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Abstract

OBJECTIVES—Cancer continues to be the leading disease-related cause of death among
children and adolescents in the United States. More current information is needed to describe
recent cancer trends and identify demographic and geographic variations.

METHODS—We analyzed data from the National Program of Cancer Registries and
Surveillance, Epidemiology, and End Results statewide registries representing 94.2% of the US
population to identify cancers diagnosed among persons aged 0 to 19 years during 2001-2009.
Age-adjusted rates and annual percentage change for trends were calculated. Data were stratified
by age, gender, race, ethnicity, and geography.

RESULTS—We identified 120 137 childhood and adolescent cancer cases during 2001-2009
with an age-adjusted incidence rate of 171.01 per million. The overall rate of all cancers combined
remained stable over time (annual percent change [APC], 0.3%; 95% confidence interval [CI],
-0.110 0.7). There was an increase in the overall cancer trend among African American children
and adolescents (APC, 1.3%; 95% CI, 0.2 to 2.5). An increasing trend for thyroid cancer was
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observed among both genders (APC, 4.9%; 95% Cl, 3.2 to 6.6) and specifically among
adolescents and those in the Northeast, South, and West regions of the United States. Renal
carcinoma incidence was increasing significantly overall (APC, 5.4%; 95% Cl, 2.8 to 8.1).

Extracrani

al and extragonadal germ cell tumors and melanoma were both significantly decreasing.

CONCLUSIONS—This study reports the novel finding that renal carcinoma rates are increasing
among children and adolescents. This study confirms that thyroid cancer rates are increasing and
further describes rising cancer rates among African Americans.
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Although cancer continues to be the leading disease-related cause of death among children
and adolescents in the United States, it is difficult to describe its incidence accurately
without national cancer data.l-2 Using 2001-2003 National Program of Cancer Registries
(NPCR) and Surveillance, Epidemiology, and End Results (SEER) data, Li et al3
demonstrated regional differences in the incidence of childhood cancer and that the
incidence varied by age, gender, and race. Additional studies have looked at recent
childhood cancer trends by using smaller data sets, or have included the overall childhood
cancer rates without detailing the specific types of cancer.4-8 Although several of these
studies have examined trends in overall cancer incidence rates among children and
adolescents, study findings vary partially because of differing time range and population
coverage.4-8:9.10 By focusing analysis on specific cancers and subgroups among individuals
aged 0 to 19 years, Linabery and Ross? reported increases in incidence rates of leukemia
(acute lymphoblastic leukemia, in particular), hepatoblastoma, and melanoma from 1992 to
2004 and concluded that ongoing population-based evaluation is needed to further
understand these dynamic and subgroup-based trends.

Although the diagnosis, age, gender, and race characteristics of pediatric cancer are well
reported, the change of these characteristics over time is less defined. Determining recent
cancer-specific trends is important in identifying high-risk populations and in developing
research hypotheses. However, information about pediatric cancers and cancer subtypes by
demographic and temporal factors across the nation is lacking.3 This study aimed to describe
cancer rates and trends among children and adolescents by demographic characteristics by
using data for more than 90% of the US population.

METHODS

Data Source

We analyzed data from 47 population-based state cancer registries affiliated with the
Centers for Disease Control and Prevention’s NPCR and the National Cancer Institute’s
SEER Program. These data met US Cancer Statistics publication criteria for 2001-20009.
Case ascertainment is 90% or more complete, with a margin of error of +/-5% per the
quality standards for these registries (www.cdc.gov/cancer/npcr/uscs/technical _notes/
criteria.htm). Data from Mississippi, Tennessee, Virginia, and Washington, DC, were
excluded from our study. The 47 registries included in the study covered 94.2% of the US
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population. All cases in this study were collected by NPCR and SEER programs by using
medical records as the source of information for tumor and demographic characteristics.11:12

Case Definition

Cases were restricted to children (aged 0-14 years) and adolescents (aged 15-19 years) who
were diagnosed with a primary neoplasm in the United States during 2001-2009. Diagnoses
were grouped by histology and primary site according to the International Classification of
Childhood Cancer (ICCC), third edition. The ICCC-3 applied the rules, nomenclature, and
topographic, morphologic, and behavioral codes of the International Classification of
Diseases for Oncology, Third Edition.13 Race was categorized as white, African American,
American Indian/Alaskan Native, or Asian/Pacific Islander. We first analyzed ethnicity
grouped by Hispanic or non-Hispanic, which was not mutually exclusive from race. We then
analyzed the data by race and ethnicity by using the following groupings: non-Hispanic
white, non-Hispanic black, and Hispanic. Results were not displayed for American Indian/
Alaska Natives or Asian/Pacific Islanders because of small sample sizes.

