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Abstract

Background—Female breast, prostate, lung, and colorectal cancers are the leading incident 

cancers among American Indian and Alaska Native (AI/AN) and non-Hispanic White (NHW) 

persons in the United States. To understand racial differences, we assessed incidence rates, 

analyzed trends, and examined geographic variation in incidence by Indian Health Service regions.

Methods—To assess differences in incidence, we used age-adjusted incidence rates to calculate 

rate ratios (RRs) and 95% confidence intervals (CIs). Using joinpoint regression, we analyzed 

incidence trends over time for the four leading cancers from 1999 to 2015.

Results—For all four cancers, overall and age-specific incidence rates were lower among 

AI/ANs than NHWs. By Indian Health Service regions, incidence rates for lung cancer were 

higher among AI/ANs than NHWs in Alaska (RR: 1.46; 95% CI: 1.37, 1.56) and Northern (RR: 

1.29; 95% CI: 1.25, 1.33) and Southern (RR: 1.06; 95% CI: 1.03, 1.09) Plains. Similarly, 

colorectal cancer incidence rates were higher in AI/ANs than NHWs in Alaska (RR: 2.29; 95% 

CI: 2.14, 2.45) and Northern (RR: 1.04; 95% CI: 1.00, 1.09) and Southern (RR: 1.11; 95% CI: 

1.07, 1.15) Plains. Also, AI/AN women in Alaska had a higher incidence rate for breast cancer 

than NHW women (RR: 1.05; 95% CI: 1.05, 1.20). From 1999 to 2015, incidence rates for all four 

cancers decreased in NHWs, but only rates for prostate (average annual percent change: –4.70) 

and colorectal (average annual percent change: –1.80) cancers decreased considerably in AI/ANs.

Conclusion—Findings from this study highlight the racial and regional differences in cancer 

incidence.
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INTRODUCTION

Cancer is a major cause of morbidity and mortality in the United States. It is the second 

leading cause of all deaths nationally (22% of total deaths) and among American Indians 

and Alaska Natives (AI/ANs) (17.3%) and non-Hispanic Whites (NHWs) (21.9%).1 The 

leading incident cancer sites in the United States are female breast, prostate, lung and 

bronchus, and colon and rectum.2 The burden of cancer among AI/ANs has been historically 

underestimated.3–5 Cancer data in this population have been plagued by racial 

misclassification6,7 owing to the incorrect identification of racial and ethnic status on health 

records8,9 and lack of linkage between cancer registries and the Indian Health Service (IHS) 

records.10 Spanning over 570 federally recognized tribes across the nation, the pattern of 

cancers among AI/AN populations is unique, and regional variations exist. Across the 

United States, incidence and mortality rates for cancers differed geographically among 

AI/ANs and between AI/ANs and NHWs.4,11 For example, mortality rates for all cancer 

sites in AI/ANs were highest in the Northern Plains, and a two-fold difference in rates was 

reported between the Northern Plains and Southwest IHS regions.4 Furthermore, disparities 

in cancer mortality and survival between AI/AN and NHW persons were present.5,12 From 

1990 to 2009, mortality rates for all malignant cancers combined were higher for AI/ANs 

than for NHWs.4 Similarly, from 1992 to 2010, the 5-year relative survival for all cancer 

sites combined was lowest in AI/ANs (58.1%) compared with other races and ethnicities.13

In the present study, we obtained age-adjusted incidence rates (AAIRs), calculated rate 

ratios (RRs), and conducted a trend analysis over time to determine the burden and pattern 

of cancers among AI/AN and NHW populations. The present work will provide evidence to 

further quantify cancer incidence and allow health agencies and professionals to evaluate 

progress made, or lack thereof, in cancer prevention and control. It will also supplement the 

current literature with an analysis and examination of incidence by race and IHS regions 

using the most recent cancer data available. The objectives of this study were three-fold: (1) 

to present and compare age-adjusted and age-specific incidence rates for the four leading 

cancers between AI/ANs and NHWs in the United States, (2) to present long-term cancer 

incidence trends from 1999 to 2015 for both races, and (3) to assess geographic variation in 

incidence by IHS regions.

