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Abstract

Background: Alaska Native (AN) people have the highest rates of colorectal cancer (CRC)
globally. Increasing CRC screening has been effective in reducing CRC-related morbidity and
mortality in other populations.

Objective: To examine recent descriptive epidemiology and longer-term CRC trends among AN
people. To determine any changes in the descriptive epidemiology of CRC among AN people
concurrent with increases in screening prevalence.

Methods: We estimated age-specific CRC incidence and mortality rates 2000-2017. To examine
longer-term trends in incidence and mortality 1990-2017, we conducted Joinpoint regression
analyses of three-year rolling average incidence and mortality rates. We calculated descriptive
statistics for two time-periods: 2000-2008, and 2009-2017. Finally, we examined five-year survival
probability.

Results: CRC incidence increased over time (1990-2017) among AN people aged less than 50
years, while there were modest declines in AN people older than 50 years old since 2000. Overall,
AN CRC mortality rates declined between 1990 and 2004, but have been increasing steadily since
that time. Comparing 2000-2008 with 2009-2017 we observed no difference in CRC incidence
and mortality, age at diagnosis, tumor size, tumor location, or stage distribution. Survival analyses
indicated no change in hazard of death between 2004-2008 and 2009-2017 (HR 1.02, 95% CI:
0.74,1.38, P=0.93).

Conclusions: Colorectal cancer prevention and control efforts across the Alaska Tribal Health
System have not yet resulted in reduced mortality rates, or induced earlier stage migration.
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Policy Summary Statement: Intensified efforts will be necessary to reduce the burden of
CRC among this high-risk population. Continued and increased focus on primary and secondary
prevention efforts is warranted.
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INTRODUCTION

Alaska Native (AN) people have the highest recorded incidence and death rate from
colorectal cancer (CRC) globally. Both incidence of and mortality from CRC is greater
than twofold higher among AN people than US whites (incidence: 91 vs. 40/100,000;
mortality: 37 vs. 15/100,000), and the median age at diagnosis is 64 years for AN people
compared with 69 years for U.S. all races.1=3 This disparity has persisted for over 40
years.13 Furthermore, CRC is the second leading cancer among AN people, accounting for
18% of cancers, and 14% of cancer deaths.*

This high burden of CRC has led to an increased focus on CRC screening by Tribal

and clinical leadership within the Alaska Tribal Health System.>~7 Screening can prevent
CRC through the identification and removal of colorectal polyps before they develop

into cancer.2 Screening also allows for the detection and diagnosis of CRC at earlier

stages, when treatment has greater likelihood of success with lower impact on quality

of life.8:9 Several strategies have been employed within the Alaska Tribal Health System

to increase screening among AN people, including three AN CRC Control Programs,
funded by the Centers for Disease Control and Prevention from 2009-2015.5 The goal of
these programs was to increase colorectal cancer screening among AN people through

a wide range of activities including direct screening services, patient navigation and
reminder systems, community and provider education, and systems and policy changes.10
For example, one policy initiative implemented in 2013 was a change in Alaska Native
Medical Center recommendations to begin screening AN people at 40 years, rather than

50 years as is nationally recommended, to address the high incidence and mortality among
AN people.10.11 Qverall, the efforts to increase screening among AN people have been a
resounding success: in 1999, the proportion of AN people that had been screened was less
than 40%.12 Before the CRC Control Programs began, in 2008 the AN screening prevalence
was 47%, which increased to 68% in 2016.12 Yet, the impact of these screening increases on
AN CRC outcomes is unknown.

This study investigated the potential impact of Alaska Tribal Health System CRC prevention
and control efforts on CRC among AN people. Using population-based data from the
Alaska Native Tumor Registry (ANTR), we examined recent descriptive epidemiology and
longer-term CRC trends (1990-2017). We also compared descriptive statistics, incidence,
mortality, and survival before (2000-2008) to during and immediately after (2009-2017) the
implementation of CRC Control Programs in the Alaska Tribal Health System. The goal of
this study was to identify any changes in the burden of CRC among AN people concurrent
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with increases in screening prevalence, and specifically since the implementation of the AN
CRC Control Programs in 2009.

