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Abstract

Objective: To evaluate the descriptive epidemiology of pediatric cancers among Alaska Native
(AN) people.

Study design: We used data from the Alaska Native Tumor Registry, a population-based
registry capturing cancer information among Alaska Native people 1969-present. Specifically, we
examined all cases of cancer diagnosed among individuals ages 0-19 years. Cases were classified
according to the International Classification of Childhood Cancers, 3™ edition (ICCC-3). We
estimated incidence and distribution of cases by ICCC-3 cancer site, comparing between the time-
periods 1969-1996, and 1997-2016. We assessed twelve month and five-year cause-specific
survival, and examined differences over time-period, adjusted for age, sex, and ICCC-3 site.

Results: Incidence rates of pediatric cancers increased between 1969-1996 (n = 134), and
1997-2016 (n = 186) among Alaska Native people, from 139.8/1,000,000 (95% Confidence
Interval (Cl): 116.99, 165.7) to 197.54/1,000,000 (95% CI: 170.1, 228.1). Distribution of ICCC-3
sites differed between time-periods (P<0.0001). Finally, cancer survival was high; 12-month
survival probability from all ICCC-3 sites combined was 0.88 (95% CI: 0.84, 0.92) and five-year
survival probability was 0.76 (0.70, 0.81) (1969-2016). After adjusting for age, sex, and ICCC-3
site, we observed a 57% reduction in risk of death when comparing AN pediatric cancer cases
diagnosed in 1997-2016 to those diagnosed in 1969-1996.

Conclusions: This information will be of value for our understanding of pediatric cancers
among Indigenous peoples of the U.S., and will also be informative for clinicians providing care to
this population.
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Cancer is the leading cause of disease-related death in children nationwide, ranking only
behind motor vehicle crash and firearm-related injury, and accounting for 9.1% of child and
adolescent deaths nationwide (1). Mortality rates are higher for American Indian and Alaska
Native (AIAN) children and adolescents compared with their U.S. white (USW)
counterparts, and exhibit regional variation, with the highest rates observed among Alaska
Native (AN) children living in Alaska (2). Furthermore, although the leading causes of death
are similar among USW and AIAN children and adolescents (1, 2), data specific to AN
children and adolescents living in Alaska show slight differences. Cancer is not among the
ten leading causes of death (COD) for AN children aged 0-14 years, but is the fifth leading
COD for AN individuals aged 15-24 years, behind suicide, unintentional injury, homicide,
and heart disease (3). Differences in pediatric cancer incidence rates also exist. Rates are
lower among all AIAN children and adolescents nationwide compared with all other racial
groups in the US (4, 5); however, only one report has compared cancer incidence rates
between AN people in Alaska and other ethnic groups (6). This report, published almost 20
years ago, indicated that rates among AN children were actually similar to those observed
among USW, and higher than those observed among AIAN children living in New Mexico.
This information agrees with what we know about variations in site-specific cancer
incidence rates among AIAN adults nationwide; for example, rates of gastric, lung and
colorectal cancers are known to be higher among AN people than their AIAN counterparts
in the contiguous 48 states (7-9).

This study examines childhood and adolescent cancers among AIAN people living in Alaska
(6). We used data from the Alaska Native Tumor Registry (ANTR), a population-based
central cancer registry that records cancer information for AIAN people living in Alaska.
The previous report of cancer among AN children and adolescents, which also used data
from the ANTR, reported on cases diagnosed between 1969 and 1996; therefore, this report
focuses primarily on cases diagnosed during the most recent 20 year period (1997-2016).
However, we also present data from 1969-1996 for comparison. We present specific
information on cancer frequency, incidence, and survival. We anticipate that these findings
will be of interest to clinicians interested in childhood and adolescent cancers, particularly
among Indigenous populations, as well as individuals with a broader interest in cancer
among AIAN people.

