1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Pediatr Blood Cancer. Author manuscript; available in PMC 2025 January 01.

-, HHS Public Access
«

Published in final edited form as:
Pediatr Blood Cancer. 2024 January ; 71(1): €30732. doi:10.1002/pbc.30732.

A comprehensive analysis of neuroblastoma incidence, survival,
and racial and ethnic disparities from 2001 to 2019

Kevin Campbelll, David A. Siegel?, Puja J. Umaretiya3, Shifan Dai?, Andras Heczey>,
Philip J. Lupo®67, Jeremy M. Schraw®:6:7, Trevor D. Thompson?, Michael E. Scheurer®6:7,
Jennifer H. Foster>:6

1Division of Hematology-Oncology and Bone Marrow Transplantation, Children’s Mercy Hospitals
and Clinics, Kansas City, Missouri, USA

2Djvision of Cancer Prevention and Control, National Center for Chronic Disease Prevention and
Health Promotion, Centers for Disease Control and Prevention, Atlanta, Georgia, USA

3Division of Hematology-Oncology and Bone Marrow Transplantation, Dana-Farber Cancer
Institute, Boston, Massachusetts, USA

4Cyberdata Technologies, Inc., Herndon, Virginia, USA

SDivision of Hematology-Oncology, Department of Pediatrics, Baylor College of Medicine,
Houston, Texas, USA

6Cancer and Hematology Centers, Texas Children’s Hospital, Houston, Texas, USA

“Center for Epidemiology and Population Health, Department of Pediatrics, Baylor College of
Medicine, Houston, Texas, USA

Abstract

Background: We characterize the incidence and 5-year survival of children and adolescents
with neuroblastoma stratified by demographic and clinical factors based on the comprehensive
data from United States Cancer Statistics (USCS) and the National Program of Cancer Registries
(NPCR).

Methods: We analyzed the incidence of neuroblastoma from USCS (2003-2019) and survival
data from NPCR (2001-2018) for patients less than 20 years old. Incidence trends were calculated
by average annual percent change (AAPC) using joinpoint regression. Differences in relative
survival were estimated comparing non-overlapping confidence intervals (CI).

Results: We identified 11,543 primary neuroblastoma cases in USCS. Age-adjusted incidence
was 8.3 per million persons [95% ClI: 8.2, 8.5], with an AAPC of 0.4% [95% CI: -0.1, 0.9].
Five-year relative survival from the NPCR dataset (17=10,676) was 79.7% [95% CI: 78.9,
80.5]. Patients aged less than 1 year had the highest 5-year relative survival (92.5%). Five-year
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relative survival was higher for non-Hispanic White patients (80.7%) or Hispanic patients (80.8%)
compared to non-Hispanic Black patients (72.6%).

Conclusion: Neuroblastoma incidence was stable during 2003-2019. Differences in relative
survival exist by sex, age, race/ethnicity, and stage; patients who were male, older, non-Hispanic
Black, or with distant disease had worse survival. Future studies could seek to assess the upstream
factors driving disparities in survival, and evaluate interventions to address inequities and improve
survival across all groups.
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1| INTRODUCTION

Neuroblastoma, an embryonal malignancy of neural crest cells, is the second most common
solid tumor in pediatrics behind brain tumors.! Young children represent the majority of
cases, with the median age at diagnosis being 17 months. Less than 5% of diagnoses occur
after 10 years of age.? Neuroblastoma is renowned for its clinical heterogeneity, with some
patients experiencing spontaneous regression of their tumors without intervention, whereas
others have aggressive, hard-to-cure disease necessitating intensive multimodal therapeutic
approaches. While neuroblastoma accounts for 8%-10% of all pediatric cancers, it accounts
for 12%-15% of cancer-related deaths in children.?

Significant changes in staging and classification systems for neuroblastoma, as well as
advancements in care, have occurred in the past two decades. In 2009, the International
Neuroblastoma Risk Group (INRG) published the INRG Staging System (INRGSS) and
risk classification criteria.3 This new staging system allowed for a new risk classification
system to be created that was based upon image-defined risk factors of the original tumor,
rather than degree of surgical resection, thus allowing for pretreatment risk stratification.
These changes have occurred in parallel with advancements in therapy, such as dual
transplant followed by autologous hematopoietic stem cell rescue for high-risk patients,
and immunotherapy. Previous epidemiological studies of neuroblastoma have predominantly
utilized data collected prior to the implementation of these changes. Studies relying on data
from the National Cancer Institute’s (NCI) Surveillance, Epidemiology, and End Results
(SEER) program covered less than 30% of the US population.* INRG data only includes
patients who were enrolled on a biological or clinical trial.> Given the advancements

in staging and classification and the limited sample sizes of prior studies in the United
States, analysis of a larger, more comprehensive dataset is necessary to elucidate recent
epidemiological trends in neuroblastoma incidence and outcomes.

