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and Chinese trends in the burden of
kidney cancer from 1990 to 2021
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Kidney cancer, a prevalent malignant tumor in the urinary system, poses a significant disease burden
and remains a crucial public health concern. Utilizing GBD(Global Burden of Disease)2021 data, our
study examined the standardized incidence, mortality, prevalence, and DALYs(Disability Adjusted
Life Years) rate of renal cancer. We calculated the [1-MIR(Mortality to Incidence Ratio)] value to assess
treatment outcomes and survival rates, employed a joinpoint regression model to determine the
AAPC(Average Annual Percentage Change), and conducted comparative and longitudinal analyses
between China and global trends. The Sli(Slope Index of Inequality) and the Cl(Concentration Index)
were used to assess the DALYs inequality caused by kidney cancer, and the SDI(Socio-demographic
Index) was used as the basis for the ranking. Through the joinpoint regression model, we calculated
the AAPC and conducted a comprehensive analysis of the disease burden of kidney cancer, evaluating
its current status and changing trends. From 1990 to 2021, the age-standardized incidence rate, age-
standardized mortality rate, age-standardized prevalence rate, and age-standardized DALYs rate of
kidney cancer in China were lower than those the global average. However, the growth rate in China
was significantly faster than the global average. The age-standardized incidence rate and prevalence
rate of kidney cancer in males showed a greater increase compared to females, both in China and
globally. Additionally, the age-standardized rate of kidney cancer in males was notably higher than

in females, particularly among middle-aged males. The (1-MIR) of renal cancer increased from 0.36 to
0.62 in China and from 0.49 to 0.58 globally. Overall, the treatment effect of renal cancer has shown
some successful outcomes. The Sll decreased from 53.47 to 50.19, and the Cl decreased from 0.342 to
0.289. The health inequality level of kidney cancer was significant but alleviated. From 1990 to 2021,
there was a noticeable increase in the global incidence of kidney cancer. Specifically, the standardized
incidence and prevalence of kidney cancer in the Chinese population saw a more rapid rise compared to
the global average. Additionally, the disease burden of kidney cancer remained significantly higher in
males than in females.

Kidney cancer, a prevalent malignancy of the urinary system, poses a significant global health burden. In 2020,
there were approximately 431,000 new cases reported worldwide, as per the latest data from the International
Agency for Research on Cancer (IARC) of the World Health Organization (WHO). The incidence and mortality
rates of kidney cancer exhibit variations across regions, age groups, and genders. While developed countries
currently report the highest rates, trends suggest a potential decline in the future. For instance, some Western
European nations have witnessed a decrease in kidney cancer mortality over recent decades'. In the United
States, the age-adjusted mortality rate (ASMR) for kidney cancer varies significantly based on sex, race, and age?.
However, projections indicate a continued rise in both incidence and mortality globally, including in developing
and less developed countries. Notably, kidney cancer ranks as the second most common genitourinary cancer in
China, comprising 2-3% of adult cancers and 20% of pediatric cases. Therefore, a comprehensive understanding
of the disease burden and epidemiological characteristics of kidney cancer is crucial for the development of
effective prevention and intervention strategies.

Previous studies have explored the impact of socioeconomic status on the changing burden of kidney
cancer®™. Recent research has shown that exposure to various risk factors has played a role in influencing the
prevalence of kidney cancer®. A significant portion of global cancer-related deaths are preventable, with smoking,
alcohol consumption, and high BMI being key factors contributing to both cancer deaths and DALYs”. Smoking
has been identified as a known risk factor for kidney cancer®’, with heavy smokers in the Japanese population
having a higher risk of renal cell carcinoma, similar to findings in Western countries!®. Moreover, smoking has
been linked to prognosis in renal cell carcinoma survival across different populations'!. Additionally, high BMI,
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hypertension, and diabetes mellitus have also been recognized as risk factors for kidney cancer'2. The association
between alcohol consumption and kidney cancer risk remains controversial. Epidemiological trends of kidney
cancer vary geographically, and the impact of these risk factors on different genders and age groups is not fully
understood. Current research primarily focuses on clinical and treatment aspects of kidney cancer, with limited
attention to disease burden. There is a gap in comparative analysis between China and the global landscape,
as well as a lack of longitudinal analysis of kidney cancer burden. Therefore, continuous monitoring and
analysis of kidney cancer burden, prevention, and control efforts are necessary to comprehensively understand
epidemiological characteristics and risk factors across different countries and regions, facilitating more precise
prevention and control strategies for kidney cancer.

