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Abstract

BACKGROUND: Although pediatric cancer mortality and survival have improved in the United
States over the past 40 years, differences exist by age, race/ethnicity, cancer site, and economic
status. To assess progress, this study examined recent mortality and survival data for individuals
younger than 20 years.

METHODS: Age-adjusted death rates were calculated with the National Vital Statistics System
for 2002-2016. Annual percent changes (APCs) and average annual percent changes (AAPCs)
were calculated with joinpoint regression. Five-year relative survival was calculated on the basis
of National Program of Cancer Registries data for 2001-2015. Death rates and survival were
estimated overall and by sex, 5-year age group, race/ethnicity, cancer type, and county-based
economic markers.
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RESULTS: Death rates decreased during 2002-2016 (AAPC, —1.5), with steeper declines during
2002-2009 (APC, —2.6), and then plateaued (APC, —0.4). Leukemia and brain cancer were the
most common causes of death from pediatric cancer, and brain cancer surpassed leukemia in 2011.
Death rates decreased for leukemia and lymphoma but were unchanged for brain, bone, and soft-
tissue cancers. From 2001-2007 to 2008-2015, survival improved from 82.0% to 85.1%. Survival
was highest in both periods among females, those aged 15 to 19 years, non-Hispanic Whites,

and those in counties in the top 25% by economic status. Survival improved for leukemias,
lymphomas, and brain cancers but plateaued for bone and soft-tissue cancers.

CONCLUSIONS: Although overall death rates have decreased and survival has increased,
differences persist by sex, age, race/ethnicity, cancer type, and economic status. Improvements
in pediatric cancer outcomes may depend on improving therapies, access to care, and supportive
and long-term care.
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INTRODUCTION

Cancer is the second leading cause of death after injury among people aged 1 to 19 years in
the United States.! Five-year survival for patients with pediatric cancer improved from 63%
in the 1970s to 83% in the 2000s.2 Children and adolescents who survive cancer often have
chronic diseases due to their treatment that require long-term care and planning.3

Despite improvements in mortality and survival for patients with pediatric cancers over the
past 40 years, progress has been limited for some cancer types diagnosed in childhood,
including bone and soft-tissue cancers.24~7 Past studies have shown higher mortality

with solid tumors versus leukemia and lymphoma and have described disparities in

cancer outcomes, such as lower survival for Blacks versus Whites, which warrant further
exploration using more recent data.>8-10 Thus, this study examined surveillance data for
pediatric cancer since 2001 and described recent trends.

This study used data available from the National Vital Statistics System (Centers for Disease
Control and Prevention), which covers all US states and the District of Columbia, to
describe death rates and data available from the National Program of Cancer Registries
(NPCR; Centers for Disease Control and Prevention), which covers 93% of the US
population, to describe survival.11-13 Because pediatric cancer incidence and survival differ
on the basis of geographic area,1*1° use of databases that cover most of the US population
can help us to describe trends and disparities in outcomes and regional variations, which
can inform planning. Because NPCR survival data cover 93% of the US population, it can
provide a more comprehensive picture of pediatric cancer survival than past studies using
the Surveillance, Epidemiology, and End Results database, that covered <28% of the US
population at the time of these studies.>”
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MATERIALS AND METHODS

This work was a secondary analysis of deidentified data; institutional review board review
was not required. Death data from 2002-2016 for individuals younger than 20 years

with cancer were based on death certificate information reported to state vital statistics
offices and compiled by the National Vital Statistics System. This report includes all

50 states and the District of Columbia. Population estimates for denominators for death

rates were obtained from the US Census and the National Cancer Institutel® and were
aggregated to the county, state, and national level. Causes of death were categorized with the
International Classification of Diseases, Tenth Revisionand were grouped by site codes.16
Only malignant tumors were included. County-level variables were estimated from the
2012-2016 American Community Surveyl” and were reported by quartile.