The purpose of this study was to describe recent trends in the epidemiology of
neuroblastoma in the United States, including patient characteristics and outcomes. We
analyzed the United States Cancer Statistics (USCS) database and the National Program of
Cancer Registries (NPCR) survival database to interrogate how incidence and outcomes may
differ based on several factors, including epidemiological, clinical, economic status, and
race/ethnicity. We explored whether outcomes changed from the time period of 2001-2009

Pediatr Blood Cancer. Author manuscript; available in PMC 2025 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Campbell et al. Page 3
to 2010-2018 given alterations in classification and advances in treatment between these
time periods.

2| METHODS

2.1| Databases

Incidence data were obtained from USCS database from 2003 to 2019, which covered
99.1% of the US population and included 49 states (excluded Nevada) and the District of
Columbia.b USCS comprises data from the Centers for Disease Control and Prevention’s
(CDC) NPCR database and the SEER database.’ Survival data are from NPCR-funded
registries that conducted active case follow-up or linkage with the CDC’s National Death
Index. This database covered cases diagnosed during 2001 to 2018, with follow-up through
December 2018, and covered 87.5% of the US population, including the District of
Columbia and all states except for Connecticut, Hawaii, lowa, Massachusetts, Michigan,
Nevada, New Mexico, South Dakota, and Virginia.

2.2| Inclusion criteria for incidence and survival analyses

Neuroblastoma was defined according to the International Classification of Childhood
Cancer diagnostic Group 1Va,8which includes neuroblastoma and ganglioneuroblastoma
(International Classification of Diseases for Oncology, Third Edition [ICD-0-3] histology
codes 9500 and 9490, respectively).? Cases involving patients aged less than 20 years

with malignant, microscopically confirmed neuroblastoma were included in this analysis.
Only cases involving initial diagnosis of malignancy were included. Autopsy-only or death
certificate-only cases were excluded.

2.3| \Variables

We stratified neuroblastoma case incidence and 5-year survival data by variables including
sex, age, tumor stage, race/ethnicity, rural-urban status by county population, economic
status by county, and date of diagnosis. Age was stratified by the pre-set database age
categories of less than 1, 1-4, 5-9, 10-14, 15-19 years for incidence analysis (19 age
groups—Census P25-1130). Race and ethnicity were grouped as non-Hispanic White, non-
Hispanic Black, non-Hispanic American Indian or Alaska Native (AIAN), non-Hispanic
Asian or Pacific Islander (API), and Hispanic. Tumor stage was categorized as local,
regional, or distant based on merged summary stage.1? Economic status was obtained
utilizing county of residence at diagnosis and stratified by percentile (bottom 25%, 25%—
75%, and top 25%), as defined by the most recent Appalachian Regional Commission
data (2017-2021), which draws from the most recent American Community Survey and
comparable Census population estimates.1

2.4 ] Incidence rates and trends

Rates from the USCS database are expressed per 1,000,000 persons, and were age-adjusted
to the 2000 US standard population. Adjusted relative risk of incidence was estimated
using multivariable negative binomial regression. Predictors included age group, sex, race/
ethnicity, economic status, and metropolitan area status. Trends in incidence are described
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using average annual percent change (AAPC) calculated by the Joinpoint Regression
Program. Statistically significant AAPCs were different from zero (p < .05).

2.5| Relative survival analysis

Relative survival is an estimate of cancer survival in the absence of other causes of death.
Expected survival was calculated in SEER*Stat using socioeconomic status/geography/race
annual life tables. Data from patients with less than 5 years of follow-up were included using
the complete method. We calculated 5-year relative survival stratified by age group, sex, race
and ethnicity, rural-urban status, and calendar year of diagnosis. Relative survival analyses
were performed using SEER*Stat 8.3.8.12

2.6 | All-cause survival analysis

Survival curves were generated using the Kaplan—Meier method from the NPCR database.
Non-Hispanic APl and non-Hispanic AIAN cases were grouped into the category non-
Hispanic all other races to allow for comprehensive analysis given the limited number

of cases in these groups. Diagnosis during 2001-2009 was compared to diagnosis during
2010-2018 to align with treatment changes instituted by the Children’s Oncology Group.13
Statistical testing for survival curves was performed using the log-rank test. Multivariable
Cox proportional hazards regression modeling was conducted to examine the effects of
selected demographic and clinical variables on 5-year all-cause survival. Age group, sex,
race and ethnicity, diagnosis year, economic status, metropolitan area status, stage, and
histology were included as candidate predictors. Missing data were imputed (/=10
imputations) using the areglmpute function from the Hmisc package in R. All candidate
predictors and the outcome variables were included in the multiple imputation process.
Missing data were imputed for stage (/7= 813), race and ethnicity (n = 155), economic
status (/7= 6), and metropolitan area (/7= 2). The remaining predictors had complete data.
Adjusted hazard ratios (HRs) and 95% confidence intervals (Cls) were generated for each of
the variables in the model. A HR greater than 1 between compared groups indicates a higher
risk of death, with statistical significance determined at p < .05. Multivariable analysis and
generation of survival curves were performed using SAS version 9.4 and R version 4.2.1.
Kansas and Minnesota were excluded from all-cause survival analysis as economic data
were not reported from these states.

