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Background: This study aims to present the trends of incidence and mortality of kidney cancer from 1990 
to 2016 by age, gender, geographical region, regional, and sociodemographic index (SDI), and then forecast 
the future trends to 2030. 
Methods: Data of this study were gathered from the Global Burden of Disease Study (GBD), including 
195 countries and territories, accounting for 21 regions. Over-time trends from 1990 to 2016 were analyzed 
by gender, geographical region, age range and SDI. Based on the big data, we forecasted the future trends to 
2030 by ARIMA model. All the data were analyzed by R software (x64 version 3.5.1), SAS (version 9.3) and 
SPSS (version 22.0).
Results: Globally, in 2016, there were 342,100 [95% uncertainty interval (UI), 330,759–349,934] incident 
cases of kidney cancer and the number of deaths were 131,800 (127,335–136,185). The age-standardized 
incidence rate (ASIR) and death rate (ASDR) were 4.97 (4.81–5.09) per 100,000 and 2.00 (1.93–2.06) per 
100,000, respectively. Globally, the estimated risk of kidney cancer for male within the age of 30 and 70 is 
around 0.79% compared to 0.41% for female. In other words, the probability of developing kidney cancer 
was generally higher in male than in female. By 2030, incidence of kidney cancer in both sexes are projected 
to increase substantially in high SDI, followed by middle SDI, low-middle SDI, and low SDI countries. High 
SDI and low SDI countries will also have increased mortality rates of kidney cancers. Globally, the trends in 
deaths due to kidney cancer will remain stable.
Conclusions: The incidence and death rate of kidney cancer are highly variable among SDI countries and 
regions but have increased uniformly from 1990 to 2016. By 2030, the future incidence of kidney cancer will 
grow continuously especially in high SDI countries, middle SDI, low-middle SDI, and low SDI countries.
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Introduction

Kidney cancer accounts for a large proportion of urologic 
caner and leads to large amount of people’s death (1). In the 
context of a growing and aging global population, kidney 
cancer is considered to be growing both in incidence among 
older individuals and men (2). It has become a threat to 
the health of people in most countries. Worldwide, kidney 
cancer is the sixth most frequently diagnosed cancer in men 
and the tenth most common cancer in women, accounting 
for an estimated 73,820 new cases and 14,770 deaths in 
2019 (3). It can be seen that the burden of disease caused by 
kidney cancer is very worthy of attention.

Due to the international variations in morbidity and 
mortality of urologic cancer, people are increasingly 
interested in the burden of urinary cancer (4-7). As growing 
demands for relative knowledge about kidney cancer, 
epidemiology researches are urgently needed as inference 
to make health decisions. However, prior studies lacked 
analysis of temporal trends in morbidity and mortality in 
kidney cancer, as well as analysis of morbidity and mortality 
by sex, age, SDI and region. Decision makers are supposed 
to provide effective policies on kidney cancer prevention, 
screening and treatment and sensible allocation of health 
care resources. But necessary data to develop health policies 
for kidney cancer worldwide, including epidemiology of 
kidney cancer and future trends of incidence and mortality 
rates, are not widely available. 

Description of temporal trends in incidence and mortality 
of kidney cancer is essential for its future prevention and 
control. In this study, we aim to present these over-time 
trends from 1990 to 2016 by age, sex, region, and SDI, 
and then, based on the large amount data of kidney cancer 
incidence and deaths, we forecast the future trends of 
incidence and mortality worldwide to 2030. Finally, we point 
out countries and regions with high incidence of kidney 
cancer in the future and provide epidemiology reference 
for future prevention and control of kidney cancer. Paying 
attention to incidence characteristics of kidney cancer is 
essential for providing detailed information on kidney cancer 
prevention and screening. 

Methods

We extracted the kidney cancer incidence and mortality 
data from the Global Burden of Disease Study (GBD) 
database (ghdx.healthdata.org). Detailed analytical methods 
for estimating the incidence, mortality, disability-adjusted 
life-years (DALYs) have been reported previously (8-13).  
The present study and detailed approach are in line with 
the Guidelines for Accurate and Transparent Health 
Estimates Reporting (GATHER) (14). Explanations of the 
estimation process and all materials as well as data involved 
in the methodology can be found in the numerous tables 
in the Supplementary materials (Tables S1-S7 and tables 
online: http://cdn.amegroups.cn/static/application/bf05
15116d9e2a9f90889619ab2e5cce/tau.2020.02.23-1.pdf; 
http://cdn.amegroups.cn/static/application/9f3529822bfb
26286fdf162547922d15/tau.2020.02.23-2.pdf) (9,15-17).  
International Classification of Diseases 10 (ICD-10) 
codes mapped to the GBD cause list for kidney cancer 
incidence and mortality are C64-C64.2, C64.9-C65.9, 
Z80.51, Z85.52-Z85.54 and C64-C65.9, D30.0-D30.1, 
D41.0-D41.1, respectively. For the year 2016, we assessed 
national kidney cancer burden for 195 countries and 
territories. All rates are reported per 100,000 person-years. 
The age-standardized rates were calculated according to the 
GBD world population standard (1). Uncertainty intervals 
(UIs) were also reported for all estimates.

Data for the death rates of kidney cancer were obtained 
from vital registration systems and cancer registries. Cancer 
incidence data are used to simulate mortality in places where 
do not contain cancer mortality data by multiplying the 
incidence by mortality-to-incidence ratio which is separately 
modeled. These mortality estimates are classified as mortality 
data from the other sources and are used in a cause of death 
ensemble model (CODEm) (9,13). Cancer incidence rates 
were estimated by dividing the final cancer-specific mortality 
estimates by the mortality-to-incidence ratio. As in the 
GBD 2015, we estimated the impact of population ageing, 
population growth, and change in age-specific rates on the 
change of incident cases from 2006 to 2016 (8). Results were 
stratified by using sociodemographic index (SDI) countries. 
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SDI is a comprehensive indicator which includes fertility, 
education and income. It has been proved that SDI has a 
good correlation with health outcomes (Supplementary 
materials) (8). All the data was analyzed by R software (x64 
version 3.5.1), SAS (version 9.3) and SPSS (version 22.0).

