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Abstract

Purpose: Studies have highlighted geographic variation in cancer incidence rates among
American Indian and Alaska Native (AlI/AN) populations. This is the first study to
comprehensively evaluate incidence rates and trends among non-Hispanic AI/AN (NH-AI/AN)
adolescents and young adults (AYASs) ages 15-39 years.

Methods: Using the United States Cancer Statistics AI/AN Incidence Analytic Database, we
identified all malignant cancer cases for NH-AI/AN AYA populations for the years 1999-20109.
We calculated age-adjusted incidence rates (per 100,000) for NH-AI/AN populations overall, by
region, and by age group. We calculated the total percent change in the incidence of leading AYA
cancers between 1999 and 2019, and trends by region and cancer type using Joinpoint analysis.

Results: Testicular (13.6) and breast (19.0) cancers had the highest incidence of all AYA cancers
in NH-AI/AN males and females, respectively. Overall AYA cancer rates increased by 1.4% in
NH-AI/AN males and 1.8% in NH-AI/AN females annually between 1999 and 2019. Increases
were observed by age group and geographic region.

Conclusions: This study describes regional differences in incidence rates of AYA cancers
among NH-AI/AN populations. This data can help inform resource and cancer control priorities
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and strategies to reduce cancer risk and enhance access to quality diagnostic and treatment
services for this population.
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disparity

Introduction

Methods

Previous studies have highlighted the importance of disaggregating cancer incidence data for
American Indian and Alaska Native (Al/AN) populations in the United States by sex, cancer
type, and geographic region [1-3] to fully characterize cancer incidence in this diverse racial
group. Limited information is available on incidence rates and trends for cancers among
AIl/AN adolescent and young adult (AYA) populations, despite growing evidence that the
overall incidence of AYA cancers is increasing across all racial and ethnic groups in the
United States and globally [4,5]. Cancers among AYAs are defined in this article as cancers
diagnosed at ages 1539 years [6]. These cancers are often biologically distinct from cancers
in older adults and children [7].

The purpose of this study is to describe cancer incidence rates and trends of the leading AYA
cancers among non-Hispanic AI/AN (NH-AI/AN) AYA populations in the United States,

by sex and geographic region, for the years 1999-2019. This is the first study to analyze
cancer incidence rates and trends among the NH-AI/AN AYA populations utilizing data
from central cancer registries linked with the Indian Health Service (IHS) patient registration
database. This study may serve as a foundation for efforts aimed at reducing cancer risk and
improving cancer outcomes among Al/AN AYA populations [8].

Cancer cases

We utilized cancer registry data from the Centers for Disease Control and Prevention’s
National Program of Cancer Registries (NPCR) [9] and the National Cancer Institute’s
Surveillance, Epidemiology, and End Results (SEER) Program [10]. Incidence data from
both registries must meet rigorous quality control standards for each diagnosis year [11].
Data from both registry programs are combined to create the U.S. Cancer Statistics
American Indian and Alaska Native Incidence Analytic Database, the analytic database used
for this study [11].

Previous data has shown that racial misclassification of AlI/AN populations in cancer
registry data can lead to an underestimation of cancer incidence rates [12]. To reduce racial
misclassification, cancer registry data were linked with the IHS patient registration database
using established and validated techniques to improve the accuracy of cancer incidence
estimates among Al/AN populations [12,13]. All case records from each registry were
linked with the IHS patient registration database to identify AlI/AN cases that had been
misclassified as non-Al/AN in the central cancer registry data.
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Previous analyses also revealed that the updated bridged intercensal population estimates
substantially overestimated AI/AN populations of Hispanic origin [14]. To avoid
underestimating incidence rates in AI/AN populations, analyses were limited to NH-AI/AN
populations. To further improve the racial classification of AI/AN populations, analyses
were restricted to purchased/referred care delivery area (PRCDA) counties, which contain,
or are adjacent to, federally recognized tribal lands [15]. Restricting to PRCDA counties
provides more accurate correction for racial misclassification of the AI/AN population
because these counties have a higher proportion of AI/AN people in relation to the total
population than non-PRCDA counties [12,16]. Approximately 53% of the AlI/AN population
resides in these counties [16]. Counts and rates for the years presented in this study cover
98% of the U.S. population in PRCDA counties [17]. These counties are grouped by state
into six geographic regions: the Northern Plains, Alaska, Southern Plains, Pacific Coast,
East, and Southwest [18,19].

