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Abstract

Objective To characterize the epidemiological trends and sociodemographic variation of pediatric and adolescent neurologi-
cal cancers by histological subtypes over time in the USA.

Methods A total of 16,511 patients aged 0—19 years diagnosed with neurological cancers between 2000 and 2018, including
13,024 with central nervous system (CNS) neoplasms and 3,487 with neuroblastomas, were identified from 18 registries
of the National Cancer Institute’s Surveillance, Epidemiology, and End Results Program. Incidence trends over time and
incidence rate ratios by race/ethnicity, sex, and age were calculated for histological subtype. Age-standardized incidence
rates (ASIR) by year of diagnosis and average annual percent changes (AAPC) were calculated to measure incidence rates.
ASIR by race/ethnicity, sex, and age were calculated to examine the incidence variation by these factors.

Results Overall, age-standardized annual incidence per 100,000 person-years increased from 2.20 in 2000 to 3.21 in 2018
with an AAPC of 1.4% (95% confidence interval or CI: 0.5% to 2.4%); however, that of Hispanic decreased from 2.93 in
2000 to 2.59 in 2018 with an AAPC of — 0.8% (95% CI: — 1.2% to — 0.3%). Non-Hispanic Black children and adolescents
had a statistically significantly lower incidence than non-Hispanic White peers both for CNS neoplasms (incidence rate ratio
or IRR: 0.67; 95% CI: 0.63 to 0.71) and neuroblastomas (IRR: 0.75; 95% CI: 0.68 to 0.83). Females generally had a lower
incidence than males, especially among those with intracranial and intraspinal embryonal tumors (IRR: 0.69; 95% CI: 0.64
to 0.75). The highest incidence rate of neuroblastoma was among newborns aged less than 1 year, and the highest incidence
rate of CNS neoplasms was among children aged 1-4 years.

Conclusion The incidence of neurological cancers has increased among children and adolescents from 2000 to 2018, with
wide variation across demographic groups.

Keywords Children - Adolescents - Neurological cancer - Central nervous system neoplasms - Neuroblastoma - Incidence

Introduction

Central nervous system (CNS) neoplasms and neuroblas-
toma are common pediatric neurological cancers worldwide
[1]. In the USA (U.S.), CNS neoplasms are the second most
common cancer following leukemia among children aged
0-14 years, and the most common cancer among adoles-

P< Xuesong Han
xuesong.han@cancer.org

P4 Bo Zhang
bo.zhang @childrens.harvard.edu

! Department of Public Health, Weifang Medical University, cents aged 15-19 years, accounting for 21-26% of all pedi-
Shandong, China atric and adolescent cancer cases [2]. Each year, approxi-
2 Department of Pediatrics, Emory University School mately 3,100 US children and adolescents younger than age
of Medicine/Aflac Cancer and Blood Disorders Center, 20 years are diagnosed with neurological cancer in the brain,
Children’s Healthcare of Atlanta, Atlanta, GA, USA spinal cord, or other parts of the nervous system [3]. Moreo-
3 Surveillance and Health Services Research, American Cancer ver, CNS neoplasms are the leading cause of pediatric cancer
Society, Atlanta, GA, USA death, with a mortality rate of approximately 0.7 per 100,000
4 Department of Neurology and ICCTR Biostatistics children per year [4, 5].

and Research Design Center, Boston Children’s Hospital,
Harvard Medical School, Boston, MA, USA

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s10552-021-01535-w&domain=pdf

688

Cancer Causes & Control (2022) 33:687-699

Several studies have suggested the possibility of substan-
tial variation in pediatric neurological cancer incidence by
region, race/ethnicity, and sex [6—8]. However, the research
about the incidence of neurological cancer across a long-
time horizon and across the full spectrum of neurological
cancer types among children and adolescents is not sufficient
[9, 10]. A comprehensive investigation into the patterns of
neurological cancer incidence in the pediatric and adolescent
populations is crucial to better understand the incidence pro-
files of these diseases and to inform cancer control efforts in
this vulnerable population.

This study used Surveillance, Epidemiology, and End
Results (SEER) registry data from 2000 through 2018 to
examine the incidence and trends of pediatric and adolescent
malignant neurological tumors by race/ethnicity, sex, age
group, and subtypes of cancer.

Methods
Data and sample

The SEER program is a collection of population-based can-
cer registries in the USA. SEER collects patients’ demo-
graphic and clinical characteristics, including date of can-
cer diagnosis, age at diagnosis, sex, race/ethnicity, primary
tumor site, and histology. We used data from 18 SEER regis-
tries, which began collecting data on cancer cases diagnosed
in 2000. Our dataset included all cancer cases from 2000 to
2018.

