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Context: Despite the improvement in renal cell carcinoma (RCC) diagnosis and man-
agement observed during the last 2 decades, RCC remains one of the most lethal
urological malignancies. With the expansion of routine imaging for many disorders,
an increasing number of patients who harbour RCC are identified incidentally.
Objective: To summarise and compare RCC incidence and mortality rates, analyse the
magnitude of risk factors, and interpret these epidemiological observations in the
context of screening and disease management.

Evidence acquisition: The primary objective of the current review was to retrieve and
describe worldwide RCC incidence/mortality rates. Secondly, a narrative literature
review about the magnitude of the known risk factors was performed. Finally, data
retrieved from the first two steps were elaborated to define the clinical implications for
RCC screening.

Evidence synthesis: RCC incidence and mortality significantly differ among individual
countries and world regions. Potential RCC risk factors include behavioural and envi-
ronmental factors, comorbidities, and analgesics. Smoking, obesity, hypertension, and
chronic kidney disease represent established risk factors. Other factors have been
associated with an increased RCC risk, although selection biases may be present and
controversial results have been reported.

Conclusions: Incidence of RCC varies worldwide. Within the several RCC risk factors
identified, smoking, obesity, and hypertension are most strongly associated with RCC. In
individuals at a higher risk of RCC, the cost effectiveness of a screening programme needs
to be assessed on a country-specific level due to geographic heterogeneity in incidence
and mortality rates, costs, and management implications. Owing to the low rates of RCC,
implementation of accurate biomarkers appears to be mandatory.

Patient summary: The probability of harbouring kidney cancer is higher in developed
countries and among smokers, obese individuals, and individuals with hypertension.
© 2018 European Association of Urology. Published by Elsevier B.V. All rights reserved.
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1. Introduction

Worldwide, renal cell carcinoma (RCC) represents the sixth
most frequently diagnosed cancer in men and the 10th in
women, accounting for 5% and 3% of all oncological
diagnoses, respectively [1]. RCC incidence rates have been
increasing, and in higher-income settings, this may partially
be due to an increase in the incidental detection of renal
masses when abdominal imaging is performed for nonspe-
cific musculoskeletal or gastrointestinal complaints. Al-
though most detected lesions are small tumours, locally
advanced disease continues to be diagnosed in a notable
proportion of patients, with up to 17% of patients
harbouring distant metastases at the time of diagnosis [2].

In Europe and North America, the lifetime risk for
developing RCC ranges between 1.3% and 1.8%. According to
the most updated data provided by the World Health
Organization, there are more than 140 000 RCC-related
deaths yearly, with RCC ranking as the 13th most common
cause of cancer death worldwide [3].

The aim of this review is to summarise and compare the
available evidence on RCC incidence and mortality rates,
identify the most strongly associated risk factors, and
interpret these epidemiological observations in the context
of screening and disease management.

2. Evidence acquisition

The primary objective of the current review was to retrieve
and describe worldwide RCC incidence/mortality rates.
Secondly, a nonsystematic narrative literature review about
the magnitude of the known risk factors was performed.
Finally, data retrieved from the first two steps were
elaborated to define the clinical implications for RCC
screening.

The evidence acquired is presented and discussed
according to three constructs.

2.1. Epidemiology

Descriptive analyses of worldwide RCC incidence and
mortality rates were retrieved from the most recent version
of GLOBOCAN database [3]. Geographic and temporal
patterns were examined using age-standardised rates
(ASRs) adjusted to the world standard population and
expressed per 100000 alongside cumulative risk—the
probability of developing or dying from the disease in a
lifetime (defined as over the age range 0-74 yr), in the
absence of competing causes of death (see the Supplemen-
tary material) [3]. An alphanumeric scoring system
describing the availability of incidence and mortality data
has been established at the country level and is presented
together with the estimates for each country, with the aim
of providing a broad indication of the robustness of the
estimation (see the Supplementary material) [3]. Acknowl-
edged limitations of the epidemiological sources and a
glossary of all terms used throughout the review are
available in the Supplementary material.

2.2, Risk factors

RCC risk factors were derived from English-language
original articles, previous systematic/narrative reviews,
and meta-analyses published during the last 10 yr (January
2008-January 2018). Genetic and hereditary RCC cases were
not the objective of the current review, and only sporadic
RCC was considered and discussed.

Between January 2008 and January 2018, a literature
Search of the following electronic resources was conducted:
Medline (via PubMed) and Scopus. The search strategy
included the following search terms: “Kidney Neoplasms”
OR “Carcinoma Renal Cell” OR Kidney Neoplasm* OR Renal
Neoplasm* OR Renal cell neoplasm* OR Kidney Cancer* OR
Renal Cancer* OR Renal Cell Cancer* OR kidney tumor* OR
renal tumor™® OR renal cell tumor*; and “epidemiology” OR
“incidence” OR “prevalence” OR “risk factor”. Only papers
reporting duplication, case reports, comments, editorials,
and congress abstracts were excluded. Additional relevant
articles were selected from manuscript bibliographies.
Given the descriptive, retrospective, noncomparative de-
sign of the studies identified, evidence synthesis was
performed in a descriptive and narrative manner.

