatolo P, Specchio N, Aronica E. Advances in the genetics and
neuropathology of tuberous sclerosis complex: edging closer to
targeted therapy. Lancet Neurol 2022;21:843–56.

[59] Coffey NJ, Simon MC. Metabolic alterations in hereditary and
sporadic renal cell carcinoma. Nat Rev Nephrol 2024;20:233–50.

[60] Yanus GA, Kuligina ES, Imyanitov EN. Hereditary renal cancer
syndromes. Med Sci 2024;12:12.

[61] Zbar B, Tory K, Merino M, et al. Hereditary papillary renal cell
carcinoma. J Urol 1994;151:561–6.

[62] Schmidt LS, Nickerson ML, Angeloni D, et al. Early onset hereditary
papillary renal carcinoma. J Urol 2004;172:1256–61.

[63] Jacoba IM, Lu Z. Hereditary papillary renal cell carcinoma. Semin
Diagn Pathol 2024;41:28–31.

[64] Schmidt LS, Linehan WM. FLCN: the causative gene for Birt-Hogg-
Dubé syndrome. Gene 2018;640:28–42.

[65] Nezami BG, Teh BT, Lin X, Yang XJ. Molecular pathogenesis of renal
neoplasms in patients with Birt–Hogg–Dubé syndrome. J Mol
Pathol 2024;5:478–96.

[66] Schmidt LS, Vocke CD, Ricketts CJ, et al. PRDM10 RCC: A Birt-Hogg-
Dubé-like syndrome associated with lipoma and highly penetrant,
aggressive renal tumors morphologically resembling type 2
papillary renal cell carcinoma. Urology 2023;179:58–70.
f Health and Social Security de ClinicalKey.es por Elsevier en octubre 23, 
rización. Copyright ©2025. Elsevier Inc. Todos los derechos reservados.

https://doi.org/10.21203/rs.3.rs-2706310/v1
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0100
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0100
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0100
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0100
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0105
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0105
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0105
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0115
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0115
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0115
https://seer.cancer.gov/statistics-network/explorer/
https://seer.cancer.gov/statistics-network/explorer/
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0125
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0125
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0125
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0130
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0130
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0130
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0135
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0135
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0135
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0140
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0140
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0140
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0145
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0145
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0145
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0150
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0150
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0150
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0150
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0150
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0155
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0155
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0155
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0155
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0160
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0160
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0160
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0165
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0165
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0165
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0170
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0170
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0170
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0175
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0175
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0175
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0175
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0180
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0180
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0180
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0180
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0180
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0185
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0185
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0185
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0190
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0190
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0190
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0195
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0195
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0195
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0200
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0200
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0200
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0205
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0205
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0205
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0205
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0210
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0210
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0210
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0215
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0215
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0215
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0215
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0220
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0220
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0225
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0225
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0225
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0225
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0230
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0230
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0230
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0235
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0235
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0235
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0235
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0240
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0240
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0240
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0240
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0245
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0245
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0245
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0250
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0250
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0250
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0255
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0255
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0255
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0255
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0260
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0260
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0260
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0265
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0265
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0265
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0270
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0270
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0270
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0275
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0275
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0275
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0280
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0280
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0280
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0280
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0285
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0285
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0290
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0290
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0290
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0295
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0295
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0300
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0300
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0305
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0305
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0310
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0310
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0315
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0315
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0320
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0320
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0325
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0325
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0325
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0330
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0330
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0330
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0330


E U R O P E A N U R O L O G Y 8 8 ( 2 0 2 5 ) 3 4 1 – 3 5 8 357
[67] Savatt JM, Shimelis H,Moreno-De-Luca A, et al. Frequency of truncating
FLCN variants and Birt-Hogg-Dubé–associated phenotypes in a health
care system population. Genet Med 2022;24:1857–66.

[68] Evans MG, Thomas LW, Nakasaki M, et al. Clinical and genetic
characteristics in two cases of Birt-Hogg-Dubé syndrome
associated with papillary renal cell carcinoma and rare Folliculin
(FLCN) variants. Cancer Genet 2025;292–293:65–8.

[69] Holmager MM, Stougaard SW, Graumann O, et al. Trends in
pulmonary function in patients with Birt-Hogg-Dubé syndrome: a
retrospective cohort study. Eur Clin Respir J 2025;12:2449271.