Results

Over-time trends of incident cases of kidney cancer from 
1990 to 2016

Globally, kidney cancer incident cases increased by nearly 
102% from 1990 (169,514; 95% UI, 166,246–173,338) 
to 2016 (342,100; 95% UI, 330,759–349,934). For SDI 
countries, in terms of absolute numbers, the highest kidney 
cancer incidence rates occurred in high SDI countries 
(160,805, 95% UI, 154,689–165,708), followed by high-
middle SDI countries (81,637; 95% UI, 77,842–85,447), 
middle SDI countries (67,625; 95% UI, 65,243–69,419), 
low-middle SDI countries (25,876; 95% UI, 24,799–
26,806), and low SDI countries (7,308; 95% UI, 6,413–
8,127) in both sexes. Among regions, the three highest 
kidney cancer incident rates were observed in Eastern 
Europe (68,857; 95% UI, 64,818–72,034), high-income 
North America (63,291; 95% UI, 61,542–65,156), and East 
Asia (46,739; 95% UI, 43,375–48,820). In 2016, kidney 
cancer was more common in men, with 211,102 incident 
cases compared to women, with 130,997 cases (Table 1).

Over-time trends of deaths of kidney cancer from 1990 to 
2016

Globally, there were 131,800 (95% UI, 127,335–136,185) 
deaths from kidney cancer in 2016, nearly 2.0-fold the 
number in 1990 (67,306; 95% UI, 65,806–68,836). Death 
rates changed by 3.63% from 1990 to 2016 at a global level. 
Among SDI countries, the highest burden of kidney cancer 
deaths occurred in high SDI countries (61,827; 95% UI, 
59,214–63,852), followed by high-middle SDI countries 
(30,159; 95% UI, 27,501–33,257), middle SDI countries 
(26,309; 95% UI, 25,106–27,454), low-middle SDI countries 
(10,209; 95% UI, 9,667–10,688), and low SDI countries 
(3,246; 95% UI, 2,845–3,569) in both sexes. In terms of 
regions, Western Europe (30,035; 95% UI, 28,249–31,447) 
had the highest number of kidney cancer deaths in both 
sexes. High-income North America (18,446; 95% UI, 
17,879-19,013) ranked second for kidney cancer deaths. East 
Asia (16,955; 95% UI, 15,938–17,772) experienced the third 

highest number of kidney cancer deaths in both sexes. In 
2016, mortality of kidney cancer was much higher in men 
compared to women, with the death cases number of 86,051 
and 45,749, respectively (Table 1).

Over-time trends of kidney cancer in age-standardized 
incidence rate (ASIR) from 1990 to 2016

Globally, ASIR changed by 10.94% from 1990 to 2016. 
High SDI countries had the highest ASIR in 2016, followed 
by high-middle SDI and middle SDI countries. The change 
pattern of ASIR between 1990 and 2016 reveals a significant 
increase of over 100% in East Asia (3.66; 95% UI, 3.31–
3.82) in males and (2.92; 95% UI, 2.70–3.06) in both sexes. 
Concomitantly, some regions with high incidence rates 
such as Central Latin America (50.72% for both sexes, and 
70.65% for males), tropical Latin America (59.11% for 
both sexes, 65.73% for males, and 50.41% for females), 
and North Africa and the Middle East (53.54% for males) 
experienced an increase of over 50% in ASIR. The highest 
male-to-female ratio for ASIR could be found in East Asia 
at 2.9 while Andean Latin America had the lowest male-
to-female ratio at 0.9. Globally, the age-standard kidney 
cancer incidence rate (per 100,000 people) in 2016 among 
men [6.54 (6.28–6.73)] was 1.8 times higher than among 
women [3.62 (3.50–3.71)]. ASIRs for both sexes increased 
significantly from 1990 to 2016, with the greatest increases 
among men (Table 2, Figures 1,2). 

Over-time trends of kidney cancer in age-standardized 
death rate (ASDR) from 1990 to 2016

Among SDI countries, the highest changes in ASDR 
between 1990 and 2016 increased in middle SDI countries 
(38.46% for both sexes, 58.93% for males). Regionally, the 
highest changes in ASDR between 1990 and 2016 increased 
in East Asia, followed by Eastern Europe, South Asia, and 
Southeast Asia. ASDR decreased significantly in regions 
with high kidney cancer burdens such as Southern Latin 
America and the Caribbean. On a global scale, the male-to-
female ratios for ASIR and ASDR rates were 1.8 and 2.3, 
respectively. Globally, the age-standard kidney cancer death 
rate (per 100,000 people) among men [2.88 (2.77–2.99)] 
was approximately 2.3-fold as high as among women [1.27 
(1.22–1.34)]. Deaths from kidney cancer increased in both 
sexes and different age groups, with an annual growth rate 
of 3.63%. However, ASDRs for females decreased 7.30% 
(Table 2, Figures 2,3).
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Table 2 Global and regional age-standardized kidney cancer incidence and death rates with 95% uncertainty interval and percent change by 
geography, gender and SDI between 1990 and 2016

Location Sex
Age-standardized incidence rates per 100,000 Age-standardized death rates per 100,000

1990 2016 Change (%) 1990 2016 Change (%)

Global Both 4.48 (4.38–4.58) 4.97 (4.81–5.09) 10.94 1.93(1.89-1.98) 2.00(1.93-2.06) 3.63

Male 5.67 (5.45–5.88) 6.54 (6.28–6.73) 15.34 2.67 (2.56–2.76) 2.88 (2.77–2.99) 7.87

Female 3.52 (3.46–3.62) 3.62 (3.50–3.71) 2.84 1.37 (1.35–1.40) 1.27 (1.22–1.34) −7.3

High SDI Both 9.05 (8.89–9.19) 10.08 (9.72–10.39) 11.38 3.51 (3.45–3.56) 3.47 (3.33–3.59) −1.14

Male 12.36 (12.06–12.64) 13.67 (13.07–14.24) 10.6 5.24 (5.13–5.53) 5.17 (4.90–5.39) −1.34

Female 6.47 (6.34–6.60) 6.99 (6.73–7.21) 8.04 2.26 (2.22–2.30) 2.10 (2.02–2.19) −7.08

High-middle 
SDI

Both 5.39 (5.03–5.69) 6.30 (6.00–6.58) 16.88 2.09 (1.96–2.20) 2.36 (2.15–2.59) 12.92

Male 6.82 (6.15–7.43) 8.27 (7.77–8.79) 21.26 2.97 (2.71–3.20) 3.48 (3.11–3.88) 17.17