Death rates were age-adjusted to the 2000 US standard population, as previously done.215.18
Rates were expressed per 1 million persons. The annual percent change was calculated with
joinpoint regression1920 to quantify changes in death rates. The number of joinpoints was
based on the length of the period, with up to 2 joinpoints allowed (allowing different slopes
for up to 3 periods).20 Joinpoint models were selected with sequential permutation tests

via the Joinpoint Regression Program.2! The average annual percent change was calculated
to provide a single trend estimate during 2002-2016. Trends were considered statistically
significant if they were different from zero at £< .05, and they were described as increasing
or decreasing only if results were statistically significant. Death rates were estimated by sex;
age group; race/ethnicity; US Census region; cause of death by cancer type; and county-level
urban/rural status, education, poverty (percentage of families whose incomes are below the
federal poverty level), and household income.22 Trends were estimated by sex, age group,
race/ethnicity, region, and cause of death by cancer type.

Survival data were available from the NPCR survival data set, as described previously.823.24
Data were reported by central cancer registries to the NPCR and met publication criteria for
inclusion in US Cancer Statistics.2>26 Vital status was determined on the basis of linkages
with the National Death Index or on active patient follow-up conducted by the state before
data submission. The analysis included data through the November 2018 data submission,
which represented data from 43 NPCR central cancer registries, including all US states
(except for Connecticut, Hawaii, Indiana, lowa, Kansas, Nevada, New Mexico, and South
Dakota, which did not conduct active case follow-up or linkage through the 2015 death

file, did not provide the full date of death, or were not NPCR states) and the District of
Columbia.

The survival analysis included patients diagnosed with malignant cancer at an age < 20
years and included first primary tumors only. Cancer was defined with codes from the
International Classification of Diseases for Oncology, Third Edition.” Patients identified
only by autopsy or death certificate (0.3% of patients) were excluded.

Five-year relative survival was calculated for patients with cancer diagnosed during 2001-
2015 with follow-up through December 31, 2015, the most recent date available. Cases
diagnosed in 2016 did not have adequate follow-up time to be included in the survival

Cancer. Author manuscript; available in PMC 2022 October 07.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Siegel et al. Page 4

analysis. Survival was calculated on the basis of expected life tables stratified by age, sex,
race/ethnicity, socioeconomic status, geography, and year.28 Relative survival was defined
as the ratio of the observed all-cause survival in a group of individuals with cancer to the
expected all-cause survival of a similar group of individuals in the general population.8:24:29
Relative survival was calculated via the Ederer 11 method.3%:31 The cohort method was used
to estimate survival for pediatric patients diagnosed in 2001-2007, and the complete method
was used for patients diagnosed in 2012—-2015 with less than 5 years of follow-up. Five-year
relative survival was calculated for sex, age, race/ ethnicity, US Census region, and county-
based economic status®32 and by cancer type according to cause-of-death codes and the
International Classification of Childhood Cancer (ICCC).33 Relative survival during 2001—
2007 was compared with relative survival during 2008-2015. We calculated differences
between relative survival estimates by comparing 95% confidence intervals (Cls), which
allowed for an informal, conservative comparison of estimates, as previously done.8:24
Survival between groups was described as different if 95% Cls did not overlap. Survival
differences were described as “increased” or “improved” if 2008—-2015 values were higher
than those in 2001-2007 and 95% Cls did not overlap.

RESULTS

A total of 30,384 cancer deaths were reported among children and adolescents aged 0 to

19 years during 2002-2016 in the United States; this represented an overall annual rate of
25 cancer deaths per 1 million (Table 1). The most common cause of cancer death during
2002-2016 was leukemia (29%), which was followed by brain and other nervous system
cancers (27%) and bone and joint cancers (9%). Death rates were highest in adolescents
aged 15 to 19 years (31 per 1 million) and were higher in males (27 per 1 million) than
females (22 per 1 million). Death rates among non-Hispanic White, non-Hispanic Black,
and Hispanic groups had overlapping 95% Cls. Death rates were highest in the Western US
Census region and were highest in metropolitan areas with populations = 1 million (25 per 1
million) but had overlapping 95% Cls with death rates in nonmetropolitan areas. Death rates
were higher in counties in the highest quartile of residents living in poverty than counties

in the lowest quartile and were highest in counties with the least educational attainment
(counties where 215.78% of the population aged =25 years had less than a high school
education). Pediatric cancer death rates in the highest and lowest quartiles of county-level
median household income had overlapping 95% Cls.