All cancer cases for NH-AI/AN populations aged 15-39 years were categorized according

to the AYA site recode 2020 revision [6,20]. During the period covered by this study (1999-
2019), tumor histology, tumor behavior, and primary cancer site were classified according

to the International Classification of Diseases for Oncology (ICD-O) edition in use at the
time of diagnosis and converted to the Third Edition (ICD-0-3) [21,22]. Only malignant
cancers were included. AYA site recodes 1-8 and 10 were coded as is. Individual carcinomas
(AYA recode site group 9) were categorized as individual sites. Site groups 9.3.4 (carcinoma
of the colon) and 9.3.5 (carcinoma of the rectum) were combined into a single category
(colorectal). In situ cancers (AYA site recode 11) were not included.

Statistical analysis

Cancer incidence rates for NH-AI/AN AYA cancers in the U.S. overall and by region were
expressed per 100,000 population and were directly age-adjusted to the 2000 U.S. standard
population. Using the age-adjusted incidence rates, we calculated standardized rate ratios
(RRs) (not shown) comparing PRCDA rates in each region to the United States overall

in order to measure geographic differences in incidence rates. We calculated confidence
intervals for age-adjusted rates on the basis of methods described by Tiwari et al. [23].
Leading AYA cancers were identified based on rates and count in the NH-AI/AN population
in PRCDA counties in the United States overall. The percent distribution of leading cancers
was also calculated. Incidence rates for leading AYA cancers were calculated by region
among non-Hispanic White (NHW) populations. RRs comparing (NH-AI/AN vs. NHW)
by region were calculated and included as Supplemental data. All analyses were conducted
using SEER*Stat software, version 8.3.9 (National Cancer Institute) [24].

Age-adjusted incidence rates for AYA cancers were calculated by age group. Age was
divided into two categories: 15-29 years and 30-39 years. More granular age categorizations
were not possible due to small numbers.

Cancer incidence trends (1999-2019) were estimated by joinpoint regression (Joinpoint
Regression Program version 4.9.0.0 (National Cancer Institute)) [25] for all AYA sites
combined by sex and age group. Additionally, incidence trends were calculated for selected
cancer sites for the NH-AI/AN population overall. Average annual percent change (AAPC)
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during 1999-2019 was calculated for each cancer site by sex and region for NH-AI/AN
populations. Additionally, the total percent change in incidence rates between the 5-year
intervals of 1999-2004 and 2015-2019 was calculated for all AYA sites combined by sex
and for selected cancers.

Age-adjusted incidence rates and percent distribution for all AYA cancers and the 10 leading
cancers among NH-AI/AN males and females are described in Table 1. The most common
cancers among NH-AI/AN males were testicular cancer, lymphomas, colorectal cancer,
leukemias, and kidney cancer. The top five cancers among NH-AI/AN females were female
breast cancer, thyroid cancer, cervical cancer, uterine cancer, and colorectal cancer.

Rates for all AYA sites combined among NH-AI/AN males ranged from 34.3 (East) to 72.4
(Southern Plains) (Table 2). Testicular cancer had the highest incidence rate out of all AYA
cancers in every region, ranging from 8.3 (East) to 14.7 (Pacific Coast). These rates were
consistent with rates in the U.S. overall except in the East, where rates were significantly
lower. Rates of lymphoma ranged from 4.1 (Southwest) to 9.6 (Southern Plains). Rates of
lymphoma were significantly higher in the Southern Plains compared to the US overall,
but lower in the Southwest. Colorectal cancer rates varied by region and were significantly
higher in the Southern Plains (7.0) compared to the U.S. overall. When compared to NHW
males (Table Al), rates of all sites combined were significantly lower among NH-AI/AN
people in the U.S. overall (RR = 0.96), East (RR = 0.54) and Southwest (RR = 0.84), but
higher in Alaska (RR = 1.18) and the Southern Plains (RR = 1.38). RRs (NH-AI/AN vs.
NHW) ranged from 0.08 (melanomas) in the Southwest to 2.64 (kidney cancers) in the
Southern Plains.

Rates for all AYA cancers combined among NH-AI/AN females varied by region, ranging
from 72.2 (East) to 117.9 (Southern Plains) (Table 3). Breast cancer rates were significantly
higher in Alaska and the Southern Plains compared to the U.S. overall, but lower in the
Southwest. Cervical cancer incidence rates ranged from 5.3 (Southwest) to 14.7 (Southern
Plains). Rates of cervical cancer were significantly higher in the Southern Plains compared
to the U.S. overall, but lower in the Southwest. When compared to NHW females (Table
A1), rates of all AYA sites combined were significantly lower among NH-AI/AN females in
the East (RR = 0.72), Southwest (RR = 0.79) and significantly higher in Alaska (RR = 1.35)
and the Southern Plains (RR = 1.39). RRs (NH-AI/AN vs. NHW) females ranged from 0.14
(melanomas) in the East to 4.05 (uterine cancers) in the Southwest.