Analyses

New cases in the ICCC-3 groups were presented by age, gender, race, ethnicity, and
geography. We calculated rates with SEER*Stat Software, version 8.1.2 by using annual
population estimates as our denominator (www.seer.cancer.gov/seerstat).1# All rates were
expressed per million persons and were age-adjusted to the 2000 US standard population.
Incidence trends were quantified by using annual percent change (APC). The APC and
corresponding 95% confidence intervals (CIs) were calculated with SEER*Stat. The APC
was calculated by fitting a straight line to the data, in which the dependent variable was the
natural logarithm of the data, and calendar year was the independent variable. Statistical
significance was determined if the 95% CI of APC did not include zero (P < .05). We
compared childhood and adolescent cancer incidence rates and trends according to ICCC-3
group, subgroup, gender, age, race, ethnicity, and US Census region. Rates were not
displayed if there were <16 cases total from 2001 to 2009. APC for the study interval was
not calculated if there were <16 cases per year in any 1 calendar year, which is consistent
with previous studies using SEER*Stat.>6

RESULTS

During 2001-2009, there were 120 137 childhood and adolescent cancer cases diagnosed in
the United States. Overall incidence rates and APC according to ICCC-3 group, subgroup,
and gender are presented in Table 1. The overall age-adjusted cancer incidence rate was
171.01 per million persons, and boys had a higher childhood cancer rate than girls.
Adolescents aged 15 to 19 years had a higher rate than children aged 0 to 14 years, white
children had a higher rate than African American children, and the Northeast had the highest
incidence rate among US regions (data not shown). Rates for leukemias were the highest,
followed by rates for central nervous system (CNS) neoplasms, and then rates for
lymphomas (45.36, 30.28, and 24.91 per 1 000 000 persons aged 0-19 years, respectively).
Overall and age-specific cancer rates are presented in Fig 1. The overall cancer incidence
rates were stable (APC, 0.3%; 95% CI, —-0.1 to 0.7) from 2001 to 2009. Of all cancers and
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among all children and adolescents, thyroid carcinoma rates (APC, 4.9%; 95% Cl, 3.2 to
6.6) and renal carcinoma rates (APC, 5.4%; 95% ClI, 2.8 to 8.1) increased significantly, as
did the group of unspecified intracranial and intraspinal neoplasms among the CNS tumors
(APC, 4.4%; 95% ClI, 0.1 to 8.9). Extracranial and extragonadal germ cell tumors (APC,
-2.0%; 95% CI, —3.9 to —0.2) and malignant melanomas (APC, —3.8%; 95% CI, —6.7 to
-0.9) were decreasing overall. Selected overall significant trends are presented in Fig 2.

Rates of renal carcinomas, thyroid carcinomas, other unspecified epithelial carcinomas, and
other unspecified malignant neoplasms increased significantly for boys, and the trend for
thyroid carcinomas increased significantly for girls (Table 1). Rates of intracranial and
intraspinal embryonal tumors and malignant melanomas decreased significantly among
boys. Among girls, the rates of neuroblastoma, Ewing tumor and related sarcomas, and
extracranial and extragonadal germ cell tumors were all significantly decreasing.

Age-specific trend analyses (data not shown) revealed that rates for cancers in the malignant
gonadal germ cell tumors group increased among children aged 0 to 14 years (APC, 1.9%;
95% ClI, 0.2 to 3.6). Among adolescents aged 15 to 19 years, the rates for renal tumors
(APC, 6.2%; 95% ClI, 1.3 to 11.4), thyroid carcinomas (APC, 5.7%; 95% ClI, 3.7 to 7.7), and
unspecified epithelial carcinomas (APC, 1.2%; 95% Cl, 0.3 to 2.1) increased, whereas the
rates for intracranial and intraspinal embryonal tumors (APC, —5.9%; 95% ClI, —-9.5to —2.2)
and malignant melanoma (APC, -5.1%; 95% CI, —8.1 to —2.0) decreased.