3| RESULTS

3.1| Demographic and clinical characteristics

We identified 11,543 cases diagnosed during 2003 to 2019 within the USCS database (Table
1), and 10,676 cases diagnosed during 2001 to 2018 within the NPCR survival database
(Table 2). Most cases were male (52.7% of USCS; 53.0% of NPCR). Non-Hispanic White,
Hispanic, and non-Hispanic Black patients made up most neuroblastoma cases (65.0%,
15.9%, and 12.8% of USCS; 64.1%, 16.5%, and 12.8% of NPCR, respectively). The
majority of cases lived in a metropolitan county with a population over 1 million people

at the time of diagnosis (56.6% of USCS; 57.8% of NPCR). By stage, 46.9% of cases in

the USCS database and 46.7% of cases in the NPCR database involved distant stage at
diagnosis.
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3.2 | Incidence

The overall incidence of neuroblastoma cases in the United States during 2003-2019 was
8.3 per million persons (Table 1). The overall annual incidence of neuroblastoma cases was
stable during this time period, with an AAPC of 0.4% (95% CI: -0.1% to 0.9%) (Figure

1). Significant AAPCs in incidence occurred among patients with ganglioneuroblastoma
(AAPC = 1.4%, 95% CI: 0.2%-2.6%) and among non-Hispanic White patients (AAPC =
0.7%, 95% ClI: 0.2%-1.2%). We observed significant increases in annual incidence among
cases in the 5-9-year-old (AAPC = 2.4%, 95% ClI: 1.2%-3.7%) and 15-19-year-old (AAPC
= 3.3%, 95% CI: 0.6%-1.6%) age groups. A significant AAPC in incidence was also
observed amongst localized cases (AAPC = 2.6%, 95% ClI: 1.8%—3.4%) and regional cases
(AAPC =-1.9%, 95% CI: —3.0% to —0.9%).

Relative risk of neuroblastoma among the 1-4-, 5-9-, 10-14-, and 15-19-year-old age
groups compared to less than 1-year-old group was 0.42 (95% CI: 0.37-0.47), 0.07 (0.06—
0.08), 0.02 (0.02-0.02), and 0.01 (0.01-0.01), respectively. Non-Hispanic White patients
had a higher relative risk of developing neuroblastoma compared to all other race/ethnicity
groups. Compared to non-Hispanic White patients, the relative risks were 0.54 (95% CI =
0.47-0.61) for Hispanic, 0.64 (95% CI = 0.54-0.76) for non-Hispanic API, 0.69 (95% CI =
0.54-0.88) for non-Hispanic AIAN, and 0.73 (95% CI = 0.64-0.83) for non-Hispanic Black
patients (Table 1).

3.3 | Relative survival

Five-year relative survival of neuroblastoma cases diagnosed during 2001-2018 was 79.7%
(95% CI: 78.9%—-80.5%) and increased from 76.8% (95% CI: 75.6%—78.0%) for cases
diagnosed during 2001-2009 to 83.2% (95% CI: 82.0%-84.3%) for those diagnosed during
2010-2018 (Table 2). Five-year relative survival increased between those diagnosed during
2001-2009 and those diagnosed during 2010-2018 in age less than 1 year (92.4% vs.
92.6%), 1-4 years (69.6% vs. 78.1%), 5-9 years (64.5% vs. 78.7%), 1014 years (64.6%
vs. 84.8%), and 15-19 years (58.7% vs. 73.6%), although Cls overlapped for ages less

than 1 and 15-19 years. By race and ethnicity, relative survival increased from 2001-2009
to 2010-2018 for non-Hispanic White patients (from 78.1% to 84.2%) and non-Hispanic
Black patients (67.3% vs. 79.6%); relative survival increased for non-Hispanic API patients
(74.7% vs. 81.2%) and Hispanic patients (78.3% vs. 83.3%), although Cls overlapped.
Increases were noted for patients with either regional stage (91.8% vs. 95.3%) or distant
stage (60.0% vs. 70.0%); survival for patients with local disease increased (96.6% vs.
97.3%), but Cls overlapped. Improvements in relative survival were observed by rural-urban
status, with non-overlapping 95% Cls noted for metropolitan populations of more than 1
million and less than 250,000. By economic status, increased survival between 2001-2009
and 2010-2018 with non-overlapping Cls was seen for patients from the top 25% and 25%-—
75% of counties.

3.4 | All-cause survival

Five-year all-cause survival of neuroblastoma cases diagnosed between 2001 and 2018
was 79.3%. Five-year survival was significantly different by age group (p < .001), with
91.6%, 73.1%, 71.8%, 73.6%, and 67.0%, of the less than 1-, 1-4-, 5-9-, 10-14- and
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15-19-year-old age groups achieving 5-year survival, respectively (Figure 2A). Females
had significantly better 5-year survival compared to males, 81.3% and 77.6% (v < .001)
(Figure 2B). Kaplan—Meier analysis yielded significant differences in 5-year survival by
race and ethnicity: 5-year survival amongst Hispanic, non-Hispanic White, non-Hispanic
Other, and non-Hispanic Black patients was 80.5%, 80.4%, 78.9%, and 72.2%, respectively
(p<.001) (Figure 2C). Survival was significantly different based on date of diagnosis:

