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Racial and Ethnic Disparities in Risk and Survival in
Children With Neuroblastoma: A Children’s Oncology
Group Study
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Can-Lan Sun, and Susan L. Cohn

Purpose
Although health disparities are well-described for many cancers, little is known about racial and

ethnic disparities in neuroblastoma. To evaluate differences in disease presentation and survival by
race and ethnicity, data from the Children’'s Oncology Group (COG) were analyzed.

Patients and Methods
The racial/ethnic differences in clinical and biologic risk factors, and outcome of patients with
neuroblastoma enrolled on COG ANBLOOB1 between 2001 and 2009 were investigated.

Results

A total of 3,539 patients (white, 72%; black, 12%; Hispanic, 12%; Asian, 4%; and Native
American, < 1%) with neuroblastoma were included. The 5-year event-free survival (EFS) rates
were 67 % for whites (95% Cl, 65% to 69%), 69% for Hispanics (95% Cl, 63% to 74%), 62% for
Asians (95% ClI, 51% to 71%), 56% for blacks (95% Cl, 50% to 62%), and 37% for Native
American (95% Cl, 17% to 58%). Blacks (P < .001) and Native Americans (P = .04) had a higher
prevalence of high-risk disease than whites, and significantly worse EFS (P = .01 and P = .002,
respectively). Adjustment for risk group abrogated these differences. However, closer examina-
tion of the EFS among high-risk patients who remained event free for 2 years or longer, revealed
a higher prevalence of late-occurring events among blacks compared with whites (hazard ratio,
1.5;95% Cl, 1.0 to 2.3; P = .04).

Conclusion

Black and Native American patients with neuroblastoma have a higher prevalence of high-risk
disease, accounting for their worse EFS when compared with whites. The higher prevalence of
late-occurring events among blacks with high-risk disease suggests that this population may be
more resistant to chemotherapy. Studies focused on delineating the genetic basis for the racial
disparities observed in this study are planned.
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rolled on the Children’s Oncology Group (COG)
neuroblastoma biology protocol ANBLOOB1 be-
Neuroblastoma is a common extracranial child- ~ tween 2001 and 2009
hood cancer that has remarkable clinical heteroge-
neity and widely varying rates of cure depending on
a range of clinical features at diagnosis and biologic

characteristics of the tumor." Risk groups have been

defined based on combinations of these prognostic
clinical and biologic markers,"* and modern treat-
ment strategies, tailored according to risk, have led
to improved survival.” However, little is known
about associations between race/ethnicity and
survival in children with neuroblastoma. To in-
vestigate the relationship between race/ethnicity,
tumor biology, and survival in neuroblastoma, we
analyzed data collected from 3,539 children en-
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Patient Cohort

Children diagnosed with neuroblastoma, ganglion-
euroblastoma, or ganglioneuroma (maturing type) and
enrolled on the COG biology protocol ANBLOOBI be-
tween 2001 and 2009 with available outcome data formed
the analytic cohort. The diagnosis was confirmed by either
central pathologic review of tumor tissue or by the pres-
ence of unequivocal tumor cells in the bone marrow and
increased urine catecholamines or metabolites, as de-
scribed by the International Neuroblastoma Staging
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System criteria.® Eligibility requirements also include enrollment within 21
days of diagnosis, and a good faith effort to submit a tissue sample of sufficient
quality for MYCN analysis to the COG Neuroblastoma Resource Laboratory.
The median time from diagnosis to enrollment was 7 days. Subjects with
unknown risk profile, age, and/or race/ethnicity were excluded from the anal-
ysis. The study was conducted with parental/patient informed consent for
research participation. Institutional review board guidelines were followed for
procurement of tumor samples for prognostic factors including MYCN status,
tumor cell ploidy, and histology. Tumor staging was based on the Interna-
tional Neuroblastoma Staging System criteria,® and patients were stratified
into risk groups defined by COG according to the age, stage, histology, MYCN
status, and tumor cell ploidy (Appendix Table Al, online only)." Outcome
data were frozen on April 8, 2009. The racial groups were categorized as:
American Indian/Alaskan Native, Hawaiian/Pacific Islander (hereafter re-
ferred to as Native American); Asian; black or African American (hereafter
referred to as black); and white. Ethnicity was categorized as: Hispanic and
non-Hispanic. A combined race/ethnicity variable was created taking into
consideration both the racial and ethnic backgrounds and coded as follows:
non-Hispanic white, non-Hispanic black, Native American, Asian, and Hispanic.

