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Abstract

Background—Non-Hispanic American Indian and Alaska Native (NH-AI/AN) people
experience a disproportionate incidence of kidney cancer. Nationally aggregated data does not
allow for a comprehensive description of regional disparities in kidney cancer incidence among
NH-AI/AN communities. This study describes kidney cancer incidence rates and trends among
NH-AI/AN compared to non-Hispanic White (NHW) populations by geographic region.

Methods—Using the United States Cancer Statistics American Indian and Alaska Native
(AI/AN) Incidence Analytic Database, we calculated age-adjusted incidence rates (per 100,000)
of kidney cancers for NH-AI/AN and NHW people for the years 2011-2020 combined using
SEER*stat software. Analyses were restricted to non-Hispanic persons living in purchased/
referred care delivery area (PRCDA) counties. Average annual percent changes (AAPCs) and
trends (1999-2019) were estimated using Joinpoint regression analyses.

Results—Rates of kidney cancer incidence were higher among NH-AI/AN compared to NHW
persons in the U.S. overall and in 5 of 6 regions. Kidney cancer incidence rates also varied by
region, sex, age, and stage of diagnosis. Between 1999 and 2019, trends in rates of kidney cancer
significantly increased among NH-AI/AN males (AAPC = 2.7%) and females (AAPC = 2.4%).
The largest increases in incidence were observed for NH-AI/AN males and females under age 50
and those diagnosed with localized stage disease.

Conclusions—Study findings highlight growing disparities in kidney cancer incidence rates
between NH-AI/AN and NHW populations.
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Impact: Differences in geographic region, sex, and stage highlight opportunities to decrease
prevalence of kidney cancer risk factors and improve access to preventive care.
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INTRODUCTION

American Indian and Alaska Native (Al/AN) people are disproportionately impacted by
certain health outcomes, including some cancers, as a result of persistent inequities in
resources and access to care(1,2). Previous studies have highlighted cancer disparities
among non-Hispanic American Indian and Alaska Native (NH-AI/AN) populations in

the United States and have demonstrated the importance of disaggregating these data by
geographic region and cancer type in order to accurately describe cancer disparities in this
population(3,4). Despite evidence that kidney cancer incidence rates are increasing over 1%
annually among US populations(5-8), kidney cancer disparities among NH-AI/AN people
have not been recently described(9).

The purpose of the present study is to examine kidney cancer incidence rates and

trends by age, sex, stage at diagnosis and geographic region between NH-AI/AN and
non-Hispanic White (NHW) people. The present study updates previous data reported on
kidney cancer incidence rates among NH-AI/AN people using the United States Cancer
Statistics Incidence American Indian and Alaska Native Analytic Database (USCS AIAD)
which has been linked with the Indian Health Service (HIS) patient registration database in
order to correct for racial misclassification. Identifying disparities and geographic variation
in kidney cancer incidence rates and trends highlight areas for etiologic research and more
focused cancer control and prevention efforts among Al/AN people.

MATERIALS AND METHODS

Cases of kidney and renal pelvis cancers were identified from population-based registries
that participate in the Centers for Disease Control and Prevention’s (CDC’s) National
Program of Cancer Registries (NPCR)(10) or the National Cancer Institute’s (NCI’s)
Surveillance, Epidemiology, and End Results (SEER) Program(11). Incidence data from
both NPCR and SEER registries must meet rigorous quality control standards for each year.
Analyses included malignant cancers only. During the period covered by this study (2011-
2020 for rates, 1999-2019 for trends), tumor histology, tumor behavior, and primary cancer
site were classified according to the International Classification of Disease for Oncology,
Third Edition (ICD-0-3)(12). Kidney cancers were identified for NH-AI/AN and NHW
people using primary site code C64.9 for kidney parenchyma and C65.9 for renal pelvis.

Previous data have shown that AlI/AN persons are frequently misclassified as non-Al/AN

in cancer registry data, and this can lead to underestimation of cancer incidence rates(3,4).
Racial misclassification of AlI/AN populations in this data have been addressed using several
different methodologies, which have been described in detail elsewhere(3,4). First, all case
records were linked with the Indian Health Service (IHS) patient registration database using
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previously validated techniques(3,4). The IHS provides medical services to AI/AN people
who are enrolled members of federally recognized tribes; therefore, linking case record data
to this database allows for the identification of Al/AN people who had been previously
misclassified as non-Al/AN in the cancer registry data. The database containing this linked
data from both NPCR and SEER were combined to create the USCS AIAD, the analytic
database used for this study (U.S. Cancer Statistics Working Group. U.S. Cancer Statistics
Data Visualizations tool, based on 2022 submission data (1999-2020). Available at https://
www.cdc.gov/cancer/dataviz.)