Female 4.28 (4.08–4.49) 4.65 (4.40–4.93) 8.64 1.45 (1.39–1.52) 1.47 (1.27–1.75) 13.79

Middle SDI Both 1.88 (1.83–1.98) 3.00 (2.89–3.07) 59.57 0.91 (0.88–0.96) 1.26 (1.20–1.31) 38.46

Male 2.05 (1.95–2.25) 3.78 (3.56–3.92) 84.39 1.12 (1.06–1.23) 1.78 (1.67–1.88) 58.93

Female 1.75 (1.67–1.83) 2.30 (2.22–2.36) 31.43 0.73 (0.71–0.76) 0.80 (0.77–0.83) 9.59

Low-middle 
SDI

Both 1.16 (1.05–1.27) 1.65 (1.59–1.71) 42.24 0.60 (0.51–0.67) 0.75 (0.71–0.79) 25.00

Male 1.35 (1.15–1.58) 2.09 (1.97–2.20) 54.81 0.74 (0.59–0.88) 1.03 (0.96–1.10) 39.19

Female 0.96 (0.94–1.17) 1.25 (1.22–1.30) 30.21 0.48 (0.41–0.54) 0.51 (0.48–0.54) 6.25

Low SDI Both 1.23 (1.13–1.37) 1.47 (1.32–1.61) 19.51 0.77 (0.67–0.84) 0.88 (0.78–0.96) 14.29

Male 1.38 (1.20–1.59) 1.70 (1.46–1.93) 23.19 0.91 (0.75–1.05) 1.13 (0.96–1.27) 24.18

Female 1.11 (1.01–1.42) 1.25 (1.17–1.34) 12.61 0.65 (0.57–0.78) 0.66 (0.60–0.72) 1.54

High-income 
Asia Pacific

Both 3.55 (3.48–3.70) 5.10 (4.65–5.37) 43.66 1.76 (1.72–1.81) 2.13 (1.91–2.31) 21.02

Male 5.15 (5.02–5.45) 7.30 (6.55–7.74) 41.75 2.74 (2.66–2.86) 3.38 (2.97–3.75) 23.36

Female 2.32 (2.26–2.38) 3.22 (2.96–3.41) 38.79 1.04 (1.01–1.07) 1.14 (1.04–1.26) 9.62

Western Europe Both 8.87 (8.64–9.11) 9.73 (9.15–10.18) 9.7 3.81 (3.73–3.89) 3.72 (3.52–3.91) −2.36

Male 12.48 (12.04–12.93) 13.41 (12.45–14.22) 7.45 5.74 (5.58–5.92) 5.58 (5.2–5.9) −2.79

Female 6.08 (5.87–6.30) 6.56 (6.15–6.90) 7.89 2.45 (2.39–2.52) 2.25 (2.12–2.38) −8.16

Andean Latin 
America

Both 3.75 (3.53–4.02) 4.16 (3.90–4.39) 10.93 1.91 (1.78–2.05) 1.92 (1.68–2.17) 0.52

Male 3.42 (3.17–3.70) 4.97 (4.51–5.40) 45.32 1.99 (1.8–2.2) 2.57 (2.11–3.07) 29.15

Female 4.09 (3.77–4.59) 3.47 (3.24–3.73) −15.16 1.86 (1.68–2.09) 1.37 (1.16–1.63) −26.34

Central Latin 
America

Both 3.47 (3.39–3.54) 5.23 (5.08–5.38) 50.72 1.75 (1.7–1.8) 2.12 (2.03–2.22) 21.14

Male 3.68 (3.58–3.78) 6.28 (6.01–6.56) 70.65 2.06 (1.99–2.14) 2.85 (2.68–3.04) 38.35

Female 3.32 (3.21–3.42) 4.32 (4.19–4.45) 30.12 1.49 (1.44–1.55) 1.50 (1.43–1.58) 0.67

Southern Latin 
America

Both 11.79 (11.32–12.26) 10.73 (10.19–11.27) −8.99 5.49 (5.26–5.74) 4.56 (4.13–5.01) −16.94

Male 10.97 (10.45–11.54) 15.13 (14.12–16.11) 37.92 5.68 (5.35–6.05) 7.14 (6.3–8.06) 25.70

Female 12.57 (11.88–13.28) 7.20 (6.76–7.72) −42.72 5.36 (5.05–5.7) 2.63 (2.32–2.99) −50.93

Table 2 (continued)
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Table 2 (continued)

Location Sex
Age-standardized incidence rates per 100,000 Age-standardized death rates per 100,000

1990 2016 Change (%) 1990 2016 Change (%)

Tropical Latin 
America

Both 2.91 (2.84–2.99) 4.63 (4.51–4.75) 59.11 1.49 (1.44–1.54) 1.95 (1.87–2.03) 30.87

Male 3.56 (3.43–3.69) 5.90 (5.66–6.13) 65.73 2.04 (1.94–2.13) 2.84 (2.67–3.01) 39.22

Female 2.42 (2.34–2.52) 3.64 (3.52–3.75) 50.41 1.08 (1.03–1.12) 1.28 (1.21–1.35) 18.52

North Africa 
and Middle 
East

Both 1.83 (1.65–2.02) 2.73 (2.57–2.93) 49.18 0.98 (0.84–1.1) 1.17 (1.07–1.29) 19.39

Male 2.26 (1.97–2.71) 3.47 (3.14–3.81) 53.54 1.32 (1.08–1.59) 1.67 (1.47–1.88) 26.52

Female 1.44 (1.33–1.78) 2.04 (1.85–2.18) 41.67 0.68 (0.59–0.8) 0.73 (0.65–0.81) 7.35

High-income 
North America

Both 12.28 (11.92–12.59) 12.77 (12.4–13.15) 3.99 3.72 (3.62–3.8) 3.49 (3.38–3.6) −6.18

Male 16.12 (15.45–16.7) 16.96 (16.34–17.69) 5.21 5.47 (5.28–5.64) 5.08 (4.89–5.28) −7.13

Female 9.24 (8.95–9.50) 9.09 (8.77–9.45) −1.62 2.41 (2.35–2.47) 2.17 (2.08–2.25) −9.96

Oceania Both 1.36 (1.14–1.67) 1.63 (1.47–1.90) 19.85 0.61 (0.48–0.79) 0.66 (0.56–0.79) 8.20