2.3. Clinical implications

Finally, data retrieved from the first two steps were
elaborated to describe potential clinical implications of
these epidemiological findings for RCC screening.

3. Evidence synthesis
3.1. Epidemiology of kidney cancer: demographic factors

The all-age incidence ASRs of RCC for both sexes is 4.4 per
100 000, with a cumulative risk (ages 0-74) of 0.51%.
Incidence (Fig. 1), prevalence (Fig. 2) and mortality (Fig. 3)
rates significantly vary worldwide, with Figure 4 depicting
the cumulative risk of RCC incidence and mortality stratified
according to world region and sex. Worldwide, North
America had the highest ASR (11.7 per 100 000) followed by
Western Europe (9.8) and Australia/New Zealand (9.2).

3.1.1.  Europe

Incidence rates in both sexes were highest in Western
Europe (9.8) but virtually equivalent in all the other
European regions (Central and Eastern Europe: 8.7, North-
ern Europe: 8.3, and Southern Europe) [3]. Table 1 depicts
the incidence and cumulative risk of RCC stratified for each
country. In terms of survival, the highest estimated
mortality rates were observed in Lithuania (4.9), Czech
Republic (4.8), Latvia (4.7), and Estonia (4.6), with a
cumulative risk of RCC mortality varying from 0.55% to
0.66% [4]. In 2015, 12 547 new cases of RCC were registered
in UK, with an incidence ASR of 20.8 (95% confidence
interval [CI] 20.5-21.2). Over the last decade in the UK, RCC
incidence rates increased by 47% [5]. In terms of mortality,
differences across the countries were recorded: although
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Fig. 1 — World incidence ASRs for both sexes. Numbers are expressed per 100 000 people. Reproduced with permission from the International Agency

for Research on Cancer [3]. ASR = age-standardised rate.

mortality rates have declined in Scandinavian countries,
France, Germany, Austria, the Netherlands, and Italy, in
some European countries (ie, Ireland, Croatia, Greece,
Estonia, and Slovakia), mortality rates are rising [6].
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3.1.2.  North and South America

Table 2 depicts the incidence and cumulative risk of RCC
stratified for the USA and Canada. North America has the
highest worldwide estimated incidence (ASR 12 per

Source: GLOBOCAN 2012 (IARC)

Fig. 2 - World prevalence proportions for both sexes. Numbers are expressed per 100 000 people. Reproduced with permission from the International

Agency for Research on Cancer [3].
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Fig. 3 - World mortality ASRs for both sexes. Numbers are expressed per 100 000 people. Reproduced with permission from the International Agency

for Research on Cancer [3]. ASR = age-standardised rate.

100 000), with cumulative risks of 1.8% and 0.9% for males
and females, respectively (Fig. 1). South and Central America
have significantly lower RCC incidence (0.6% and 0.5%,
respectively, for males and 0.3% for females). In specific
countries (ie, Uruguay and Argentina), ASRs and cumulative
risk were slightly lower compared with North American
ASRs (Table 2).

The highest estimated mortality rates were seen in
Uruguay (4.4 per 100 000), Argentina (3.6), Chile (3.1), and
the USA (2.6), with a cumulative risk of mortality ranging
from 0.3% to 0.52%. Data from the US demonstrate an
increasing incidence [7]. Specifically, US incidence rate
increased from 10.6/100 000 individuals in 2001 to 12.4/
100 000 individuals in 2010 and increased with age.

3.1.3. Asia

Table 3 depicts the incidence and cumulative risk of RCC
stratified for each Asian country. Cumulative risks of
incidence were 0.6% and 0.3%, respectively, for males and
females in both western and eastern Asia. Israel has the
highest estimated incidence in Asia (ASR 10.0 per 100 000),
with an overall cumulative risk of 1.2%. The highest
estimated mortality rates were observed in Turkey (4.7),
the State of Palestine (3.4), the Democratic Republic of
Korea (3.4), and Singapore (3.3), with a cumulative risk of
mortality between 0.36% and 0.54% per year of age.

3.14. Africa
Table 4 depicts the incidence and cumulative risk of RCC
stratified for each African country. Overall, Africa has the

lowest cumulative risk of incidence and mortality, below
0.2% for both sexes. Mauritius has the highest estimated
incidence in Africa (4.2), with a cumulative risk of 0.37%. All
other African countries showed significantly lower ASRs.
The highest estimated mortality rates were seen in Egypt
(2.4), Libya (2.3), Mali (1.8), and Tunisia (1.7), with a
cumulative mortality risk between 0.17% and 0.27%.