METHODS

Study population

An estimated 144,274 American Indian and Alaska Native (AIAN) people reside in
Alaskal3 (individuals reporting AIAN identity alone, or in combination with another racial
identity), comprising 20% of the Alaskan population. Almost 90% of AIAN people living
in Alaska identify as Alaska Native;14 therefore, hereafter we will refer to all AIAN
people resident in Alaska as “Alaska Native (AN) people”. Healthcare for AN people
residing in Alaska is provided by over twenty regional Tribal health organizations, and the
Alaska Native Tribal Health Consortium, which provides statewide services. There is one
Tribally managed tertiary healthcare facility in the state, located in Anchorage: the Alaska
Native Medical Center, which provides colorectal cancer screening services to AN people
statewide, as well as treatment to the majority of AN people with CRC. Screening services
are provided by regional Tribal health organizations in six regional hubs.1®

Data sources

Cancer data were collected by the ANTR, which is a population-based central cancer
registry that records information on AIAN people who meet eligibility requirements for
Indian Health Service benefits, who have been diagnosed with cancer in Alaska since

1969, and who resided in Alaska at the time of diagnosis. The ANTR has been collecting
cancer information according to National Cancer Institute’s Surveillance, Epidemiology, and
End Results Program (SEER) standards since its inception and has been a full member of
the SEER Program since 1999. The primary focus of the current analysis is on cancers
diagnosed 2000-2017; however, we also provide a longer-term context by examining trends
in cancer incidence and mortality 1990-2017. Cases of colon and rectal cancer (ICD-0O-3
anatomic site codes C18.0, 18.2-18.9, C19.9, C20.9) with a behavior code “3” (i.e.,
malignant cases) were selected for inclusion in this study. Cancers of the appendix (C18.1)
were not included in this study. Mortality data were provided by linkage to the National
Death Index Plus, which is maintained by the National Center for Health Statistics.

Patient characteristics collected by the tumor registry and reviewed in this study include sex,
age at diagnosis, and Alaska Tribal health region of residence at the time of diagnosis.
Clinical characteristics included tumor size (2004 onwards), tumor location, and stage
distribution (Derived Summary Stage 2000; 2004 onwards). Regarding tumor location, colon
tumors were defined as located in the proximal colon if they were located in the cecum,
ascending colon, hepatic flexure, transverse colon, or splenic flexure (C18.0-18.5); the distal
colon if they were located in the descending colon, the sigmoid colon or the large intestine
(C18.6-18.8); or colon (not otherwise specified) (C18.9).

Statistical Analysis

Differences in patient and clinical characteristics were assessed using the Chi-squared test
for categorical variables, and one-way ANOVA for continuous variables. Fisher’s exact test
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was used for analyses of categorical variables where cell size <5. Trends in three-year
rolling CRC incidence and mortality rates, and average annual percent change (APC), were
analyzed using Joinpoint Regression software (Surveillance Research Program, National
Cancer Institute, Bethesda MD6). The minimum number of joinpoints allowed was zero,
and the maximum five, with at least two observations between each joinpoint. Three-year
rolling cancer incidence and mortality rates were calculated 1990-2017; averages were not
calculated for 2017 due to the lack of available data for 2018 at the time of analysis. Cancer
incidence rates were expressed as average annual rates over two time-periods (2000-2008
and 2009-2017), expressed per 100,000 population and age-adjusted to the US Census
2000 standard population using the direct method. Denominators for rate calculations were
derived from population estimates from the U.S. Bureau of the Census and National Center
for Health Statistics for AN people (bridged estimates), available from the NCI’s SEER
Program.1#

Cause-specific CRC survival was assessed from 2004-2017; analyses were limited to these
dates by availability of stage data. Kaplan-Meier methods were used to calculate univariate
five-year cause-specific survival; log-rank tests were used to formally assess differences in
survival in strata of the patient and clinical characteristics listed above. Multivariable Cox
proportional hazards models’ were used to characterize survival by patient and clinical
characteristics. The outcome for these analyses was CRC-specific death; individuals who
died from other causes were censored at the date of death. In accordance with prevailing
standards, survival analyses were restricted to first primary cancers, cases of known age,
and those histologically confirmed and followed over time; cases that were identified solely
based on death certificates or autopsy reports were excluded.1819 Patients still alive on
December 31, 2017 were administratively censored.