Male 1.88 (1.49–2.52) 2.26 (1.89–2.83) 20.21 0.91 (0.67–1.25) 1.00 (0.80–1.29) 9.89

Female 0.89 (0.78–1.16) 1.11 (0.99–1.35) 24.72 0.35 (0.29–0.43) 0.38 (0.33–0.44) 8.57

Central sub-
Saharan Africa

Both 1.52 (1.38–1.74) 1.67 (1.42–1.93) 9.87 0.91 (0.75–1.05) 1.00 (0.77–1.21) 9.89

Male 1.85 (1.62–2.15) 2.10 (1.61–2.59) 13.51 1.21 (0.94–1.50) 1.36 (0.98–1.74) 12.40

Female 1.27 (1.07–1.76) 1.32 (1.19–1.46) 3.94 0.68 (0.56–0.83) 0.69 (0.57–0.84) 1.47

Eastern sub-
Saharan Africa

Both 1.16 (1.06–1.31) 1.46 (1.29–1.59) 25.86 0.72 (0.65–0.8) 0.85 (0.77–0.94) 18.06

Male 1.32 (1.09–1.49) 1.70 (1.41–1.89) 28.79 0.86 (0.72–0.98) 1.09 (0.94–1.23) 26.74

Female 1.02 (0.89–1.31) 1.24 (1.10–1.38) 21.57 0.60 (0.51–0.75) 0.64 (0.57–0.72) 6.67

Central Asia Both 4.35 (3.82–4.71) 5.23 (4.96–5.44) 20.23 1.78 (1.53–1.96) 2.01 (1.85–2.17) 12.92

Male 5.9 (4.95–6.57) 7.02 (6.62–7.37) 18.98 2.75 (2.28–3.11) 3.04 (2.75–3.36) 10.55

Female 3.21 (2.93–3.42) 3.85 (3.60–4.07) 19.94 1.10 (0.98–1.21) 1.23 (1.11–1.36) 11.82

Southern sub-
Saharan Africa

Both 2.14 (1.81–2.39) 3.14 (2.86–3.34) 46.73 0.97 (0.79–1.1) 1.28 (1.17–1.38) 31.96

Male 2.78 (2.26–3.19) 4.26 (3.80–4.60) 53.24 1.42 (1.11–1.65) 2.02 (1.83–2.21) 42.25

Female 1.65 (.14–1.84) 2.35 (2.13–2.54) 42.42 0.63 (0.51–0.72) 0.77 (0.68–0.85) 22.22

Western sub-
Saharan Africa

Both 18.58 (11.92–23.73) 22.83 (13.45–27.5) 22.87 0.77 (0.70–0.85) 0.96 (0.87–1.06) 24.68

Male 1.33 (1.2–1.46) 1.97 (1.78–2.12) 48.12 0.90 (0.79–1.02) 1.28 (1.10–1.48) 42.22

Female 1.11 (1.01–1.28) 1.35 (1.25–1.43) 21.62 0.67 (0.59–0.76) 0.68 (0.59–0.76) 1.49

East Asia Both 1.5 (1.44–1.64) 2.92 (2.70–3.06) 94.67 0.67 (0.63–0.76) 1.11 (1.04–1.16) 65.67

Male 1.61 (1.51–1.9) 3.66 (3.31–3.82) 127.33 0.83 (0.77–1.01) 1.58 (1.46–1.67) 90.36

Female 1.42 (1.37–1.49) 2.25 (2.09–2.40) 58.45 0.54 (0.51–0.58) 0.68 (0.64–0.73) 25.93

South Asia Both 0.97 (0.86–1.07) 1.34 (1.29–1.39) 38.14 0.90 (0.84–0.96) 1.21 (1.12–1.33) 34.44

Male 1.22 (1.03–1.42) 1.79 (1.69–1.87) 46.72 1.07 (0.95–1.2) 1.65 (1.50–1.83) 54.21

Female 0.72 (0.67–0.85) 0.91 (0.88–0.94) 26.39 0.77 (0.71–0.84) 0.85 (0.77–0.97) 10.39

Table 2 (continued)
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Table 2 (continued)

Location Sex
Age-standardized incidence rates per 100,000 Age-standardized death rates per 100,000

1990 2016 Change (%) 1990 2016 Change (%)

Southeast Asia Both 2.02 (1.93–2.12) 2.92 (2.75–3.12) 44.55 0.90 (0.84–0.96) 1.21 (1.12–1.33) 34.44

Male 2.23 (2.01–2.49) 3.63 (3.25–3.89) 62.78 1.07 (0.95–1.20) 1.65 (1.50–1.83) 54.21

Female 1.86 (1.7–2.11) 2.33 (2.16–2.58) 25.27 0.77 (0.71–0.84) 0.85 (0.77–0.97) 10.39

Australasia Both 7.18 (6.84–7.51) 9.34 (8.68–10.07) 30.08 3.45 (3.29–3.61) 3.32 (3.08–3.57) −3.77

Male 9.72 (9.08–10.35) 13.01 (11.81–14.34) 33.85 4.71 (4.42–5.01) 4.65 (4.22–5.13) −1.27

Female 5.09 (4.77–5.44) 5.96 (5.47–6.47) 17.09 2.46 (2.3–2.62) 2.16 (1.94–2.39) −12.20

Caribbean Both 4.87 (4.62–5.28) 3.66 (3.53–3.87) −24.85 2.11 (2.01–2.23) 1.44 (1.36–1.54) −31.75

Male 3.59 (3.41–3.8) 4.30 (4.08–4.74) 19.78 1.82 (1.71–1.95) 1.91 (1.76–2.11) 4.95

Female 6.1 (5.66–6.84) 3.11 (2.95–3.28) −49.02 2.38 (2.24–2.62) 1.05 (0.96–1.14) −55.88

Central Europe Both 7.62 (7.40–7.87) 9.98 (9.36–10.45) 30.97 3.53 (3.43–3.65) 4.44 (4.17–4.70) 28.77

Male 9.94 (9.61–10.31) 13.46 (12.47–14.27) 35.41 5.16 (4.97–5.40) 6.72 (6.23–7.19) 33.15

Female 5.79 (5.50–6.08) 7.17 (6.70–7.60) 23.83 2.31 (2.22–2.41) 2.69 (2.49–2.90) 20.33

Eastern Europe Both 8.23 (7.20–9.08) 11.37 (10.42–12.38) 38.15 2.71 (2.37–3.00) 4.09 (3.27–5.01) 50.92

Male 12.38 (10.37–14.18) 16.58 (14.86–18.80) 33.93 4.80 (4.07–5.48) 6.81 (5.18–8.67) 41.88

Female 5.67 (5.10–6.22) 7.88 (7.11–8.74) 38.98 1.56 (1.40–1.71) 2.40 (1.71–3.39) 53.85

Data in the parentheses indicates 95% uncertainty interval (95% UI). SDI, Sociodemographic index (a summary indicator of income per 
capita, educational attainment, and fertility).