METHODS

Cancer Sites

We analyzed the four leading incident cancers in the United States: female breast (referred to 

as breast henceforth), prostate, lung and bronchus (referred to as lung henceforth), and colon 

and rectum (referred to as colorectal henceforth) cancer. Incident cases were stratified by 

primary cancer site and coded according to the International Classification of Diseases for 
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Oncology, third edition.14 Thereafter, based on the revised Surveillance, Epidemiology, and 

End Results (SEER) Program site recodes, cancers were defined as breast (C500-C509), 

prostate (C619), lung (C340–349), and colorectal (C180-C189, C199, C209–212, C218, 

C260), excluding histologies 9050–9055, 9140, 9590–9992.15 We restricted incidence rates 

for breast cancer to females and incidence rates for prostate cancer to males. We excluded 

data for in situ cancers from this study.

Data Source

We obtained cancer incidence data from 1999 to 2015 from the Centers for Disease Control 

and Prevention’s (CDC) publicly available online database, CDC WONDER (Wide-ranging 

Online Data for Epidemiologic Research).16 CDC WONDER houses health-related data, 

including the official federal statistics on cancer, US Cancer Statistics (USCS). The USCS 

includes high-quality cancer registry data from the CDC’s National Program of Cancer 

Registries and the National Cancer Institute’s SEER Program.17 From 2003 onward, all 

cancer registries participating in the National Program of Cancer Registries and SEER 

Program met the USCS publication criteria and covered 100% of the US population.18 

Denominators for incidence rates were race-, ethnicity-, and sex-specific population 

estimates modified from the US Census intercensal (for 1999–2009) and Vintage 2016 (for 

2010–2015) annual time series. The modifications for the population estimates incorporated 

bridged single-race estimates that were derived from the multiple race categories in the 2000 

and 2010 censuses.19

Study population

We included new cases of breast, prostate, lung, and colorectal cancer from all 50 states and 

the District of Columbia. We analyzed data for all states combined and by the six IHS 

regions individually (Figure): Northern Plains (Illinois, Indiana, Iowa, Michigan, Minnesota, 

Montana, Nebraska, North Dakota, South Dakota, Wisconsin, and Wyoming), Southern 

Plains (Kansas, Oklahoma, and Texas), Southwest (Arizona, Colorado, Nevada, New 

Mexico, and Utah), Pacific Coast (California, Hawaii, Idaho, Oregon, and Washington), East 

(Alabama, Arkansas, Connecticut, Delaware, District of Columbia, Florida, Georgia, 

Kentucky, Louisiana, Maine, Maryland, Massachusetts, Mississippi, Missouri, New 

Hampshire, New Jersey, New York, North Carolina, Ohio, Pennsylvania, Rhode Island, 

South Carolina, Tennessee, Vermont, Virginia, and West Virginia), and Alaska (Alaska). 

Analyses were limited to AI/AN and NHW populations. Analyses included Hispanic 

AI/ANs but excluded Hispanic Whites. As these four cancers were rare in the young 

population (fewer than 70 incident cases reported among AI/ANs younger than 25 years for 

each of the cancers during 1999–2015), we excluded cases below the age of 25 years.

Data analysis

AAIRs, expressed per 100,000 population, were obtained adjusted to the 2000 US standard 

million population to reduce the potential confounding effect of age.17 Based on the AAIRs, 

RRs and 95% confidence intervals (CIs) were calculated to assess the difference in the 

incidence of cancers between AI/ANs and NHWs. RRs were calculated as the ratio of the 

AAIR in AI/ANs divided by the AAIR in NHWs. The corresponding 95% CIs were 

computed using the formula:20
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95% CI = RR ± 1.96 × RR × 1
No . of casesAI /AN

+ 1
No . of casesNHW

wℎere RR =
AAIRAI /AN
AAIRNHW

Trends for incidence of leading cancers were analyzed by race using the Joinpoint 

Regression Program (version 4.6.0.0; National Cancer Institute, Bethesda, MD). Based on 

17 years of data from 1999 to 2015, up to three joinpoints were fit, which allowed up to four 

trend periods.21 We used a log-linear model and interpreted trends in terms of a rate change 

at a constant percent per year through annual percent change (APC). We also calculated the 

average annual percent change (AAPC) to describe the average APCs over all 17 years. If 

the slope of the trend was significantly different from zero at an alpha of 0.05, we 

considered the trend of the APC or AAPC to increase or decrease; otherwise, the trend was 

reported as stable.

As publicly available data were used, this study did not meet the criteria for human subjects 

research as determined by the Institutional Review Board of the University of Oklahoma 

Health Sciences Center.