only 76.6% of cases diagnosed before January 1, 2010 achieved 5-year survival, compared
t0 82.7% (p < .001) of cases diagnosed on or after this date (Figure 2D). As expected,
survival was significantly better for cases with localized compared with distant disease, and
ganglioneuroblastoma versus neuroblastoma (Figure 2E,F). Survival according to county-
level economic status was significant (p < .05), with lower survival in counties with the
lowest percentile. Rural-urban status did not significantly affect survival (Figure 2G,H).
Multivariable Cox regression analysis of 5-year all-cause survival was used to estimate HRs
related to selected characteristics adjusted for covariates (Table 3). The risk of death was
higher for 1-4 years (HR = 2.76, 95% CI: 2.42-3.15), 5-9 years (HR = 2.77, 95% CI:
2.33-3.28), 10-14 years (HR = 3.46, 95% CI: 2.68-4.48), and 15-19 years (HR = 4.03, 95%
Cl: 2.80-5.81) age groups compared to age less than 1 year. Distant (HR = 8.86, 95% CI:
6.99-11.24) and regional stage (HR = 1.77, 95% ClI: 1.34-2.33) demonstrated higher risk
of death than local disease. Notably, non-Hispanic Black race and ethnicity were significant
risk markers of lower survival (HR = 1.29, 95% CI: 1.14-1.46) relative to non-Hispanic
White race and ethnicity. Other race and ethnicity groupings were not independent risk
markers of change in 5-year all-cause survival. Diagnosis of neuroblastoma on or after
January 1, 2010 was significantly associated with higher survival (HR = 0.69, 95% ClI:
0.63-0.75). Ganglioneuroblastoma was associated with higher 5-year survival compared

to neuroblastoma (HR = 0.56, 95% CI: 0.46-0.68). Females had borderline higher 5-year
survival compared to males, although not statistically significant (HR = 0.91, 95% CI: 0.83-
1.00, p=.0552). There were no differences in survival by rural-urban or economic status.

4| DISCUSSION

Here, we report the most comprehensive incidence and survival assessment of
neuroblastoma of pediatric neuroblastoma cases in the United States, which utilized
databases that include 99.1% and 87.5% for US population coverage for incidence and
survival, respectively. Our main findings included stable overall incidence rates of disease
over time, increased survival over time, and survival disparities based on race and ethnicity.

In line with prior publications, we found that the overall incidence of neuroblastoma

was stable. European data ranging from 1979 to 2016 of over 9000 patients demonstrate
increased incidence in individuals aged 0-12 months, noting a varied range in the age-
standardized incidence rate of cases per million: 9.5 in Australia, 10.1 in Southern-Eastern
Europe countries, 13.7 in Germany, 13.8 in ltaly, and 14.3 in France.14-19 These differences
were shown to be driven primarily by variation of incidence rates in the first year of life

as well as variation in the human development index (HDI). It is hypothesized that higher
HDI results in increased detection of neuroblastoma because of the availability of modern
imaging technology and increased access to health care services,20 the difference found in
comparing our comprehensive US data with that of other nations may be in part due to
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higher HDI in the United States. Additionally, we found significant increases in incidence in
non-Hispanic White patients and patients with ganglioneuroblastoma.

Five-year relative survival during our entire study period increased over time, a finding
consistent with prior reports.1419.21 This improvement may reflect systematic changes

in staging, classification, and changes in therapy including the introduction of high-dose
chemotherapy followed by stem cell rescue and immunotherapy. Gains in survival were
observed for all characteristics examined, except in patients of non-Hispanic AIAN and
non-Hispanic unknown race and ethnicity. The finding related to non-Hispanic AIAN
populations may have been influenced by small reporting numbers. The largest survival
increases observed were in older patients. Specifically, patients aged 5-9, 10-14, and

15-19 years experienced 5-year relative survival increases of 14.2%, 20.2%, and 14.9%,
respectively, between 2001-2009 and 2010-2018. As these patients would be considered

at least intermediate risk due to age, with the majority likely high risk, one may reason

that improvements to survival are attributable to improvements in high-risk therapy.2 A
recent SEER study observed improved overall survival in high-risk patients who survive at
least 1 year, suggesting the continuous advent of new treatments for this group has largely
benefited a subset of high-risk patients who previously were at risk of progression during the
later stages of therapy.22 As expected, survival for patients diagnosed before 1 year of age
remained excellent and were superior to relative 5-year survival outcomes when compared to
all patients aged 1 year or older.

Survival disparities in neuroblastoma patients according to racial and ethnic differences

in the United States have been previously reported.23-26 |n this study, we found that
non-Hispanic Black patients experienced lower survival compared to non-Hispanic White
patients in our multivariable Cox regression analysis, consistent with the unadjusted
survival by Kaplan—-Meier analysis. This disparity has been demonstrated before in
neuroblastoma patients in a Children’s Oncology Group study involving over 3500 patients,
and was attributed partially to a higher incidence of high-risk disease in Black patients.2”
Our data add to the growing body of evidence demonstrating that non-Hispanic Black
patients experience inferior survival across pediatric cancers.23-26 Others have shown that
socioeconomic status mediates the association of inferior survival by race/ethnicity in
neuroblastoma and is likely due to disproportionate exposure to adverse social determinants
of health driven by poverty.28-30 Systematic collection of social determinants of health data,
including individual-level family-reported poverty measures (e.g., family income, household
material hardship, insurance), primary language, health literacy, and education, can offer
insight into drivers of inequities.3! While these individual-level data were not available