Projections of kidney cancer incidence and mortality from 
2017 to 2030

Based on the analytical period, we predicted the future 
trends of incidence and mortality rates of kidney cancer. 
As a result of these trends, by 2030, kidney cancer in 
both sexes are projected to increase substantially in high 
SDI, followed by middle SDI, low-middle SDI, and low 
SDI countries, while the trends in incidence rates will 
remain stable globally and in high-middle SDI countries. 
Furthermore, high SDI and low SDI countries will also 
have increased mortality rates from kidney cancers, while 
decreased mortality rates from kidney cancer will be 
observed in high-middle SDI countries. Globally, the 
trends in deaths due to kidney cancer will remain stable. 
The estimated risk of kidney cancer for males within the 
age of 30 and 70 is around 0.79% compared to 0.41% for 
female. Similar results can be seen in other age intervals 
and in SDI countries. In other words, the probability of 
developing kidney cancer is generally higher in male than 
in female (Table 3 and Figure 4). 

Discussion

Globally, over-time trends of kidney cancer incidence and 
death rates are increasing significantly, especially in older 
age groups and high SDI countries where life expectancy 
gains are greater. Worldwide, incident cases of kidney 
cancer increased by nearly 102% from 1990 (169,514; 
95% UI, 166,246-173,338) to 2016 (342,100; 95% UI, 
330,759–349,934). Among all SDI countries and most 
regions, we found the similar increased over-time trends in 
kidney cancer incidence rates from 1990 and 2016. There 
were 131,800 (95% UI, 127,335–136,185) death cases from 
kidney cancer in 2016, nearly 2.0-fold compared to the 
number in 1990 (67,306; 95%UI, 65,806–68,836). 

The highest ASIR in 2016 was found in high SDI 
countries. The highest ASDR was found in middle SDI 
countries, while ASDR decreased significantly in regions 
with high kidney cancer burdens including Southern Latin 
America as well as the Caribbean. The clinical outcomes 
of kidney cancer depend on health care expenditures as 
well as early precise diagnosis and treatment (13). Risk 
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Figure 1 Global and regional kidney cancer ASIR by geography and gender, 1990 and 2016. ASIR, age-standardized incidence rate; ATG, 
Antigua and Barbuda; VCT, Saint Vincent and the Grenadines; BRB, Barbados; COM, Comoros; MHL, Marshall Islands; KIR, Kiribati; 
MLT, Malta; DMA, Dominica; GRD, Grenada; MDV, Maldives; MUS, Mauritius; SLB, Solomon Islands; FSM, Federated States of 
Micronesia; VUT, Vanuatu; WSM, Samoa. SGP, Singapore; LCA, Saint Lucia; TTO, Trinidad and Tobago; TLS, Timor-Leste; SYC, 
Seychelles; FJI, Fiji; TON, Tonga.
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Figure 2 Global and regional average annual percent change in age-standardized incidence and death rates for kidney cancer by geography 
and gender, 1990–2016. (A) Average annual percent change in age-standardized incidence rates for kidney cancer by geography and gender, 
1990–2016; (B) average annual percent change in age-standardized death rates for kidney cancer by geography and gender, 1990–2016. 
ATG, Antigua and Barbuda; VCT, Saint Vincent and the Grenadines; BRB, Barbados; COM, Comoros; MHL, Marshall Islands; KIR, 
Kiribati; MLT, Malta; DMA, Dominica; GRD, Grenada; MDV, Maldives; MUS, Mauritius; SLB, Solomon Islands; FSM, Federated States 
of Micronesia; VUT, Vanuatu; WSM, Samoa. SGP, Singapore; LCA, Saint Lucia; TTO, Trinidad and Tobago; TLS, Timor-Leste; SYC, 
Seychelles; FJI, Fiji; TON, Tonga.
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Figure 3 Global and regional kidney cancer ASDR by geography and gender, 1990 and 2016. ASDR, age-standardized death rate; ATG, 
Antigua and Barbuda; VCT, Saint Vincent and the Grenadines; BRB, Barbados; COM, Comoros; MHL, Marshall Islands; KIR, Kiribati; 
MLT, Malta; DMA, Dominica; GRD, Grenada; MDV, Maldives; MUS, Mauritius; SLB, Solomon Islands; FSM, Federated States of 
Micronesia; VUT, Vanuatu; WSM, Samoa. SGP, Singapore; LCA, Saint Lucia; TTO, Trinidad and Tobago; TLS, Timor-Leste; SYC, 
Seychelles; FJI, Fiji; TON, Tonga.

1990 2016

Fe
m

al
e 

M
al

e 
To

ta
l

Age-standardized death rate per 100,000
0.409338–0.705067
1.057331–1.298980
2.546778–3.512129

0.705370–0.850497
1.350453–1.884462
3.519237–8.626457

0.857636–1.054084
1.897222–2.546079

Age-standardized death rate per 100,000
0.510194–0.837376
1.293346–1.645585
3.377597–5.109471

0.838276–1.025568
1.656505–2.387261
5.329122–10.280852

1.035693–1.287451
2.411644–3.265665

Age-standardized death rate per 100,000
0.314916–0.505543
0.761458–1.022104
1.963218–2.741107

0.507764–0.649898
1.040984–1.434828
2.785886–7.494958

0.654335–0.759955
1.450339–1.880787

Age-standardized death rate per 100,000
0.243876–0.569563
0.853630–1.049645
1.661909–2.334792

0.586892–0.707635
1.060192–1.285721
2.361076–5.847274

0.720657–0.853037
1.286112–1.660209

Age-standardized death rate per 100,000
0.488960–0.847955
1.312481–1.607415
2.698321–3.865241

0.858721–1.084648
1.614088–2.040191
3.914376–7.907702

1.097960–1.306490
2.065942–2.614442

Age-standardized death rate per 100,000
0.730215–1.131407
1.797394–2.200921
4.059323–5.515929

1.141299–1.430679
2.201509–2.966335
5.542519–10.544837

1.479958–1.793773
2.974295–4.052736



178 Cai et al. Temporal trends of kidney cancer from 1990 to 2030

  Transl Androl Urol 2020;9(2):166-181 | http://dx.doi.org/10.21037/tau.2020.02.23© Translational Andrology and Urology. All rights reserved.