Overall pediatric cancer death rates decreased by 1.5% per year during 2002-2016 (95%

Cl, 2.1 to —0.9). Within this period, rates decreased during 2002—-2009 and then stabilized
during 2009-2016 (Table 1). During 2002-2016, pediatric cancer death rates decreased for
both sexes, all age groups, non-Hispanic Whites, non-Hispanic Blacks, Hispanics, and all
US Census regions (Fig. 1). For males, children aged 0 to 14 or 5 to 9 years, non-Hispanic
Whites, and the South, rates first decreased and then stabilized (Table 1). During 2002—-2016,
deaths decreased for pediatric leukemia and lymphoma and were stable for brain, bone, and
soft-tissue cancers (Fig. 2). Beginning in 2011, the death rate for brain cancer surpassed the
death rate for all leukemias combined (Fig. 2).
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During 2001-2015, among the 185,312 patients included in the survival analysis, relative
survival was 83.5% (95% Cl, 83.3%-83.7%; Table 2). Relative survival for females (84.6%;
95% Cl, 84.3%—84.8%) was higher than that for males (82.6%; 95% CI, 82.4%—-82.9%),
and relative survival for adolescents aged 15 to 19 years (84.3%; 95% ClI, 84.0%-84.6%)
was higher than that for children aged 0 to 14 years (81.3%; 95% CI, 82.9%-83.4%)

at diagnosis. Relative survival was highest for non-Hispanic Whites and was lowest for
non-Hispanic Blacks. Relative survival was highest for patients in counties with the highest
economic status and in the Northeastern US Census region. Among common cancer types,
relative survival was 88.2% (95% CI, 87.9%—-88.6%) for patients with acute lymphocytic
leukemia (ALL), 91.6% (95% CI, 91.2%-91.9%) for patients with lymphoma, and 75.3%
(95% ClI, 74.8%-75.8%) for patients with brain cancer. By ICCC group, patients with
leukemias and lymphomas had relative survival of 83.3% (95% Cl, 83.0%-83.7%) and
91.9% (95% CI, 91.5%-92.2%), respectively, whereas patients with brain, bone, and soft-
tissue cancers had relative survival of 74.9% (95% ClI, 74.4%-75.4%), 70.7% (95% ClI,
69.6%—71.6%), and 74.1% (95% ClI, 73.2%—-74.9%), respectively (Supporting Table 1).

Comparing 2001-2007 with 2008-2015, we found that the overall 5-year relative survival
increased from 82.0% (95% CI, 81.8%—82.3%) to 85.1% (95% CI, 84.9%-85.4%; Table 2).
Relative survival improved for both sexes, all ages, all races/ethnicities (except American
Indians and Alaska Natives), all county-level economic status groupings, and all US Census
regions. By cancer type, relative survival improved for leukemia, lymphoma, and brain
tumors but was stable for bone and soft-tissue tumors. When we looked at survival by age
at diagnosis, relative survival did not improve for adolescents aged 15 to 19 years with brain
tumors (Supporting Table 2). For children aged 0 to 14 years, relative survival improved

for neuroblastoma, nephroblastoma, and hepatic tumors. Acute myeloid leukemia (AML)
relative survival improved from 62.3% (95% ClI, 60.5%-64.0%) to 68.9% (95% ClI, 67.0%
=70.7%) in children aged 0 to 14 years and from 54.1% (95% Cl, 51.2%-57.0%) to 66.5%
(95% ClI, 63.5%-69.3%) in adolescents aged 15 to 19 years.