Trends by race and ethnicity are displayed in Table 2 and reveal a significant increase in the
overall cancer rates for African American children and adolescents (APC, 1.3%; 95% Cl,
0.2 to 2.5). The significant increases in African Americans held for children of the 0- to 14-
year age group (APC, 1.3%; 95% CI, 0.1 to 2.5) but not the 15- to 19-year age group (APC,
1.4%; 95% Cl, —-0.1 to 2.9). Among African American children and adolescents, we found a
significant increase in the rates for Hodgkin’s lymphoma, renal tumors (specifically the
nephroblastoma and other nonepithelial renal tumors group), and thyroid carcinomas.
Among white children and adolescents, there was a significant increase in unspecified
intracranial and intraspinal neoplasms and in thyroid carcinoma and a significant decrease in
malignant melanoma. Among non-Hispanic children and adolescents, we found significantly
increasing trends of lymphomas and reticuloendothelial neoplasms, other gliomas, renal
carcinomas, and unspecified epithelial carcinomas and decreasing trends of bone tumors and
malignant melanomas. In the Hispanic group, there were significantly increasing trends of
leukemias and decreasing trends in the fibrosarcomas and the extracranial and extragonadal
germ cell tumors groups. Regardless of ethnicity, rates of thyroid carcinoma significantly
increased. For rates by race and ethnicity (non-Hispanic white children and non-Hispanic
black children compared with the above analysis), findings were similar overall
(Supplemental Table 3).

Figure 3 reveals all significant cancer trends stratified by US Census region. Thyroid
carcinomas were increasing in all regions except the Midwest region, with APCs ranging
from 4.3% to 6.6%. There were decreased rates of acute myeloid leukemia, Ewing tumor,
and malignant melanoma in the Northeast. In the Midwest, there was an increase in rates for
lymphomas and reticuloendothelial neoplasms, other gliomas, and intracranial and
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intraspinal germ cell tumors. In the South, there was an increase in the rates for chronic
myeloproliferative diseases, unspecified soft tissue sarcomas, and other malignant epithelial
neoplasms and melanomas. In the West, there was a rate decrease in intracranial and
intraspinal germ cell tumors and also in malignant melanomas. Regional trends subdivided
by race are displayed in Supplemental Table 4, and is significant for increasing rates for
overall cancers in African Americans in the South and increasing rates overall in Hispanics
in the West.

DISCUSSION
Specific Findings

Our study revealed that overall incidence rates of pediatric cancer have increased among
African American children and adolescents, which has been previously documented.*15
Previous reports have commented on decreased pediatric cancer survival among minorities,
including African American children and adolescents, and suggested this could be caused by
differences in drug metabolism, delayed detection, tumor characteristics, or barriers
associated with socioeconomic status.26-18 Given that no increases in race-combined cancer
incidence rates were observed for the entire pediatric population, further investigation is
needed to better understand the underlying causes for this increase and better guide the
development of preventive measures among African Americans.

Increased rates of thyroid cancers were found among the overall pediatric population in most
geographic regions, in both genders, in adolescents aged 15 to 19 years, and among white,
African American, Hispanic, and non-Hispanic populations. Holmes et al” previously
reported increased pediatric thyroid cancer incidence rates during 1973-2007 among girls
and adolescents aged 15 to 19 years, but that report only included 11% population coverage.
Previous studies also have revealed increased rates of thyroid cancers among adults of both
genders.19-21 It is unclear if this increase in pediatric thyroid cancer is caused by the same
forces that are driving the increase in adult thyroid cancer. There is evidence that exposure
to radiation by computed tomography scans or dental radiographs may be associated with
thyroid cancer, although many studies looking at radiographs and cancer were unable to find
a significant association.22-28 Previous studies have suggested obesity as a possible cause
for the increase in adult thyroid cancers.2’-28 As both thyroid cancer rates and obesity
prevalence increase among the pediatric population, further research is needed to investigate
an association between these 2 variables.2® Other potential causes of an increase in thyroid
cancer rates include environmental exposures, such as exposures to perchlorate or
polybrominated diphenyl ethers.30-31 Reproductive or hormonal factors have been
inconsistently associated with thyroid cancer in the literature, but this potential cause may
explain why girls are more affected than boys.”-19:32 Alternatively, some studies suggest that
increasing incidence could reflect enhanced detection through improved diagnostic tests,
although other studies disagree.21:33