T
ab

le
 3

 P
ro

ba
bi

lit
y 

of
 d

ev
el

op
in

g 
ki

dn
ey

 c
an

ce
r 

w
ith

in
 s

el
ec

te
d 

ag
e 

in
te

rv
al

s,
 g

lo
ba

l, 
an

d 
by

 S
D

I 
qu

in
til

e,
 b

y 
se

x,
 2

00
6–

20
16

 in
 %

 (o
dd

s)

Lo
ca

tio
n/

S
D

I q
ui

nt
ile

B
irt

h 
to

 a
ge

 4
9

A
ge

 5
0 

to
 5

9
A

ge
 6

0 
to

 6
9

A
ge

 7
0 

to
 7

9
A

ge
 3

0 
to

 7
0

B
irt

h 
to

 a
ge

 7
9

M
al

e
Fe

m
al

e
M

al
e

Fe
m

al
e

M
al

e
Fe

m
al

e
M

al
e

Fe
m

al
e

M
al

e
Fe

m
al

e
M

al
e

Fe
m

al
e

G
lo

ba
l

0.
07

  
(1

 in
 1

,3
73

)
0.

05
  

(1
 in

 1
,9

63
)

0.
13

  
(1

 in
 7

68
)

0.
06

  
(1

 in
 1

,5
90

)
0.

24
  

(1
 in

 4
24

)
0.

12
  

(1
 in

 8
23

)
0.

36
  

(1
 in

 2
76

)
0.

19
  

(1
 in

 5
22

)
0.

79
  

(1
 in

 1
27

)
0.

41
  

(1
 in

 2
41

)
0.

80
  

(1
 in

 1
25

)
0.

43
  

(1
 in

 2
35

)

H
ig

h-
m

id
dl

e 
S

D
I

0.
10

  
(1

 in
 9

58
)

0.
07

  
(1

 in
 1

,3
76

)
0.

19
  

(1
 in

 5
20

)
0.

09
  

(1
 in

 1
,1

41
)

0.
33

  
(1

 in
 3

07
)

0.
17

  
(1

 in
 5

93
)

0.
39

  
(1

 in
 2

55
)

0.
22

  
(1

 in
 4

46
)

1.
00

  
(1

 in
 1

00
)

0.
53

  
(1

 in
 1

88
)

1.
01

  
(1

 in
 9

9)
0.

55
  

(1
 in

 1
81

)

H
ig

h 
S

D
I

0.
16

  
(1

 in
 6

39
)

0.
10

  
(1

 in
 1

,0
29

)
0.

29
  

(1
 in

 3
49

)
0.

13
  

(1
 in

 7
60

)
0.

52
  

(1
 in

 1
94

)
0.

25
  

(1
 in

 4
08

)
0.

75
  

(1
 in

 1
33

)
0.

38
  

(1
 in

 2
63

)
1.

69
  

(1
 in

 5
9)

0.
83

  
(1

 in
 1

20
)

1.
70

  
(1

 in
 5

9)
0.

85
  

(1
 in

 1
17

)

Lo
w

-m
id

dl
e 

S
D

I
0.

03
  

(1
 in

 3
,0

50
)

0.
03

  
(1

 in
 3

,8
61

)
0.

05
  

(1
 in

 2
,1

85
)

0.
03

  
(1

 in
 3

,8
49

)
0.

07
  

(1
 in

 1
,3

78
)

0.
04

  
(1

 in
 2

,5
57

)
0.

09
  

(1
 in

 1
,0

88
)

0.
04

  
(1

 in
 2

,2
62

)
0.

24
  

(1
 in

 4
21

)
0.

13
  

(1
 in

 7
74

)
0.

24
  

(1
 in

 4
12

)
0.

14
  

(1
 in

 7
40

)

Lo
w

 S
D

I
0.

03
  

(1
 in

 3
,8

90
)

0.
03

  
(1

 in
 3

,9
97

)
0.

04
  

(1
 in

 2
,7

88
)

0.
03

  
(1

 in
 3

,7
40

)
0.

05
  

(1
 in

 1
,9

25
)

0.
04

  
(1

 in
 2

,8
16

)
0.

07
  

(1
 in

 1
,4

37
)

0.
04

  
(1

 in
 2

,6
81

)
0.

18
  

(1
 in

 5
64

)
0.

12
  

(1
 in

 8
47

)
0.

18
  

(1
 in

 5
47

)
0.

12
  

(1
 in

 8
03

)

M
id

dl
e 

S
D

I
0.

06
  

(1
 in

 1
,6

11
)

0.
05

  
(1

 in
 2

,0
70

)
0.

08
  

(1
 in

 1
,2

35
)

0.
04

  
(1

 in
 2

,4
67

)
0.

12
  

(1
 in

 8
32

)
0.

07
  

(1
 in

 1
,4

79
)

0.
18

  
(1

 in
 5

63
)

0.
09

  
(1

 in
 1

,1
27

)
0.

43
  

(1
 in

 2
33

)
0.

23
  

(1
 in

 4
34

)
0.

44
  

(1
 in

 2
27

)
0.

24
  

(1
 in

 4
08

)

D
at

a 
in

 t
he

 p
ar

en
th

es
es

 in
di

ca
te

s 
95

%
 u

nc
er

ta
in

ty
 in

te
rv

al
 (9

5%
 U

I).
 S

D
I, 

S
oc

io
de

m
og

ra
ph

ic
 in

de
x 

(a
 s

um
m

ar
y 

in
di

ca
to

r 
of

 in
co

m
e 

pe
r 

ca
pi

ta
, e

du
ca

tio
na

l a
tt

ai
nm

en
t, 

an
d 

fe
rt

ili
ty

).

of developing kidney cancer and trends of deaths were 
evaluated for both sexes, and most incident and death rates 
were greater in males than females across all SDI countries 
and most regions. Overall, the burden of kidney cancer is 
significantly higher in males than in females.