3.1.5. Oceania

Table 5 depicts the incidence and cumulative risk of RCC
stratified by country. Cumulative risks of incidence were
1.4% and 0.7% for males and females, respectively. Australia
and New Zealand observed the highest estimated incidence
(ASR 9.5 and 8.2 per 100 000, respectively), with an overall
cumulative risk of 1%. The highest estimated mortality rates
were observed in Australia (3.5 per 100 000) and New
Zealand (3.0), with a cumulative risk of mortality between
0.31% and 0.41%.

3.2. Risk factors

Age and gender are strongly related with the risk of RCC: the
estimated incidence increases in the older population.
Indeed, the ASR per 10 000 is 0.5 below the age of 40 yr and
progressively increases to 35.0 over 75 yr of age (40-44 yr:
2.9, 45-49 yr: 5.3, 50-54 yr: 8.8, 56-59 yr: 13.0, 60-64 yr:
17.9, 65-69 yr: 22.6, 70-74 yr: 26.9). Peak incidence is
between 60 and 70 yr. In the UK in 2013-2015, more than a
third (36%) of new cases occurred in people aged >75 yr.
Incidence ASRs rise steadily from around age 40 to 44 yr and
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Fig. 4 - Cumulative risk of incidence and mortality of kidney cancer stratified for gender and world regions. Numbers are expressed per
100 000 people. Reproduced with permission from the International Agency for Research on Cancer [3].

more steeply from around age 65-69 yr [5]. The highest
rates are in those over 85 yr old. There is a 1.5:1 male
predominance, and incidence rates are significantly higher
in males than in females across all age groups. The gap is
widest in older patients [5].

The evaluation of RCC risk factors is biased by the fact
that incidental cancer detection by ultrasounds and
computed tomography (CT)/magnetic resonance imaging
performed for other reasons might artificially have in-

creased the association between RCC and specific cofactors
[2]. Potential risk factors include lifestyle factors, comor-
bidities, drugs, and environmental causes.

3.2.1.  Lifestyle factors

3.2.1.1. Body mass index. Obesity is commonly linked to several
cancers, including RCC [8]. Translational studies demon-
strated that RCC could be induced using prolonged intake of
a high-fat diet, which are confirmed with pathological
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Table 1 - Incidence and cumulative risk of kidney cancer in Europe

Population Quality" Numbers Crude ASR Cumulative
rate (W) risk
Czech Republic A2 3313 314 16.7 2.01
Lithuania Al 773 235 132 1.61
Slovakia Al 1063 194 125 1.49
Estonia Al 284 212 117 139
Belarus A2 1575 16.5 111 1.29
Slovenia Al 400 19.6 111 1.27
Latvia Al 449 20.1 10.9 131
Germany B2 18 615 22.7 10.6 1.27
Croatia A2 821 18.7 10.0 116
France (metropolitan) B2 11023 174 9.7 114
Norway A2 798 16.1 9.3 1.08
Hungary G1 1554 15.6 9.1 1.03
Russian Federation D2 19313 13.5 8.9 1.05
Iceland Al 45 13.7 8.8 117
The Netherlands A2 2679 16.0 8.8 1.04
Italy B2 11300 18.5 8.7 1.01
Belgium A2 1763 16.3 8.7 1.03
Ireland Al 571 12.5 8.4 0.99
Luxembourg D2 70 134 83 1.00
UK Al 9714 15.5 8.2 0.93
Poland c3 5244 13.7 8.1 0.95
Malta Al 57 13.6 8.0 0.91
Austria A2 1322 15.7 8.0 0.95
Finland Al 882 16.3 7.9 0.90
Spain B2 6474 13.8 7.9 0.89
Ukraine A2 5240 11.7 7.5 0.87
Serbia B2 1127 114 74 0.85
Denmark A2 754 13.5 72 0.87
Bulgaria A2 881 11.9 6.9 0.80
Montenegro G6 59 9.3 6.6 0.75
Switzerland B2 948 12.3 6.5 0.74
Sweden A2 1125 11.8 6.4 0.75
Albania G3 228 71 58 0.71
Romania E1l 1940 9.1 5.7 0.66
Bosnia Herzegovina D5 292 7.8 5.2 0.57
Portugal c3 1004 9.4 5.0 0.57
Republic of Moldova  G1 230 6.5 4.6 0.55
Greece G3 1094 9.6 4.5 0.48
FYR Macedonia G3 104 5.0 3.6 0.41
Cyprus A3 46 4.1 3.0 0.35

ASR = age-standardised rate.

Data are sorted by ASRs. Numbers are expressed per 100 000 people.
Reproduced with permission from the International Agency for Research
on Cancer [3].