Second, all analyses were restricted to purchased/referred care delivery area (PRCDA)
counties, as defined by IHS(13). The methods for addressing racial misclassification are
most effective in geographic areas well served by IHS, and PRCDA counties contain, or are
located adjacent to, federally recognized tribal lands and have a higher proportion of AI/AN
residents compared to non-PRCDA counties(3,4).

Third, previous analyses also revealed that the updated bridged intercensal population
estimates substantially overestimated AlI/AN populations of Hispanic origin(14). To avoid
underestimating incidence rates in AI/AN populations, we limited all analyses to NH-AI/AN
people and chose NHW as the reference population, consistent with prior publications(4).
Therefore, all the analyses in the present study were limited to non-Hispanic populations,
which resulted in North Dakota and Wisconsin being excluded from these analyses. Due to a
coding issue, state- and county-specific Hispanic ethnicity data alone or in combination with
any race category are not available for North Dakota and Wisconsin.

Statistical Analysis

Kidney cancer incidence rates (2011-2020) among NH-AI/AN and NHW populations were
expressed per 100,000 population and were directly age-adjusted, using 19 age groups,

to the 2000 US standard population using SEER*Stat software, version 8.4.1(15). Rate
ratios (RR) with 95% confidence intervals (CI) were calculated for comparison of incidence
rates between NH-AI/AN and NHW populations, overall and by sex, region, age group
(<50, 50-74 and 75+), and stage (localized, regional, distant, unstaged) according to
methods described by Tiwari et al(16). Percent distribution of stage (un-adjusted) were

also calculated. To show consistency of rates between all kidney cancers and renal cell
carcinomas (RCCs), kidney cancers classified as RCC were also identified for rate analyses.
RCCs were identified using the primary site code C64.9 and histologic codes 8310-8319.

Time trends (1999-2019) were estimated by Joinpoint regression using Joinpoint Regression
Program 4.3.10 (Joinpoint Regression Program, Version 5.0.2 - May 2023; Statistical
Methodology and Applications Branch, Surveillance Research Program, National Cancer
Institute). Average annual percent change (AAPC) was used to describe fixed interval trends
during 1999-2019. The 2020 incidence datapoint was not included in the trend analysis in
order to avoid incorrect interpretations of the effect of cancer prevention and early detection
efforts. The COVID-19 pandemic disrupted health services, leading to delays and reductions
in cancer screening, diagnosis, and reporting to some central cancer registries. This may
have contributed to an observed decline in 2020 incidence for most cancer sites(17).
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Data Availability

RESULTS

This dataset is not publicly available due to privacy and legal restrictions. Public use data are
available on the U.S. Cancer Statistics Data Visualizations tool https://gis.cdc.gov/Cancer/
USCS/#/AIANY/. Instructions for accessing the public used data can also be found on the
U.S. Cancer Statistics website https://www.cdc.gov/cancer/uscs/public-use/obtain-data.htm

Kidney cancer incidence rates varied by geographic region, sex, and race (Table 1). During
2011-2020 there were 2,578 kidney cancers diagnosed among NH-AI/AN males and 1,651
among NH-AI/AN females. Incidence rates of kidney cancer ranged from 19.2 in the East to
64.8 in the Northern Plains among NH-AI/AN males and from 19.5 in the Southwest to 27.3
in the Northern Plains among NHW males. Rates of kidney cancer were significantly higher
among NH-AI/AN males in five out of six regions (RRs: 1.39 to 2.37) but significantly
lower than NHW in the East (RR=0.81). Among NH-AI/AN females, kidney cancer
incidence rates ranged from 14.2 in the East to 32.3 in the Northern Plains. Rates for

NHW females were lowest in the Southwest (9.4) and highest in the Southern Plains (14.3).
Rates of kidney cancer were significantly higher among NH-AI/AN females compared to
NHW females in every region (RRs: 1.49 to 2.44) except in the East, where there were

no significant differences between the two populations. Approximately 90% of all kidney
cancers were classified as RCC (Supplemental Table 1). Rates observed for RCCs were
similar to overall kidney cancer rates for both populations. Incidence rates of RCC among
NH-AI/AN males ranged from 16.3 in the East to 59.1 in the Northern Plains. Rates of
RCC were significantly higher among NH-AI/AN males in five out of the six regions (RRs:
1.57 to 2.84). Among NH-AI/AN females, RCC incidence rates ranged from 12.5 in the
East to 28.9 in the Northern Plains and were significantly higher among NH-AI/AN females
compared to NHW females in every region (RRs: 1.39 to 2.76).