All statistical tests were two-sided and were assessed at an alpha level of p<0.05. Statistics
were generated using standard modules of the Statistical Analysis System (\Version 9.4, SAS
Institute, Cary, NC). As per ANTR standard procedure, incidence rates and case counts are
not given where cell sizes were <5, in order to protect individuals’ privacy.

Ethics Statement

RESULTS

Institutional review board approval and informed consent were not required for the current
study because all SEER Program data are publicly available and collected for surveillance
purposes, and all data were de-identified. Tribal review and approval was obtained for
publication of this study from the Alaska Native Tribal Health Consortium.

Figures 1 a—c show the age-specific Joinpoint regression analysis of cancer incidence trends,
1990-2016. Incidence of cancers among young people generally increased over this time.
Among 40-49 year olds, we observed a positive trend (Annual percent change (APC) = 3.57,
0 joinpoints) for the entire seventeen-year period. We observed a non-significant decreasing
trend among those aged 50-75 years (APC —0.97; 0 joinpoints), and a significant decreasing
trend among those aged 75+ years (APC —1.71; 0 joinpoints). Figure 1d shows the Joinpoint
regression analysis of cancer mortality rates 1990-2016; these analyses were not stratified
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by age due to case count limitations. We observed a decrease in mortality rates between
1991-2005 (APC= -1.57); however, between 2005-2016 rates increased (APC = 2.24).

Age-specific incidence and mortality rates are given in Table 1; specifically, this table
presents data for 2000-2008 compared with 2009-2017. No significant difference in
incidence or mortality rates was observed between time-periods, as indicated by overlapping
95% confidence intervals for each age group. Table 2 gives descriptive statistics for
demographic and clinical characteristics of CRC diagnosed among AN people for these
same time-periods. There were no statistically significant differences in demographic
characteristics between time-periods. The majority of cases (~65%) were diagnosed in
individuals of screenable age (50-75 years); however, there were a substantial number of
diagnoses in those younger than 50 years (~15% cases) and older than 75 years (~20%
cases). CRC diagnoses were almost equally split between men and women. There was also
no significant difference in tumor size, location, or stage distribution between time-periods.
Approximately one third of CRC cases were rectal cancers; another third were cancers

of the distal colon; and the remaining ~40% were cancers of the proximal colon. In both
time-periods approximately one fifth of all CRCs were diagnosed at distant stage, with the
remainder of cases almost equally split between local and regional stage cases. In both
time-periods almost half of all tumors were greater than 40mm in size.

Univariate Kaplan-Meier and univariate and multivariable-adjusted Cox proportional
hazards models examining CRC survival among AN people, stratified by sex, age, stage,
and time-period are given in Table 3. After exclusions, the final number of CRC cases
included in this analysis was 818. We observed no association of survival probability with
sex, or age at diagnosis (0-49 years versus 50 years and older). Stage at diagnosis was a
strong predictor of survival; risk of death was 7.29 times higher among those diagnosed at
regional/distant/or unknown stage than those diagnosed at local stage (HR: 7.29, 95% CI:
4.48, 11.86, P<0.0001). In univariate analyses, there was a slightly increased hazard of death
in the later period (2009-2017) compared to the earlier period (2004-2017; dates restricted
due to availability of stage covariate information) (HR: 1.32, 95% CI: 1.00, 1.74, P<0.045);
however, this association was non-significant in multivariable adjusted models (HR: 1.27,
95% CI: 0.96, 1.68, P<0.09).