2 For Quality legend, please refer to the Supplementary material (Level of
availability of incidence and mortality data).

changes observed through histological sectioning
[9]. Macleod et al. [10] relied on a prospective cohort of
77 260 residents of Washington, aged 50-76 yr, who
completed a questionnaire on demographic, lifestyle, and
health data to validate established and putative risk factors
for incident RCC [10]. The study confirmed that obesity is
significantly associated with RCC (body mass index >35 vs
<25 kg/m?: hazard ratio [HR] 1.71, 95% CI 1.06-2.79)
[10]. The relative risk estimate corresponding to roughly
5 kg of body weight increases the risk of RCC by 25% in men
and 35% in women [10-12]. The association between
obesity and increased risk of RCC was confirmed in both
the Prostate, Lung, Colorectal, and Ovarian (PLCO) Cancer
Screening Trial and the National Lung Screening Trial
[13]. The biological mechanisms behind this association are
unclear, although recent evidence suggests that the effects

Table 2 - Incidence and cumulative risk of kidney cancer in
America

Population Quality® Numbers Crude ASR Cumulative
rate (W) risk
USA Al 58 222 184 120 1.39
Uruguay A2 465 13.7 9.4 112
Canada Al 5579 16.1 9.3 1.06
Argentina B3 4068 9.9 8.0 0.93
Chile Cc2 1353 7.8 6.0 0.72
Puerto Rico A2 272 73 49 0.56
Costa Rica A2 179 3.7 3.7 0.42
Peru E3 953 3.2 3.6 0.42
Mexico E1 3851 33 35 0.40
Bolivia G6 263 2.6 3.5 041
Belize G2 8 2.5 3.2 0.27
Cuba C1 517 4.6 3.1 0.34
Brazil B2 6255 32 3.0 0.33
Ecuador c3 403 2.7 2.9 0.31
Venezuela G1 747 2.5 2.7 0.30
Colombia c2 1048 2.2 2.4 0.26
Trinidad and Tobago D2 32 24 23 0.23
Guyana G2 14 1.8 2.2 0.21
France, Guadeloupe G2 14 3.0 21 0.31
Panama G2 68 19 2.0 0.26
Barbados G2 8 2.9 19 0.20
Bahamas G1 7 2.0 1.8 0.24
Suriname G3 9 1.7 1.6 0.19
El Salvador G2 93 1.5 1.5 0.17
Nicaragua G3 63 11 15 0.16
Guatemala G2 150 1.0 15 0.17
Honduras G6 80 1.0 15 0.16
Paraguay G3 78 1.2 1.5 0.16
France, Martinique A2 11 2.7 14 0.15
Jamaica c3 31 11 11 0.10
French Guiana G2 2 0.8 0.7 0.06
Haiti G3 58 0.6 0.7 0.08
Dominican Republic G3 52 0.5 0.6 0.06

ASR = age-standardised rate.

Data are sorted by ASRs. Numbers are expressed per 100 000 people.
Reproduced with permission from the International Agency for Research
on Cancer [3].

¢ For Quality legend, please refer to the Supplementary material (Level of
availability of incidence and mortality data).

of circulating hormones such as insulin-like growth factors
and adipokines might play a role [11]. Other possible
biological mechanisms involved are sex steroids and
chronic inflammation [12]. The use of statins among
patients with RCC is associated with significantly improved
cancer-specific and overall survival [14,15]. However, a
recent meta-analysis demonstrated no association between
the use of statins and risk of harbouring RCC [14].

3.2.1.2. Physical activity. Physical activity may decrease RCC
risk by reducing obesity, blood pressure, insulin resistance,
and lipid peroxidation. A recent meta-analysis reported an
inverse association between physical activity and RCC risk
(relative risk [RR] 0.88, 95% CI 0.79-0.97) [15]. Combining
risk estimates from high-quality studies, this association
was even stronger (RR 0.78, 95% CI 0.66-0.92) [15].

3.2.1.3. Fruit or vegetable intake. Fruit and vegetable consump-
tion (in particular, cruciferous vegetables) has been
associated with a reduction in the risk of RCC in some
reports [16,17]. However, in the European Prospective
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Table 3 - Incidence and cumulative risk of kidney cancer in Asia