METHODS

Data indicate that 147,752 AIAN people reside in Alaska, including 56,827 people aged
under 18 years (10) (individuals reporting AIAN identity alone, or in combination with
another racial identity). AIAN people comprise 19.5% of the Alaskan population, and
almost 90% of AIAN people living in Alaska identify as Alaska Native (11); therefore,
hereafter we will refer to all AIAN people resident in Alaska as “Alaska Native (AN)
people”. Healthcare for AN people is provided by over 20 regional tribal health
organizations, and the Alaska Native Tribal Health Consortium, a tribal health organization
that provides statewide medical subspecialty and surgical services for all AN people. There
is one tribally-managed tertiary healthcare facility in the state, located in Anchorage: the
Alaska Native Medical Center (ANMC). However, almost all pediatric cancer care in Alaska
is provided at other Anchorage-based, non-tribal clinics and hospitals in order to consolidate
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services and provide the highest quality care for the relatively small number of pediatric
cancer cases that occur in Alaska. Unusual or challenging cancer cases may be treated out of
state; usually by facilities in Seattle WA or Portland OR.

Data sources

Cancer data were collected by the ANTR, 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 the 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. According to ANTR standard case-finding practices, cases were
ascertained through a variety of sources, including hospital discharge diagnoses for tribal
and non-tribal health facilities in Alaska; tumor registry and pathology files of the ANMC
and other in-state healthcare facilities; linkage to the Alaska Cancer Registry and the
Washington State Cancer Registry; and death certificates (<1% cases were registered solely
on the basis of information from a death certificate). Mortality data were obtained from the
Centers for Disease Control and Prevention’s National Center for Health Statistics;
additional death clearance procedures to determine vital status and cause of death included
linkage with the Social Security Administration, and Centers for Medicare and Medicaid, as
well as reviewing Alaska death certificate information in collaboration with the Alaska
Cancer Registry. Information on treatment occurring outside of Alaska was obtained through
linkage with other population-based cancer registries. For the purposes of this analysis, we
report on cancers diagnosed between 01/01/1969 and 12/31/2016, with our primary focus on
cases diagnosed in the last 20 years (1997-2016). Patient characteristics collected by the
tumor registry and reviewed in this study include age at diagnosis, and sex. Clinical
characteristics included histologic subtype, laterality, and cancer stage (SEER Historic Stage
A: local vs. regional vs. distant/unknown) (12).

Case Definition

Cases were restricted to those diagnosed among children (aged 0-14 years) and adolescents
(aged 15-19 years). Cases included only primary malignant neoplasms, and were classified
into 12 major groups using the International Classification of Childhood Cancer, 3"
Edition(ICCC-3) (13).

Statistical Analyses

Differences in patient and clinical characteristics were assessed using the Chi-squared test
for categorical variables, or the Fisher exact test for comparisons which contained cell sizes
<5, and one-way ANOVA for continuous variables. Cancer incidence rates were expressed
as average annual rates, expressed per 1,000,000 population and age-adjusted to the U.S.
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) and USW, available
from the NCI’s SEER Program (11). Where comparisons are made to data from U.S. whites,
we used the SEER 13 Research Database, again available from the NCI’s SEER Program.
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20-year limited duration prevalence counts were estimated using the SEER*Stat Software
(National Cancer Institute, Surveillance Research Program, Bethesda MD). In accordance
with prevailing standards (14), survival analyses were restricted to cases of known age,
histologically confirmed and followed over time; cases that were identified solely on the
basis of death certificates or autopsy reports were excluded from the survival analyses. We
use cause-specific survival analyses, as these methods are more appropriate for use in
populations where generic life-tables may not accurately represent the experience of the
population (such as Indigenous peoples). Cause-specific survival is one method of assessing
net survival, which provides information on the net effect of a cancer diagnosis in the
absence of other causes of death. In a population-based setting, differences in net cancer
survival reflect differences in survival due to the cancer rather than competing causes of
death (15). Patients still alive on December 31, 2016, or who had died of other causes were
censored from these analyses. We used Cox proportional hazards models to examine risk of
death between time-periods, adjusted for age and sex.