Method

Data sources

This study was based on data from the Global Burden of Disease (GBD) 2021 database, which assesses the
burden of disease of 459 diseases and injuries and risk factors in 204 countries and territories. Detailed data
were downloaded from the Global Health Data Exchange (GHDx) database. Incidence, mortality, prevalence,
disability-adjusted life years ratio (DALYs), and [1-MIR (Mortality to Incidence Ratio)] were used to estimate
the disease burden of kidney cancer. (1-MIR) can be calculated by the formula 1-mortality/incidence, which is
widely used as a surrogate indicator for the 5-year relative survival rate of cancer and an indicator for evaluating
the effectiveness of cancer prevention and control'*!%. The SII and the CI were used to assess the health inequality
caused by kidney cancer in 204 countries and territories, and the SDI was used as the basis for the ranking.

Statistical analysis

Based on comprehensive observation of the data of kidney cancer patients, the disease burden of kidney cancer
in China and the world in 1990 and 2021 was compared by gender group. The line chart was used to show the
changing trend of the standardized incidence, mortality, prevalence, and DALY rate of kidney cancer in China
and around the world from 1990 to 2021. Bar charts were used to describe the proportion of standardized
incidence and mortality of kidney cancer in different age groups of men and women in China and the world
in 1990 and 2021. According to the global age-standardized population weight'®, the direct standardization
method was used to calculate the corresponding standardized rate of some age groups. The formula was as
follows: the standardized rate of an index in a certain age group = ¥ the population of the standard age group
in the same age group (1 group every 5 years) x the crude rate of the index in the age group/the total standard
population. Regression curves and concentration curves were used to describe the health inequalities of kidney
cancer in 204 countries and territories. Using the Joinpoint Regression Program 5.1.0 software developed by
the American Cancer Institute, a log-linear regression model was used to calculate the average annual percent
change (AAPC) of age-standardized incidence, age-standardized mortality, age-standardized prevalence, and
DALYs age-standardized rate of kidney disease in China and the world from 1990 to 2021.

Results

Baseline

Age-standardized incidence and mortality rates for kidney cancer in 2021 varied widely across the 21 GBD
regions. Southern Latin America had the highest age-standardized incidence rate (0.24/10°), followed by High-
income North America (0.24/10°) and Western Europe (9.74/10°). On the other hand, Oceania (0.64/10°), Central
Sub-Saharan Africa (0.95/10%), and Western Sub-Saharan Africa (0.98/10°) had the lowest age-standardized
prevalence rates. In terms of mortality rates, Southern Latin America (4.55/10°), Central Europe (4.22/10°), and
Eastern Europe (3.97/10°) were the regions with the highest age-standardized rates, while Oceania (0.41/10°),
South Asia (0.71/10%), and Western Sub-Saharan Africa (0.72/10°) had the lowest rates. Among the 204 countries
and territories, there was significant variation in age-standardized incidence rates of kidney cancer. The three
countries with the highest rates were Argentina (15.60/10°), Czechia (14.69/10°), and Latvia (14.23/10°%). In
contrast, Micronesia (Federated States of) (0.96/10°), Uzbekistan (2.39/10°), and Thailand (3.06/10°) had
the lowest rates. Uruguay (6.47/10°), Czechia (5.95/10°), and Lithuania (2.25/10°) showed the highest age-
standardized mortality rates, while Cook Islands (0.24/10°), Morocco (0.27/10°), and Palau (0.30/10°) had the
lowest rates. Figures 1 and 2 illustrate the national and district-level age-standardized incidence and mortality
rates for all GBD regions in 2021.