[70] Hu D, Wang R, Liu J, et al. Clinical and genetic characteristics of 100
consecutive patients with Birt-Hogg-Dubé syndrome in Eastern
Chinese region. Orphanet J Rare Dis 2024;19:348.

[71] Alchoueiry M, Cornejo K, Henske EP. Kidney cancer: links between
hereditary syndromes and sporadic tumorigenesis. Semin Diagn
Pathol 2024;41:1–7.

[72] Bratslavsky G, Mendhiratta N, Daneshvar M, et al. Genetic risk
assessment for hereditary renal cell carcinoma: Clinical consensus
statement. Cancer 2021;127:3957–66.

[73] Han SH, Camp SY, Chu H, et al. Integrative analysis of germline rare
variants in clear and non–clear cell renal cell carcinoma. Eur Urol
Open Sci 2024;62:107–22.

[74] Purdue MP, Dutta D, Machiela MJ, et al. Multi-ancestry genome-
wide association study of kidney cancer identifies 63 susceptibility
regions. Nat Genet 2024;56:809–18.

[75] Znaor A, Lortet-Tieulent J, Laversanne M, Jemal A, Bray F.
International variations and trends in renal cell carcinoma
incidence and mortality. Eur Urol 2015;67:519–30.

[76] Lughezzani G, Paciotti M, Fasulo V, Casale P, Saita A. Gender-
specific risk factors for renal cell carcinoma: a systematic review.
Curr Opin Urol 2019;29:272–8.

[77] Lee SW, Kim HJ, Kazmi SZ, et al. Familial risk of renal cell cancer
and interaction with obesity and hyperglycemia: a population-
based study. J Urol 2022;208:251–8.

[78] Islami F, Marlow EC, Thomson B, et al. Proportion and number of
cancer cases and deaths attributable to potentially modifiable risk
factors in the United States, 2019. CA Cancer J Clin
2024;74:405–32.

[79] Campi R, Rebez G, Klatte T, et al. Effect of smoking, hypertension
and lifestyle factors on kidney cancer—perspectives for prevention
and screening programmes. Nat Rev Urol 2023;20:669–81.

[80] Bhaskaran K, Douglas I, Forbes H, dos-Santos-Silva I, Leon DA,
Smeeth L. Body-mass index and risk of 22 specific cancers: a
population-based cohort study of 5 24 million UK adults. Lancet
2014;384:755–65.

[81] Lauby-Secretan B, Scoccianti C, Loomis D, et al. Body fatness and
cancer—viewpoint of the IARC Working Group. N Engl J Med
2016;375:794–8.

[82] Graff RE, Wilson KM, Sanchez A, et al. Obesity in relation to renal
cell carcinoma incidence and survival in three prospective studies.
Eur Urol 2022;82:247–51.

[83] Liu X, Sun Q, Hou H, et al. The association between BMI and kidney
cancer risk. Medicine 2018;97:e12860.

[84] Kim LH, Doan P, He Y, Lau HM, Pleass H, Patel MI. A systematic
review and meta-analysis of the significance of body mass index
on kidney cancer outcomes. J Urol 2021;205:346–55.

[85] Sanchez A, Furberg H, Kuo F, et al. Transcriptomic signatures
related to the obesity paradox in patients with clear cell renal cell
carcinoma: a cohort study. Lancet Oncol 2020;21:283–93.

[86] Santoni M, Massari F, Myint ZW, et al. Clinico-pathological
features influencing the prognostic role of body mass index in
patients with advanced renal cell carcinoma treated by immuno-
oncology combinations (ARON-1). Clin Genitourin Cancer
2023;21:e309–e319.e1.

[87] Albiges L, Hakimi AA, Xie W, et al. Body mass index and metastatic
renal cell carcinoma: clinical and biological correlations. J Clin
Oncol 2016;34:3655–63.

[88] Hakimi AA, Reznik E, Lee C-H, et al. An integrated metabolic atlas
of clear cell renal cell carcinoma. Cancer Cell 2016;29:104–16.

[89] Al-Bayati O, Hasan A, Pruthi D, Kaushik D, Liss MA. Systematic
review of modifiable risk factors for kidney cancer. Urol Oncol
2019;37:359–71.