All statistical tests were two-sided and were assessed at an alpha level of P< .05. Statistics
were generated using the SEER*Stat Software version 8.3.5 (National Cancer Institute’s
Surveillance Research Program, Bethesda, MD, USA) and SAS version 9.4 (SAS Institute
Inc, Cary, NC, USA). Incidence rates and case counts are not provided where cell sizes were
<10, in order to protect individuals’ privacy and ensure stability of estimates presented.
Institutional Review Board review was not required for this study, because it used
publically-available surveillance data; tribal review and approval from the Alaska Native
Tribal Health Consortium and Southcentral Foundation were obtained for publication of this
study.

Over 47 years of surveillance, 320 cases of ICCC-3-classified cancer were diagnosed among
AN people aged <20 years (Table I). Over one-half (58%) of these cases occurred in the
most recent 20-year period (1997-2016). During this time-period (1997-2016), pediatric
cancers accounted for 2.5% of cancers among AN people (/7= 186). 20-year limited
prevalence estimates indicated 132 (95% ClI: 110, 157) pediatric cancer survivors, split
between 0-14 years at prevalence (58 (95%Cl: 44, 75)), 15-19 years (32 (95%Cl: 22, 45)),
and 20+ years (42 (95%Cl: 30, 57)).

Table 1 describes case counts and incidence rates for AN pediatric cancer cases, comparing
the most recent 20 year period (1997-2016; hereafter “recent” time-period), to the
1969-1996 (hereafter “earlier” time-period; data previously reported by Lanier et al, but
presented here for comparison).(6) Data are reported for all ages to maximize cell sizes. In
the most recent time-period, approximately three quarters of AN pediatric cancer cases were
diagnosed among children (0-14 years; 75%, n = 140), with the remaining 25% cases
diagnosed among adolescents (15-19 years, n = 46). The most common cancer type among
AN children was leukemia (38% in recent time-period), followed by central nervous system
(CNS) malignancies (17%), and lymphomas (15%). Among AN adolescents, other
malignant epithelial neoplasms and melanomas were the most common (30%), followed by
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leukemia and lymphomas, which were almost equally represented (18% and 20%,
respectively).

We examined change in both ICC-3 site distribution and cancer incidence over time (Table
1, Figure 1, and Figure 2). Although not the primary focus of the current analysis, Table 2
(available at www.jpeds.com) presents incidence compared with USW. Site distribution
differed between children and adolescents (p <0.001) in both time-periods (Figure 1). We
also observed significant differences in the distribution of sites between the earlier and
recent time-periods for both children (p = 0.037) and adolescents (p = 0.031). Specifically,
hepatic tumors comprised a relatively large proportion of cancers in the earlier time-period
(13%), whereas these cancers were relatively uncommon in the recent time-period (3%).
Overall, the rate of childhood cancers among AN people aged <20 years during the recent
time period was 197.5 (95% CI: 170.1, 228.1) per 1,000,000 population; this was slightly
higher than in the earlier time-period (IR (95% CI): 139.8 (117.0, 197.5) per 1,000,000
population). Changes in 20-year average annual incidence rates varied by ICCC-3 site
(Figure 2). Unfortunately, due to small case counts and wide confidence intervals, we were
unable to detect any significant differences by ICCC-3 site between time-periods. However,
we did observe decreases in incidence of retinoblastoma, hepatic tumors, malignant bone
tumors, and germ cell tumors. In contrast, we observed increases in incidence of leukemia,
lymphoma, CNS neoplasms, soft tissue and other extraosseous sarcomas, and other
malignant epithelial neoplasms and melanomas. Despite an overall increase in incidence
rates for leukemia among adolescents (15-19 years), we did observe a decrease in the
incidence of acute lymphocytic leukemia for this group.