DISCUSSION

This study used data covering all US states and the District of Columbia to describe
decreasing death rates of pediatric cancer overall, and it presents more recent data than
past national studies of pediatric cancer mortality.434 This study used high population
coverage data to describe improvements in survival in all US Census regions and all
county-level economic statuses. In light of stable or only slightly increasing pediatric
cancer incidence rates over the past 2 decades,3%:36 decreasing death rates are consistent
with overall increasing relative survival. Although improvements in outcomes were seen
in pediatric leukemia and lymphoma, this study found that pediatric bone and soft-tissue
cancers have had modest or no improvements in mortality and survival.

Leukemia and brain cancer have the highest cancer incidence rates among children in

the United States and account for the majority of pediatric cancer deaths. Brain cancer
surpassed leukemia as the most common cancer-causing death, and this is consistent with
past literature.34 ALL and AML accounted for 12.4% and 9.4% of pediatric cancer deaths,
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respectively, despite ALL occurring 5 times more often than AML in children aged O to 14
years and twice as often in adolescents aged 15 to 19 years.?

Pediatric ALL and AML death rates decreased and survival increased during 2001-2016.
The decrease in pediatric leukemia death rates over the past 40 years has been attributed

to advances in treatment and supportive care, which have been driven by clinical research
efforts.25:37.38 Cooperative pediatric clinical trials have been instrumental in driving this
improvement.37:38 Pediatric AML patients continue to have lower survival than pediatric
ALL patients. For pediatric AML, the principal therapeutic agents have not changed
significantly in recent years.3° Improvements in survival could have been driven by advances
in risk stratification, the adjustment of chemotherapy dosages and timing, hematopoietic

cell transplantation, salvage therapy, and better supportive care.38:3% Survival improvements
have not been as robust in patients with high-risk AML (those with a higher risk of failing
induction therapy) in comparison with patients with low-risk AML.3 Novel therapies such
as immunotherapies might help to improve survival for patients with high-risk AML 3940
New immunotherapies such as chimeric antigen receptor T therapy have shown effectiveness
for pediatric ALL and may further improve survival for patients with pediatric ALL and
reduce chemotherapy-related toxicity.#142 Improvements in lymphoma outcomes were seen
during the study period, and they may be due to the implementation of combined-modality
and risk-adapted therapies.43:44

Pediatric solid tumor death rates and survival have improved overall since the 1970s, but
depending on the tumor type, age of the patient, and metastatic spread, improvements have
been either modest or stable during the past 2 decades.24545 Some improvements, such as
those for patients with pediatric brain tumors, could be due to advances in neuroimaging,
surgical technology, radiation therapy delivery, and supportive care.*8 Although this study
found improvements in survival for patients with brain cancer, mortality was stable. Further
evaluation of survival more than 5 years after diagnosis, which is lower for patients

with pediatric brain tumors than those with leukemia and lymphoma,2 may be needed to
better understand this discrepancy. Patients with neuroblastomas, who showed increased
survival in this study over time, had improved outcomes in past studies in part because

of advances in treatment such as the use of targeted antibody therapy.>#” The most
common pediatric bone cancers (osteosarcomas and Ewing tumors) and soft-tissue sarcomas
(rhabdomyosarcomas)3° showed no survival improvement in this study. The absence of new
therapeutic agents and the limited ability to optimize existing agents have contributed to
the lack of progress for many of these cancers.4>48:49 Improvements in outcomes have
been particularly scarce for metastatic bone and soft-tissue tumors over the past 2 or 3
decades.*> However, advances have been made to better understand the molecular and
genetic characteristics of pediatric solid tumors with the goal of identifying actionable
targets for therapy, and researchers are working to translate these findings into effective
clinical therapies.>4950 Novel therapies for bone, soft-tissue, and brain tumors, such as
immunotherapies, are being investigated.46:50.51