Age-adjusted incidence rates by age group for the leading cancers in NH-AI/AN males and
females are shown in Table 4. Among NH-AI/AN males, incidence rates for the leading
cancers ranged from 0.7 (kidney) to 11.2 (testis) in the 15-29 age group and from 3.5 (head
and neck) to 16.7 (testis) in the 30-39 age group. Among NH-AI/AN females, incidence
rates for the leading AYA cancers ranged from 0.9 (kidney) to 9.7 (thyroid) in the 15-29
age group and from 4.5 (leukemias) to 40.2 (female breast) in the 30-39 age group. Among
NH-AI/AN males, testicular cancer had the highest incidence rate in both age groups.
Following testicular cancer, lymphomas, leukemias, and sarcomas had the highest incidence
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rates in the 15-29 age group, and lymphomas, colorectal, and Kidney cancer were most
common in the 30-39 age group. Among NH-AI/AN females, the most common cancers in
the 15-29 age group were thyroid cancer, lymphomas, and cervical cancer. In the 30-39 age
group, the most common cancers were female breast cancer thyroid, cervical, and uterine
cancers.

Trends and AAPCs for all AYA cancers by sex, region, and age group are described in
Figures 1 and 2 and Table A2. Significant increases in incidence rates for all AYA cancers
between 1999 and 2019 in the United States were observed in both NH-AI/AN males
(AAPC: 1.4) and females (AAPC: 1.8) (Fig. 1). Rates of all AYA cancers increased among
NH-AI/AN females in the Southwest (AAPC: 1.6), Northern Plains (AAPC: 2.0), East
(AAPC: 2.5), and Pacific Coast (AAPC: 2.8), and, while among AI/AN males, increases
in incidence were observed in the Southern Plains (AAPC: 1.4) (Table A2). Changes were
observed in the remaining regions but did not reach statistical significance. In NH-AI/AN
females ages 30-39, rates increased by approximately 2.2% per year from 1999 to 2019.
Similar increases were also seen in the 15-29 age group (AAPC: 1.3) and 30-39 age group
(AAPC: 1.4) among NH-AI/AN males (Fig. 2).

Changes in incidence rates and AAPC between 1999 and 2019 by sex and cancer type are
described in Figure 3 and Table A3. Testicular cancer incidence trends increased among
NH-AI/AN males (AAPC: 1.6, Table A3). Testicular cancer rates had the second highest
percentage increase of 27.9% after colorectal cancers which increased by 47.6% between
the 1999-2004 and 2015-2019 time periods. All AYA cancers, leukemias, and lymphomas
increased by 25.0%, 20.9%, and 6.2% respectively between the two time periods. Trends of
thyroid cancer (AAPC: 4.7), uterine cancer (AAPC: 2.9), and colorectal cancer (AAPC: 3.3)
increased among NH-AI/AN females. Thyroid cancer incidence rates had the largest percent
increase of 92.8% followed by uterine and colorectal cancers which increased by 74.4%

and 69.8%, respectively between the 1999-2004 and 2015-2019 time periods. Female breast
and cervical cancers increased by 12.1% and 13.0% respectively between these time periods
among NH-AI/AN females.

Discussion

Leading cancers among NH-AI/AN AYA populations varied by sex, with the top 10 cancers
accounting for 86.8% (n = 2837) of AYA cancers among NH-AI/AN males and 82.8% (n =
4242) among NH-AI/AN females. These leading cancers were consistent with the general
U.S. population, however, the relative ranks and rates varied [26]. The highest rate of all
AYA cancers combined was in the Southern Plains and the lowest was in the East. Rates

of sarcomas and central nervous system and other intracranial and intraspinal neoplasms

in males and leukemias and lymphomas in females were higher in the 15-29 age group
compared to the 30-39 age group. From 1999-2019, rates of several AYA cancers increased
among NH-AI/AN males and females, consistent with previous findings in the broader U.S.
population [27]. Select cancers and their trends will be discussed in more detail in the
sections regarding female breast cancers, cancers of the genital system, colorectal cancers,
and thyroid cancers.

Ann Epidemiol. Author manuscript; available in PMC 2024 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Melkonian et al.