RESULTS

Incidence rates for the four leading cancers are presented by sex and age in Table 1 and by 

IHS regions in Table 2. Trends are presented in Table 3 and eFigures 1–4; http://

links.lww.com/EDE/B617. For AI/ANs and NHWs, incidence rates increased successively 

with each age group before peaking in the age group of 65–84 years for breast, prostate, and 

lung cancers. For colorectal cancer, rates increased with age and were highest in the age 

group of 85 years and older for both races. In all age groups for all four cancers, incidence 

rates for AI/ANs were significantly lower than incidence rates for NHWs.

Breast Cancer

From 1999 to 2015, 17,503 new cases of breast cancer were reported in AI/ANs with an 

AAIR of 72.7 per 100,000 women. During the same period, 2,851,031 cases were reported 

among NHWs with an AAIR of 130.5 per 100,000 women. Overall, AI/ANs had lower 

incidence rates than did NHWs (RR: 0.56; 95% CI: 0.55, 0.57). By IHS region, rates were 

higher for AI/ANs than for NHWs in Alaska only (RR: 1.12; 95% CI: 1.05, 1.20). For all 

remaining IHS regions, the RRs were lower among AI/ANs than among NHWs. Among AI/

ANs, rates were highest in Alaska (146.3 per 100,000 women), followed by Southern Plains 

(108.9 per 100,000 women), and Northern Plains (96.4 per 100,000 women).

The incidence trend for AI/ANs was stable (APC and AAPC: –0.05) from 1999 to 2015. For 

NHWs, incidence decreased overall (AAPC: –0.53; 95% CI: –0.82, –0.24) and annually 

from 1999 to 2004 (APC: –2.34; 95% CI: –3.19, –1.49), but increased from 2004 to 2015 

(APC: 0.31; 95% CI: 0.05, 0.57).
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Prostate Cancer

A total of 13,450 cases with an AAIR of 78.0 per 100,000 men and 2,669,324 cases with an 

AAIR of 134.7 per 100,000 men were reported in AI/ANs and NHWs, respectively. Prostate 

cancer incidence rates were lower for AI/ANs overall (RR: 0.58; 95% CI: 0.57, 0.59) and 

lower in all age groups and IHS regions compared with NHWs. Between IHS regions, rates 

for AI/ANs were highest for the Plains (Northern Plains: 113.8 per 100,000 men; Southern 

Plains: 112.8 per 100,000 men) compared with other regions.

For AI/ANs, incidence decreased overall from 1999 to 2015 (AAPC: –4.70; 95% CI: –5.71, 

–3.68), including decreases of 2.01% per year from 1999 to 2009 and 9.02% per year from 

2009 to 2015. Among NHWs, the incidence trend also decreased over the 17-year time 

period (AAPC: –3.90; 95% CI: –4.95, –2.84). Furthermore, incidence rates in NHWs 

decreased by 7.1% annually from 2008 to 2015, but rates were stable from 1999 to 2008 

(APC: –1.30; 95% CI: –2.64, 0.05)

Lung Cancer

New lung cancer cases were reported in 17,135 AI/ANs with an AAIR of 46.2 per 100,000 

persons and in 2,967,679 NHWs with an AAIR of 69.3 per 100,000 persons. Rates were 

lower for AI/ANs overall (RR: 0.67; 95% CI: 0.66, 0.68) and in all age groups compared 

with NHWs. However, incidence rates were higher for AI/ANs than for NHWs in Alaska 

(RR: 1.46; 95% CI: 1.37, 1.56), Northern Plains (RR: 1.29; 95% CI: 1.25, 1.33), and 

Southern Plains (RR: 1.06; 95% CI: 1.03, 1.09), but were lower in the Southwest, Pacific 

Coast, and East regions. Both AI/AN (54.6 per 100,000 men) and NHW (83.5 per 100,000 

men) males had higher incidence rates than did AI/AN (40 per 100,000 women) and NHW 

(58.7 per 100,000 women) females.

Lung cancer incidence overall among AI/ANs was stable from 1999 to 2015 (AAPC: –0.47), 

but decreased from 2005 to 2015 (APC: –1.62; 95% CI: –2.32, –0.92). For NHWs, lung 

cancer incidence decreased overall from 1999 to 2015 (AAPC: –1.04; 95% CI: –1.14, –0.95) 

and during 2007–2015 (APC: –1.94; 95% CI: –2.10, –1.79), but was stable from 1999 to 

2007 (APC: –0.14; 95% CI: –0.29, 0.02).