We identified 16,753 children and adolescents
aged <19 years who were diagnosed with a first primary
malignant neurological cancer. Cases confirmed by death
certificate or autopsy were excluded (n=>54; 0.32%). After
further excluding 188 cases (1.12%) with unknown race,
16,511 patients were included in our final analytic sample.

Cancer histological types were classified using the third
edition of the International Classification of Childhood Can-
cer (ICCC-3) [11] and include CNS neoplasms and miscel-
laneous intracranial and intraspinal neoplasms, including the
subtypes of (a) ependymomas and choroid plexus tumors,
(b) astrocytomas, (c) intracranial and intraspinal embryonal
tumors, (d) other gliomas, (e) other specified intracranial
and intraspinal neoplasms, and (f) unspecified intracranial
and intraspinal neoplasms and neuroblastoma and other
peripheral nervous cell tumors (neuroblastoma), including
the subtypes of (i) neuroblastoma and ganglioneuroblastoma
and (ii) other peripheral nervous cell tumors.

Our study was conducted by analyzing the de-identified,
publicly available SEER data. Therefore, our study does
not constitute human subjects research and its institutional
review board review was waived because there was no
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interaction with any individual and no identifiable private
information was used.

Statistical analysis

We calculated age-standardized incidence rates by sex and
race/ethnicity for each histology type, using the SEER 2000
US standard population. Age-standardized incidence rates
were also calculated for five age groups (< 1 year, 1-4 years,
5-9 years, 10-14 years, and 15-19 years) [12] and for five
race and ethnicity groups (non-Hispanic White, non-His-
panic Black, non-Hispanic American Indian/Alaska Native,
non-Hispanic Asian/Pacific Islander, and Hispanic), both
stratified by sex (male and female). Non-Hispanic Ameri-
can Indian/Alaska Native and Non-Hispanic Asian/Pacific
Islander were combined when trend of neurological cancer
was analyzed as sample sizes were too small for separate
analysis. We estimated incidence rate ratios (IRRs) calcu-
lated with Poisson regression and 95% confidence intervals
(CIs) and examined temporal trends in incidence rate. We
estimated yearly age-standardized incidence rates from 2000
to 2018 and calculated the annual percent change (APC)
and average annual percent change (AAPC) during the
entire period, using the Joinpoint Regression Program with
permutations on a logarithmic scale and a maximum of 4
joinpoints. Two-sided tests were used with a statistical sig-
nificance level of 0.05.

Results
Sample characteristics

Among children and adolescents diagnosed with CNS neo-
plasms (n=13,024) or neuroblastoma (n =3,487), the major-
ity were non-Hispanic White (57.71%), male (53.40%),
and diagnosed at age 1-9 years (67.34%; Table 1). Most
patients (78.88%) were diagnosed with CNS neoplasms, of
which astrocytomas, intracranial and intraspinal embryonal
tumors, and other gliomas accounted for 50.08%, 20.79%,
and 17.23%, respectively. Neuroblastoma and ganglioneu-
roblastoma accounted for over 97.05% of all the neuroblas-
toma and other peripheral nervous cell tumors.