Page 6

Female breast cancers

Female breast cancers accounted for 1 in 5 of all new AYA cancers diagnosed in NH-AI/AN
women between 1999 and 2019. Most of these cancers occurred in women ages 30-39,
whose rates of breast cancer were nearly 10 times higher than women ages 15-29. While
breast cancer was the most common AYA cancer in 5 out of 6 regions, rates varied

from 11.9 in the Southwest to 30.8 in Alaska. Future research could help understand

the underlying causes of geographic variation in cancer incidence rates. This variation
could highlight environmental and social factors amenable to community-level interventions
that may reduce breast cancer risk in younger women [8,28,29]. Additionally, previous
studies have shown that AYA breast cancer patients show a poorer prognosis than older
breast cancer patients [30-32]. Understanding the incidence of AYA breast cancers can
provide important information regarding programs and interventions focused on younger
breast cancer survivors. Studies have shown that a larger proportion of AI/AN women are
diagnosed at a younger age compared to NHW populations [33,34].

Cancers of the genital system (testicular, cervical, uterine cancers)

Testicular cancer was the leading AYA cancer in NH-AI/AN males across all regions and
accounted for nearly 25% of all new AYA cancers in this population. Few modifiable

risk factors have been identified for testicular cancer [35] making it difficult to identify
prevention strategies. While data is lacking on cancer survival for testicular cancer among
Al/AN populations, previous studies show that 5-year survival is near or above 90%, even
when examined by race or ethnicity [36]. Future studies could examine the survival of
testicular cancer among NH-AI/AN populations.

Cervical cancers accounted for nearly 11% of new AYA cancers in NH-AI/AN females and
were one of the most common cancers across all regions. Human papillomavirus (HPV)
infections account for virtually all cervical cancer cases [37,38]. HPV vaccination with the
9-valent HPV vaccine can prevent approximately 92% of HPV-attributable cancers [39].
Recent data indicate relatively high vaccination coverage for AlI/AN populations, with over
84% of adolescents 13-17 years of age having received one dose of the HPV vaccine [40].
Data from the National Immunization Survey—Teen also indicates that HPV vaccination
update in Al/AN people is higher than in other racial or ethnic groups [41]. The present
study shows stagnant trends in cervical cancer incidence for NH-AI/AN populations. If
Al/AN populations continue to have relatively high HPV vaccination coverage, it is possible
that future studies can show decreasing trends of cervical cancers in these populations.

Uterine cancers accounted for approximately 6% of all AYA cancers among NH-AI/AN
females in the United States. The geographic variations in uterine cancer incidence rates
could be due to differences in the prevalence of related risk factors and environmental and
social determinants of health. Risk factors that have been associated with uterine cancer
incidence include hypertension, adult onset of diabetes, and obesity [42].

Future research could aim to identify modifiable factors driving increases in cancers of
the female genital system among AYA NH-AI/AN over time as well as work to identify
improved cancer control strategies for genital cancers in this population overall.
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Colorectal cancers

Colorectal cancer (CRC) was one of the leading cancers in both NH-AI/AN males and
females. Previous studies have also shown that rates of CRC have been increasing in
populations under the age of 50 [43-46] including among AYA populations [4] Early
onset-CRC can be potentially attributed to a combination of risk factors including greater
physical inactivity, increased prevalence of inflammatory bowel disease, westernization of
diet (red and processed meats), increased alcohol and tobacco use, obesity, and diabetes
[8,26,44,45,47,48]. The geographic variation seen in CRC incidence rates could be attributed
to the variation and prevalence of these risk factors [44]. High-risk individuals can
potentially be identified using prediction models that account for family history, risk factors,
and symptoms of CRC like rectal pain and bleeding [43,49]. Future work may also educate
the population on early-onset CRC and conduct more etiologic research on CRC in AYAs
[43].

Thyroid cancers

Thyroid cancer makes up 17.6% of all cancers diagnosed among NH-AI/AN females and
4.8% of all AYA cancers in NH-AI/AN males. Rates of thyroid cancers have increased
significantly in NH-AI/AN females over the last 20 years. Many studies have identified
thyroid cancer as leading cancer in AYAs and have also noted its increase over the years
[8,26,27,50,51]. Other authors have attributed increases in thyroid cancer incidence to
enhanced detection by screening or tests that sometimes lead to overdiagnoses [27,50] or
the identification of subclinical cancers [26]. However, many studies suggest that detection
and overdiagnosis are not solely responsible for these increases [52].