Disease burden of kidney cancer from 1990 to 2021

From 1990 to 2021, the age-standardized incidence, mortality, prevalence, and DALYs rate of kidney cancer
in China were lower than the global level. In 2021, the age-standardized incidence rate, age-standardized
mortality rate, age-standardized prevalence rate, and age-standardized DALY rate of kidney cancer in China
were 3.319/10°, 1.5246/10°, 17.754/10°, and 34.176/10°, respectively, which were higher than those in the world
(4.524/10°, 1.912/10°, and 22.695/10°,) and 47.327/10%, respectively. Compared with 1990, the age-standardized
incidence (3.319/10%, vs. 1.794/10%,), age-standardized mortality (1.246/10°, vs. 1.140/10%,), and age-standardized
prevalence (17.754/ 10°, vs. 7.191/10%,) of kidney cancer in China increased in 2021. The standardized DALYs
rate (34.176/10°, vs. 35.838/10°,) decreased, as shown in Figs. 1 and 2, and Table 1.

From 1990 to 2021, the age-standardized rate of kidney cancer in males was higher than that in females,
both in China and globally. The Chinese standardized incidence and prevalence of kidney cancer growth were
significantly higher than the overall global standardized incidence and prevalence of the disease in men than
in women, with a significantly higher standardized incidence and prevalence of growth. The age-standardized
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Fig. 1. Global estimated incidence of kidney cancer in 2021 for both sexes and all ages. ASR=age-standardized
rate.

Deaths

0 -0.5666 1.487 - 1.935
0.5666 - 0.7496 1.935 - 2.355
0.7496 - 1 OOé 2.355 - 2.929
1.009 - 1.319 2.929 - 3.561
1.319 - 1.487 3.561 - 6.471

Fig. 2. Global estimated death of kidney cancer in 2021 for both sexes and all ages. ASR=age-standardized
rate.

DALYs rate in Chinese women showed a downward trend, while the age-standardized DALY rate in Chinese
men showed an upward trend. See Fig. 3.

Survival of kidney cancer from 1990 to 2021

There are noticeable variations in Maternal Mortality Ratio (1-MIR) levels across the 204 countries and territories
worldwide. As of 2021, Switzerland has the highest (1-MIR) at 0.76, followed by the United States of America at
0.74 and France at 0.74. Conversely, the Central African Republic exhibits the lowest (1-MIR) at 0.14, followed
by Somalia at 0.15 and Mozambique at 0.16. Refer to Fig. 4 for visual representation.

From 1990 to 2021, renal cancer (1-MIR) showed an upward trend in both China and the world, and the
increase rate of renal cancer (1-MIR) in China was more obvious. The 1-MIR of kidney cancer in China increased
from 0.36 to 0.62, and the 1-MIR of kidney cancer globally increased from 0.49 to 0.58. The renal cancer (1-MIR)
in China was lower than the global level from 1990 to 2010, but higher than the global level from 2010 to 2021.
See Table 2.

Survival analysis of kidney cancer in different age and gender groups from 1990 to 2021
Compared with 1990, the proportion of kidney cancer cases in men in all age groups showed an increasing trend,
while the proportion of women in all age groups showed a decreasing trend both in China and globally. In 2021,
the proportion of kidney cancer cases in males was much higher than that in females in all age groups under 95
years old in China, especially in the 40-49 year old group. The proportion of kidney cancer cases in males vs.
females aged 40-44 years old and 45-49 years old was 79.09% vs. 20.91% and 79.08% vs. 20.92%, respectively. At
the same time, the proportion of males in the incidence of kidney cancer in 5-64 years old and > 75 years old and
above in China was higher than that of the corresponding global level, especially in the 35-39 age group, which
was 77.37% in China and 64.14% in the world, as shown in Fig. 5.
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Age-standard
Incidence rate

Both 1.794 | 3.319 | 3.886 | 4.524
Female 1.364 | 1.947 | 2.874 | 2.996
Male 2302 | 4.795 | 5.091 | 6.265
Age-standard

Death rate

Both 1.140 | 1.246 | 1.994 | 1912
Female 0.806 | 0.687 | 1.390 | 1.187
Male 1.570 | 1.918 | 2.752 | 2.788

Age-standard
Prevalence rate

Both 7.191 | 17.754 | 17.256 | 22.695
Female 6.082 | 10.697 | 13.663 | 15.697
Male 8.330 | 24.815 | 21.223 | 30.260
Age-standard

DALYs rate

Both 35.838 | 34.176 | 53.017 | 47.327
Female 27.634 | 18.458 | 37.405 | 28.907
Male 44.841 | 50.811 | 70.827 | 67.791

Table 1. Age-standardized rates of kidney cancer burden in China and globally in 1990 and 2021(/105 ).
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Fig. 3. Different ASR of kidney cancer between 1990 and 2021 (a) Age-standard incidence rate, (b) Age-
standard death rate, (c) Age-standard prevalence rate, (d) Age-standard death rate.
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Fig. 4. Global 1-MIR of kidney cancer in 2021 for both sexes and all ages.