The distributions of sex and histological subtype were
generally consistent across the years. From 2000 to 2018,
the age-adjusted incidence rate of non-Hispanic White
was continuously the highest among all race and ethnicity
groups, while the age-adjusted incidence rates of other races
and ethnicities were relatively close to each other despite
some fluctuations. The proportion of non-Hispanic White
patients decreased from 60.74% in 2000-2004 to 55.64% in
2015-2018, while the proportion of non-Hispanic American
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Table 1 Characteristics of children and adolescents diagnosed with neurological cancer, 2000-2018: n (%)
Characteristic Total 2000-2004 2005-2009 2010-2014 20152018
Neurological cancer 16,511 (100.00) 4,320 (26.16) 4,368 (26.46) 4,448 (26.94) 3,375 (20.44)
Race/Ethnicity
Non-Hispanic White 9,529 (57.71) 2,624 (60.74) 2,542 (58.20) 2,485 (55.87) 1,878 (55.64)
Non-Hispanic Black 1,906 (11.54) 472 (10.93) 480 (10.99) 570 (12.81) 384 (11.38)
Non-Hispanic American Indian/Alaska Native 125 (0.76) 24 (0.56) 33 (0.76) 32(0.72) 36 (1.07)
Non-Hispanic Asian/Pacific Islander 1,102 (6.67) 243 (5.63) 279 (6.39) 307 (6.90) 273 (8.09)
Hispanic 3,849 (23.31) 957 (22.51) 1,034 (23.67) 1,054 (23.70) 804 (23.82)
Sex
Male 8,817 (53.40) 2,298 (53.19) 2,335(53.46) 2,363 (53.13) 1,821 (53.96)
Female 7,694 (46.60) 2,022 (46.81) 2,033 (46.54) 2,085 (46.88) 1,554 (46.04)
Age at diagnosis
<1 year 1,818 (11.01) 491 (11.37) 520 (11.90) 454 (10.21) 353 (10.46)
1-4 years 5,302 (32.11) 1,380 (31.94) 1,422 (32.55) 1,437(32.31) 1,063 (31.50)
5-9 years 3,998 (24.21) 1,037 (24.00) 1,039 (23.79) 1,089 (24.48) 833 (24.68)
10-14 years 2,994 (18.13) 805 (19.63) 765 (17.51) 780 (17.54) 644 (19.08)
15-19 years 2,399 (14.53) 607 (14.05) 622 (14.24) 688 (15.47) 482 (14.28)
Cancer type
CNS neoplasms 13,024 (78.88) 3,424 (79.26) 3,401 (77.86) 3,511 (78.93) 2,688 (79.64)
Ependymomas and choroid plexus tumor 1,187 (9.11) 300 (8.76) 301 (8.85) 322 (9.17) 264 (9.82)
Astrocytomas 6,523 (50.08) 1,698 (49.59) 1,657 (48.72) 1,859 (52.95) 1,309 (48.70)
Intracranial and intraspinal embryonal tumors 2,708 (20.79) 738 (21.55) 735 (21.61) 688 (19.60) 547 (20.35)
Other gliomas 2,244 (17.23) 600 (17.52) 611 (17.97) 539 (15.53) 494 (18.38)
Other specified intracranial/intraspinal neoplasms 246 (1.89) 57 (1.66) 63 (1.85) 74 (2.11) 52 (1.93)
Unspecified intracranial/intraspinal neoplasms 116 (0.89) 31 (0.91) 34 (1.00) 29 (0.83) 22 (0.82)
Neuroblastoma and other peripheral nervous cell tumors 3,487 (21.12) 896 (20.74) 967 (22.14) 937 (21.07) 687 (20.36)
Neuroblastoma and ganglioneuroblastoma 3,384 (97.05) 870 (97.10) 941 (97.31) 907 (96.80) 666 (96.94)
Other peripheral nervous cell tumors 103 (2.95) 26 (2.90) 26 (2.69) 30 (3.20) 21 (3.06)

CNS: central nervous system

Indian/Alaska Native patients increased from 0.56% in
2000-2004 to 1.07% in 2015-2018 (Table 1).

When stratified by race and ethnicity, the age-stand-
ardized incidence rates in non-Hispanic American Indian/
Alaska Native and non-Hispanic Asian/Pacific Islander
patients increased statistically significantly, from 2.20 in
2000 to 3.21 in 2018 (AAPC: 1.4%; 95% CI: 0.5% to 2.4%;
Fig. 1A). While the age-standardized incidence per 100,000
person-years in Hispanic had a downward trend from 2.93
in 2000 to 2.59 in 2018 (APC: — 0.8%; 95% CIL: — 1.2% to
—0.3%; Fig. 1A).

Age-standardized incidence rate ratios by race, sex,
and age group

Compared with non-Hispanic White children, non-Hispanic
Black, non-Hispanic American Indian/Alaska Native, non-
Hispanic Asian/Pacific Islander, and Hispanic children had
statistically significantly lower incidence rates in both CNS
neoplasms (IRR [95% CI]: 0.67 [0.63, 0.71], 0.64 [0.52,

0.77], 0.60 [0.56, 0.65], and 0.65 [0.62, 0.67], respec-
tively; Fig. 2A) and neuroblastoma (IRR [95% CI]: 0.75
[0.68 to 0.83], 0.56 [0.36 to 0.83], 0.68 [0.60 to 0.78], and
0.54 [0.49 to 0.58], respectively; Fig. 2F). And conditions
were observed rather consistently in both sexes (Fig. 2A,
F) and across CNS neoplasm and neuroblastoma subtypes
(Fig. 2B-E, G), but not always reaching statistical signifi-
cance (Fig. 2).

Because of a small number of non-Hispanic American
Indian or Alaska Native pediatric patients of neurological
cancer in the registries, wider confidence intervals of the
IRRs were obtained for these subgroups. Although there
were not always significant statistical differences, non-
Hispanic Black pediatric patients of neurological cancer
had a relatively lower age-adjusted incidence rate than His-
panic pediatric patients with astrocytomas, other gliomas,
or neuroblastoma and ganglioneuroblastoma (Fig. 2C-F;
Table 2). Yet a higher age-adjusted incidence rate of His-
panic children with ependymomas and choroid plexus tumor,
or with intracranial and intraspinal embryonal tumors, was
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Fig. 1 Trends in pediatric neurological cancer in the USA from 2000
to 2018. Trends were analyzed using the Joinpoint Regression Pro-
gram, with a maximum of 4 Joinpoints (i.e., 5-line segments). APC
Annual percent change, AAPC Average annual percent change,

discovered, compared to non-Hispanic Black children in
both sex groups (Fig. 2B, D; Table 2). Similar patterns of
non-Hispanic Black children were observed, when compared
with non-Hispanic Asian/Pacific Islander children, except
for the groups with Intracranial and intraspinal embryonal
tumors (Fig. 2B-E, G; Table 2).