in our dataset, we did explore the relationship between the economic status of county of
residence and survival, and we did not find a significant association. Separately, others

have demonstrated children with high-risk neuroblastoma and public insurance have inferior
survival after treatment on immunotherapy trials, but also did not find a significant survival
difference using neighborhood-level measures.32 Further reports suggest the association of
inferior survival in neuroblastoma and race and ethnicity is present regardless of differences
in socioeconomic status.3? Our data suggest that further investigation into factors that
contribute to disparities, such as societal and structural factors stemming from systemic
differences in care that might be related to systemic racism, are warranted.
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A major strength of this report is the completeness of coverage. As noted, incidence and
survival data were derived from data that cover 99.1% and 87.5% of the US population,
respectively. Previous epidemiological reports of neuroblastoma incidence and survival in
the United States rely on lower coverage of the population than our report or may only
include patients who enroll on clinical trials, which may result in a selection bias. Of note,
while clinical trial enrollment does not always reflect the general population, our race and
ethnicity data are similar to what is reported for patients enrolled on prior clinical trials

for patients with high-risk neuroblastoma.32 Despite our unique ability to include almost
complete coverage of the US population, a weakness of our reporting is the inability to
divide the age variable at 18 months, as this age cutoff is utilized as prognostic in the staging
of neuroblastoma patients. Thus, we were not able to distinguish between two groups of
patients with very different outcome profiles. Additionally, the databases we utilized are not
linked to specific patient information regarding treatment and tumor biology, prohibiting
reporting of pertinent biological prognostic variables such as MYCN-amplification or
segmental chromosomal aberrations, and did not contain an HDI variable.

5| CONCLUSIONS

The overall incidence of pediatric neuroblastoma in the United States was stable in

recent decades with increases in patients aged 5-9 and 15-19 years. The 5-year survival

for patients diagnosed with neuroblastoma significantly increased since January 1, 2010.
Despite these improvements in survival, disparities exist by age, tumor stage, and race

or ethnicity, particularly of non-Hispanic Black patients. Analysis of the USCS and

NPCR databases allowed for nearly complete coverage of all neuroblastoma cases in

the United States between 2001 and 2019. These data may inform risk stratification of
neuroblastoma cases and encourage the investigation of existing disparities in survival
outcomes. Investigation into the societal and structural factors rooted in systemic racism
that contribute to disparities among patients from racial and ethnic minority groups may
further our understanding of inequities. This study represents the most comprehensive
review of neuroblastoma incidence and survival over the past two decades, allowing for

the most powerful analysis of trends in incidence and survival outcomes. These data

may provide refined expectations for incidence moving forward and serve as a basis for

the implementation of potential interventions, such as programs to increase clinical trial
enrollment and address inequities in access to care, to address existing inequities in survival
outcomes. Interventions addressing social determinants of health have been documented to
be feasible and acceptable in pediatric oncology treatment settings.33:34 Future evaluation
may be needed to determine the effectiveness of similar approaches to addressing disparities
in neuroblastoma survival.3°

DATA AVAILABILITY STATEMENT

The data that support the findings of this study are available on request by contacting
uscsdata@cdc.gov. The data are not publicly available because of privacy and legal
restrictions. Information about accessing public use US Cancer Statistics can be found at
https://www.cdc.gov/cancer/uscs/
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Abbreviations:

AAPC average annual percent change

AIAN American Indian or Alaska Native

API Asian or Pacific Islander

Cl confidence interval

GNB ganglioneuroblastoma

HR hazard ratio

INRG International Neuroblastoma Risk Group

INRGSS INRG Staging System

NB neuroblastoma

NPCR National Program of Cancer Registries

SEER Surveillance, Epidemiology, and End Results

USCS United States Cancer Statistics
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FIGURE 1.
Age-adjusted rates per 1,000,000 persons of neuroblastoma/ganglioneuroblastoma diagnosis

in the United States from 2003 to 2019.

Pediatr Blood Cancer. Author manuscript; available in PMC 2025 January 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Campbell et al.

B N Logrank p <0001 (B) 10
08 = -
2 ¥
3 os z
& E 06
g 04 &
g 2
* £ o4
02 H
00 02
0 1 2 3 4 5
Sunival time (years) -
Number of patients at risk by age (years)
<lys 14ys 59y - 1014 15-19yrs
<tys 3517 3142 2020 2712 2507 2301
14 yrs 5166 4485 3838 3385 2990 2695
59ys 1157 1035 889 750 634 524
10-14ys 323 286 245 208 186 161 Female
15-19 yrs. 135 122 98 85 68 55
10
(©) o Logrank p <.0001 (D)
08 T o5
> X
8 06 £
£ g os
g 04 &
z =
(7] g 04
02 @
0.0 02
0 1 2 3 4 5
Sunvival time (years)
00
Number of patients at risk by race/ethnicity
Hispanic on-Hispanic Black
Non-Hispanic Other Non-Hispanic White
Hispanic 1746 1536 1345 1217 1083 966
Non-Hispanic Black 1338 174 1014 875 784 696
Non-Hispanic Other 518 437 378 333 296 257 2001-2009
Non-Hispanic White 6541 5793 5135 4613 4129 3733 2010-2018
(E) 10 (F) 10
08 o = &
z ~ o
g 06 £
g 06
o
E 04 o
9 g 04
5
02 2
Logrank p <.0001 02
00 .
0 1 2 3 4 5
Sunvival time (years) 00
Number of patients at risk by metastatic stage
Distant calized egional Unknown
Distant 4821 4083 3332 2851 2467 2138
Localized 2412 2221 2068 1891 1718 1562
Regional 2252 2007 1952 1823 1679 1557 9490 GNB
Unknown 813 699 638 575 521 479 9500 NB