Understanding differences by age may inform interventions to improve outcomes.
Consistent with past reports, this study reported that cancer death rates were higher in
adolescents aged 15 to 19 years in comparison with children aged 0 to 14 years.*> However,
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death rates significantly improved in adolescents. Similarly to past analyses, the current
study found improved but overall lower survival for adolescents with AML in comparison
with children.52 The biological characteristics of tumors in children can differ from those
seen in adolescents; for example, adolescents with AML tend to have more unfavorable
cytogenetics.53 In addition, as adolescents get older, they are less often referred to and
receive cancer care from Children’s Oncology Group institutions.>* As a result, adolescents
increasingly are treated at institutions that do not have access to pediatric clinical trial
protocols and are less likely to be enrolled in clinical trials than children.>4°% These
differences may contribute to higher mortality among adolescents and less improvement
in survival over time.56:57 Future progress in outcomes for adolescents may depend on
advances in biologically based therapies, better understanding of clinical referral patterns,
and measures to increase clinical trial enrollment.

Differences in cancer outcomes have been reported for many types of pediatric cancer

and may be influenced by interrelated factors, including race/ethnicity, economic status,
geographic location, access to care, and host or tumor genetic factors.8:10.58-61 |n this
study, although death rates had overlapping 95% Cls when we compared non-Hispanic
Whites, non-Hispanic Blacks, and Hispanics, 5-year survival was highest for non-Hispanic
Whites, and this might be related to these interrelated factors. For example, past studies of
adolescents and young adults with Hodgkin lymphoma found lower survival among Blacks
than Whites, among those with a lower socioeconomic status, and by insurance status.*4.62
Other pediatric cancer types, including brain and other solid tumors such as neuroblastoma,
have shown similar disparities in cancer outcomes by race/ethnicity and socioeconomic
status.8.61.63

This study found higher death rates in counties with lower education levels, and this is
consistent with findings from past studies examining adults with cancer.60 Higher survival
from childhood cancer is associated with higher parental educational levels; however, a
number of mechanisms, such as higher levels of social support and an ability to adhere to
treatment regimens, may mediate this association.6465 Moreover, the current study found
higher death rates in counties with higher poverty and higher survival in counties with a
higher economic status. Economically distressed communities may have fewer resources
and less access to care, which could affect outcomes.>8 Poverty status and health insurance
coverage may also be related to differences in clinical trial enrollment.>® This study found
similar death rates in nonmetropolitan areas and metropolitan areas with populations = 1
million, and this is consistent with a recent study that found no significant differences in
mortality based on distance from Children’s Oncology Group treatment centers®® and with
another study that found no differences in pediatric cancer survival based on rural/urban
status.%8 Consistent mortality across rural and urban counties might be due to relatively
consistent insurance coverage among pediatric patients, and this might not be as true for
adolescent and young adult patients.%6

A more thorough examination of the root causes of disparities in cancer mortality and
survival might be invaluable for identifying potential interventions that could improve
long-term outcomes. Further investigation might better elucidate how factors such as
systemic inequality, health literacy, and host or tumor genetic variations affect outcomes and
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associated factors such as stage at presentation. Public health interventions might be able to
improve childhood cancer outcomes through, for example, initiatives that increase outreach
to increase clinical trial enrollment, increase access to care, and promote educational
interventions addressing both patient education and physician communication.62:67.68

The findings of this report are subject to at least 4 limitations. First, the methods used

to report death rates do not allow for descriptions of specific tumor subtypes. Although
overall rates of leukemia and brain cancer can be described, certain notable pediatric

cancer histologies, such as nephroblastoma (Wilms tumor) and neuroblastoma, were not
specifically characterized. However, these subtypes were characterized by ICCC groupings
in the survival analysis. Second, this study reported death rates among those younger than 20
years and thus does not reflect pediatric cancer deaths occurring in early adulthood. Because
some cancer types (eg, lymphoma and bone cancer) increase in incidence during the ages