Female patients generally had a lower incidence rate than
males for children and adolescents with CNS neoplasms
(IRR [95% CI]: 0.90 [0.87-0.93]; Fig. 3A; Table 2) and in
the patient group with intracranial and intraspinal embryonal
tumors (IRR [95% CI]: 0.69 [0.64-0.75]; Fig. 3D; Table 2).

@ Springer

NHW non-Hispanic White, NHB non-Hispanic Black, NHAI/AN/API
non-Hispanic American Indian, Alaska Native, Asian, and Pacific
Islander. *Indicates that the Annual Percent Change is statistically
significantly different from zero at the level of a=0.05

For other subtypes such as ependymomas and choroid plexus
tumor, the difference between males and female did not
reach statistical significance (Fig. 3; Table 2).

In the age group comparison, while children aged
1-4 years had the highest incidence rate of CNS neoplasms
and astrocytomas (Fig. 4A, C; Table 3), newborns (aged
less than 1 year) had the highest rate of ependymomas and
choroid plexus tumor, intracranial and intraspinal embryonal
tumors, and neuroblastoma neoplasm (Fig. 4B—G; Table 3).
In addition, the incidence rates of CNS neoplasm subtypes
were the highest among newborns or those aged 1-4 years,
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Table2 Age-adjusted incidence
rates by race/ethnicity and sex,
2000-2018

@ Springer

Cancer type All Male Female
No. Incidence® (95% CI) No. Incidence® (95% CI) No. Incidence® (95% CI)

Total neurological cancers

NHW 9,529 4.59 (4.50-4.68) 5,143 4.82 (4.69-4.96) 4,386 4.34 (4.21-4.47)

NHB 1,906 3.15(3.01-3.30) 974  3.17 (2.97-3.37) 932 3.14 (2.94-3.35)

NHAI/AN/API 1,227 2.84 (2.68-3.01) 646  2.92(2.70-3.16) 581  2.75(2.54-2.99)

Hispanic 3,849 2.86 (2.77-2.95) 2,054 2.99 (2.86-3.12) 1,795 2.72 (2.60-2.85)
CNS neoplasms

NHW 7,515 3.60 (3.52-3.69) 4,100 3.83 (3.71-3.95) 3,415 3.36(3.25-3.48)

NHB 1,463 2.41(2.29-2.54) 747 2.42(2.25-2.60) 716 2.41(2.23-2.59)

NHAI/AN/API 941  2.18 (2.04-2.33) 503 2.28 (2.09-2.49) 428  2.08 (1.89-2.28)

Hispanic 3,105 2.33(2.25-2.41) 1,654 2.43 (2.31-2.55) 1,451 2.22(2.11-2.34)
Ependymomas and choroid plexus tumor

NHW 593  0.28 (0.26-0.31) 319 0.30(0.27-0.33) 274 0.27 (0.24-0.30)

NHB 141 0.23 (0.20-0.28) 71 0.25 (0.20-0.31) 64 0.22 (0.17-0.28)

NHAI/AN/API 90 0.21 (0.17-0.26) 51 0.23 (0.17-0.30) 39 0.19 (0.13-0.25)

Hispanic 363 0.27 (0.24-0.30) 191  0.28 (0.24-0.32) 172 0.26 (0.22-0.30)
Astrocytomas

NHW 3,949 1.89 (1.83-1.95) 2,057 1.91 (1.83-2.00) 1,892 1.86 (1.78-1.95)

NHB 702 1.16 (1.07-1.24) 357 1.15(1.04-1.28) 345  1.16 (1.04-1.29)

NHAI/AN/API 435  1.01 (0.91-1.11) 222 1.00 (0.88-1.15) 213 1.01 (0.88-1.15)

Hispanic 1,437 1.09 (1.03-1.14) 740  1.10(1.02-1.18) 697  1.07 (0.99-1.16)
Intracranial and intraspinal embryonal tumors

NHW 1,497 0.72 (0.69-0.76) 928  0.87(0.82-0.93) 569  0.56 (0.52-0.61)

NHB 257  0.43 (0.38-0.48) 134 0.44 (0.37-0.52) 123 0.42 (0.34-0.50)