A previous study in Alaska Native populations suggested that ease of access to care that
may result in the detection of thyroid cancers is likely to vary for these populations due to
geographic and other barriers to access to care [53]. Studies of thyroid cancers in other AYA
populations have suggested a role for environment, exposure to radiation, dietary intake,
birth weight, and obesity [53,54]. Future work might study whether community-level factors
may be contributing to the observed increases in thyroid cancer.

Survivorship

Limitations

There is a lack of research on AYA cancer survivorship in AI/AN populations. The
potential long-term and late effects among AYA cancer survivors include physical issues,
secondary malignancies, cardiovascular disease, endocrine dysfunction, neurocognitive
deficits, fertility, and other physical and psychosocial impacts [55]. Understanding the
incidence of these cancers is informative for predicting the long-term needs of survivors.

This is the first analysis to comprehensively describe AYA cancer incidence among
NH-AI/AN populations between the ages of 15-39, utilizing data corrected for racial
misclassification. Several limitations should be acknowledged. Firstly, while the linkages
with the IHS patient registration database address racial misclassification, these linkages
only take into account AI/AN individuals who are members of federally recognized tribes
or have previously accessed care through IHS. Because these analyses are limited to NH-
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AI/AN populations living in PRCDA delivery areas, these results may not be generalizable
to Hispanic AI/AN populations or other AI/AN populations not living in those areas. Finally,
AYA cancers are rare and the AlI/AN population is small, therefore many analyses were
limited by small patient numbers.

Conclusion

This study describes rates of AYA cancers among NH-AI/AN populations and regional
differences in the incidence of these cancers. Information on the incidence of AYA

cancers can potentially be used to develop risk reduction strategies that are specific to this
population. Strategies derived from research conducted in older or younger age groups may
overlook important aspects of cancer risk among AYA populations. Additionally, work in
this area may help researchers understand referral patterns for patients in this age group,
which are generally not well understood [56]. For NH-AI/AN populations specifically,
barriers to access to diagnostic services or evidence-based treatments could be explored in
order to improve survivorship and outcomes related to AYA cancers [8].
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Table A1

Rates for leading cancer sites for AYAs™in NHW males and females and rate ratios
comparing NH-AI/AN7 to NHW, PRCDA counties, U.S. 1999-2019

U.S. total Northern Alaska Southern Pacific Coast East Southi
Plains Plains
Site (in Count NHW RR NHW RR NHW RR NHW RR NHW RR  NHW RR NHW
order rate? (NH rate? (NH rate? (NH rate? (NH ratet (NH ratet (NH ratet
based on (95% Al (95% Al (95% Al/ (95% Al/ (95% Al (95% Al (95%
overall Cl) AN: Cl) AN: Cl) AN: Cl) AN: Cl) AN: Cl) AN: Cl)
U.S. rank¥ NHW) NHW) NHW) NHW) NH NHW)
in W)
AI/AN
Males
AIIAYA 93068 605 0965 590 104 544 1185 526 1385 609 099 634 0545 578
sites
Testis 20476 130  1.04 137 104 125  1.09 100 1388 135 109 131 0649 122
14711 9.4 0735 91 085 86 066 82 117 92 092 105 0615 83
Lymphomas
6060 4.0 1335 39 1485 38 2065 44 1595 39 1.07 43 0305 36
Colorectal
5338 3.4 1378 34 1485 35 143 31 1.845 33 1498 37 0.66 3.2
Leukemias
Kidney 3213 2.2 2195 23 2165 17 2295 24 2645 20 2235 24 0.50 1.9
Sarcomas 5092 33 111 34 076 3.3 152 30 1558 32 101 34 098 31
CNS 6448 4.1 0825 41 083 43 067 38 124 43 092 41 065 4.1
Thyroid 6259 41 0705 37 123 39 1.03 2.8 110 37 0625 48 0115 45
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U.S. total Northern Alaska Southern Pacific Coast East Southi
Plains Plains

Site (in Count NHW RR NHW RR NHW RR NHW RR NHW RR  NHW RR NHW
order rate (NH rate? (NH rate? (NH rate? (NH ratet (NH ratet (NH ratet
based on (95% Al (95% Al (95% Al (95% Al (95% Al (95% Al (95%
overall Cl) AN: Cl) AN: Cl) AN: Cl) AN: Cl) AN: Cl) AN: CI)
U.S. rank¥ NHW) NHW) NHW) NHW) NH NHW)
in W)
AI/AN