of 15 to 19 years,? death data for patients older than 19 years may be needed to more
completely characterize death from these pediatric cancers. However, survival data in this
report describe 5-year outcomes of patients diagnosed at an age as old as 19 years. Third,
because county-level variables were used to assess economic, location, and education status,
the analysis could not account for individual measures of economic status such as individual
insurance status or household income. In addition to individual measures of economic
status, other individual factors or potential confounders that might differentiate outcomes in
patients, such as treatment, genetic factors, and comorbidities, were not available and could
not be used to adjust the analysis.8 Finally, misclassification by race/ethnicity may occur,
and rate numerators may underestimate Hispanics, American Indians, and Alaska Natives;
this could artificially lower rates.59 Life tables for Asians and Pacific Islanders may be less
reliable than those of other races.”®

An estimated 360,164 people younger than 40 years in the United States had received a
diagnosis of pediatric cancer as of January 1, 2015.71 Childhood cancer survivors often
face long-term complications from their cancer treatment, including secondary cancers, heart
disease, and infertility.2 Knowledge of mortality trends and changes in survival for pediatric
cancer, especially as it relates to cancer type, can help clinicians and public health planners
to address the long-term needs of pediatric cancer survivors. Further research focusing on
novel therapies for those cancers with the least change in morality and survival, such as
brain, bone, and soft-tissue cancers, may be essential to improving outcomes for these
patients. A better understanding of the complex relationship between race/ethnicity and
economic factors such as poverty, household income, and health insurance status could
inform interventions to improve disparities in health outcomes.®> Continued surveillance

of cancer outcomes can be used to assess population-level changes that result from new
treatment strategies, such as targeted therapies, especially for cancer types with moderate

to no improvements in mortality and survival over the past 2 decades. Finally, the use of
updated clinical care guidelines for pediatric cancer survivors’2 can affect mortality rates
and survival, and surveillance data could be used to better understand outcomes for this
growing survivor population.
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FIGURE 1.
Trends in age-adjusted cancer death rates in persons younger than 20 years at death by

(A) sex and (B) race/ethnicity (National Vital Statistics System, United States, 2002—2016).
The source for the data is the National Vital Statistics System (National Center for Health
Statistics, Centers for Disease Control and Prevention). Rates are per 1 million persons and
are age-adjusted to the 2000 US standard population. Trends were measured with AAPCs

in rates and were considered to increase or decrease if Pwas <.05; otherwise, trends were
considered stable. Trends were calculated with joinpoint regression, which allowed different
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slopes for as many as 3 different periods. White, Black, AI/AN, and API persons were
non-Hispanic. Hispanic persons might be of any race; 77 cases of unknown ethnicity during
2002-2016 were excluded. *Indicates a significant AAPC during 2002-2016. **Indicates
a significant segment APC as listed on the corresponding segment in the figure. AAPC
indicates average annual percent change; Al/ AN, American Indian/Alaska Native; APC,
annual percent change; API, Asian/Pacific Islander.
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States, 2002-2016): (A) cancer types with stable death rates by AAPC, (B) cancer types

with significantly decreasing death rates by AAPC, and (C) death rate trends for leukemia

(all types combined) and brain cancer. The source for the data is the National Vital Statistics
System (National Center for Health Statistics, Centers for Disease Control and Prevention).
Rates are per 1 million persons and are age-adjusted to the 2000 US standard population.
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Trends were measured with AAPCs in rates and were considered to increase or decrease

if Pwas <.05; otherwise, trends were considered stable. Trends were calculated with
joinpoint regression, which allowed different slopes for as many as 3 different periods.
Causes of death were grouped by site codes. Not all causes of death by cancer type

are listed here by type. Endocrine included 146 endocrine tumors located in the brain
(pituitary, craniopharyneal, or pineal; see https://wonder.cdc.gov/cancer.html). *Indicates a
significant AAPC during 2002-2016. **Indicates a significant segment APC as listed on the
corresponding segment in the figure. AAPC indicates average annual percent change; ALL,
acute lymphocytic leukemia; AML, acute myeloid leukemia; APC, annual percent change.
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