China Global

Age-standard Age-standard Age-standard Age-standard

incidence rate Death rate incidence rate Death rate
Year | Number | ASR(/10°) | Number | ASR(/10°) | 1-MIR | Number | ASR(/10°) | Number | ASR(/10°) | 1-MIR
1990 | 16,232 1.79 9051 1.14 0.36 159,774 | 3.89 77,421 1.99 0.49
1995 | 17,433 1.78 9413 1.09 0.39 193,597 | 4.26 89,094 2.07 0.51
2000 | 21,900 2.04 11,433 1.17 0.43 221,603 | 4.39 99,014 2.06 0.53
2005 | 31,735 2.52 14,791 1.28 0.49 265,445 | 4.67 113,483 | 2.09 0.55
2010 | 42,467 2.88 17,623 1.27 0.56 311,309 | 4.81 128,177 | 2.06 0.57
2015 | 50,785 3.00 19,854 1.22 0.59 350,316 | 4.75 144,009 | 2.01 0.58
2021 | 65,799 3.32 24,867 1.25 0.62 387,829 | 4.52 161,195 | 1.91 0.58

Table 2. Survival of kidney cancer in China and globally, 1990-2021. ASR.Age-standard rate; MIR . Morality-
to-incidence ratio.

Compared with 1990, in 2021, the proportion of male kidney cancer deaths in all age groups in China and
the world showed an increasing trend, especially in people under 5 years old, with an increase of 15.2% and
14.3% in this age group, respectively. In 2021, the proportion of kidney cancer cases in males in all age groups in
China was higher than that at the corresponding global level. The proportion of kidney cancer deaths in males
was higher than that in females in all age groups in China and the world under 95 years old, especially in the age
group 40-54 years old in China. The proportion of male kidney cancer deaths in the 40-44 years old, 45-59 years
old, and 50-54 years groups was 82.30%, 83.0%, and 82.37%, respectively, and the corresponding global age level
was 73.43%, 75.04%, and 75.56%. See Fig. 6.

Cross-country inequality analysis

The analysis of health inequalities for kidney cancer showed significant differences in the distribution of
DALYs related to SDI across 204 countries and territories. These differences decreased over time, indicating an
improvement in kidney cancer health inequities globally. The SII in 1990 was 53.47, meaning that countries with
the highest SDI had an excess of 53.47 DALY of kidney cancer per 100,000 population compared to countries
with the lowest SDI. By 2021, this gap had narrowed to 50.19, demonstrating a reduction in absolute inequality.
Meanwhile, the CI also showed a decline from 0.342 in 1990 to 0.289 in 2021, further confirming the reduction
in health inequality. These data reflect the positive impact of global health policies and interventions in reducing
health inequalities. However, this inequity persists, and sustained attention and efforts are needed to further
reduce global health inequities in kidney cancer. By using DALY’ as a measure, we can more accurately assess
and compare the burden of health across countries and at different points in time, as well as the extent of health
inequalities. See Fig. 7.

Joinpoint regression analysis of the disease burden of kidney cancer from 1990 to 2021

From 1990 to 2021, the standardized incidence and prevalence of kidney cancer in China and worldwide
exhibited an increasing trend, while the standardized DALYs rate showed a decreasing trend. Notably, the
standardized mortality rate in China increased, contrasting the global decreasing trend. The rise in age-
standardized incidence and prevalence rates in China outpaced those observed globally. The AAPC values
for age-standardized incidence, mortality, prevalence, and DALY rate of kidney cancer in China were 1.98%,
0.18%, 2.94%, and —0.28%, respectively, whereas the global AAPCs were 0.49%, -0.13%, -0.89%, and —0.37%,
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Fig. 5. Sex ratio of incidence by age group of kidney cancer in China and globally, (a) 1990-China, (b)
1990-Global, (c) 2021-China, (d) 2021-Global.
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Fig. 6. Sex ratio of death by age group of kidney cancer in China and globally, (a) 1990- China, (b)
1990-Global, (c) 2021-China, (d) 2021-Global.