12,486 8.2 0345 71 0345 52 066 58 095 94 0335 78 0305 91
Melanoma
Headand 2763 1.8 106 18 136 17 1.97 2.0 1.09 1.9 140 1.9 0.42 15
neck
Females
AllAYA 140,124 945  0.98 942 103 835 1355 81 1395 923 102 100 0728 912
sites
Female 30,948 215 0885 211 091 186 1665 190 137 204 091 237 0778 200
breast
Thyroid 27,023 180 0875 174  1.02 174 106 138 1285 161 104 198 0695 213
Cervical 9569 6.5 1525 66 1598 54 2455 85 1725 68 1578 6.2 1.27 53
Uterine 3891 27 2258 31 1.40 23 1.31 3.1 1485 24 2228 28 1.02 2.4

5750 3.9 14185 41 1.21 36 2075 42 1895 38 126 4.1 0.92 35
Colorectal

11417 75 0695 74 079 71 075 6.0 121 7.3 0735 83 0595 6.6
Lymphomas

20972 140 0325 139 0265 80 065 9.2 0785 161 0399 134 0305 130
Melanoma
Sarcomas 4489 3.0 1315 30 1555 32 1.09 2.7 1565 30 117 31 0.79 27

4059 27 14385 26 1938 28 1.1 26 1805 25 1708 29 044 27
Leukemias
Kidney 2292 16 2145 18 2385 14 3255 18 2465 14 1628 17 151 1.4

Source: National Program of Cancer Registries and Surveillance, Epidemiology, and End Results SEER*Stat Database:
U.S. Cancer Statistics American Indian and Alaska Native Incidence Analytic Database—1999-2019. United States
Department of Health and Human Services—Centers for Disease Control and Prevention. Released June 2022—based on
the 2021 submission.

ClI = confidence interval: CNS = central nervous system and other intracranial and intraspinal neoplasms: RR = rate ratio.

*

AYA refers to adolescents and young adults (15-39 years of age). AYA cancers identified using classification scheme
proposed by R.D. Barr and colleagues. Scheme described at https://seer.cancer.gov/ayarecode/. Present analysis includes
malignant cancers only.

fAI/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.

'tRates are per 100,000 persons and are age-adjusted to the 2000 U.S. standard population by use of 5-year age groups
(15-19, 20-24, 25-29, 30-34, 35-39).

§NH-AI/AN rate is significantly different than NHW rate (P < .05).

Ann Epidemiol. Author manuscript; available in PMC 2024 July 01.


https://seer.cancer.gov/ayarecode/

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Melkonian et al.

Page 10

Table A2

AAPC “for all AYAT cancer sites in NH-AI/AN7 populations, by sex, PRCDA counties, U.S.
1999-2019

Male Female
1999-  2015-  Total AAPC  P- 1999-  2015-  Total AAPC  P-
2014 2019 percen (1999- value 2014 2019 percen (1999-  value
Rate Rate change 2019) Rate Rate change 2019)
(%) (%)
Total U.S. 50.5 63.1 25.0 1.4 <.001 795 106.3 33.7 1.8 <.001
Age group
15-29 29.5 36.3 23.1 1.3 .017 37.2 42.2 134 0.6 .282
30-39 78.5 98.9 26.0 1.4 .002 136.1 1922 412 2.2 <.001
Region
Northern  60.4 64.8 7.3 0.1 .938 80.5 107.9 34.0 2.0 .002
Plains
Alaska 49.7 69.4 39.6 14 .165 101.1 123.7 224 1.1 132
Southern  67.8 84.8 25.1 1.4 .008 1104 132.0 19.6 1.0 .088
Plains
Pacific 51.6 60.5 17.2 14 .085 74.7 117.9 57.8 2.8 <.001
Coast
East 29.9 31.3 4.7 -0.2 .896 58.6 95.1 62.3 25 .039
38.6 53.0 37.3 0.9 .503 61.3 78.9 28.7 1.6 .011
Southwest

Source: National Program of Cancer Registries and Surveillance, Epidemiology, and End Results SEER*Stat Database:
U.S. Cancer Statistics American Indian and Alaska Native Incidence Analytic Database—1999-2019. United States
Department of Health and Human Services—Centers for Disease Control and Prevention. Released June 2022—based on
the 2021 submission.

*
AAPC refers annual average percentage change (1999-2019) and is calculated using Joinpoint Regression.

TAYA refers to adolescents and young adults (15-39 years of age). AYA cancers identified using classification scheme
proposed by R.D. Barr and colleagues. Scheme described at https://seer.cancer.gov/ayarecode/. Present analysis includes
malignant cancers only.

’tAI/AN race is reported by NPCR and SEER registries or through linkage with the IHS patient registration database.
Includes only Al/AN of non-Hispanic origin.