Table 4 - Incidence and cumulative risk of kidney cancer in Africa

Population Quality" Numbers Crude ASR Cumulative Population Quality" Numbers Crude ASR Cumulative
rate (W) risk rate (W) risk
Israel A2 1002 13.0 10.0 117 Mauritius D2 53 4.0 4.2 0.37
Korea, Republic of A2 5651 11.6 8.0 0.91 Libya C6 133 21 2.7 0.30
Turkey C6 3992 5.4 5.6 0.62 Egypt c3 1740 2.1 24 0.26
Japan B1 16 830 133 53 0.59 Tunisia C6 237 2.2 2.2 0.25
Singapore Al 401 7.6 5.2 0.61 France, La Reunion D2 21 24 21 0.19
Korea, Democratic G6 1318 5.4 4.3 0.53 Ethiopia E6 1412 1.6 21 0.20
Republic of Mali E6 307 1.9 1.9 0.15
China C4 66 466 49 3.8 043 Eritrea G6 77 14 1.9 0.18
Qatar A3 33 1.7 3.5 0.45 Somalia G6 131 13 1.8 0.17
Jordan D5 129 2.0 3.2 0.37 Algeria C6 454 1.2 1.5 0.16
Lebanon D6 142 33 3.2 0.35 Sudan F6 462 1.2 1.5 0.15
Mongolia D5 66 23 3.1 0.38 Morocco E6 451 14 1.5 0.15
Syrian Arab Republic G6 467 2.2 3.1 0.34 Djibouti G6 11 1.2 15 0.14
State of Palestine F6 71 1.7 3.1 0.36 South Sudan G6 117 1.1 14 0.13
Kazakhstan G2 491 3.0 29 033 Kenya E6 380 0.9 14 0.15
Iraq F6 581 17 29 0.32 Zimbabwe C6 137 1.1 13 0.11
Georgia G2 167 3.9 2.7 0.29 Uganda C6 305 0.9 1.2 0.09
Bahrain A3 23 1.7 2.6 0.25 Namibia D6 19 0.8 1.2 0.14
Iran, Islamic Republic of C6 1641 2.2 2.6 0.28 South African Republic D3 506 1.0 1.2 0.13
Malaysia c2 611 21 24 0.28 Senegal G6 134 1.0 11 0.09
Saudi Arabia D6 454 1.6 2.3 0.26 Niger E6 92 0.6 1.0 0.12
United Arab Emirates D6 64 0.8 23 0.29 Benin F6 77 0.8 1.0 0.09
Kyrgyzstan G2 91 1.7 22 0.26 Chad G6 89 0.8 0.9 0.09
Kuwait A2 34 12 2.2 0.26 Western Sahara G6 5 0.9 0.9 0.06
Timor-Leste G6 14 1.2 21 0.26 Angola G6 109 0.5 0.8 0.08
Oman A3 36 12 21 0.25 Central African Republic G6 34 0.7 0.8 0.07
Armenia G3 78 25 1.9 0.22 Madagascar G6 139 0.6 0.8 0.07
Turkmenistan G2 75 1.5 1.8 0.21 Botswana D6 12 0.6 0.8 0.10
Brunei F5 6 1.5 1.8 0.16 Gabon F6 12 0.8 0.8 0.05
Indonesia F6 3225 13 1.5 0.17 Zambia E6 80 0.6 0.7 0.07
Philippines B2 1008 1.0 14 0.16 Burundi G6 44 0.5 0.7 0.05
Tajikistan G3 63 0.9 14 0.16 Rwanda F6 60 0.5 0.7 0.05
Afghanistan G6 237 0.7 13 0.16 Malawi C6 132 0.8 0.7 0.04
Azerbaijan G2 135 14 13 0.15 Ghana F6 173 0.7 0.7 0.05
Pakistan E6 1646 0.9 13 0.14 Mauritania G6 23 0.6 0.7 0.05
Uzbekistan G2 283 1.0 1.2 0.14 Cote d’'Ivoire F6 127 0.6 0.7 0.06
Thailand B3 1017 1.5 1.2 0.13 Nigeria E6 936 0.6 0.6 0.05
Myanmar G6 476 1.0 11 0.12 Togo F6 36 0.6 0.6 0.06
Lao PDR G6 52 0.8 11 0.12 Congo, Democratic G6 337 0.5 0.6 0.04
Nepal G6 218 0.7 1.0 0.12 Republic of
India c5 9658 0.8 0.9 0.11 Cameroon E6 116 0.6 0.5 0.04
Cambodia G6 101 0.7 0.9 0.10 Burkina Faso F6 70 0.4 0.5 0.05
Viet Nam E4 810 0.9 0.9 0.09 Congo, Republic of E6 21 0.5 0.5 0.03
Sri Lanka D6 221 1.0 0.9 0.09 Sierra Leone G6 24 0.4 0.4 0.04
Bangladesh F6 900 0.6 0.8 0.08 Lesotho G6 6 0.3 0.4 0.03
Yemen E6 112 0.4 0.6 0.07 Liberia G6 14 0.3 0.3 0.03
Bhutan D6 3 0.4 0.6 0.06 Equatorial Guinea G6 3 0.4 0.3 0.02
Guinea E6 27 0.3 0.3 0.03
ASR = age-standardised rate. Guinea-Bissau G6 5 03 03 0.02
Data are sorted by ASRs. Numbers are expressed per 100 000 people. Tanzania E6 106 0.2 0.2 0.01
Reproduced with permission from the International Agency for Research Swaziland D6 2 02 02 0.02
on Cancer [3]. Mozambique E6 34 0.1 0.1 0.00
2 For Quality legend, please refer to the Supplementary material (Level of Comoros G6 1 0.1 0.1 0.00
availability of incidence and mortality data). The Gambia D6 0 0.0 0.0 0.00
Cape Verde G6 0 0.0 0.0 0.00