respectively. The most significant change was seen in the age-standardized prevalence of kidney cancer. Refer to

Table 3 for detailed data.
When analyzing the period from 1990 to 2021, the age-standardized incidence and prevalence rates of kidney

cancer displayed an upward trajectory in both men and women in China and globally, with the age-standardized
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Fig. 7. Health inequality (a) regression curves and (b) concentration curves for the DALY of kidney cancer
from 1990 to 2021 across the world.

mortality rate decreasing in women but increasing in men. The changes observed in age-standardized rates for
men and women in China were more pronounced than those at the global level. Specifically, the age-standardized
incidence rates for Chinese males vs. Chinese females and global males vs. global females were 2.33% vs. 1.12%
and 0.68% vs. 0.15%, respectively. The age-standardized incidence rates for Chinese men vs. Chinese women
and global men vs. global women were 3.58% vs. 1.81% and 1.15% vs. 0.43%, respectively. Refer to Table 3 for
prevalence figures.

Discussion

This study analyzed the burden of kidney cancer in China over a 30-year period using the latest GBD2021
cancer statistics. The research compared the incidence, mortality, prevalence, and DALY rate of kidney cancer
in China to global levels from 1990 to 2021. The findings revealed that the age-standardized rates of kidney
cancer in China were lower than the global average, but the growth rate of incidence and prevalence in China
outpaced the global trends. While the incidence and prevalence rates increased in both China and globally,
the age-standardized DALY rate decreased. At the same time, the SII and CI revealed that the current global
absolute and relative health inequity indexes of kidney cancer are still significant, but have decreased in 2021
compared with before, indicating that the level of global health inequity of kidney cancer has been reduced. The
study also noted a rising trend in 1-MIR for kidney cancer in both China and worldwide, with a more significant
increase observed in China. Notably, since 2010, the 1-MIR of kidney cancer in China has surpassed the global
level, suggesting improved survival rates and successful prevention and control efforts.

From 1990 to 2021, the incidence of kidney cancer in China has been steadily increasing, with the age-
standardized incidence rate remaining below the global average. However, the annual increase in the age-
standardized incidence rate among the Chinese population has been higher than the global average, with China
experiencing a threefold increase compared to the global level. The rise in kidney cancer incidence in China may
be attributed to overdiagnosis in recent decades, facilitated by advancements in detection methods that can now
identify even small renal masses'®!”. Furthermore, both the prevalence and mortality rates of kidney cancer in
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Criteria

AAPC

China

Globally

Age-standard
Incidence rate

Both 1.98(1.85~2.08) | 0.49°(0.46 ~0.51)
Female 1.12°0.99~1.24) | 0.15%(0.11~0.17)
Male 2.33%(2.23~2.40) | 0.68°(0.64 ~0.70)

Age-standard
Death rate

Both 0.18%(0.08~0.27) | -0.13%(-0.16~-0.11)
Female -0.58°(-0.70~-0.47) | -0.50°(-0.53~-0.48)
Male 0.62°(0.52~0.71) | 0.05%(0.01~0.07)

Age-standard
Pevalence rate

Both 2.94°(2.84~3.02) | 0.89°(0.86~0.91)
Female 1.81°(1.62~1.94) | 0.43%(0.37~0.47)
Male 3.58(3.51~3.64) | 1.15°(1.11~1.18)
Age-standard

DALYs rate

Both -0.28°(-0.41~-0.16) | -0.37°(-0.40~-0.34)
Female -1.37°(-1.54~-1.22) | -0.82>(-0.85~-0.78)
Male 0.30%(0.09~0.44) | -0.14°(-0.18~-0.11)

Table 3. Joinpoint regression analysis of trends in disease burden of kidney cancer burden in China and
globallyfrom 1990 to 2021[%(95%CI)] *P<0.05;°P<0.001