Incidence rates of kidney cancer by race, region, and age group are shown in Table 2.
Overall, in the U.S., rates were lowest in NH-AI/AN males under the age of 50 (12.4) and
highest among males aged 75 and older (138.0). Rates varied by geographic region with the
lowest rates among NH-AI/AN males under the age of 50 living in the East (5.2) and the
highest among NH-AI/AN males aged 75 and older living in the Northern Plains (193.2).

In the U.S. overall, rates were higher among NH-AI/AN compared to NHW males in every
age group (<50 RR: 2.29, 50-74 RR: 1.81, 75+ RR: 1.42). Rates were significantly higher
among NH-AI/AN compared to NHW males across each region and age group except in the
East (all age groups), Alaska (75+), and the Pacific Coast (75+). The highest rate ratio was
in the Southern Plains among males under the age of 50 (RR=2.83).

Among NH-AI/AN females in the U.S. overall, rates of kidney cancer were lowest among
women under the age of 50 (7.7) and highest among women aged 75 and older (74.5) (Table
2). Rates varied by geographic region, with the lowest rates among NH-AI/AN females
under the age of 50 in the Pacific Coast (4.3) and the highest among women aged 75 and
over in the Southern Plains (117.0). Rates of kidney cancers overall were highest among
NH-AI/AN compared to NHW females across each age group (<50 RR: 2.29, 50-74 RR:
2.02 and 75+ RR: 1.60). Kidney cancer incidence rates were significantly higher among
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NH-AI/AN compared to NHW females in every age group and region except in the East
(50-75 and 75+), Alaska (75+) , and the Pacific Coast (75+).

In the U.S. overall, a majority of kidney cancers were diagnosed at a localized stage for
both NH-AI/AN and NHW males (65.8% and 63.6%, respectively) and females (69.8% and
66.4%, respectively) (Table 3). Among NH-AI/AN males, rates of kidney cancer ranged
from 12.7 (East) to 43.2 (Northern Plains) for localized disease, 3.5 (East) to 9.7 (Northern
Plains) for regional disease and 2.5 (East) to 8.2 (Southern Plains) for distant disease. When
compared to NHW males, rates for AI/AN males were significantly higher in the U.S.
overall for each stage (RR:1.67-2.02), and in every region at every stage except in the East
(all stages) and Alaska (regional and distant). Among NH-AI/AN females, kidney cancer
incidence rates ranged from 10.5 (East) to 22.9 (Northern Plains) for localized disease, 1.7
(East) to 3.9 (Southern Plains) for regional disease and 1.3 (East) to 4.3 (Northern Plains)
for distant disease. When compared to NHW females, rates were significantly higher in the
U.S. overall for each stage of disease (RRs=1.90 to 2.01) and in every region at every stage
except in the East (regional and distant), Pacific Coast (regional) and Alaska (regional and
distant).

Trends in kidney cancer incidence have increased significantly among NH-AI/AN and NHW
males and females between 1999-2019. Among NH-AI/AN people, rates have increased by
2.7% annually among males and 2.4% annually among females while rates have increased
by 1.7% annually among NHW male and females (Figure 1). Regionally, kidney cancer
trends have increased significantly among NH-AI/AN males in every region except in the
East, with annual increases ranging from 1.8% in the Southwest to 4.5% in the Southern
Plains. Among NH-AI/AN females, trends have increased significantly in Alaska (2.8%),
Southern Plains (4.1%) and the Southwest (2.6%) (Table 4). Increases in trends were
significant for NH-AI/AN males and females under the age of 75. The largest increase

in kidney cancer incidence annually was for localized diseases (4.3% among NH-AI/AN
males, 3.7% among NH-AI/AN females). Rates of regional disease also increased annually
by 2.5% for NH-AI/AN males and by 3.0% for females. While rates among NHW increased
for these same categories, the AAPC was not as large as for NH-AI/AN populations (Table
4).