Colorectal cancer

For colorectal cancer, 13,373 cases with an AAIR of 33.8 per 100,000 persons and 

1,948,914 cases with an AAIR of 46.0 per 100,000 persons were reported in AI/ANs and 

NHWs, respectively. Incidence was lower among AI/ANs than among NHWs overall and for 

each age group. Incidence rates were higher for AI/ANs than for NHWs in Alaska (RR: 

2.29; 95% CI: 2.14, 2.45) and in the Northern Plains (RR: 1.04; 95% CI: 1.00, 1.09) and 

Southern Plains (RR: 1.11; 95% CI: 1.07, 1.15), but lower in the Southwest, Pacific Coast, 

and East regions. Incidence rates for colorectal cancer were higher among AI/AN and NHW 

males (38.4 and 53.4 per 100,000 men, respectively) than among females (30.2 and 39.9 per 

100,000 women, respectively).

From 1999 to 2015, colorectal cancer incidence decreased for AI/ANs (APC and AAPC: –

1.80; 95% CI: –2.12, –1.49). Among NHWs, incidence decreased over the entire time period 
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(AAPC: –2.43; 95% CI: –2.69, –2.18) and specifically from 2001 to 2008 (APC: –2.84; 95% 

CI: –3.05, –2.63), from 2008 to 2011 (APC: –4.07; 95% CI: –5.36, –2.77), and from 2011 to 

2015 (APC: –1.22; 95% CI: –1.65, –0.78). However, the trend was stable from 1999 to 2001 

(APC: –0.95; 95% CI: –2.17, 0.29).

DISCUSSION

Overall incidence rates of all four leading cancers were lower in AI/ANs than in NHWs. 

Over the course of 17 years from 1999 to 2015, incidence rates for all four cancers 

decreased considerably in NHWs, but only prostate and colorectal cancer incidence rates 

decreased in AI/AN persons. In more recent years, incidence rates decreased considerably 

for lung cancer in AI/ANs.

Similar to prior studies,12,22,23 we observed lower rates of breast cancer incidence in 

AI/ANs than in NHWs. This result may be owing to lower mammography use among 

AI/AN women compared with other races.12,24 An analysis of 11 years of data beginning in 

2000 from the Behavioral Risk Factor Surveillance System found that AI/AN women were 

less likely to have had a mammogram in the past 2 years than were White women (67.8% vs. 

76%).25 Some reasons for lower use among AI/AN women include lack of provider 

recommendation,26 transportation issues,27 location (rural vs. urban),28 and lower education 

and income levels.29 In line with previous reports,4,23 a sharp geographic variation in breast 

cancer incidence was observed in AI/ANs across IHS regions, but not among NHWs. AI/AN 

women from Alaska had a three-fold higher incidence than did women in the East and a 

two-fold higher incidence than did women in the Southwest and Pacific Coast regions. Some 

of this observed variation may be explained through health-care access, sociodemographic 

characteristics, and health-related behaviors.23 Long-term breast cancer incidence rates were 

stable for AI/AN women. For NHWs, the increase in the incidence trend after a decrease 

until 2004 may be linked with a drop in the use of hormone replacement therapy among 

postmenopausal women, which may delay diagnosis and compromise diagnostic 

performance of mammograms.30–32 Patterns of age-specific incidence rates for female 

breast cancer were consistent with previous studies.33,34 A decline in the incidence for the 

oldest age group may stem from lower screening rates (based on screening 

recommendations) or from incomplete detection.35

Consistent with prior studies,36,37 the overall prostate cancer incidence rate was lower in 

AI/AN men than in NHW men. Differences in rates between the two races could stem from 

lower prostate-specific antigen (PSA) testing rates in AI/AN men.37,38 In an analysis of the 

Health and Retirement Survey from 1996 to 2008, prostate screening rates were lower 

among AI/ANs (57.0% in 1996 and 55.7% in 2008) than among Whites (68.6% in 1996 and 

71.3% in 2008).38 Among AI/AN men, incidence rates for prostate cancer varied markedly 

by IHS regions, with the two Plain regions having rates that were double than those observed 

in the Pacific Coast and East regions. These differences in geographic variation among 

AI/ANs are not completely understood.37 An overall decrease in the incidence of prostate 

cancer was observed for both races; however, the decrease was more pronounced after 2008 

and 2009 for AI/AN and NHW men, respectively. This decrease in incidence mirrors the 

reduction in the use of PSA testing, which resulted from the recommendations of the US 
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Preventive Services Task Force against screening in 2008 and 2012.39,40 In addition, 

incidence rates increased with age before declining in the oldest age group, possibly owing 

to recommendations against screening men over 70 years with PSA.41

Compared with incidence in NHWs, lung cancer incidence in AI/ANs was lower overall and 

in all age groups, but higher in both Plain regions and Alaska. Incidence among AI/AN 

persons varied more than five-fold across IHS regions. This variation may stem from the 

substantial regional differences in tobacco use, which is a major risk factor for lung cancer. 