Life expectancy and population growth account for a 
large proportion of the increase in the incidence of kidney 
cancer (18). However, over-time trends of kidney cancer 
incidence and the difference of incident rates among 
variable countries may be influenced by some other 
elements. For instance, poor lifestyles of smoking, and 
obesity as well as excess body mass index (BMI: defined 
as 25 kg/m2 or greater) have been identified as crucial 
contributor of kidney cancer (19). In higher-income 
countries, the increase in kidney cancer incident cases 
may partially as a result of the increase in the occasional 
detection of abnormal kidney changes when performing 
abdominal imaging for diseases of other systems (20). 
Multi-factors have been found contributed to the increased 
mortality rates of kidney cancer, such as, tobacco smoking-
related and rising obesity-attributed deaths, high BMI, 
hypertension, or pharmacologic control of hypertension. In 
these years, the role of gene-gene and gene-environmental 
functions and/or interactions have received increasing 
attention in disease development and progress. 

Kidney cancer incidence and deaths will substantially 
increase at a global level, while decreased trends will also be 
found in some SDI countries and regions. By 2030, kidney 
cancers in both sexes are projected to increase substantially 
in high SDI, followed by middle SDI, low-middle SDI, 
and low SDI countries, while the over-time trends of 
kidney cancer incidence rates will remain stable globally 
and in high-middle SDI countries. Furthermore, high SDI 
and low SDI countries will also have increased mortality 
rates from kidney cancers, while decreased mortality rates 
from kidney cancer will be observed in high-middle SDI 
countries. Globally, the trends in deaths due to kidney 
cancer will remain stable. Due to the population expansion 
and ageing, the time trends in kidney cancer incidence and 
mortality is substantially increasing. Reducing the risk of 
developing kidney cancer is a challenge for our doctors and 
will require commitments of all sectors of society. The time 
trends presented in this study will be helpful particularly 
in health care resource allocation planning as a window for 
the future, which is a necessary condition for notification 
of health policy, adjust health care policy, screen guidelines 
accordingly, and make resource allocation decisions. What 
had been found in this study allow for insight into future 
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global kidney cancer demands based on observed trends.
This study also has some limitations, data from GBD are 

reported by using traditional epidemiologic methods, which 
often have a 3-year delay main due to the data collection. 
The trends in kidney cancer incidence and mortality in 
the recent three years may be different from the results we 
predicted, resulting in a slight deviation in the predictions 
afterwards. On the other hand, our results are only 
predicted until 2030 and more data are required due to the 
need for accuracy to make longer-term predictions.

Conclusions

The incidence and mortality rate of kidney cancer have 
uniformly increased among different countries since 1990. 
By 2030, the incidence and mortality of kidney cancer will 
be steadily increasing globally. An epidemiology reference 
for policy makers is absolutely necessary to adjust health 
care policy, screen guidelines, and make resource allocation 
decisions. The appropriate allocation of limited resources is 
also imperative for kidney cancer prevention, screening, and 
treatment. The above results show that the future incidence 

Figure 4 Global and regional trends and predictions in age-standardized incidence and death rates for kidney cancer by SDI quintile, 
1990–2030. (A) Trends and predictions in age-standardized incidence rates for kidney cancer by SDI quintile, 1990–2030; (B) trends and 
predictions in age-standardized death rates for kidney cancer by SDI quintile, 1990–2030. SDI, sociodemographic index (a summary 
indicator of income per capita, educational attainment, and fertility).
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of kidney cancer will grow continuously by 2030 especially 
in high SDI countries, middle SDI, low-middle SDI, and 
low SDI countries, where medical workers and researchers 
should intensively focus on the health care systems to 
ensure whether previously informed policies are adapted 
to the future incidence trend of kidney cancer in their 
countries.
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Table S1 Number of site-years for kidney cancer mortality data

Cause VR GBD 2015 VR GBD 2016
VR change 

GBD 2015 to 
GBD 2016

VA GBD 2015 VA GBD 2016
VA change 

GBD 2015 to 
GBD 2016

CR GBD 2015 CR GBD 2016
CR change 

GBD 2015 to 
GBD 2016

Total GBD 
2015

Total GBD 
2016

Total change 
GBD 2015 to 

GBD 2016

Kidney cancer 10,095 16,010 59% – – – 2,387 2,716 14% 12,482 18,726 50%

GBD, Global Burden of Disease Study; VR, vital registration system data; VA, verbal autopsy data; CR, cancer registry data.

Table S2 Covariates selected for CODEm for GBD of kidney cancer and expected direction of covariate 

Cause Sex Age start Age end Direction Covariate

Kidney cancer Male 0–6 days 95+ years 1 Alcohol (liters per capita)

Kidney cancer Male 0–6 days 95+ years 1 Cumulative cigarettes (10 years)

Kidney cancer Male 0–6 days 95+ years 1 Cumulative cigarettes (15 years)

Kidney cancer Male 0–6 days 95+ years 1 Cumulative cigarettes (5 years)

Kidney cancer Male 0–6 days 95+ years 1 Diabetes age-standardized prevalence (proportion)

Kidney cancer Male 0–6 days 95+ years −1 Education (years per capita)

Kidney cancer Male 0–6 days 95+ years −1 Health System Access 2 (unitless)

Kidney cancer Male 0–6 days 95+ years 0 LDI (I$ per capita)

Kidney cancer Male 0–6 days 95+ years 1 Mean BMI

Kidney cancer Male 0–6 days 95+ years 1 Systolic blood pressure (mmHg)

Kidney cancer Male 0–6 days 95+ years 1 Smoking prevalence

Kidney cancer Male 0–6 days 95+ years 1 Log-transformed SEV scalar: Kidney C

Kidney cancer Male 0–6 days 95+ years 0 Sociodemographic index

Kidney cancer Female 0–6 days 95+ years 1 Alcohol (liters per capita)

Kidney cancer Female 0–6 days 95+ years 1 Cumulative cigarettes (10 years)

Kidney cancer Female 0–6 days 95+ years 1 Cumulative cigarettes (15 years)

Kidney cancer Female 0–6 days 95+ years 1 Cumulative cigarettes (5 years)