Analysis of MYCN Status, Ploidy, and Histology

MYCN amplification was determined by fluorescence in situ hybridiza-
tion (FISH) using standard procedures” in the COG Neuroblastoma Resource
Laboratory. DNA index was determined in the COG laboratory by flow cy-
tometry and was reported as = 1.0 versus higher than 1.0.® Histology was
classified as favorable or unfavorable after central review according to criteria
described by Shimada et al.”

Statistical Considerations

Annual follow-up data are collected for all patients enrolled on
ANBLO0BI, and institutions are required to report events including relapse,
progressive disease, second malignancy, and death. For patients concurrently
enrolled on a COG clinical trial, follow-up data are collected according to
schedule outlined in the clinical trial. x* tests were used to test for association of
demographic and clinical characteristics with racial/ethnic groups; non-
Hispanic whites served as the reference group. In the x* tests, a Bonferroni
correction was made for the significance level; P values lower than .0014
(.05/35 x* tests) were considered statistically significant. Event-free survival
(EFS) time was calculated from the time of biology study enrollment, which
coincides closely with the date of diagnosis (defined as the date of the surgical
biopsy or other definitive diagnostic procedure) until the time of first occur-
rence of relapse, progression, secondary malignancy, or death, or until the time
of last contact if no event occurred. Overall survival time was calculated until
the time of death or until time of last contact if the patient was alive. The
product-limit method was used to estimate EFS and overall survival (OS), and
expressed as the estimate with or without the SE, with SEs calculated using
Greenwood’s method. Kaplan-Meier curves were generated for each racial/
ethnic group. Log-rank tests were used to compare survival curves across
racial/ethnic groups. Cox proportional hazards regression was use to examine
the ability of demographic and clinical factors to predict OS and EFS; and
reported as hazard ratio (HR) with 95% Cls. Only statistically significant
factors were retained in the Cox model. EFS, was also calculated among the
subgroup of patients with 2 or more years of event-free time. For this subgroup,
EFS time was recalculated starting from 2 years after study enrollment. In the
survival analyses, Pvalueslower than .05 are considered statistically significant. SAS
version 9.2 (SAS Institute, Cary, NC) was used for data analysis.

Patient Characteristics

Of the 4,439 children and young adults enrolled on ANBLO0BI
between 2001 and 2009, 3,922 had a confirmed diagnosis of neuro-
blastoma, ganglioneuroblastoma, or ganglioneuroma (maturing sub-
type) and known outcome (Fig 1). Subjects with unknown risk profile
(n = 120), age (n = 2), and/or race/ethnicity (n = 261) were excluded
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ANBLO00B1 Diagnosis not
enrollment neuroblastoma,
(2001-2009) —*  ganglioneuroblastoma,
(N = 4,439) ganglioneuroma
(maturing)
l (n=517)

Confirmed diagnosis Unknown risk group

Unknown of neuroblastoma, —> (n = 126)
age <+— ganglioneuroblastoma, -
(n=2) ganglioneuroma
(maturing) Unknown
(n =3,922) - race/ethnicity
l (n=261)
Analytic
cohort
(n =3,539)

Fig 1. Formation of the analytic cohort.

from the analysis, and the remaining 3,539 patients formed the ana-
lytic cohort. Among the 261 patients who were excluded because of
unknown race/ethnicity, 81 (31%) were classified as low-risk, 71
(27%) as intermediate, and 105 (41%) as high risk, and four had
unknown risk. Of the patients with known race/ethnicity, the propor-
tions were 33%, 20%, and 46% for low-, intermediate-, and high-risk
groups, respectively. Of the 3,539 patients enrolled on ANBLOOBI,
1,909 (49%) were also enrolled on at least one COG therapeutic trial.

Whites (n = 2,541) constituted 72% of the cohort; 12% were
Hispanic (n = 418), 12% were black (n = 415), 4% were Asian
(n = 137), and fewer than 1% were Native American (n = 28). The
clinical and biologic characteristics of this cohort are summarized in
Table 1. Within the overall cohort, 50% were diagnosed at age 18
months or older, 46% had stage 4 disease, and 54% were male. Using
the COG criteria to define risk (Appendix Table Al),' 34% of the
patients were classified as low risk, 20% were intermediate risk, and
46% met the criteria for high-risk disease. MYCN status was evaluated
in tumors from 3,303 patients and amplification of this oncogene was
detected in 19% of the patients. Of the 3,217 tumors evaluated for
ploidy, 30% were diploid. Histology was known in 3,127 patients, and
41% had unfavorable histology.