NHAI/AN/API 233 0.54 (0.47-0.62) 133 0.61 (0.51-0.72) 100 0.47 (0.39-0.58)

Hispanic 721  0.53 (0.50-0.57) 433 0.63 (0.57-0.69) 288  0.43 (0.39-0.49)
Other gliomas

NHW 1,297 0.62 (0.59-0.65) 690  0.64 (0.60-0.69) 607  0.60 (0.55-0.65)

NHB 293 0.48 (0.43-0.54) 149 0.48 (0.41-0.57) 144 0.48 (0.41-0.57)

NHAI/AN/API 161  0.37 (0.32-0.44) 84 0.38 (0.30-0.47) 77 0.37 (0.29-0.46)

Hispanic 493 0.37 (0.34-0.41) 236 0.35(0.31-0.40) 257 0.40 (0.35-0.45)
Other specified intracranial and intraspinal neoplasms

NHW 114 0.05 (0.04-0.07) 64 0.06 (0.05-0.08) 50 0.05 (0.04-0.06)

NHB 48 0.08 (0.06-0.10) 17 0.05 (0.03-0.09) 31 0.10 (0.07-0.15)

NHAI/AN/APL - - - - - -

Hispanic 69 0.05 (0.04-0.07) 43 0.06 (0.05-0.09) 26 0.04 (0.03-0.06)
Unspecified intracranial/intraspinal neoplasms

NHW 65 0.03 (0.02-0.04) 42 0.04 (0.03-0.05) 23 0.02 (0.01-0.03)

NHB 22 0.04 (0.02-0.06) - - - -

NHAI/AN/APL — - - - - -

Hispanic 22 0.02 (0.01-0.02) - - - -
Neuroblastoma and other peripheral nervous cell tumors

NHW 2,014 0.98 (0.94-1.03) 1,043 0.99 (0.94-1.06) 971  0.97 (0.91-1.04)

NHB 443 0.74 (0.67-0.81) 227 0.75 (0.65-0.85) 216  0.73 (0.64-0.84)

NHAI/AN/API 286  0.66 (0.59-0.74) 143 0.64 (0.54-0.76) 143 0.68 (0.57-0.80)

Hispanic 744 0.53 (0.49-0.57) 400  0.56 (0.50-0.61) 344 0.50 (0.45-0.55)
Neuroblastoma and ganglioneuroblastoma

NHW 1,958 0.96 (0.92-1.00) 1,023 0.98 (0.92-1.04) 935  0.94 (0.88-1.00)

NHB 427  0.71 (0.65-0.79) 214 0.70 (0.61-0.81) 213 0.72 (0.63-0.83)

NHAI/AN/APL 279  0.64 (0.57-0.73) 140 0.63 (0.53-0.75) 139 0.66 (0.55-0.78)
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Table 2 (continued) Cancer type All

Male Female

No. Incidence® (95% CI) No.

Incidence® (95% CI) No.  Incidence® (95% CI)

Hispanic 720

NHW 56
NHB 16
NHAI/AN/API - -
Hispanic 24

0.51 (0.47-0.55) 385
Other peripheral nervous cell tumors
0.03 (0.02-0.03) 20

0.53 (0.48-0.59) 335 0.48(0.43-0.54)

0.02 (0.01-0.03) 36 0.03 (0.02-0.05)

0.03 (0.01-0.04) - - _ -

0.02 (0.01-0.03) - - _ -

Rates are per 100,000 population and age-standardized to the 2000 US standard population

“~: Data not shown for cell size< 16

cear.,

CI. confidence interval

decreasing gradually with increased age group (Fig. 4;
Table 3). In contrast, the incidence rate for neuroblastomas
was the highest among newborns, with a sharp decrease in
those aged 1-4 years, then dropping to nearly O for the older
age groups (Fig. 4F, G; Table 3).

Discussion

To our knowledge, this study provides the first updated US
population-based estimates of the incidence and trends in
neurological cancers among children and adolescents from
2000 to 2018 and by race/ethnicity, sex, and age group. We
discovered that for children and adolescents aged 0-19 years,
the adjusted incidence rate of neurological cancers was rela-
tively stable during the study period. We also found that the
incidence of neurological cancers was, on average, higher
in non-Hispanic White children than in non-White children
and higher among children aged <4 years, particularly new-
borns, than among older children and adolescents. With the
largely unknown etiology of pediatric neurological cancer,
these observed disparities in incidence suggest a role of
environmental factors, perinatal exposures (e.g., unhealthy
diet, physical inactivity, and radiation), and genetic-related
factors [13].