Investigation into Cancer and Nutrition (EPIC) study,
Weikert et al. [18] examined the association between fruits
and vegetables and the risk of RCC. Dietary intake data and
complete follow-up information on cancer incidence were
available for 375851 participants. During an average
follow-up of 6 yr, 306 RCC cases were identified (0.1%).
No significant associations between fruit and vegetable
consumption and RCC risk were observed despite a wide
range of intake (HR 0.97, 95% CI 0.85-1.11) [18]. Similarly, in
the Vitamin and Lifestyle (VITAL) study, no association
between fruit or vegetable intake and RCC was recorded

ASR = age-standardised rate.

Data are sorted by ASRs. Numbers are expressed per 100 000 people.
Reproduced with permission from the International Agency for Research
on Cancer [3].

¢ For Quality legend, please refer to the Supplementary material (Level of
availability of incidence and mortality data).

[10]. When pooling the data from all available studies, a
significantly decreased risk of RCC was observed in those
eating cruciferous vegetables (RR 0.73, 95% CI 0.63-0.83)
and in a subgroup of case-control studies (RR 0.69, 95% CI
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Table 5 - Incidence and cumulative risk of kidney cancer in
Australia

Population Quality Numbers Crude ASR Cumulative
rate (W) risk
Australia Al 3501 15.3 9.5 1.08
New Zealand Al 586 13.1 8.2 0.97
New Caledonia D5 15 5.8 4.9 0.57
French Polynesia D5 12 43 43 0.53
Guam D6 4 22 18 0.11
Papua New Guinea G6 37 0.5 0.8 0.08
Fiji D3 4 0.5 0.4 0.04
Samoa D6 0 0.0 0.0 0.00
Solomon Islands G6 0 0.0 0.0 0.00
Vanuatu D6 0 0.0 0.0 0.00

ASR = age-standardised rate.

Data are sorted by ASRs. Numbers are expressed per 100 000 people.
Reproduced with permission from the International Agency for Research
on Cancer [3].

2 For Quality legend, please refer to the Supplementary material (Level of
availability of incidence and mortality data).

0.60-0.78), but not in cohort studies (RR 0.96, 95% CI 0.71-
1.21) [17].

3.2.1.4. Alcohol. Moderate alcohol intake showed a protective
effect on RCC incidence relative to abstinence [19,20]. Lew
et al. [20] analysed the participants included in the NIH-
AARP Diet and Health Study (n =492 187 and 1814 RCC
cases), and found an inverse association between alcohol
intake and the risk of RCC. When the association was
examined after excluding RCC cases diagnosed within the
first 2 yr of follow-up, the results did not change
appreciably. In male patients, the inverse effect was
observed with beer consumption; in women, the inverse
effect was observed with wine and liquor consumption, but
not beer. The multivariate RR for an increment of one drink
per day of alcohol drinks among drinkers was 0.96 (95% CI
0.94-0.99) in men and 0.73 (95% CI 0.60-0.88) in women
[20]. Similarly, Pelucchi et al. [21] evaluated data from two
Italian multicentre case-control studies, including 1115 in-
cidental, histologically confirmed RCC cases and 2582 con-
trols hospitalised with acute, non-neoplastic conditions.
Compared with nondrinkers, the multivariate odds ratios of
RCC were 0.87 (95% CI 0.73-1.04) for four or fewer drinks
per day, 0.76 (95% CI 0.59-0.99) for more than four to eight
or fewer drinks per day, and 0.70 (95% CI 0.50-0.97) for
more than eight alcoholic drinks per day, with a significant
inverse trend in risk (p = 0.01) [21]. Within the PLCO Trial,
increasing alcohol consumption was associated with a
reduced RCC risk compared with nondrinkers (>9.75 g/d:
HR 0.67, 95% CI 0.50-0.89) [22]. Conversely, in the VITAL
study, no association between alcohol intake and RCC was
recorded [10]. A recent meta-analysis confirmed that
alcohol intake from wine, beer, and liquor is associated
with a reduced risk of RCC [23]. However, when these
associations were examined separately by sex, statistically
significant inverse associations were restricted to wine
among females (RR 0.82, 95% CI 0.73-0.91) and to beer and
liquor among males (RR 0.87, 95% CI 0.83-0.91 and RR 0.95,
95% CI 0.92-0.99, respectively) [23].