Compared with the whites, black patients were diagnosed at an
older age (P < .001), had a higher prevalence of stage 4 disease
(P = .001) and unfavorable histology tumors (P < .001; Table 1).
Blacks were also more likely to present with high-risk disease than
white children (57% v 44%; P < .001). However, no difference in the
frequency of MYCN amplification (P = .27) or ploidy (P = .46) was
detected between blacks and whites. Compared with whites, Asians
had more diploid tumors (P < .01). The prevalence of high-risk
disease among the Asians was higher compared to the whites, but
did not reach statistical significance (50% v 43%; P = .18). Al-
though the cohort of Native Americans was small (n = 28), a
significantly higher prevalence of high-risk disease was seen in this
population as compared to whites (68% v 43%; P = .04). The
prevalence of high-risk disease among Hispanics (43%; P = .76)
did not differ from whites.

Survival Probabilities

The 5-year OS and EFS for the entire cohort of patients were 69%
(95% CI, 67% to 70%) and 65% (95% CI, 63% to 67%), respectively
(Fig 2). Univariate analysis revealed older age at diagnosis (= 18
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Table 1. Demographic and Clinical Characteristics of Patients With Neuroblastoma (N = 3,539)

Race/Ethnicity
Native
Entire Cohort White Black Asian American Hispanic
Clinical Characteristic No. % No. % No. % No. % No. % No. % P
Overall No. 3,639 2,641 415 137 28 418
Age, months < .001
<18 1,758 50 1,301 51 157 38 65 47 12 43 223 53
=18 1,781 50 1,240 49 258 62 72 53 16 57 195 47
Stage .002
1,2, 3 4s 1,895 54 1,392 55 192 46 64 47 Nl 39 236 56
4 1,644 46 1,149 45 223 54 73 53 17 61 182 44
Sex 662
Female 1,618 46 1,167 46 181 44 59 43 1 39 200 48
Male 1,921 b4 1,374 54 234 56 78 57 17 61 218 52
MYCN status .5635
Not amplified 2,645 75 1,913 75 293 71 101 74 19 68 319 76
Amplified 658 19 467 19 83 20 26 19 8 29 74 18
Unknown 236 6 161 6 39 9 10 7 1 3 25 6
Ploidy .038
Hyperdiploid 2,166 61 1,564 62 255 62 68 50 16 57 263 63
Diploid 1,051 30 758 30 113 27 56 41 8 29 116 28
Unknown 322 9 219 8 47 11 13 9 4 14 39 9
Histology <.001
Favorable histology 1,661 47 1,233 49 150 36 57 42 1N 39 210 50
Unfavorable histology 1,466 41 1,026 40 206 50 61 44 15 54 158 38
Unknown 412 12 282 11 59 14 19 14 2 7 50 12
Risk group < .001
Low 1,185 34 880 35 120 29 37 27 5 18 143 34
Intermediate 718 20 531 21 58 14 31 23 4 14 94 22
High 1,636 46 1,130 44 237 57 69 50 19 68 181 43

NOTE. P indicates value for overall comparison among all racial/ethnic categories.

months), stage 4 disease, MYCN amplification, diploidy, and unfavor-
able histology to be associated with significantly worse OS and EFS
(Table 2). As expected, patients with high-risk disease had statistically
significantly worse OS (P <.001) and EFS (P < .001) when compared
with those with low-risk tumors. Furthermore, intermediate-risk pa-
tients had worse OS when compared with low-risk patients (P = .004).
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Fig 2. Overall survival (OS) and event-free survival (EFS) curves for the entire
cohort of patients (n = 3,539) with numbers of patients at risk over time.
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No sex difference in either OS or EFS was detected, thus sex was not
adjusted in the multivariable analysis.

Impact of Race and Ethnicity on Survival

Entire cohort. As shown in Figure 3A, the 5-year OS was 75% for
whites (95% CI, 72% to 77%), 75% for Hispanics (95% CI, 69% to
80%), 67% for black (95% CI, 60%% to 73%), 63% for Asians (95%
CI, 50% to 73%), and 39% for Native Americans (95% CI, 13% to
64%). The 5-year EFS was 67% for whites (95% CI, 65% to 69%), 69%
for Hispanics (95% CI, 63% to 74%), 56% for blacks (95% CI, 50% to
62%), 62% for Asians (95% CI, 51% to 71%), and 37% for Native
American (95% CI, 17% to 58%; Fig 3B). Univariate analysis revealed
that in comparison to whites, OS was significantly worse for blacks
(HR, 1.37; P=.01), Asians (HR, 1.62; P = .01), and Native Americans
(HR, 3.00; P < .001; Table 2); and the EFS was significantly worse for
blacks (HR, 1.30; P = .01) and Native Americans (HR, 2.37; P = .002;
Table 2).