§The change in rates was calculated as the total percent change from the 5-year rate for 1999-2004 to the 5-year rate for
2015-2019.

Table A3

Change in rates “in selected AYA7 cancers in NH-AI/AN? populations, by sex, PRCDA
counties, U.S., 1999-2019

1999-2014 2015-2019 Total percent AAPC/ P-value
Rate Rate changes (%)  (1999-2019)
Males
All AYA sites  50.5 63.1 25.0 1.4 <.001
Testis 111 14.2 27.9 1.6 .026
Lymphomas 6.5 6.9 6.2 0 972
Colorectal 4.2 6.2 47.6 2.6 .078
Leukemias 4.3 5.2 20.9 0.9 211
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1999-2014 2015-2019 Total percent AAPC/ P-value
Rate Rate changes (%)  (1999-2019)
Females
All AYA sites  79.5 106.3 33.7 1.8 <.001
Female breast  18.2 204 12.1 0.8 15
Thyroid 111 21.4 92.8 4.7 <.001
Cervical 9.2 10.4 13.0 0.4 .658
Uterine 4.3 7.5 74.4 2.9 .007
Colorectal 4.3 7.3 69.8 3.3 .001

Source: National Program of Cancer Registries and Surveillance, Epidemiology, and End Results SEER*Stat Database:
U.S. Cancer Statistics American Indian and Alaska Native Incidence Analytic Database—1999-2019. United States
Department of Health and Human Services—Centers for Disease Control and Prevention. Released June 2022—based on
the 2021 submission.

*

Rates are per 100,000 persons and are age-adjusted to the 2000 U.S. standard population by use of 5-year age groups
(15-19, 20-24, 25-29, 30-34, 35-39). The change in rates was calculated as the total percent change from the rate in 1999
to the rate in 2019.

TAYA refers to adolescents and young adults (15-39 years of age). AYA cancers identified using classification scheme
proposed by R.D. Barr and colleagues. Scheme described at https://seer.cancer.gov/ayarecode/. Present analysis includes
malignant cancers only. Cancers selected based on top five cancers in males and females. Kidney is excluded due to small
counts for males.

IAI/AN race is reported by NPCR and SEER registries or through linkage with the IHS patient registration database.
Includes only AlI/AN of non-Hispanic origin.

§The change in rates was calculated as the total percent change from the 5-year rate for 1999-2004 to the 5-year rate for
2015-2019.

i . . L .
AAPC refers annual average percentage change and is calculated using Joinpoint Regression.
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Fig. 1. Annual age-adjusted incidence rates? and trend lines for all AYAP cancer sites in NH-
AI/ANC populations, by sex, PRCDA counties, U.S., 1999-2019.

Source: National Program of Cancer Registries and Surveillance, Epidemiology, and End
Results SEER*Stat Database: U.S. Cancer Statistics American Indian and Alaska Native
Incidence Analytic Database—1999-2019. United States Department of Health and Human
Services—Centers for Disease Control and Prevention. Released June 2022—hbased on the
2021 submission. 2Rates are per 100,000 persons and are age-adjusted to the 2000 U.S.
standard population by use of 5-year age groups (15-19, 20-24, 25-29, 30-34, 35-39).
PAYA refers to adolescents and young adults (15-39 years of age). AYA cancers identified
using classification scheme proposed by R.D. Barr and colleagues. Scheme described at
https://seer.cancer.gov/ayarecode/. Present analysis includes malignant cancers only. 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. 4AAPC refers annual
average percentage change and is calculated using Joinpoint Regression. P-value < .05
indicates a significant trend.
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Fig. 2. Annual age-adjusted incidence rates® and trend lines for all AYAP cancer sites in NH-AI/
ANCd population, by sex and age group, PRCDA, U.S., 1999-2019.

Source: National Program of Cancer Registries and Surveillance, Epidemiology, and End
Results SEER*Stat Database: U.S. Cancer Statistics American Indian and Alaska Native
Incidence Analytic Database—1999-2019. United States Department of Health and Human
Services—Centers for Disease Control and Prevention. Released June 2022—hbased on the
2021 submission. 2Rates are per 100,000 persons and are age-adjusted to the 2000 U.S.
standard population by use of 5-year age groups (15-19, 20-24, 25-29, 30-34, 35-39).
DAYA refers to adolescents and young adults (15-39 years of age). AYA cancers identified
using classification scheme proposed by R.D. Barr and colleagues. Scheme described at
https://seer.cancer.gov/ayarecode/. Present analysis includes malignant cancers only. 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. 4AAPC refers annual
average percentage change and is calculated using Joinpoint Regression. P-value < .05
indicates a significant trend.
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Fig. 3. Change in rates? in selected AYAD cancers in NH-AI/ANC populations, by sex, PRCDA
Counties, U.S., 1999-2019.