06

04

Sunvval Probability

02

0.0+

25-75%
Bottom 25%
Top 26%

o 1 2 3 4
Sunival time (years)

Number of patients at risk by economic status
25-75% Bottor Toj

P 25%
6474 5706 5039 4407 4037
891 785 684 603 523
2027 2573 2261 2034 1819

FIGURE 2.
Kaplan—Meier 5-year all-cause survival curves of neuroblastoma cases among children and

adolescents from the National Program of Cancer Registries (NPCR) database (2001-2018).
Data are stratified by (A) age, (B) sex, (C) race and ethnicity, (D) date of diagnosis, (E)
stage, (F) histologic type, (G) economic status, and (H) rural-urban status.

Logrank p=0.0431

(H)

Page 13

e Logrank p <0001
o 1 2 3 4 5
Sunvival time (years)
Number of patients at risk by sex Female Male
4859 4207 3808 3417 3069 2767
5439 4773 4184 723 3316 2069
S Logrank p <.0001
0 1 2 3 4 5
Sunvival time (years)

Number of patients at risk by year of diagnosis 2001-2009 2010-2018
4990 4615 4281 4089 3926 3820
5308 4455 3709 3071 2459 1916

% - — = Logrank p <.0001
0 1 2 3 4 5
Sunvval time (years)

Number of patients at risk by cancer histology 9490 GNB 9500 NB
1586 1469 1337 1220 1116 1008
8712 7601 6653 5920 5269 a728

10 Logrank p=0.5319
08 T
Zz
3
3 06
e
o
2 04
s
a3
02
00
o 1 2 3 4 5
L Sunval time (years)
Number of patients at risk by urban/rural cagetory
Metro Cnty 250K-1M Metro Cnty <250K
Metro County 1M+ Non-Metro County
Metro Cnty 260K-1M 2048 1819 1619 1439 1288 1158
3614 Metro Cnty <250K 900 794 708 626 549 484
465 Melro County 1M+ 5968 s233 4603 4130 723 3364
1652 Non-Metro County 1380 1222 1061 943 823 720

Pediatr Blood Cancer. Author manuscript; available in PMC 2025 January 01.



Page 14

Campbell et al.

Author Manuscript

100>
700’

100>
100>

100>
100>
100>
100>

109’

[t9'0-2'0l ¥S0
[88'0-v501 690
[92'0-v501 ¥9'0
[eg'0-v9'0l €20

494

[to'0-t0'0l T0'0
[co'0-zo'0l 200
[80'0-90°0] 200
[2v0-Le0l 2v0

IEX

[20'1-88°0] 26°0
JEN

[eo01v0-1€0
[6'0-010¢-],6T-

[reorgtl o

[oT090-150
[18o151-15¢€
[oeo6T-180
[rFoor91-190-
[zTorz0lpL0

[oT o1 90]pEE
[6zor0z-170
[Leovetlpre
[200190-100
[soor90-1T0

[ozorz0olpvt

[so0av0-12°0

[TToz0-1%0
[e001Z2°0-1%0

[eo01T0-1%0

[tov-08€l 06°€
[t6T-92T1 €8T

[60'z-v6'1] 102

[69'5-6T°Gl £V°'G
[v6'2-0z's] 9v°9
[9z'2-60'91 99'9
[2€'2-59'91 102

[cz'01-9.'6] 66'6

[¥5'0-0v'0l 9v°0

[sT'1-26'01 20T

[oT'v-89'€l 88°€
[26'T¢-98°02] Tv'TZ
[9509-28'95] 69'85

[6e1-L2 Tl €€'T
[¥T 29891 00°L

[1z8-v81]1 508
[18:8-8£8] 65°8

[87'8-818] €€'8

(%0°2) 508
(%6°9v) 80vS
(%0°22) vvSe

(%Tv2)98Le

(%S T)ELT
(%6°'ST)9€E8T
(%20 06
(%S v)ETS
(%82T)9LVT

(%60°59) SSv2

(%S'T)L9T
(%0°€) 9.2€
(% TT)STET
(%6'6Y) 1925
(%0'v€) vzee

(%8'ST)628T
(%z'v8) ¥TL6

(%€ Ly) SSvS
(%.°2S) 8809

(9600T)EYS'TT

SNJels uegun-feiny
umouun
wesiq
|euoiBay
pazijeao]