[90] Harding JL, Shaw JE, Peeters A, Cartensen B, Magliano DJ. Cancer
risk among people with type 1 and type 2 diabetes: disentangling
true associations, detection bias, and reverse causation. Diabetes
Care 2015;38:264–70.
Descargado para Irene Ramírez (iramirez@binasss.sa.cr) en National Library of
2025. Para uso personal exclusivamente. No se permiten otros usos sin autori
[91] Pearson-Stuttard J, Papadimitriou N, Markozannes G, et al. Type 2
diabetes and cancer: an umbrella review of observational and
Mendelian randomization studies. Cancer Epidemiol Biomark Prev
2021;30:1218–28.

[92] Solarek W, Koper M, Lewicki S, Szczylik C, Czarnecka AM. Insulin
and insulin-like growth factors act as renal cell cancer
intratumoral regulators. J Cell Commun Signal 2019;13:381–94.

[93] Wang Y, Cao Y, Zhu C. Meta-analysis of the relationship between
type 2 diabetes mellitus and renal cancer risk. Endocr Metab
Immune Disord Drug Targets 2024;24:832–9.

[94] Chang W-C, Hsieh T-C, Hsu W-L, Chang F-L, Tsai H-R, He M-S.
Diabetes and further risk of cancer: a nationwide population-
based study. BMC Med 2024;22:214.

[95] Xiang L, Xiao Y, Xu Z, et al. Association of diabetes risk reduction
diet with renal cancer risk in 101,755 participants: a prospective
study. J Transl Med 2023;21:684.

[96] Bukavina L, Helstrom E, Wallis CJD, et al. Association between
GLP1R agonists and prostate, kidney, and bladder cancers. Eur Urol
Oncol 2024;7:1543–4.

[97] Wang L, Xu R, Kaelber DC, Berger NA. Glucagon-like peptide 1
receptor agonists and 13 obesity-associated cancers in patients
with type 2 diabetes. JAMA Netw Open 2024;7:e2421305.

[98] Kaelin WG. The VHL tumor suppressor gene: insights into oxygen
sensing and cancer. Trans Am Clin Climatol Assoc
2017;128:298–307.

[99] Alcala K, Mariosa D, Smith-Byrne K, et al. The relationship between
blood pressure and risk of renal cell carcinoma. Int J Epidemiol
2022;51:1317–27.

[100] Xie Y, Xu P, Wang M, et al. Antihypertensive medications are
associated with the risk of kidney and bladder cancer: a
systematic review and meta-analysis. Aging (Albany NY)
2020;12:1545–62.

[101] Ma Y, Jian Z, Xiang L, Jin X. Higher genetically predicted low-
density lipoprotein levels increase the renal cancer risk
independent of triglycerides and high-density lipoprotein
levels: a Mendelian randomization study. Int J Cancer
2022;151:518–25.

[102] Wang L, Du H, Sheng C, Dai H, Chen K. Association between
metabolic syndrome and kidney cancer risk: a prospective cohort
study. Lipids Heal Dis 2024;23:142.

[103] Vajdic CM, McDonald SP, McCredie MRE, et al. Cancer
incidence before and after kidney transplantation. JAMA
2006;296:2823–31.

[104] Young M, Jackson-Spence F, Beltran L, et al. Renal cell carcinoma.
Lancet 2024;404:476–91.

[105] Antonelli A, Minervini A, Sandri M, et al. Below safety limits, every
unit of glomerular filtration rate counts: assessing the relationship
between renal function and cancer-specific mortality in renal cell
carcinoma. Eur Urol 2018;74:661–7.

[106] Jacob L, Freyn M, Kalder M, Dinas K, Kostev K. Impact of tobacco
smoking on the risk of developing 25 different cancers in the UK: a
retrospective study of 422,010 patients followed for up to 30
years. Oncotarget 2018;9:17420–9.

[107] Zhao Y, Ma N, Wu W, et al. DNp63a promotes cigarette smoke-
induced renal cancer stem cell activity via the Sonic Hedgehog
pathway. Genet Mol Biol 2024;47:e20230347.

[108] Liu X, Peveri G, Bosetti C, et al. Dose-response relationships
between cigarette smoking and kidney cancer: a systematic
review and meta-analysis. Crit Rev Oncol Hematol
2019;142:86–93.