China have been on the rise, aligning with findings from previous research!®. Lifestyle factors such as smoking
and alcohol consumption have been identified as potential risk factors for kidney cancer!®, with smoking
significantly increasing the risk and alcohol consumption also being confirmed as a significant risk factor'’.
The increasing prevalence of chronic diseases in recent years may also contribute to the rising rates of kidney
cancer, with studies showing associations between hypertension, diabetes, chronic kidney disease, and the risk of
developing kidney cancer?®?!. In addition, the incidence of kidney cancer has increased significantly since 2019,
which is probably affected by the COVID-19 epidemic. Patients with COVID-19 not only show lung damage,
but also are often accompanied by multiple organ damage such as kidney damage?2. The COVID-19 pandemic
has led to the delay and interruption of treatment for patients with renal cell carcinoma, affecting the treatment
effect and prognosis of patients*. In the meantime, patients with COVID-19 require more hospitalizations than
uninfected patients?!, but the significant impact on cancer outcomes remains to be demonstrated.

From 1990 to 2021, the age-standardized incidence, mortality, and prevalence of kidney cancer in men
in China and globally were consistently higher than those in women. This trend of higher rates in men was
also observed in previous studies?>?°. Specifically, the standardized mortality rate of kidney cancer in men
has increased, indicating a higher risk of death in recent years compared to women?’. Previous research has
highlighted that men with chronic kidney disease are more likely to be diagnosed with advanced cancer and
have a higher mortality rate. Smoking is a known risk factor for kidney cancer incidence and prognosis?.
Furthermore, studies suggest that women’s greater emphasis on health checkups may lead to earlier detection and
treatment of kidney cancer, resulting in lower mortality rates?”. Gender differences in the pathogenesis, clinical
manifestations, and imaging findings of renal cell carcinoma may impact diagnosis and treatment strategies®’. In
terms of age distribution, the proportion of males in all age groups has increased from 1990 to 2021, contrasting
with the trend in females. Notably, the high proportion of standardized mortality rate in males is concentrated
in the middle-aged group, particularly significant in Chinese males aged 40-54 in 2021, highlighting the severity
of kidney cancer in the middle-aged male population.

The prevention of cancer and reduction in associated deaths can largely be achieved through widespread
adoption of effective prevention measures. It is crucial to assess the long-term success and efficiency of such
prevention programs. The Mortality-to-Incidence Ratio (MIR) is recognized as a straightforward and informative
measure to gauge the effectiveness of cancer control programs®!. Previous research has demonstrated that (1-MIR)
is linked to the success of cancer prevention and control efforts, and has been utilized to explore the correlation
between healthcare systems and cancer outcomes on a national®? and global scale®. Previous studies have shown
that (1-MIR) is associated with the effectiveness of cancer prevention and control, and this indicator has been
used to examine the relationship between the health care system and cancer outcomes in the United States and
globally***. In this study, (1-MIR) was used to evaluate the survival of kidney cancer and the effectiveness of
cancer control in China and globally. This study employed (1-MIR) to assess the survival rates of kidney cancer
and the effectiveness of cancer control efforts in China and globally. Between 1990 and 2021, the (1-MIR) for
kidney cancer exhibited an upward trajectory in both China and worldwide, with a more pronounced increase
observed in China. Throughout this period, the (1-MIR) for kidney cancer in China remained below the global
average, but surpassed it after 2010, indicating a significant enhancement in kidney cancer survival rates. This
improvement in kidney cancer survival could be attributed to factors such as socio-economic development and
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advancements in healthcare systems®>%”. Furthermore, the continual enhancement of cancer prevention and
control systems over the past three decades has played a pivotal role in this progress®®.

This study examined the disease burden trends of kidney cancer from 1990 to 2021, comparing data between
China and the global population. Findings indicate that the global disease burden continues to increase, with
males experiencing a significantly higher burden than females. The age-standardized incidence and prevalence
of kidney cancer in China are rising at a faster rate than the global average. The study underscores the urgent
need for increased attention to the serious disease burden of kidney cancer. It also highlights the importance of
enhancing research on risk factor exposure and strengthening prevention and control strategies.

Data availability
The data that support the findings of this study are available in GBD2021 at ghdx.healthdata.org.
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