Our study is consistent with previous reports that girls, people in their 20s, and African
Americans have higher incidence rates of renal carcinoma.34:3% There are few studies about
the epidemiology of pediatric renal carcinomas because of their rarity, making our finding of
increased renal carcinoma rates among boys and those aged 15 to 19 years a novel
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finding.6:34:36 Renal cancers are known to be increasing among both male and female
adults.®37 Recent research has suggested that the increase of renal cancers among adults
may be related to obesity and a lack of sufficient physical activity.5:38 Increased rates of
obesity among adolescents might explain increases in renal carcinomas observed overall and
among those aged 15 to 19 years. Our study revealed that the incidence of nephroblastoma
(Wilms tumor) remained stable in the 0- to 14-year age range (APC, —0.1%; 95% CI, -1.1 to
0.8) from 2001 to 2009. However, this finding does not necessarily contradict the
observation that Wilms tumor may have decreased after the fortification of grains with folic
acid in the United States from 1996 to 1998.39

A significant decrease in melanoma was seen overall, in boys, white patients, non-Hispanic
patients, persons aged 15 to 19, and in both the Northeast and the West. Although previous
studies using SEER have documented an increasing incidence of melanoma, these studies
examined a much longer period (19-36 years) and did not include NPCR data.*%-42 It is
possible that pediatric melanoma is decreasing after an increase seen at the end of the last
century. However, melanoma is often an outpatient disease that adds registry data late into
SEER and NPCR. It is important to monitor this trend to distinguish significant decrease
from an artifact of late reporting.

The extracranial and extragonadal germ cell tumor group was decreasing overall and in girls
and Hispanics. This group contains sacrococcygeal teratomas and germ cell tumors located
in the mediastinum, retroperitoneal area, and uterus. Sacrococcygeal teratomas are the most
common of this group, are often diagnosed prenatally, and are more common in girls.*3
Unspecified intracranial and intraspinal neoplasms were increasing overall, which is a small
group of unspecified CNS neoplasms that is difficult to attribute to any 1 type of CNS
tumor. Rates of pediatric acute lymphoblastic leukemia, acute myeloid leukemia, non-
Hodgkin’s lymphoma, and testicular germ cell tumors have been previously reported as
increasing from 1975 to 2010, but our study did not reveal an overall increase in these
cancers looking at the last decade of this time period.1°

Overall Findings

This study summarizes childhood and adolescent cancer incidence and trends by using
nationwide NPCR and SEER data. Overall and subgroup cancer incidence rates were similar
to previous studies of pediatric cancer incidence using SEER and NPCR (leukemia was the
highest, followed by CNS neoplasms).3#1044 |ncidence variance by age, gender, and race
were similar to previous reports.3410

Our findings indicate that overall cancer rates among children and adolescents are stable.
Several studies have revealed significant increases in cancer rates among children and
adolescents during the past 2 decades,®1°44 but other studies have revealed an increase®4°
or decrease, neither of which were significant.#6 These different findings may be due to
different study years and population coverage. Consistent with the 2013 Annual Report to
the Nation on the Status of Cancer (years 2000-2009), our study revealed that overcall
cancer incidence rates for children and adolescents were stable from 2001 to 2009.8
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Strengths and Limitations

The NPCR and SEER databases have quality standards that help to minimize
misclassification of gender, age, and race.311 Because the International Classification of
Diseases for Oncology, Third Edition, coding standard was introduced in 2001, limiting our
analysis to 2001-2009 further minimized misclassification artifacts that were potentially
caused by the coding standard change.3 Additionally, restricting our analysis to use no data
beyond 2009 allowed us to avoid a change in demographic denominators that would be
included with 2010 data using the 2010 census.® Using the SEER and NPCR databases
allowed us to analyze cancer incidence and trends by US Census region.3