[109] Baral A, Cranford HM, Sharma J, Pinheiro PS. The prognostic role of
cigarette smoking in kidney cancer survival. Cancer Med
2023;12:14756–66.

[110] Adibi M, Kenney P, Thomas AZ, Devine CE, Karam JA, Wood CG.
Predicting pulmonary metastases among patients with
indeterminate pulmonary nodules with renal cell carcinoma. J
Clin Oncol 2015;33:505.

[111] Cignoli D, Bandiera A, Rosiello G, et al. Pulmonary lesion after
surgery for renal cancer: progression or new primary? World J
Urol 2024;42:361.

[112] Bandara NA, Zhou XR, Alhamam A, Black PC, St-Laurent M-P. The
genitourinary impacts of electronic cigarette use: a systematic
review of the literature. World J Urol 2023;41:2637–46.

[113] Jahanshahi F, Tootian Z, Guitynavard F, et al. Comparison of
conventional cigarette and electronic cigarettes on P53, PTEN,
 Health and Social Security de ClinicalKey.es por Elsevier en octubre 23, 
zación. Copyright ©2025. Elsevier Inc. Todos los derechos reservados.

http://refhub.elsevier.com/S0302-2838(25)00345-8/h0335
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0335
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0335
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0340
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0340
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0340
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0340
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0345
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0345
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0345
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0350
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0350
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0350
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0355
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0355
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0355
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0360
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0360
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0360
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0365
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0365
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0365
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0370
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0370
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0370
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0375
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0375
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0375
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0380
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0380
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0380
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0385
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0385
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0385
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0390
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0390
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0390
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0390
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0395
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0395
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0395
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0400
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0400
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0400
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0400
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0400
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0405
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0405
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0405
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0410
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0410
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0410
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0415
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0415
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0420
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0420
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0420
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0425
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0425
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0425
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0430
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0430
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0430
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0430
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0430
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0435
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0435
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0435
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0440
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0440
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0445
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0445
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0445
http://refhub.elsevier.com/S0302-2838(25)00345-8/h9005
http://refhub.elsevier.com/S0302-2838(25)00345-8/h9005
http://refhub.elsevier.com/S0302-2838(25)00345-8/h9005
http://refhub.elsevier.com/S0302-2838(25)00345-8/h9005
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0455
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0455
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0455
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0455
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0460
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0460
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0460
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0460
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0465
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0465
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0465
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0470
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0470
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0470
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0475
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0475
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0475
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0480
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0480
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0480
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0485
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0485
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0485
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0490
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0490
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0490
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0495
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0495
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0495
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0500
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0500
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0500
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0500
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0505
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0505
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0505
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0505
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0505
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0505
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0505
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0510
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0510
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0510
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0515
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0515
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0515
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0520
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0520
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0525
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0525
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0525
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0525
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0530
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0530
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0530
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0530
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0535
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0535
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0535
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0540
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0540
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0540
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0540
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0545
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0545
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0545
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0550
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0550
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0550
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0550
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0555
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0555
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0555
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0560
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0560
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0560
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0565
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0565


E U R O P E A N U R O L O G Y 8 8 ( 2 0 2 5 ) 3 4 1 – 3 5 8358
and VEGF genes expression in rat kidney. Transl Res Urol
2023;5:167–74.

[114] Raaschou-Nielsen O, Pedersen M, Stafoggia M, et al. Outdoor air
pollution and risk for kidney parenchyma cancer in 14 European
cohorts. Int J Cancer 2017;140:1528–37.

[115] Boffetta P, Fontana L, Stewart P, et al. Occupational exposure to
arsenic, cadmium, chromium, lead and nickel, and renal cell
carcinoma: a case–control study from Central and Eastern Europe.
Occup Environ Med 2011;68:723.

[116] Stanifer JW, Stapleton HM, Souma T, Wittmer A, Zhao X, Boulware
LE. Perfluorinated chemicals as emerging environmental threats to
kidney health: a scoping review. Clin J Am Soc Nephrol
2018;13:1479–92.

[117] Dickman KG, Chen C-H, Grollman AP, Pu Y-S. Aristolochic acid-
containing Chinese herbal medicine and upper urinary tract
urothelial carcinoma in Taiwan: a narrative review. World J Urol
2023;41:899–907.