DISCUSSION

The high rates of CRC among Alaska Native people have led to efforts to increase screening
within the Alaska Tribal Health System. These efforts have included the development of
Tribal CRC control programs using evidence-based interventions shown to be effective

in other populations, such as patient and provider reminders, reducing structural barriers,
and patient navigation and outreach.>20-22 These efforts were successful in increasing the
proportion of AN people being screened. The present study examined whether any impacts
of screening increases could be detected in the recent descriptive epidemiology of CRC
among AN people, as well as long term trends in incidence and mortality. The most
striking finding from these analyses was that, despite increases in screening prevalence
starting in the early 2000’s, CRC mortality showed a clear increasing trend beginning in
2005. Reasons for this counterintuitive finding are unknown. Further research is needed to
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explore whether access to or utilization of healthcare services after an abnormal finding;
time between abnormal findings and diagnostic or treatment services, diagnosis of cancer
between guideline-recommended intervals; or other factors that reduce the effectiveness of
colorectal cancer treatment may be playing a role in the relationship between CRC screening
and mortality in the AN population.

We also compared characteristics of cancers diagnosed 2000-2008, the time immediately
prior to the implementation of CRC Control Programs, with the period during and
immediately after program implementation (2009-2017). Screening programs reduce late-
stage CRC incidence,23.24 mortality,24-26 and can induce earlier stage migration.2” Yet,
among this high-risk population, we found little evidence of such impact, at least in the
short term: there was no difference in stage at diagnosis or risk of death between the two
time-periods, and mortality rates showed an increase from 2005 onwards. Because of the
long lead time for CRC progression, it can take 5-10 years to observe an impact of a
screening program on incidence and mortality;28.29 therefore, this current analysis might be
too early to detect any changes that occurred as a direct result of the CDC-funded CRC
Control Programs. Alternatively, it is possible that CRC incidence and mortality rates could
have been even higher without these programs in place.

In our trend analyses, we observed a long-term pattern of increasing CRC incidence

among AN people aged 40-49 years. This mirrors national trends in increasing incidence
among younger adults.3%31 In both time-periods, the proportion of cases diagnosed

among individuals aged less than 50 years was approximately 15%; this is higher than
figures reported nationwide, which estimate approximately 12% of CRC are diagnosed in
individuals aged under 50 years. Between 2009-2017, we observed incidence and mortality
rates of 62.8 and 14.7/100,000, respectively; this is substantially higher than has been
reported for USW,30:32 and is agreement with previous results from this population.33 The
higher risk of CRC among AN people has been recognized by several leading public health
organizations, including the American Cancer Society,3* and the higher risk specifically
among younger people was a primary driver for the 2013 policy change at the Alaska Native
Medical Center to begin screening for CRC at age 40 years among AN people.3° Further
research is needed to determine why rates have been increasing among younger people; and
why AN people are at much higher risk than their USW counterparts.

Colorectal cancer screening may also lead to improved survival, as cancers are diagnosed
earlier when treatment has greater chance of success. In the present study, we observed no
change in survival from CRC between 2000-2008 and 2009-2017, after adjustment for age,
sex, and stage at diagnosis. In a previous study by our group, we observed a marginally
non-significant 20% reduction in hazard of death from CRC among AN people between
1992-2002 and 2003-2013.36 The difference in these findings can likely be explained by
the differences in time-periods examined: the previous study included data from the 1990’s
when national CRC screening recommendations were just being released, and prevalence
of screening among AN people was substantially lower. In 1999, the proportion of AN
people that reported screening was <40%, which increased to 47% in 2008. Since that
time, statewide screening prevalence has increased to over 65%,37 comparable to national
figures.38 although screening rates among AN people vary widely from region to region,
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from 29% up to 72%. Other factors that may contribute to changes in survival include
healthcare access and utilization; and treatment effectiveness.3%-44 Further research to
investigate these contributions may be warranted.