For instance, smoking prevalence rates among AI/ANs were highest in the Plains and Alaska 

and lowest in the Southwest and Pacific Coast.42–44 Despite the high smoking prevalence 

among AI/ANs in some IHS regions, there was an overall decrease in lung cancer incidence 

among AI/ANs each year from 2005 to 2015. There was also an annual decrease for NHWs 

from 2007 to 2015. A possible reason for the decline is the implementation of tobacco 

control strategies and policies; however, declines in lung cancer owing to tobacco control are 

observed decades after increased tobacco control efforts, owing to the long latency period 

between smoking and cancer.45 Despite progress made toward reducing tobacco use and 

tobacco-related cancers in the general population during the past several decades, smoking 

remains disproportionately high for AI/ANs. The National Survey on Drug Use and Health 

found that the prevalence of cigarette smoking for AI/ANs was considerably higher than that 

in NHWs (38.9% vs. 24.3%) in 2010–2013 and that there was no decline in smoking for 

AI/ANs between the 2002–2006 and 2010–2013 periods assessed, although this survey did 

not ascertain uses of tobacco for ceremonial purposes.46 More research is needed to identify 

ways of strengthening and sustaining tobacco control efforts that will reduce tobacco-related 

cancer disparities.

Overall colorectal cancer incidence was found to be lower for AI/ANs than for NHWs. The 

incidence of colorectal cancer among AI/ANs previously has been reported to vary.47–49 Our 

study found a five-fold difference in incidence between the IHS regions with the lowest and 

highest incidence. Incidence rates were highest in Alaska for AI/ANs, followed by the 

Southern Plains; rates in both regions were also higher than incidence rates in NHWs. A 

decline in overall incidence was observed for both races during the 17-year period. Much of 

the decline in incidence could be attributed to screening.49–51 However, screening disparities 

between the two races exist, with AI/ANs being less likely to be up-to-date with screening 

recommendations.25,47,52 Despite declines in incidence among adults 55 years of age and 

older,49,53 age-specific rates were highest in the oldest age groups. Geographic variation in 

access and utilization of screening for AI/ANs, which may explain some of the variation in 

incidence by IHS regions, has also been reported.54

The present study has several limitations. Racial misclassification is a widespread problem 

among AI/ANs7 and may still exist despite the IHS linkage process. To reduce 

misclassification, cancer registries link case data with IHS administrative records to 

reclassify individuals as AI/AN.55 However, not all AI/ANs have registered with IHS, and 

misclassification may continue to lead to the underestimation of cancer incidence in AI/ANs 

relative to Whites, especially in states with only a few or no IHS facilities.6
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In the 2010 census, an unexpected increase of 19% in the AI/AN population was observed, 

possibly owing to differences in self-identification or emphasis on addressing 

underenumeration. This increase in population may result in relatively lower incidence rates 

among AI/ANs than among Whites.56 State or metropolitan cancer registries may have some 

incomplete incidence data for any given year; however, the data used in this report met the 

quality standards and the USCS publication criteria.55

Previous publications4,7,36,42,48,57 have used Purchased/Referred Care Delivery Areas 

(PRCDA) (formerly Contract Health Service Delivery Area) county classification for 

AI/ANs to limit racial misclassification. We did not use these classifications for two reasons. 

First, cancer incidence data by PRCDA counties are not provided by CDC WONDER. 

Second, PRCDA counties in certain regions are less representative of the total AI/AN 

population. For example, PRCDA counties in the East only account for 13.1% of the total 

AI/AN population for the region.10 In addition, only 56% of the AI/AN population and 20% 

of the NHW population reside in counties designated as PRCDA.10

In summary, incidence rates for AI/ANs were lower than incidence rates for NHWs for 

cancers overall and in all age groups. We also observed wide geographic variation in 

incidence among AI/ANs and in comparison with NHWs. During 1999–2015, overall 

incidence rates decreased for all cancers in NHWs, but only for prostate and colorectal 

cancers in AI/ANs. Findings from the present study highlight the racial and regional 

differences in cancer incidence. Future studies should consider evaluating differences in 

stage at diagnosis and survival by region, age, and race and ethnicity to further understand 

disparities and provide data to support interventions.
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Figure. 
States by Indian Health Service Regions, United States
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