[118] Andrew AS, Li M, Shi X, Rees JR, Craver KM, Petali JM. Kidney
cancer risk associated with historic groundwater
trichloroethylene contamination. Int J Environ Res Public Heal
2022;19:618.

[119] Ahmed YH, El-Naggar ME, Rashad MM, Youssef AM, Galal MK,
Bashir DW. Screening for polystyrene nanoparticle toxicity on
kidneys of adult male albino rats using histopathological,
biochemical, and molecular examination results. Cell Tissue Res
2022;388:149–65.

[120] Song JK, Luo H, Yin XH, et al. Association between cadmium
exposure and renal cancer risk: a meta-analysis of observational
studies. Sci Rep 2015;5:17976.

[121] Scelo G, Larose TL. Epidemiology and risk factors for kidney
cancer. J Clin Oncol 2018;36:3574–81.

[122] Moore SC, Lee I-M, Weiderpass E, et al. Association of leisure-time
physical activity with risk of 26 types of cancer in 1.44 million
adults. JAMA. Intern Med 2016;176:816.

[123] George SM, Moore SC, Chow W-H, Schatzkin A, Hollenbeck AR,
Matthews CE. A prospective analysis of prolonged sitting time and
risk of renal cell carcinoma among 300,000 older adults. Ann
Epidemiol 2011;21:787–90.

[124] Richard J, Beauvillain C, Benoit M, et al. Ketogenic diet enhances
the anti-cancer effects of PD-L1 blockade in renal cell carcinoma.
Front Endocrinol 2024;15:1344891.

[125] Kang M, Ku JH, Kwak C, Kim HH, Jeong CW. Effects of aspirin,
nonsteroidal anti-inflammatory drugs, statin, and COX2 inhibitor
on the developments of urological malignancies: a population-
based study with 10-year follow-up data in Korea. Cancer Res
Treat 2018;50:984–91.

[126] Bruinsma FJ, Jordan S, Bassett JK, et al. Analgesic use and the risk of
renal cell carcinoma—findings from the Consortium for the
Investigation of Renal Malignancies (CONFIRM) study. Cancer
Epidemiol 2021;75:102036.

[127] Bagnardi V, Rota M, Botteri E, et al. Alcohol consumption and site-
specific cancer risk: a comprehensive dose–response meta-
analysis. Br J Cancer 2015;112:580–93.

[128] Yoo JE, Shin DW, Han K, et al. Association of the frequency and
quantity of alcohol consumption with gastrointestinal cancer.
JAMA Netw Open 2021;4:e2120382.

[129] Devi S. Should alcohol carry cancer warning labels? Lancet
2025;405:366–7.
Descargado para Irene Ramírez (iramirez@binasss.sa.cr) en National Library o
2025. Para uso personal exclusivamente. No se permiten otros usos sin auto
[130] Rhee J, Lim RK, Purdue MP. Coffee consumption and risk of renal
cancer: a meta-analysis of cohort evidence. Cancer Causes Control
2022;33:101–8.

[131] Smaldone MC, Egleston B, Hollingsworth JM, et al. Understanding
treatment disconnect and mortality trends in renal cell carcinoma
using tumor registry data. Med Care 2017;55:398–404.

[132] Tichanek F, Försti A, Hemminki A, Hemminki O, Hemminki K.
Survival in kidney and bladder cancers in four Nordic countries
through a half century. Cancers 2023;15:2782.

[133] GBD 2015 Obesity Collaborators, Afshin A, Forouzanfar MH, et al.
Health effects of overweight and obesity in 195 countries over 25
years. N Engl J Med 2017;377:13–27.

[134] NCD Risk Factor Collaboration (NCD-RisC), Blüher M. Obesity:
global epidemiology and pathogenesis. Nat Rev Endocrinol
2019;15:288–98.

[135] Phelps NH, Singleton RK, et al. Worldwide trends in underweight
and obesity from 1990 to 2022: a pooled analysis of 3663
population-representative studies with 222 million children,
adolescents, and adults. Lancet 2024;403:1027–50.

[136] Singh L, Jain P, Kumar C, et al. Trends in age of tobacco use
initiation over time in Bangladesh, India and Pakistan: analysis of
cross-sectional nationally representative surveys. BMJ Open
2023;13:e067875.