We found that the incidence of malignant CNS cancer
for most children and adolescents was stable from 2000 to
2018. Compared to the years before 2000, current health
care systems in the USA bring more reliable cancer diag-
nosis and relative stable cancer detection [9]. The factors
that contribute to this change include the improved cancer
detection and diagnosis [14], the development of magnetic
resonance imaging and computerized tomography, a wider
range of diagnostic categories caused of enhanced imag-
ing and accessibility [9, 15], the use of molecular markers
to supplement morphological evidence [15], and the more
frequent, accurate objective of monitoring, diagnosis, and

: age-adjusted incidence per 100,000 person-year

reporting of tumor susceptibility syndrome by more radio-
therapists and pathologists [15].

Consistent with previous studies [16, 17], we found males
to be at a higher incidence rate of a neurological tumor diag-
nosis compared to females. There are sex differences in sus-
ceptibility to a wide range of brain diseases; for example,
gene expression is sexually dimorphic during brain develop-
ment. Early findings indicate that the epigenetic mechanism
is partly responsible for differences in susceptibility between
males and females and is an important feature of a series of
neurological and psychiatric diseases [18]. The excess of
male observed for medulloblastoma may be contributed by
sex differences in neurological development and by microen-
vironment [19]. Biologic mechanisms, such as germline var-
iation and gene expression on the X and autosomal chromo-
somes, immune responses, pubertal hormone profiles, and
the corresponding growth rates may link to sex difference
of pediatric neurological tumors as well [20, 21]. Further
research is required to fully understand these differences.

Our analysis revealed that compared with children of
other races and ethnicity, non-Hispanic White children had
a significantly higher incidence rate for neurological can-
cers [22]. There are two potential explanations for these
observed racial differences. First, compared to minority
children, non-Hispanic White children may experience
better access to healthcare [23, 24] and, therefore, may
have been more likely to be diagnosed by the improved
cancer detection technology [25]. Second, the genetic
susceptibility of neurological cancers may vary by race.
Genetic research has identified specific variation among
individuals of European and African ancestry [26], and
proportionally more deleterious genetic variation was
found in European than in African populations [27]. Future
research should investigate the root causes of the observed
racial variation in pediatric and adolescent cancer inci-
dence. An optimistic view that better understanding of
the role of genetic variation in cancer incidence rate may
potentially lead to more precise treatment for patients with
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«Fig.3 Age-adjusted incidence rate ratios by cancer type and sex.
95% confidence intervals (CI) were obtained using F-intervals test.
NHW non-Hispanic White, NHB non-Hispanic Black, NHAI/AN/API
non-Hispanic American Indian, Alaska Native, Asian, and Pacific
Islander. 95% CI bars for AI/API are not fully shown because of the
wide ranges

different racial background is held by some researchers;
however, some researchers hold not-so-optimistic view at
the same time [28].

Compared with older children and adolescents, those
under the age of 4 had a greater incidence for malignant
neurological cancers. In particular, there was substantial
variation in incidence between newborns and those aged
5-19 years, which may potentially be explained by two
factors [29-31]. First, neuroblastoma and ganglioneuro-
blastoma are types of sympathetic embryonal carcinoma
[32], which starts in very early forms of nerve cells, most
often found in an embryo or fetus. These subtypes have
a median onset age of 19 months [33] and are the most
common tumors in the first year of life, with a very high
incidence among those aged under 5 years [33]. Notably,
this type of tumor could often resolve spontaneously in
newborns, and the high level of medical vigilance, includ-
ing screening, in developed countries may have led to
diagnoses of tumors that would otherwise resolve. Indi-
viduals of high socioeconomic status receiving advanced
medical services may have higher medical vigilance and
are more likely to be over-diagnosed, thereby discovering
tumors that would have subsided [33]. In the case of neu-
roblastoma where the fraction of spontaneously regressing
tumors is comparable to the fraction of tumors clinically
detectable through screening [33], it becomes hard to use

variation in incidence by calendar period or race to suggest
risk factors for this tumor.

Second, perinatal exposures to genotoxicants and carcin-
ogens may increase the risk for certain childhood cancers
[34]. In particular, prenatal exposures to acetaldehyde, buta-
diene, and toluene have been found to be positively asso-
ciated with pediatric neurological cancers [13]. Radiation
exposure from the increased use of electronic equipment
may also affect the formation and differentiation of neural
stem cells during embryonic development, potentially caus-
ing damage to the nervous system [35].

Our study has the following limitations. Despite a large
sample overall, the sample sizes for specific racial minor-
ity groups and rare subtypes were relatively small, limiting
the statistical power to detect differences. Due to a lack of
adequate information collected by the SEER database, we
were unable to measure the effect of immigration status,
socioeconomic status, and other specific environmental and
lifestyle exposures on neurological cancer incidence among
children and adolescents.