3.2.1.5. Smoking. Smoking has been linked to a number of
common cancers, including RCC. Tobacco smoke includes a
mix of carcinogens implicated in the aetiology of renal cell
cancer. In the VITAL study, smoking was independently
associated with RCC (>37.5 pack-years vs never: HR 1.58,
95% CI 1.09-2.29) [10]. Similarly, in the PLCO trial, the
intensity of smoking was confirmed to be significantly
associated with a higher risk of developing RCC and with a
higher risk of high-grade RCC [ 13]. Moreover, relative risk is
directly associated with smoking duration and decreases
over time after cessation. A recent meta-analysis of >24
papers demonstrated a pooled RR of RCC incidence of 1.31
(1.22-1.40) for all smokers, 1.36 (1.19-1.56) for current
smokers, and 1.16 (1.08-1.25) for former smokers. The
corresponding RCC cancer-specific mortality risks were 1.23
(1.08-1.40), 1.37 (1.19-1.59), and 1.02 (0.90-1.15) [24].

3.2.2. Comorbidities

3.2.2.1. Hypertension. There is evidence that hypertension is
an independent risk factor for RCC [10,25,26]. A number of
prospective studies investigated the association between
blood pressure and the risk of RCC, using either recorded BP
levels or reported hypertension as the principal exposure
variable [10,27]. In the VITAL study, hypertension was
independently associated with RCC risk (HR 1.70, 95% CI
1.30-2.22) [10]. A recent meta-analysis of 18 prospective
studies further supports a positive association between
hypertension and RCC risk. A history of hypertension was
associated with 67% increased risk of RCC, and each 10-
mmHg increase in blood pressure was associated with 10—
22% increased risk of RCC, after accounting for heterogene-
ity and publication bias [27]. The biological mechanisms
behind this relationship remain unclear, but some authors
have hypothesised the involvement of chronic renal hypoxia
and lipid peroxidation with formation of reactive oxygen
species. Hypertensive individuals may suffer chronic renal
hypoxia caused by the transcription of hypoxia-inducible
factors that promote tumour cell proliferation and angio-
genesis [28,29]. Importantly, hypertensive patients may
also be more likely to get cross-sectional renal imaging and
therefore identify incidental renal tumours.

3.2.2.2. Urinary stones. A recent meta-analysis evaluated the
association between a history of kidney stones and RCC
[30]. The pooled RR of RCCin patients with kidney stones was
1.76 (95% C1 1.24-2.49). Subgroup analysis demonstrated that
the history of kidney stones was significantly associated with
increased RCC risk only in males (RR 1.41, 95% CI 1.11-1.80),
but not in females (RR 1.13 [95% CI 0.86-1.49]) [30].

3.2.2.3. Diabetes. Type 2 diabetes is associated with an
increased risk of several types of cancer [31,32]. However,
its relationship with RCC remains unclear. In the VITAL
study, there was no observed relationship between diabetes
and RCC after accounting for multiple confounders
[10]. Conversely, in the Nurses’ Health study [33], relying
on 330 cases of pathologically confirmed incident RCC
among roughly 120 000 women, type 2 diabetes was
significantly associated with an increased risk of RCC (HR
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1.60 [95% CI 1.19-2.17]). These associations were consistent
across different strata of BMI, smoking, and hypertension.
Moreover, RCC risk increased with an increasing number of
comorbidities, including obesity, hypertension, and type
2 diabetes. Specifically, women who had all these three
conditions had four-fold higher probability of RCC develop-
ment compared with women without comorbidities [33].

3.2.2.4. Liver and chronic kidney diseases. Cystic degenerative
changes (acquired cystic kidney disease) and a higher
incidence of RCC are typical features of end-stage kidney
disease. RCC of native end-stage kidneys are found in about 4%
of patients. Their lifetime risk of developing RCC is at least
10 times higher than in the general population [34,35].

In the VITAL study, the presence of a kidney disease (HR
2.58,95% CI 1.21-5.50) or viral hepatitis (HR 1.80, 95% CI 1.03-
3.14) was independently associated with RCC [10]. Hepatitis C
virus (HCV) infection causes cirrhosis and hepatocellular
carcinoma, but is also aetiologically linked to several
extrahepatic medical conditions including renal disorders
and malignancies. In RCC patients, the rate of HCAB positivity
has been reported to be higher (8%) than that in colon cancer
patients (1%; p < 0.01), and RCC patients with HCV RNA
positivity were significantly younger than RCC patients who
were HCV RNA negative (p = 0.01) [36].

3.2.3.  Reproductive and hormonal factors

An increased risk of RCC has been associated with parity
among women in several cohort studies, although the
association is not conclusive [37-40]. Associations with
other reproductive factors, including the use of oral
contraceptives and hormone replacement therapy, are not
consistently observed [41].