Table 3 describes one and five-year cause-specific survival for AN pediatric cancers,
stratified by ICCC-3 site classification, for both time-periods and all ages combined. Cause-
specific survival probability from all cancers was high: 12-month survival probability was
0.88 (95% CI: 0.84, 0.92) and 5-year survival probability was 0.76 (0.70, 0.81). Survival
probability varied by ICCC-3 site. For many sites for which there was sufficient data to
calculate survival, 12-month survival probability was over 90%; exceptions to this were
malignant bone tumors, and other malignant epithelial neoplasms and melanomas. Five-year
survival probability was highest for lymphomas (0.90 (95% CI: 0.76, 0.96)) and renal
tumors (0.94 (95% CI: 0.63, 0.99)), and lowest for malignant bone tumors (0.50 (95% CI:
0.21, 74)). Survival was higher in the recent period relative to the earlier period; a Kaplan-
Meier plot is shown in Figure 3 (available at www.jpeds.com). In Cox proportional hazards
models adjusted for age, sex, and ICCC-3 site, the risk of death was 57% lower in the recent
period relative to the earlier period (HR (95% CI): 0.53 (0.32, 0.89)).

DISCUSSION

Despite representing a small proportion of total cancer cases (2.5%) diagnosed among AN
people of all ages, AN pediatric cancers are important to understand to ensure that the
Alaska Tribal Health System and the associated non-Tribal health systems both within and
outside of Alaska are providing the highest quality cancer care to AN children. We present
the most recent epidemiologic data (1997-2016), and compare it with data published by
Lanier et al (1969-1996) in order to understand whether and how the epidemiology of
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pediatric cancers is changing in AN people.(6) Our results indicate a significant increase in
the incidence rate of all cancers between the two time-periods, as well as an increase in
incidence rates for several ICCC-3 cancer sites. Conversely, we observed a decrease in the
risk of death between the two time-periods, indicating that survival has improved. This
pattern reflects trends observed at the national level, where increased incidence has been
accompanied by decreased mortality and improved survival for many pediatric cancer sites
(5). These findings will be informative for those involved in the provision of healthcare
services and clinical care to AN people, as well as those interested in cancer among
Indigenous populations.

In contrast to many other cancer sites examined in this study, we saw a substantial decrease
in hepatic tumors between the two time-periods. Lanier et al showed that AN children were
at significantly greater risk of hepatocellular carcinoma relative to both US white, and New
Mexico AIAN children (6). All children in that study were hepatitis B (HBV) antigen
positive, and the authors demonstrated a significant decrease in incidence of these tumors
between cohorts born before and after the implementation of a statewide HBV vaccination
program began in 1982 (6). Our results confirm the continued success of this program for
hepatic tumor prevention among AN children. This observation is paralleled by observations
among AN adults, who have also seen a sharp decline in HBV-related cancers (16).

The increase in non-Hodgkin lymphoma observed between the two time-periods could be
related to an increase in Epstein-Barr virus (EBV) prevalence in the AN population. EBV is
an infectious agent linked to increased risk of developing non-Hodgkin’s lymphoma (17),
and has also been shown to have a potential role in the development of adult nasopharyngeal
cancers (18, 19), which are observed at 17 times higher rates among AN people than U.S.
whites (20). Although there is some evidence from the 1980s to suggest a high prevalence of
EBV infection among AN children (6), further research is necessary to understand EBV
prevalence over time among AN children, and whether EBV may be linked to the increased
incidence of non-Hodgkin lymphoma observed herein. Other risk factors for Non-Hodgkin’s
lymphoma in children include immunodeficiency (including immunodeficiency syndromes,
infection with human immunodeficiency virus, and organ transplant), radiation exposure,
and possibly a family history of this disease (21).

Improvements in pediatric cancer survival nationally are thought to be linked to
improvements in treatment as well as supportive care (5). The landscape of pediatric cancer
care in Alaska has changed since cancer surveillance begun in 1969, with the development
of local pediatric cancer resources and treatment. In 2005, the first pediatric oncology clinic
opened in Alaska, giving AN children an option to remain in-state for most of their cancer
care. Outcomes for these children have improved (Figure 3), and by remaining closer to
home for therapy, disruptions to families and patient satisfaction is minimized, relative to
when all children had to leave the state for oncology services [MH., LS. Pers. Comm]. For
some harder to treat, or rare, cancers that are best treated in a large pediatric oncology
facility, families may still need to travel out of state, usually to Washington or Oregon. It is
unknown to what degree increased in-state healthcare access directly contributed to
increased survival observed between the two time-periods; however, we know from patient
surveys studies with Indigenous and non-Indigenous peoples that both individuals and
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families prefer to receive their care closer to home (22-24). Furthermore, access to
culturally-appropriate, high quality healthcare is known to improve cancer outcomes (25). It
is critical that AN children and their families continue to receive access to the highest quality
cancer care and supportive services in Alaska for their continued health and wellbeing.