DISCUSSION

This study highlights continued disparities in kidney cancer incidence rates among NH-
AIl/AN compared to NHW people, that could be due to differences in risk factors related to
kidney cancers and underlying drivers of health disparities. Kidney cancer incidence rates
were elevated among NH-AI/AN people (compared to NHW people) and varied by sex, age,
and geographic region. Rates of kidney cancers increased at a faster rate among NH-AI/AN
compared to NHW populations over the past 20 years with some of the largest increases
occurring in NH-AI/AN people under the age of 50 and those diagnosed with localized and
regional disease. Previous studies have shown similar variation in kidney cancer incidence
rates by region, sex, and age(9,18-20). In particular, the present study confirmed geographic
variation in Kidney cancer incidence rates among NH-AI/AN populations, with some of the
highest rates occurring in the Northern Plains, Southern Plains, and Alaska(9). The observed
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variation in kidney cancer incidence rates by region could be due to regional differences

in the prevalence of important kidney cancer risk factors(21,22). Social or economic
determinants of health such as access to care, poverty, and food insecurity could impact
prevalence of individual level risk factors such as hypertension, obesity, and CKD(9,23,24).

Use of commercial tobacco, obesity, and hypertension have been consistently linked with
kidney cancer (9,18,19,23,24). Despite a general decrease in cigarette smoking rates,
commercial tobacco use within AI/AN communities remains elevated (9,25). Previous
studies have found that AI/AN people are more likely to be current smokers than White
males and females in nearly all regions(26). Other studies using Behavioral Risk Factor
Surveillance System (BRFSS) data have shown that smoking prevalence also varies by
geographic region, with some of the highest prevalence in the Northern Plains, Southern
Plains, and Alaska(27). AI/AN adults are 1.5 times more likely to be obese or current
smokers than NHW adults(9). Prevalence of hypertension is higher among AI/AN people
in certain regions including the Northern Plains, Southern Plains, Pacific Coast and
Alaska(28,29). Geographic variation in prevalence of these risk factors could account for
some of the variation in kidney cancer incidence observed among Al/AN people.

Researchers have suggested additional factors that could contribute to the risk of kidney
cancer, such as pre-existing chronic kidney disease (CKD), infections, dietary habits,
exposure at work, and genetic inheritance(22-24). Environmental exposures to chemical,
such as arsenic, Per- and polyfluoroalkyl substances, known as PFAS, and pesticides have
also been suggested as contributing factors to kidney cancer risk(22,30), though further
research is needed to understand the role of these exposures among Al/AN people. Roughly
2% to 4% of kidney cancer cases identified in the U.S. are thought to have a familial
link(21), though there is no documentation of recognized familial kidney cancer syndromes
within the NH-AI/AN community. However, the recent rise in U.S. kidney cancer rates over
the last few decades suggests that non-heritable factors are likely the main drivers behind the
trends in cancer occurrence(20,24). Some studies have also shown that CKD increases risk
of kidney cancer(31,32). Al/AN populations have a higher prevalence of CKD than most
other racial groups, in part due to a higher prevalence of diabetes mellitus(33). The increased
prevalence of CKD could also account for some of the higher incidence rates of kidney
cancer in this population, though further study is needed to understand the link between
CKD and kidney cancer incidence among NH-AI/AN people.

The results of this study also suggest that the incidence of early-stage kidney cancer is rising
faster than that of advanced-stage disease. This aligns with previous studies, which suggest
that kidney cancers are being diagnosed at an earlier stage(5,19,34). Similar increases in
localized tumors have been described among black and Hispanic populations(18,23). The
elevated incidence may be explained in part by the more liberal use of novel diagnostic
imaging methods such as ultrasonography and computed tomography (CT), which have
resulted in increased incidental findings of kidney cancers and renal masses(35,36). It is
unlikely that increases in early-stage kidney cancer diagnoses among Al/AN populations
are solely due to increases in incidental diagnoses, therefore further research is needed to
understand the trends described in this study.
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Our study also describes increasing rates of kidney cancer among NH-AI/AN people over
the last 20 years, in particular for individuals under the age of 50. Though rates of kidney
cancers in younger ages are generally low, recent studies have also documented increases in
kidney cancer in other populations across the U.S., including NH-AI/AN, African American,
and Hispanic groups(6,18,37). This pattern of increasing cancer incidence among people
under the age of 50 has also been documented in other cancers including breast, colorectal,
liver, pancreatic, prostate, uterine, and gastric cancers in various U.S. populations(34,38).
These increasing rates could be due to the increased prevalence of established risk factors
in adults under the age of 50(34,38). While our findings are consistent with other studies,
further research can clarify the etiology and root causes of the increasing incidence of
kidney cancers, in particularly in younger individuals, among AI/AN people.