Source: National Program of Cancer Registries and Surveillance, Epidemiology, and End
Results SEER*Stat Database: U.S. Cancer Statistics American Indian and Alaska Native
Incidence Analytic Database—1999-2019. United States Department of Health and Human
Services—Centers for Disease Control and Prevention. Released June 2022—hbased on the
2021 submission. 2Rates are per 100,000 persons and are age-adjusted to the 2000 U.S.
standard population by use of 5-year age groups (15-19, 20-24, 25-29, 30-34, 35-39).

The change in rates was calculated as the total percent change from the 5-year rate for 1999—
2004 to the 5-year rate for 2015-2019. PAYA refers to adolescents and young adults (15-39
years of age). AYA cancers identified using classification scheme proposed by R.D. Barr and
colleagues. Scheme described at https://seer.cancer.gov/ayarecode/. Present analysis includes
malignant cancers only. Cancers selected based on top five cancers in males (A) and females
(B). Kidney is excluded due to small counts for males. SAl/AN race is reported by NPCR
and SEER registries or through linkage with the IHS patient registration database. Includes
only Al/AN of non-Hispanic origin.
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Table 1

Percent distribution and rates ™ of all AYA” and leading AYA cancers in NH-AI/AN? males and females,
PRCDA counties, U.S. 1999-2019

Site (in order Count %ofall All  95%CI Range of rates in

based on overall AYA AN individual
U.S. rank8 in cancers  rate geographic
Al/AN) regions
Males
All AYA sites 3264 —_ 579 55.9-60.0 (34.3-72.4)
Testis 807 24.7 136 12.6-146 (8.3-14.7)
Lymphomas 393 12.0 69 6.2-76 (4.1-9.6)
Colorectal 282 8.6 54  48-6.0 (4.2-7.8)
Leukemias 285 8.7 4.7 4.2-53 (2.4-5.8)
Kidney 236 7.2 47 4254  (3.9-6.3)
Sarcomas 218 6.7 3.6 3.1-4.1 (2.6-5.1)
CNS 204 6.3 3.4 3.0-3.9 (2.4-4.7)
Thyroid 158 48 29 2433  (23-46)
Melanoma 149 4.6 2.8 2.4-33 (0.8-5.5)
Head and neck 105 3.2 2.0 1.6-2.4 (1.1-3.4)
Females
All AYA sites 5126 —_ 92.7 90.1-95.3 (72.2-117.9)
Female breast 986 19.2 19.0 17.9-20.3 (11.9-30.8)
Thyroid 901 17.6 157 14.7-16.8 (12.7-18.5)
Cervical 538 105 9.8 9.0-10.7 (5.3-14.7)
Uterine 318 6.2 6.1 5.4-6.8 (2.8-9.7)
Colorectal 297 5.8 55 4.9-6.2 (3.7-7.9)
Lymphomas 308 6.0 52 4.6-58 (3.4-7.2)
Melanoma 254 5.0 45 3.9-51 (1.8-7.2)
Sarcomas 230 45 39 3444 (2.4-4.7)
Leukemias 233 45 38 34-44 (3.1-5.1)
Kidney 177 35 34 29-39 (2.2-4.5)

Source: National Program of Cancer Registries and Surveillance, Epidemiology, and End Results SEER*Stat Database: U.S. Cancer Statistics
American Indian and Alaska Native Incidence Analytic Database—1999-2019. United States Department of Health and Human Services—Centers
for Disease Control and Prevention. Released June 2022—based on the 2021 submission.

Cl = confidence interval; CNS = central nervous system and other intracranial and intraspinal neoplasm.

*
Rates are per 100,000 persons and are age-adjusted to the 2000 U.S. standard population by use of 5-year age groups (15-19, 20-24, 25-29,
30-34, 35-39).

fAYA refers to adolescents and young adults (15-39 years of age). AYA cancers identified using classification scheme proposed by R.D. Barr and
colleagues. Scheme described at https://seer.cancer.gov/ayarecode/. Present analysis includes malignant cancers only.

'tAI/AN race is reported by NPCR and SEER registries or through linkage with the IHS patient registration database. Includes only Al/AN of
non-Hispanic origin.

§Rank based on rates and counts.
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