In considering access to cancer care services for AN children and adolescents, our results
also support the need to consider ongoing follow-up care for cancer survivors. The number
of pediatric survivors is increasing nationally, with an estimated 379,112 survivors alive in
the U.S. as of January 1, 2010 (5). Although we estimate that the number of pediatric cancer
survivors among AN people is small, due to the size of the AN population and the rarity of
these cancers, this growing group is likely to have unique healthcare and cancer surveillance
needs (26, 27). It is also critical to understand the needs of these individuals so that Tribal
Health Organizations can ensure that these needs are being met. Yet, studies indicate that
there is a dearth of childhood cancer survivorship research conducted among minority
populations, not just AN people. We know of no published studies that examine the needs of
AN cancer survivors, whether the cancer was diagnosed when the individual was a child or
an adult.

The primary strength of this study was the use of high-quality population-based data from
the ANTR, an NClI-supported SEER registry. In particular, the long history of cancer
surveillance by this registry (almost 50 years), enabled us to examine trends in pediatric
cancers over a long period of time. This was necessary, in part due to the small size of this
population, and the resulting low case counts for pediatric cancers. The small sample size
provided a challenge to examining trends, particularly in specific age, sex, or cancer site
strata, and cautious interpretation of these data may be warranted. Yet, this does not diminish
the importance of this work; several researchers have noted the importance of small
population cancer research (28, 29). It is possible that data collected by the ANTR on
pediatric cancer cases were incomplete. This may have occurred, for example, if an
individual was diagnosed and treated out-of-state. Although the ANTR has long conducted
routine linkages with both in- and out of state partners to ensure complete case
ascertainment and follow-up, we know that racial misclassification is higher outside of
Alaska, and in urban, non-IHS Purchased/Referred care delivery (PRCDA) counties (such as
those where AN people might typically seek treatment) (30). Therefore, there is a possibility
that a small number of cases may not have been captured in the registry. Finally, it is
possible that the quality of cancer registration may have changed over time, which could
impact interpretation of these data. However, we note that the Alaska Native Tumor Registry
has followed the SEER Program standards since its inception in 1974; therefore, we do not
perceive there to have been any systematic shifts in registration procedures that are likely to
have greatly impacted these results.

We were able to demonstrate that although incidence of pediatric cancers is increasing in
this population, survival has also improved markedly. These results support the need for
ongoing provision of specialist pediatric oncology services in Alaska for AN people, as well
as to understand the unique healthcare and support service needs of AN pediatric cancer
survivors as they age. We anticipate that these results will be of interest to those who provide
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clinical care services to AN children, as well as those with an interest in pediatric cancers,
and indigenous health issues.
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Distribution of pediatric cancer cases among ICCC-3 sites, by time period, stratified by age

at diagnosis, among Alaska Native children, 1969-2016.
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Figure 2.
Change in incidence rate for childhood cancers, by age and ICCC-3 site, between time

period (1969-1996 and 1997-2016).

a Data are not given where cell case counts <10.

b Differences were calculated as percent change between earlier time-period and recent time-
period i.e., positive change indicates rate was higher in the recent time-period.
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Figure 3.

Survival probabilities among Alaska Native pediatric cancer cases (all sites, age <20 years);
by period of diagnoses: 1969-1996 (solid line), 1997-2016 (dashed line) (shadings show
95% confidence intervals)
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Case counts and twenty-five year average annual incidence rates (per 1,000,000 population) for pediatric

Table 2.