3.24. Analgesics

Analgesics are the most commonly used over-the-counter
drugs worldwide, with epidemiological data suggesting that
analgesic use increases the risk of RCC. Cho and colleagues
[42] examined the relationship between analgesic use and
RCC risk in the Nurses’ Health Study and the Health
Professionals Follow-up Study. Aspirin and acetaminophen
use were not associated with RCC risk. However, regular use of
nonaspirin nonsteriodal anti-inflammatory drugs (NSAIDs)
was associated with an increased risk of RCC (pooled
multivariate relative risk 1.51 [95% CI 1.12-2.04)]. A meta-
analysis by Choueiri et al. [43] evaluated the association
between analgesic use and RCC risk. Study-specific effect
estimates were pooled to compute the overall relative risk
using a random-effects model for each analgesic category. The
use of acetaminophen and nonaspirin NSAIDs was associated
with anincreased risk of RCC (pooled RR 1.28,95% CI 1.15-1.44,
and 1.25, 95% CI 1.06-1.46, respectively). For aspirin use, no
association was found except for non-US studies (five studies,
pooled RR 1.17, 95% CI 1.04-1.33). Similar increases in risks
were seen with higher analgesic intake [43].

3.2.5. Environmental factors
In terms of occupational exposure, RCC generally is not
considered an occupational disease; but elevated risk has

been linked to specific occupations and specific industrial
agents. Trichloroethylene is by far the most extensively
examined chemical in relation to RCC risk [37,38]. Despite
the evidence being limited, exposure to x radiation and
gamma-radiation industrial agents, including arsenic,
inorganic arsenic compounds, cadmium, perfluorooctanoic
acid, welding fumes, nitrate, and radon in drinking water,
are not regarded as potential RCC risk factors [44-
47]. However, more robust studies are needed to confirm
these findings.

3.3. Epidemiology in kidney cancer: what are the clinical
implications for screening?

Screening is a strategy used to detect disease within an
asymptomatic population. The rationale for screening is
that the detection of asymptomatic disease might lead to an
earlier staged disease (stage migration) [48] and better
outcomes from treatment [49,50]. However, the cost
effectiveness of a screening programme depends on many
other aspects: (1) incidence and prevalence of the disease,
(2) sensitivity and specificity of the detection method, (3)
impact of an early diagnosis on the natural history of the
disease, (4) impact of overtreatment, and (5) healthcare
expenditures. The increased use of CT in the past—especially
in the USA and Europe—resulted in a simulated form of
screening, which led to potential overtreatment [51]. More-
over, exaggerate cross-sectional imaging (as has been
suggested for the USA [51]) may introduce “contamination”
of screening studies. In other words, introducing cross-
sectional imaging theoretically in countries without this
opportunity may result in a higher yield of screen-detected
tumours than, for example, in the USA where a proportion of
the population is being imaged for various reasons anyway.

Focusing on RCC, the highest incidence of RCC reaches
10-15 per 100 000 with an estimated cumulative risk of
incident cases of roughly 0.5% per year of age. Important
variations exist according to the geographic area. Obesity,
hypertension, and smoking independently double the
adjusted RR of developing RCC.

Different screening modalities have been analysed in the
setting of sporadic RCC. Some authors proposed the use of
urine dipstick, but the low diagnostic yield and the low
accuracy in detecting RCC preclude any role for this option
[52]. Several serum and urine biomarkers have been
suggested (eg, aquaporin 1, perilipin 2, KIM1, and others
[53]), although none have achieved clinical importance.
Screening computed tomography was demonstrated to be
non-cost effective, with a high proportion of false-positive
cases. Conversely, abdominal ultrasound arises as a poten-
tial tool due to its characteristics (noninvasive, well-
established, and widely utilised), although no robust data
are available to determine whether ultrasound-based
screening may be able to affect the natural history of the
diseases due to high intervariability and low sensitivity for
the detection of small renal masses. Finally, several authors
have proposed targeted screening programmes for RCC in
patients at a higher risk according to their clinical
characteristics and comorbidities [52].
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Assessing the epidemiological and risk factor data in
the setting of RCC, some considerations regarding the role
of screening are worth mentioning. Firstly, the cost
effectiveness of a screening programme needs to be
assessed on a country-specific level since key differences
in RCC incidence, risk factor prevalence, and healthcare
context exist among the different countries. Secondly, if
risk factors are not present, RCC incidence is very low
and-unless new biomarkers will become available—a
screening programme relying on the available imaging
technology is difficult to be cost effective. Thirdly, given
the RCC incidence data we demonstrate, a screening
programme would subject participants to a significant
risk of overdiagnosis, overtreatment, and emotional
impact-related consequences..

4. Conclusions

RCC incidence and mortality rates vary significantly around
the globe. Potential risk factors include behavioural and
environmental factors, comorbidities, and analgesics. To
date, the consistent risk factors for RCC are smoking,
obesity, hypertension, and chronic kidney disease. Many
other factors have been associated with an increased RCC
risk, although these associations may be confounded by
selection biases and inconsistent results in the available
studies. In individuals at a higher risk of RCC, the cost
effectiveness of a screening programme needs to be
assessed on a country-specific level. Owing to the low
incidence of RCC, there is an unmet need for accurate
biomarkers.
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