Conclusions

Very few common risk factors are known, and the small
variation in incidence over time is not suggestive of one or
more overlooked important unknown predictors (includ-
ing modifiable lifestyles) of neurological childhood cancer.
This suggests that neurological childhood cancer is mainly
a random phenomenon, helped along by genetic factors,
maybe interaction with the environment. The distribution
of neurological childhood cancer by sex and race suggests
that further predictors of these cancers may be found, pri-
marily involving genetic factors.
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Table 3 Age-adjusted incidence Cancertype  All Male Female
rates by age group and sex,
2000-2018 No. Incidence® (95% CI) No. Incidence® (95% CI) No. Incidence® (95% CI)
Total neurological cancer
0-19 years 16,511 3.70 (3.65-3.76) 8,817 3.86(3.78-3.95) 7,694 3.54 (3.46-3.61)
<1 year 1,818  8.36 (7.98-8.75) 966  8.68 (8.14-9.25) 852 8.02(7.49-8.57)
1-4 years 5,302 6.11(5.94-6.27) 2,813 6.34 (6.11-6.58) 2,489 5.87 (5.64-6.10)
5-9 years 3,998  3.65(3.54-3.76) 2,087 3.73(3.57-3.89) 1,911 3.57 (3.41-3.73)
10-14 years 2,994  2.64 (2.54-2.73) 1,629 2.81 (3.67-2.94) 1,365 2.46 (2.33-2.59)
15-19 years 2,339  2.11 (2.02-2.19) 1,322 2.26 (2.14-2.38) 1,077 1.94 (1.83-2.06)
CNS neoplasms
All 13,024 2.93 (2.88-2.98) 7,004 3.07 (3.00-3.15) 6,020 2.77 (2.70-2.84)
<1 year 715 3.29 (3.05-3.54) 382 3.43(3.10-3.80) 333 3.13(2.81-3.49)
1-4 years 3,564  4.11(3.97-4.24) 1,914 431 (4.12-4.51) 1,650 3.89 (3.70-4.08)
5-9 years 3,597 3.28(3.18-3.39) 1,881 3.36 (3.21-3.51) 1,716  3.20 (3.05-3.36)
10-14 years 2,845  2.51 (2.41-2.60) 1,557 2.68 (2.55-2.82) 1,288 2.32(2.20-2.45)
15-19 years 2,303  2.02 (1.94-2.11) 1,270 2.17 (2.05-2.29) 1,033 1.87 (1.75-1.98)
Ependymomas and choroid plexus tumor
All 1,187  0.27 (0.25-0.28) 638  0.28 (0.26-0.30) 549  0.25(0.23-0.27)
<1 year 118 0.54 (0.45-0.65) 69 0.62 (0.48-0.78) 49 0.46 (0.34-0.61)
14 years 448 0.52 (0.47-0.57) 234 0.53 (0.46-0.60) 214 0.50(0.44-0.58)
5-9 years 243 0.22 (0.19-0.25) 124 0.22(0.18-0.26) 119 0.22(0.18-0.27)
10-14 years 200 0.18 (0.15-0.20) 117 0.20(0.17-0.24) 83 0.15 (0.12-0.19)
15-19 years 178 0.16 (0.13-0.18) 94 0.16 (0.13-0.20) 84 0.15 (0.12-0.19)
Astrocytomas
All 6,523  1.47 (1.43-1.50) 3,376  1.48 (1.43-1.53) 3,147 1.45 (1.40-1.50)
<1 year 267 1.23 (1.08-1.38) 129 1.16 (0.97-1.38) 138 1.30 (1.09-1.53)
1-4 years 1642 1.89 (1.80-1.99) 834  1.88(1.75-2.01) 808 1.90 (1.78-2.04)
5-9 years 1728 1.58 (1.50-1.65) 851 1.52 (1.42-1.63) 877 1.64 (1.53-1.75)
10-14 years 1585 1.40 (1.33-1.47) 833 1.43 (1.34-1.54) 752 1.36 (1.26-1.46)
15-19 years 1301 1.14 (1.08-1.21) 729  1.24(1.16-1.34) 572 1.03 (0.95-1.12)
Intracranial/intraspinal embryomal tumors
All 2,708  0.61 (0.59-0.63) 1,628 0.72 (0.68-0.75) 1,080 0.50 ( (0.47-0.53)
<1 year 240 1.10 (0.97-1.25) 132 1.19(0.99-1.41) 108 1.02 (0.83-1.23)
1-4 years 929 1.07 (1.00-1.14) 547 1.23 (1.13-1.34) 382 0.90 (0.81-1.00)
5-9 years 803 0.73 (0.68-0.79) 500  0.89 (0.82-0.97) 303 0.57 (0.50-0.63)
10-14 years 438 0.39 (0.35-0.42) 278  0.48 (0.42-0.54) 160  0.29 (0.25-0.34)
15-19 years 298 0.26 (0.23-0.29) 171  0.29 (0.25-0.34) 127 0.23 (0.19-0.27)
Other gliomas
All 2,244 0.51(0.48-0.53) 1159 0.51 (0.48-0.54) 1,085 0.50 (0.47-0.53)
<1 year 58 0.27 (0.20-0.34) 31 0.28 (0.19-0.40) 27 0.25 (0.17-0.37)
1-4 years 449 0.52 (0.47-0.57) 241  0.54 (0.48-0.62) 208 0.49 (0.43-0.56)
5-9 years 750 0.68 (0.64-0.74) 365  0.65(0.59-0.72) 385  0.72 (0.65-0.79)
10-14 years 542 0.48 (0.44-0.52) 290  0.50 (0.44-0.56) 252 0.45(0.40-0.51)
15-19 years 445 0.39 (0.36-0.43) 232 0.40 (0.35-0.45) 213 0.38(0.33-0.44)
Other specified intracranial/intraspinal neoplasms
All 246 0.06 (0.05-0.06) 134 0.06 (0.05-0.07) 112 0.05 (0.04-0.06)
<1 year - - - - - -
1-4 years 62 0.07 (0.05-0.09) 37 0.08 (0.06-0.11) 25 0.06 (0.04-0.09)
5-9 years 53 0.05 (0.04-0.06) 30 0.05 (0.04-0.08) 23 0.04 (0.03-0.06)
10-14 years 55 0.05 (0.04-0.06) 26 0.04 (0.03-0.07) 29 0.05 (0.04-0.08)
15-19 years 63 0.06 (0.04-0.07) 32 0.05 (0.04-0.08) 31 0.06 (0.04-0.08)
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Table 3 (continued) Cancertype  All