abeis
umousun HN
oluedsiH
NVIVHN
1dV HN
3%e1d HN
3UYM HN

Au91uy3a pue aoey
sieah 6T-GT
sieak yT1-0T
SIeakg—G
sieaky-T
Je9AT>

aby
Buwo)se|golnauolbues)
eWOlSe|qoInaN

ABoJ0ISIH
aewa4
afelN

x9S

TEIENe)

anfen-d ¥y

[12 %s6] qud

[10 %s6] (96) OdvV

[uorpiw T Jad] souapiou

(9%) saseD

ansiIaIvRIRYD

T31avl

Author Manuscript

‘sIsAJeue [elwoulq aAlreBau ajgerreAnnw
yum (6T0Z—002) aseqelep SOSN Yl Wol) SJUadssjope pue ualp(iyd Buowre sased ewolse|qoinau ul abueyd juasiad [enuue abeiane pue aduaplou|

Author Manuscript

Author Manuscript

Pediatr Blood Cancer. Author manuscript; available in PMC 2025 January 01.



Page 15

Campbell et al.

"SO1ISIIe)S J8due) Salels psMuN '824nos

'S9]e]S 953y} 104 PaLI0dal 10U 219M BIep J1LLIOU0IS 8SNeBIA] BIOSBUUIIA pUe SeSUeY] WO} Sased Umcs_oxmu

'$10]01paJd Ja2URD J0U ‘SO1ISIIIORIRYD 180URD a1k A3yl Se ‘|apoLl By} Ul papnjoul Jou alam abels 1aoued pue ABojoIsIY JoyHy

q
"DdVV Weayiubis sajealpul,

"SONSIE}S Jaoue) SajelS PaHUN 'SOSN st
aAIRIa) ‘Y ‘oluedsIH-UOU ‘HN ‘uepjodossu ‘0BW [BAISIUI 30UBPLUOD ‘| ‘IBPUBIS| J1410Bd 10 URISY ‘|dV ‘9AITRN BXSe|V/UBIpU| UBdLIBWY ‘NV/IV ‘8Bueyd jusasad [enuue abelane ‘Odvy :SUONRINBIqYY

909’
€L

900°
¥60°
Sy’

[TT1-¥80] 960
[80'T-98°0] 26'0
Jod

[s6'0-T2 01 280
[co'T-92°01 880
[o0'T-82°01 880

19y

[sTo91-1T0-
[TTavo-lco
[TTazo-1v0

[Fzoreo-11
[ezovT-150
[tTogo-110
[somzo-l€0

[262-1991TT°L
[ces—z6lers
[oe'6-228] T0'6

[r7'8-v9'21 €08
[v8'8-z8'212e8
[tv8-9.°2180°8
[02'8-62'81 678

(%c0) 6T
(%.'8) €26
(%0°25) 2L€9
(%Tve) 218

(%S €T)Y9ST
(%0°6) ¥€0T
(%8°02) S0ve
(%9'95) 259

umouxun
%GZ Wwonog
%G.~%GC
%G doL

Qmamum Jlwouod3
0J18W-UON
000'052>
000'000'T-000°052 01BN
000'000'T< 04BN

anfea-d ¥y

[10 9%56] qud

[10 %S6] (9%) OdvV

[uoniw T Jad] souapiou|

(9%) saseD

21Is1I8I0RIRYD

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Pediatr Blood Cancer. Author manuscript; available in PMC 2025 January 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Campbell et al.

TABLE 2
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Five-year relative survival of neuroblastoma cases among children and adolescents from the NPCR database

(2001-2018).

Characteristic

Cases(%)

5-Year relative survival (%) [95% ClI]
2001-2018, 2001-2009, 2010-2018

Overall

Sex

Male

Female

Histology

Neuroblastoma

10,676 (100)

5658 (53.0)

5018 (47.0)

9027 (84.6)

Ganglioneuroblastoma 1649(15.4)

Age

<lyear

1-4years

5-9years

10-14 years

15-19 years

Race and ethnicity

NH White

3663 (34.3)

5329 (49.9)

1206(11.3)

334 (3.1)

144(1.4)

6848 (64.1)

Pediatr Blood Cancer. Author manuscript; available in PMC 2025 January 01.

79.7 [78.9-80.5]
76.8 [75.6-78.0]
83.2 [82.0-84.3]

78.0 [76.8-79.2]
75.4 [73.8-77.0]
81.3 [79.6-82.9]
81.6 [80.4-82.7]
78.4[76.7-80.0]
85.3 [83.6-86.8]

77.6 [76.7-78.5]
74.8[73.5-76.1]
81.1[79.7-82.3]
91.0 [89.4-92.4]
88.5 [86.0-90.6]
94.0 [91.8-95.5]

92.5[91.5-93.3]
92.4 [91.0-93.6]
92.6 [91.1-93.8]
73.4[72.1-74.7)
69.6 [67.7-71.3]
78.1[76.3-79.8]
71.3[68.3-74.0]
64.5 [60.3-68.4]
78.7 [74.5-82.3]
73.4[67.9-78.2]
64.6 [56.6-71.6]
84.8 [77.7-89.8]
66.7 [56.7-74.9]
58.7 [44.2-70.6]
73.6 [58.6-83.8]