Kidney cancer Female 0–6 days 95+ years 1 Diabetes age-standardized prevalence (proportion)

Kidney cancer Female 0–6 days 95+ years −1 Education (years per capita)

Kidney cancer Female 0–6 days 95+ years −1 Health System Access 2 (unitless)

Kidney cancer Female 0–6 days 95+ years −1 LDI (I$ per capita)

Kidney cancer Female 0–6 days 95+ years 1 Mean BMI

Kidney cancer Female 0–6 days 95+ years 1 Systolic blood pressure (mmHg)

Kidney cancer Female 0–6 days 95+ years 1 Smoking prevalence

Kidney cancer Female 0–6 days 95+ years 0 Total fertility rate

Kidney cancer Female 0–6 days 95+ years 1 Total calories (kcal per capita)

Kidney cancer Female 0–6 days 95+ years 1 Log-transformed SEV scalar: Kidney C

Kidney cancer Female 0–6 days 95+ years 1 Socio-demographic Index

Kidney cancer Female 0–6 days 95+ years 0 LDI (I$ per capita)

Kidney cancer Female 0–6 days 95+ years 0 Sociodemographic index

CODEm, cause of death ensemble model; GBD, Global Burden of Disease Study; BMI, body mass index.

Table S3 Comparison of GBD 2015 and GBD 2016 covariates used and level of covariates

Cause Sex Covariate
GBD 2015 GBD 2016

Level 1 Level 2 Level 3 Level 1 Level 2 Level 3

Kidney cancer Male Cumulative cigarettes (10 years) X X

Kidney cancer Male Cumulative cigarettes (15 years) X X

Kidney cancer Male Sociodemographic index X X

Kidney cancer Male Cumulative cigarettes (5 years) X X

Kidney cancer Male Alcohol (liters per capita) X X

Kidney cancer Male Education (years per capita) X X

Kidney cancer Male LDI (I$ per capita) X X

Kidney cancer Male Health System Access 2 (unitless) X X

Kidney cancer Male Diabetes age-standardized prevalence (proportion) X X

Kidney cancer Male Smoking prevalence X X

Kidney cancer Male Systolic blood pressure (mmHg) X X

Kidney cancer Male Mean BMI X X

Kidney cancer Male Log-transformed SEV scalar: Kidney C X X

Kidney cancer Female Cumulative cigarettes (10 years) X X

Kidney cancer Female Cumulative cigarettes (15 years) X X

Kidney cancer Female Sociodemographic index X X

Kidney cancer Female Cumulative cigarettes (5 years) X X

Kidney cancer Female Alcohol (liters per capita) X X

Kidney cancer Female Total calories (kcal per capita) X X

Kidney cancer Female Education (years per capita) X X

Kidney cancer Female LDI (I$ per capita) X X

Kidney cancer Female Health System Access 2 (unitless) X X

Kidney cancer Female Diabetes age-standardized prevalence (proportion) X X

Kidney cancer Female Total fertility rate X X

Kidney cancer Female Smoking prevalence X X

Kidney cancer Female Systolic blood pressure (mmHg) X X

Kidney cancer Female Mean BMI X X

Kidney cancer Female Log-transformed SEV scalar: Kidney C X X

GBD, Global Burden of Disease Study; BMI, body mass index.

Table S4 Results for CODEm model testing

Cause Sex Age start Age end
Predictive validity

RMSE in RMSE out Trend in Trend out Coverage in Coverage out

Kidney cancer [data rich] Male 0–6 days 95+ years 0.241409 0.355526 0.19905 0.233492 0.999066 0.998706

Kidney cancer [data rich] Female 0–6 days 95+ years 0.269859 0.399459 0.223989 0.265876 0.998886 0.997983

Kidney cancer [global] Male 0–6 days 95+ years 0.280428 0.40437 0.224896 0.23264 0.999225 0.994304

Kidney cancer [global] Female 0–6 days 95+ years 0.309672 0.434952 0.251863 0.260629 0.999065 0.992195

CODEm, cause of death ensemble model; RMSE, root mean square of errors.

Table S5 Percent change before and after Cod Correct by kidney cancer for all ages, both sexes combined, 2016

Cause Cod Correct level Percent change (%)

Kidney cancer 3 −1.83 (−3.18 to −0.23)

Table S6 Disability weights

Health state Lay description Estimate Uncertainty interval

Cancer, diagnosis and primary therapy Has pain, nausea, fatigue, weight loss and high anxiety 0.288 0.193–0.399

Cancer, controlled phase Has a chronic disease that requires medication every day and causes some worry but minimal interference with 
daily activities

0.049 0.031–0.072

Cancer, metastatic Has severe pain, extreme fatigue, weight loss and high anxiety 0.451 0.307–0.600

Terminal phase, with medication Has lost a lot of weight and regularly uses strong medication to avoid constant pain. The person has no 
appetite, feels nauseous, and needs to spend most of the day in bed

0.540 0.377–0.687

Table S7 Decomposition analysis of kidney cancer incidence trends at the global and regional levels, and by SDI quintiles, both sexes, 2006 to 2016

Location

Incidence cases, No. Expected incidence cases, 2016, No. Change in incidence cases, 2006 to 2016, %
Overall change, 

%2006 2016
Given population 

growth alone
Given population 
growth and aging

Due to population 
growth

Due to change in 
age structure

Due to change in 
incidence rate

Global 267,959 (263,949 to 271,723) 342,100 (330,759 to 349,934) 301,263 343,137 12.4 15.6 −0.4 27.7

High SDI 134,191 (131,951 to 136,091) 160,805 (154,689 to 165,708) 141,358 160,165 5.3 14 0.5 19.8

High-middle SDI 65,561 (63,121 to 68,051) 81,637 (77,842 to 85,447) 72,839 82,789 11.1 15.2 −1.8 24.5

Middle SDI 46,725 (45,882 to 47,618) 67,625 (65,243 to 69,419) 50,156 59,409 7.3 19.8 17.6 44.7

Low-middle SDI 17,563 (16,826 to 18,529) 25,876 (24,799 to 26,806) 20,482 22,559 16.6 11.8 18.9 47.3

Low SDI 5,162 (4,837 to 5,561) 7,308 (6,413 to 8,127) 6,829 6,865 32.3 0.7 8.6 41.6

SDI, sociodemographic index.
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