[137] Meza R, Jimenez-Mendoza E, Levy DT. Trends in tobacco use
among adolescents by grade, sex, and race, 1991–2019. JAMA
Netw Open 2020;3:e2027465.

[138] Shuch B, Zhang J. Genetic predisposition to renal cell carcinoma:
implications for counseling, testing, screening, and management. J
Clin Oncol 2018;36:3560–6.

[139] KimWY, Kaelin WG. Role of VHL gene mutation in human cancer. J
Clin Oncol 2004;22:4991–5004.

[140] Nickerson ML, Jaeger E, Shi Y, et al. Improved identification of von
Hippel-Lindau gene alterations in clear cell renal tumors. Clin
Cancer Res 2008;14:4726–34.

[141] Sirugo G, Williams SM, Tishkoff SA. The missing diversity in
human genetic studies. Cell 2019;177:26–31.

[142] Usher-Smith J, Simmons RK, Rossi SH, Stewart GD. Current
evidence on screening for renal cancer. Nat Rev Urol
2020;17:637–42.

[143] Diana P, Klatte T, Amparore D, et al. Screening programs for renal
cell carcinoma: a systematic review by the EAU Young Academic
Urologists Renal Cancer Working Group. World J Urol
2023;41:929–40.

[144] Usher-Smith JA, Godoy A, Burge SW, et al. The Yorkshire Kidney
Screening Trial (YKST): protocol for a feasibility study of
adding non-contrast abdominal CT scanning to screen for kidney
cancer and other abdominal pathology within a trial of community-
based CT screening for lung cancer. BMJ Open 2022;12:e063018.

[145] Stewart GD, Godoy A, Farquhar F, et al. Abdominal noncontrast
computed tomography scanning to screen for kidney cancer and
other abdominal pathology within community-based computed
tomography screening for lung cancer: results of the Yorkshire
Kidney Screening Trial. Eur Urol 2025;87:561–70.

[146] Campi R, Pecoraro A, Serni S. Psychosocial outcomes in the
Yorkshire Kidney Screening Trial: moving the needle toward
targeted screening for renal cell carcinoma. BJU Int
2024;133:491–3.
f Health and Social Security de ClinicalKey.es por Elsevier en octubre 23, 
rización. Copyright ©2025. Elsevier Inc. Todos los derechos reservados.

http://refhub.elsevier.com/S0302-2838(25)00345-8/h0565
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0565
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0570
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0570
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0570
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0575
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0575
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0575
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0575
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0580
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0580
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0580
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0580
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0585
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0585
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0585
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0585
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0590
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0590
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0590
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0590
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0595
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0595
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0595
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0595
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0595
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0600
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0600
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0600
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0605
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0605
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0610
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0610
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0610
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0615
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0615
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0615
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0615
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0620
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0620
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0620
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0625
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0625
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0625
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0625
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0625
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0630
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0630
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0630
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0630
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0635
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0635
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0635
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0640
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0640
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0640
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0645
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0645
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0650
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0650
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0650
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0655
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0655
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0655
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0660
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0660
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0660
http://refhub.elsevier.com/S0302-2838(25)00345-8/h9010
http://refhub.elsevier.com/S0302-2838(25)00345-8/h9010
http://refhub.elsevier.com/S0302-2838(25)00345-8/h9010
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0670
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0670
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0670
http://refhub.elsevier.com/S0302-2838(25)00345-8/h9015
http://refhub.elsevier.com/S0302-2838(25)00345-8/h9015
http://refhub.elsevier.com/S0302-2838(25)00345-8/h9015
http://refhub.elsevier.com/S0302-2838(25)00345-8/h9015
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0680
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0680
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0680
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0680
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0685
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0685
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0685
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0690
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0690
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0690
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0695
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0695
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0700
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0700
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0700
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0705
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0705
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0710
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0710
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0710
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0715
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0715
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0715
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0715
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0720
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0720
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0720
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0720
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0720
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0725
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0725
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0725
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0725
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0725
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0730
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0730
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0730
http://refhub.elsevier.com/S0302-2838(25)00345-8/h0730

	EpidemiologyofRenalCancer:Incidence,Mortality,Survival,GeneticPredisposition,a