Page 15

cancers by ICCC-3 site classification among Alaska Native and U.S White children, diagnosed 1992-2016.°

Alaska Native

U.S. White

All ages (00-19 years)

All ages (00-19 years)

Count IR (95% CI) Count IR (95% CI)
All ICCC-3 Cancers 206 178.1 (154.5,204.2) | 36628 | 180.5(178.6, 182.3)
| Leukemias, myeloproliferative & myelodysplastic diseases 69 58.3 (45.4, 73.9) 10008 48.9 (48, 49.9)
Acute lymphocytic leukemia 47 39.2(28.8,52.2) 7836 38.3(37.4,39.1)
Acute myeloid leukemias 16 13.9 (7.9, 22.6) 1648 8.1(7.7,8.5)
11 Lymphomas and reticuloendothelial neoplasms 24 21 (13.5,31.3) 5113 25.6 (24.9, 26.3)
Hodgkin lymphomas 2605 13.1(12.6, 13.6)
Non-Hodgkin lymphomas (except Burkitt lymphoma) 10 9 (4.3,16.5) 1774 8.9 (8.4,9.3)
111 CNS and misc intracranial and intraspinal neoplasms 30 26.2 (17.7,37.4) 6260 30.8 (30.1, 31.6)
1V Neuroblastoma and other peripheral nervous cell tumors 1734 8.2(7.9,8.6)
V Retinoblastoma 692 3.3(3,3.5)
VI Renal tumors 11 9.2 (4.6, 16.5) 1355 6.5 (6.2, 6.9)
VII Hepatic tumors 12 10.3 (5.3, 18) 498 2.4(2.2,2.6)
VI Malignant bone tumors 1870 9.4(9,9.8)
1X Soft tissue and other extraosseous sarcomas 17 15.1 (8.8, 24.2) 2414 11.9 (115, 12.4)
X Germ cell & trophoblastic tumors & neoplasms of gonads 2671 13.3(12.8, 13.8)
X1 Other malignant epithelial neoplasms and melanomas 19 17.7 (10.6, 27.5) 3900 19.6 (19, 20.2)
XI1 Other and unspecified malignant neoplasms 113 0.6 (0.5,0.7)

a .
Data not given where case count <10.
b

J Pedliatr. Author manuscript; available in PMC 2021 December 01.

ICCC-3: International Classification of Childhood Cancers, 3"d edition; IR: Incidence rate; Cl: Confidence interval.
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Cause-specific survival by ICCC-3 site for Alaska Native pediatric cancer cases diagnosed 1969-2016*°

ICCC-3 Site N
(Deaths) | Months | Survival (95% CI)
| Leukemias, myeloproliferative & myelodysplastic diseases 12 0.88 (0.79, 0.93)
92 (23) 60 0.72 (0.61,0.81)
1l Lymphomas and reticuloendothelial neoplasms 12 0.93 (0.8, 0.98)
43 (4) 60 0.90 (0.76, 0.96)
111 CNS and misc intracranial and intraspinal neoplasms 12 0.90 (0.71, 0.97)
30 (10) 60 0.60 (0.38, 0.76)
1V Neuroblastoma and other peripheral nervous cell tumors 12
60
V Retinoblastoma 12
60
VI Renal tumors 12 0.94 (0.63, 0.99)
16 (2) 60 0.94 (0.63, 0.99)
VII Hepatic tumors 12 0.95 (0.69, 0.99)
21 (8) 60 0.74 (0.48, 0.88)
VIII Malignant bone tumors 12 0.67 (0.34, 0.86)
12(7) 60 0.50 (0.21, 0.74)
1X Soft tissue and other extraosseous sarcomas 12 0.95(0.71, 0.99)
22 (4) 60 0.80 (0.55, 0.92)
X Germ cell & trophoblastic tumors & neoplasms of gonads 12
60
X1 Other malignant epithelial neoplasms and melanomas 12 0.77 (0.56, 0.89)
26 (9) 60 0.73 (0.52, 0.86)
XII Other and unspecified malignant neoplasms 12
60

a .
Data not given where case count <10.

bCNS: Central nervous system; ICCC-3: International Classification of Childhood Cancers, 3rd edition
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