80.7 [79.7-81.7]
78.1[76.6-79.4]
84.2 [82.7-85.5]
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5-Year relative survival (%) [95% ClI]
Characteristic Cases(%) 2001-2018, 2001-2009, 2010-2018

NH Black 1367(12.8)  72.6 [70.0-75.1]
67.3 [63.6-70.8]
79.6 [76.0-82.8]
NH API 453 (4.2) 78.5 [73.9-82.3]
74.7 [67.5-80.5]
81.2 [74.9-86.1]
NH AIAN 86 (0.8) 81.6 [69.8-89.1]
87.6 [71.4-94.9]
69.3 [46.1-84.1]
Hispanic 1764(16.5)  80.8 [78.8-82.7]
78.3 [75.3-81.0]
83.3[80.2-85.9]
NH unknown 158(1.5) 86.6 [79.5-91.4]
91.1 [80.5-96.0]
83.6 [72.8-90.3]
Stage
Localized 2500 (23.4)  96.9 [96.1-97.6]
96.6 [95.3-97.6]
97.3[96.1-98.2]
Regional 2389 (22.4)  93.3[92.1-94.3]
91.8 [90.0-93.2]
95.3 [93.7-96.5]
Distant 4990 (46.7)  64.4 [63.0-65.8]
60.0 [58.0-61.9]
70.0 [67.8-72.0]
Unknown 837 (7.8) 80.8 [77.8-83.5]
77.9 [73.6-81.5]
84.8 [80.2-88.4]
Rural-urban
Metro >1,000,000 6166 (57.8)  80.2 [79.1-81.2]
77.2 [75.6-78.7]
83.7 [82.2-85.2]
Metro 250,000-1,000,000 2091 (19.6) 79.8 [77.9-81.6]
77.7 [75.0-80.1]
82.4[79.6-84.9]
<250,000 955 (8.9) 79.1[76.1-81.7]
74.7 [70.3-78.6]
84.2 [80.3-87.5]
Non-metro 1462 (13.7)  77.9[75.5-80.1]
75.1 [71.7-78.2]
81.4 [77.8-84.4]
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Characteristic Cases(%)

5-Year relative survival (%) [95% ClI]
2001-2018, 2001-2009, 2010-2018

Economic status

Bottom 25% 891 (8.7)
25%-75% 6474 (62.9)
Top 25% 2927(28.4)

76.2 [73.0-79.1]
73.7[69.2-77.6]
79.2[74.3-83.4]
79.6 [78.5-80.6]
77.1[75.6-78.6]
82.6 [81.1-84.1]
80.6 [79.0-82.1]
77.1[74.8-79.2]
85.0 [82.6-87.0]

Abbreviations: AIAN, American Indian/Alaska Native; API, Asian Pacific or Islander; Cl, confidence interval; metro, metropolitan; NH, non-
Hispanic; NPCR, National Program of Cancer Registries.

Source: National Program of Cancer Registries.
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Cox proportional hazards model predicting 5-year all-cause survival.

TABLE 3

Characteristic Wald 3> p-Value Hazard ratio? [95% CI]
Age 251.30 <.0001

<lyear 1.0(ref)

1-4 years 2.76 [2.42-3.15]

5-9 years 2.77 [2.33-3.28]

10-14 years 3.46 [2.68-4.48]

15-19 years 4.03 [2.80-5.81]
Race/ethnicity? 15.88 0012

NH White 1.0(ref)

NH Black 1.29 [1.14-1.46]

Hispanic 1.11[0.97-1.27]

Other® 1.05 [0.85-1.29]
Sex 3.67 .0552

Male 1.0(ref)

Female 0.91 [0.83-1.00]
Diagnosis year 61.91 <.0001

2001-2009 1.0(ref)

2010-2018 0.69 [0.63-0.75]
Staged 595.14  <.0001

Localized 1.0(ref)

Regional 1.77 [1.34-2.33]

Distant 8.86 [6.99-11.24]
Histology 35.97 <.0001

Neuroblastoma 1.0(ref)

Ganglioneuroblastoma 0.56 [0.46-0.68]

Rural-urban? 217 5384

Metro >1,000,000 1.0(ref)

Metro 250K-1 M 0.99 [0.87-1.11]

<250,000 1.09 [0.92-1.30]

Non-metro 1.08 [0.93-1.26]
Economic status? 0.80 6717

Bottom 25%
25%-75%
Top 25%

1.09 [0.90-1.32]
1.03 [0.92-1.15]
1.0(ref)

Note: N= 10,298 with 1899 events. C-index = .758.

Abbreviations: ClI, confidence interval; metro, metropolitan; NH, nonHispanic.

aA hazard ratio greater than 1 between compared groups indicates a higher risk of death, with statistical significance determined at p < .05.
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Multiple imputation was used to impute (/7= 10) missing data for stage (/7= 813), race/ethnicity (7= 155), economic status (/7= 6), and
rural-urban status (7= 2). All predictors and the outcome variables were included in the imputation models.

Includes non-Hispanic American Indian/Alaska Native and non-Hispanic Asian/Pacific Islander.
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