In addition to secondary prevention efforts, primary prevention should be a critical
component of comprehensive efforts to reduce the burden of CRC among AN people. CRC
risk factors, including smoking, obesity, physical inactivity, and low fruit and vegetable
intake, continue to be common in the AN population,12:45 which indicate that increased
primary prevention in addition to screening efforts may be warranted. Furthermore, research
from non-Native populations suggests that there may be biological mechanisms underlying
CRC development, including genes and gene-environment interactions,*6-48 While few such
research studies have been conducted for and among AN people,*9 future research should
elucidate whether genetic factors contribute to CRC risk in this population, and whether
there are interactions with environmental factors that may contribute to the continued high
incidence and mortality.

The primary strength of this study was its use of high-quality population-based data
collected by the Alaska Native Tumor Registry, a special population registry of the

National Cancer Institute’s Surveillance, Epidemiology and End Results Program. This
study provides benchmark data pertaining to CRC incidence and mortality against which
future studies can measure the potential impact of the AN CRC screening programs. A

key limitation of this work is that because the Alaska Native population is small, case
counts and numbers of deaths from CRC were low, despite CRC being the second leading
cancer among AN people.l Sparse data bias is always a concern for research conducted

with small populations;>0 yet, this does not diminish the importance of such research.5!
Furthermore, small sample sizes results in reduced statistical power, which may have limited
our ability to detect differences between groups, or trends over time, particularly within

or between strata. To maximize the number of cases in each time-period, and to ensure

that we were comparing relevant time-periods, we compared data from 2000-2008 with
2009-2017. It is possible that changes may have occurred within these time-periods; or that a
different comparison may have resulted in significant findings. We chose these time-periods
to provide data before and after the AN CRC Control Programs and their activities began

in earnest; continued monitoring of these data will indicate if changes have occurred more
recently, or are ongoing. We provide information on five-year survival for AN CRC patients;
this metric has been criticized as an indicator of success against the burden of cancer
because of its potential for lead-time bias, length bias, and/or overdiagnosis, particularly
among screenable cancers.52 Because this may create the appearance of improvement where
none truly exists, mortality has been suggested as a more suitable alternative.>2 We observed
no changes in either survival or age-specific mortality for the time-periods examined; and
more fine-grained trends analyses actually indicated continued increases in overall mortality
beginning in 2005. Finally, because this was an examination of data from the ANTR,

we were not able to directly assess reductions in risk associated with screening among

AN people, or examine screening among CRC cases. Further research to address these
knowledge gaps among this high-risk population is warranted.
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In this study, long-term trend analyses showed a steady increase in mortality since the early
2000’s, when CRC screening prevalence began to increase among AN people. Furthermore,
we were not able to demonstrate any short-term changes in CRC mortality, incidence, or
stage at diagnosis that could be directly linked to efforts to increase screening among AN
people through CRC Control Programs. Continued surveillance is necessary to evaluate
whether ongoing screening efforts result in improvements in CRC outcomes in this high-risk
population.
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Highlights

Alaska Native people have the highest rate of colorectal cancer (CRC)
globally.

We examined recent descriptive epidemiology and longer-term CRC trends
among AN people to determine changes in the descriptive epidemiology of
CRC among AN people concurrent with increases in screening prevalence.

CRC incidence rates increased over time (1990-2017) among AN people aged
less than 50 years, while there were modest declines in AN people older than
50 years old since 2000.

AN CRC mortality rates declined between 1990 and 2004, but have been
increasing steadily since that time.

Comparing 2000-2008 with 2009-2017 we observed no difference in CRC
incidence and mortality, age at diagnosis, tumor size, tumor location, stage
distribution, or survival.

Intensified efforts are required to reduce the CRC burden in this high-risk
population.
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Figure 1.
Age-specific Joinpoint regression analysis using three-year rolling average CRC incidence

rates (1990-2016). Model selected by Joinpoint as best fit. A) Incidence, 40-49 years B)
Incidence, 50-75 years C) Incidence, 76+ years D) Mortality, all ages.
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