The widening disparities between AlI/AN and White populations highlight the importance
of understanding the underlying drivers of increasing kidney cancer incidence. The role

of community level and social determinants of health (SDOH) are now being studied

as drivers of cancer disparities(2,26,39,40). Kidney cancer risk factors such as obesity,
hypertension, and smoking have all been linked to social and economic determinants of
health including distance to a healthcare setting, , food security, educational opportunity and
attainment, and poverty(2,21,41-44). Previous studies have shown that AI/AN people have
a higher prevalence of poverty(40,41,45), reduced educational opportunity(46), and limited
healthcare access. AI/AN people living on tribal land may experience both geographic

and financial barriers in access to care, that have been shown to impact prevalence of
cancer related risk factors and cancer disparities (2,39,40). Solutions that target SDOH and
the interconnected systems, policies, and practices giving rise to these inequities hold the
most significant opportunity to diminish cancer disparities among AI/AN communities(40-
42). Future work aimed at integrating community characteristics and data on SDOH, such
as poverty, can help improve our understanding of cancer disparities and allow for the
development of more focused efforts to improve health in AI/AN populations.

This study has limitations. First, the linkages only address racial misclassification for
individuals who have previously accessed IHS services and are members of federally
recognized tribes*. Second, because the data is restricted to NH-AI/AN individuals,
these findings do not represent all AI/AN people. Complete Hispanic ethnicity data was
not available, specifically for North Dakota and Wisconsin. Restriction of the analyses
to PRCDA counties also limits the generalizability of these findings to all AlI/AN
populations(3,4). Finally, while the various subtypes of kidney cancer have distinct
etiologies, risk factors, and trends, we were not able to conduct analyses for various
subtypes outside RCC due to small counts.

This study describes rates and trends of kidney cancers among NH-AI/AN people who use
IHS health care facilities, disparities between NH-AI/AN and NHW people, and regional
differences and disparities in the incidence of kidney cancer. Further studies that investigate
patterns of disease and underlying causes of disparities are needed to better understand
factors related to the geographic variation in kidney cancer incidence, the rapidly increasing
rates of kidney cancers among AI/AN people under the age of 50, and how SDOH influence
the risk of kidney cancer in AlI/AN populations. Future efforts to reduce kidney cancer
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disparities could address risk factor prevalence in AI/AN communities through culturally
tailored and community-informed interventions that support healthy behaviors and built
environments and address barriers in access to care.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1:

Trends in Kidney Cancer Incidence among non-Hispanic American Indian/Alaska Native®
and non-Hispanic White Males and Females All Regions, PRCDA, US 1999-2019

Figure 1 shows an image of a graph with four lines that represent the trends and average
annual percent change in incidence race associated with kidney cancer incidence between
the years 1999-2019 for NH-AI/AN males and females and NHW males and females
Average annual percent change (AAPC)P 1999-2019

NHW Male : 1.7* (95% Cl: 1.4-2.1)

NH-AI/AN Male 2.7* (95% Cl: 1.9-3.4)

NHW Female: 1.7* (95% CI: 1.3-2.0)

NH-AI/AN Female: 2.4* (95% Cl:1.6-3.2)

Source: Cancer Registries in the National Program of Cancer Registries (NPCR) of the
Centers for Disease Control and Prevention and the Surveillance, Epidemiology, and End
Results (SEER) program of the National Cancer Institute

Note: The COVID-19 pandemic disrupted health services, leading to delays and reductions
in cancer screening, diagnosis, and reporting to some central cancer registries. This may
have contributed to an observed decline in 2020 incidence for most cancer sites. The

2020 incidence datapoint was not included in the trend analysis in order to avoid incorrect
interpretations of the effect of cancer prevention and early detection efforts.

PRCDA indicates Purchased/Referred Care Delivery Areas; IHS: Indian Health Service;
NH-AI/AN: non-Hispanic American Indian/Alaska Natives; NHW: non-Hispanic white

* 2-sided P<0.05

@ Al/AN race is reported by NPCR and SEER registries or through linkage with the IHS
patient registration database. Includes only AI/AN of non-Hispanic origin. Hispanic origin
data for ND and W1 were suppressed.

b APC (Annual Percent Change) is based on rates that were age-adjusted to the 2000 US
standard population (11 age groups, Census P25-1130).
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