Despite using high-quality data, the NPCR and SEER database may have some variation in
the coding of individual races and ethnicities, especially when considering the Hispanic and
American Indians/Alaska Natives designations.34748 Changes in diagnostic accuracy or
coding changes during this period, such as a change in the coding of astrocytomas, may have
had a small effect on the trend result.#949 Late-diagnosed cancers, such as melanomas,
might be underrepresented in the later years contained in this study and may explain
differences in findings from other studies that evaluated trends over a longer period of time
or that used a delay-adjustment model to estimate late-reported cases.>840 Because our
study did not use delay-adjusted data, the finding of significantly decreasing rates of
melanoma must be interpreted critically.

Given the rarity of pediatric cancer, there is a greater possibility of a type | error when
analyzing subgroup analyses with small numbers. Some significant findings in the present
study demonstrate significance that is very close to the cutoff margin, such as the finding of
increasing leukemia among the Hispanic group or increasing Hodgkin’s lymphoma among
the African American population. Although these trends may be true, these findings must be
further validated to distinguish rate changes secondary to coding or diagnostic artifact versus
a change that could be caused from behavioral, environmental, genetic, or population-based
factors. The cause of changing incidence rates is often unknown. Findings such as the
increase of thyroid carcinoma that hold true across several age, geographic, and racial
subgroups may need to be the subject of future investigations that would help us better
understand the forces driving this change.

CONCLUSIONS

This study illustrates recent childhood and adolescent cancer incidence rates and trends in
the United States and demonstrates, previously unreported, that renal carcinoma rates are
increasing. In addition, this study supplements previous research of increasing overall cancer
incidence rates in African Americans and provides data with more comprehensive
population coverage demonstrating increasing rates of thyroid carcinoma among children
and adolescents. These findings highlight an opportunity to improve our knowledge of the
driving factors of these cancer incidence rate trends, and this understanding may help
develop new preventive measures.
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FIGURE 1.

Cancer incidence rates per million in the United States, 2001-2009. Age-adjusted incidence
of pediatric cancers stratified by age group. Rates are per million and were age-adjusted to
the 2000 US standard population (19 age groups, Census P25-1130) standard. Data are from
population-based cancer registries that participate in the NPCR or the SEER program. Data
include malignant tumors only and cover 94.2% of the US population. The ICCC-3 is
displayed by abbreviated title.
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Cancer rates and APC in children and adolescents (ages 0-19 years) in the United States,
2001-2009. A, Overall rates and APC by race. B, Overall thyroid carcinoma rates and APC.

C, Overall rates and APC of unspecified intracranial and intraspinal neoplasms, renal

carcinomas, and extracranial and extragonadal germ cell tumors. Rates are per million and
were age-adjusted to the 2000 US standard population (19 age groups, Census P25-1130)
standard. Data are from population-based cancer registries that participate in the NPCR or

the SEER program. Data include malignant tumors only and cover 94.2% of the US
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population. *Denotes significant APC. APCs were calculated by using weighted least
squares method. Statistical significance was determined if the 95% CI of APC did not
include zero (P < .05).
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MIDWEST NORTHEAST
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West

Increasing

XI(b) Thyroid carcinomas, APC, 6.6% (2.8 to 10.5)
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X({a) Intracranial and intraspinal germ cell tumors, APC, —4.6% (—8.3 to—0.6)
X1(d) Malignant melanomas, APC, -7.3% (-12.1 to -2.2)

Significant APC of cancer rates in children and adolescents (ages 0-19 years) by ICCC-3
code displayed by US Census region, 2001-2009. Data are from population-based cancer
registries that participate in the NPCR or the SEER program. Data include malignant tumors
only and cover 94.2% of the US population. APCs were calculated by using weighted least
squares method. Statistical significance was determined if the 95% CI of APC did not
include zero (P < .05). APCs are expressed with 95% ClIs. Some significant values appear to
include zero because APC was rounded to the nearest 10th.
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