Male Female

No. Incidence® (95% CI) No.

Incidence® (95% CI) No. Incidence® (95% CI)

Unspecified intracranial/intraspinal neoplasms

All 116
<1 year 19
1-4 years 34
5-9 years 20

10-14 years 25
15-19 years 18

5-9 years 401
10-14 years 149
15-19 years 96

5-9 years 387
10-14 years 124
15-19 years 50

All 103
<1 year -
1-4 years -
5-9 years -
10-14 years 25
15-19 years 46

0.03 (0.02-0.03)
0.09 (0.05-0.14)
0.04 (0.03-0.05)
0.02 (0.01-0.03)
0.02 (0.01-0.03)
0.02 (0.01-0.02)

0.78 (0.75-0.80)
5.07 (4.78-5.38)
2.00 (1.91-2.10)
0.37 (0.33-0.40)
0.13 (0.11-0.15)
0.08 (0.07-0.10)

Neuroblastoma and ganglioneuroblastoma
All 3,384
<1 year 1,098
1-4 years 1,725

0.75 (0.73-0.78)
5.05 (4.75-5.35)
1.99 (1.89-2.08)
0.35 (0.32-0.39)
0.11 (0.09-0.13)
0.04 (0.03-0.06)

Other peripheral nervous cell tumors

0.02 (0.02-0.03)

0.02 (0.01-0.03)
0.04 (0.03-0.05)

Neuroblastoma and other peripheral nervous cell tumors
All 3,487
<1 year 1103
1-4 years 1738

69  0.03(0.02-0.04) 47 0.02(0.02-0.03)
21 0.05(0.03-0.07) - -

1,813 0.79 (0.75-0.83) 1,674 0.76 (0.73-0.80)
584 5.25(4.83-5.69) 519 4.88 (4.47-5.32)
899  2.03(1.90-2.16) 839 1.98 (1.85-2.12)
206 0.37 (0.32-0.42) 195 0.36(0.31-0.42)
72 0.12(0.10-0.16) 77 0.14(0.11-0.17)
52 0.09 (0.07-0.12) 44 0.08 (0.06-0.11)
1,762 0.77 (0.73-0.80) 1,622 0.74 (0.70-0.78)
582 5.3 (4.81-5.67) 516 4.85 (4.44-5.29)
893 2.01 (1.88-2.15) 832 1.96 (1.83-2.10)
197 0.35(0.30-0.40) 190 0.35(0.31-0.41)
60 0.10(0.08-0.13) 64 0.12(0.09-0.15)
30 0.05(0.03-0.07) 20 0.04 (0.02-0.06)
51 0.02(0.02-0.03) 52 0.02(0.02-0.03)
22 0.04 (0.02-0.06) 24 0.04(0.03-0.06)

Rates are per 100,000 population and age-standardized to the 2000 U.S. standard population

“~: Data not shown for cell size < 16

e,

CI: confidence interval
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