Multivariable analysis. Adjustment for risk group abrogated the
inferior EFS observed among blacks and Native Americans when
compared with whites. After adjustment for risk group, inferior OS
was identified for the Native Americans (HR, 2.05; P = .02) and Asians
(HR, 1.46; P = .05; Table 3).

Low-risk group. Among patients with low-risk disease, the
5-year OS was 97% (95% CI, 95% to 98%) and the 5-year EFS was

JOURNAL OF CLINICAL ONCOLOGY
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Table 2. Univariate Analyses of Overall and Event-Free Survival in Patients With Neuroblastoma
Overall Survival Event-Free Survival

Characteristic No. Hazard Ratio 95% Cl P Hazard Ratio 95% Cl P
Race/ethnicity

White 2,641 1.00 1.00

Hispanic 418 1.01 0.7910 1.31 92 0.90 0.72t01.12 .33

Black 415 1.37 1.09 to 1.72 .01 1.30 1.07 to 1.57 .01

Asian 137 1.62 1.11 to 2.36 .01 1.29 0.92t0 1.80 14

Native American 28 3.00 1.65 to 5.45 .0003 2.37 1.37 to 4.10 .002
Age, months

<18 1,758 1.00 1.00

=18 1,781 3.99 3.29t04.83 <.001 3.02 2.611t03.51 < .001
Stage

1,2, 3 4s 1,895 1.00 1.00

4 1,644 8.89 7.08 to 11.15 <.001 5.08 4.34t05.95 < .001
Sex

Female 1,618 1.00

Male 1,921 1.15 0.9810 1.34 .09 1.1 0.971t01.26 13
MYCN status

Not amplified 2,645 1.00 1.00

Amplified 658 5.22 4.41 t0 6.17 <.001 3.44 2.99 to 3.97 < .001
Ploidy

Hyperdiploid 2,166 1.00 1.00

Diploid 1,051 2.45 2.07 to 2.91 <.001 2.02 1.75 to 2.32 < .001
Histology

Favorable 1,661 1.00 1.00

Unfavorable 1,466 11.60 8.65 to 15.56 <.001 4.93 4.12 to 5.90 < .001
Risk group

Low 1,185 1.00 1.00

Intermediate 718 2.22 1.29 to 3.83 .004 1.31 0.97t0 1.78 .08

High 1,636 23.28 15.47 to 35.04 <.001 6.99 5.67 to 8.61 <.001
NOTE. Bold font denotes groups at statistically significantly higher risk of death and/or event.

89% (95% CI, 87% to 91%). No differences in OS or EFS by race/
ethnicity were identified.

Intermediate-risk group. Among patients with intermediate-risk
disease, the 5-year OS was 95% (95% CI, 92% to 96%) and 5-year EFS
was 87% (95% CI, 84% to 90%). Again, no differences in OS or EFS
were identified by race/ethnicity.

High-risk group. Overall, the 5-year OS was 48% (95% ClI, 44%
to 51%); and the 5-year EFS was 39% (95% CI, 36% to 42%). The
5-year OS was 49% for whites (95% CI, 45% to 53%), 46% for
Hispanics (95% CI, 36% to 56%), 46% for blacks (95% CI, 38% to
55%), 37% for Asians (95% CI, 22% to 52%), and 17% for Native
Americans (95% CI, 1% to 48%; P = .02). The 5-year EFS was 41% for
whites (95% CI, 37% to 44%), 39% for Hispanics (95% CI, 29% to
48%), 34% for blacks (95% CI, 26% to 42%), 39% for Asians (95%
CI, 25% to 52%), and 21% for Native Americans (95% CI, 5% to
44%; P = 24).

Late-occurring events. A close examination of the patients who
remained event-free for 2 years or longer revealed statistically signifi-
cantly more late-occurring events among blacks, when compared to
white patients (HR, 1.50; P = .04; Table 3). In a multivariable analysis
confined to high-risk patients who remained event-free for 2 years or
longer, blacks had significantly worse EFS (HR, 1.51; P = .04) when
compared to white patients (Table 4). The number of events among
the low- and intermediate-risk cohort was too few to examine EFS
among patients with 2 years or longer of event-free time.

WWW.jco.org

Risk-stratified treatment strategies have led to improvements in the
outcome of children with neuroblastoma, and efforts to further refine
risk classification using molecular signatures and global genomic pat-
terns are ongoing.'>"" However, despite more than four decades of
research investigating classifiers for neuroblastoma, little is known
about the prognostic significance of race and ethnicity, factors that
contribute to health disparities in many diseases including cancer.'”
Here, we examined survival based on race and ethnicity in more than
3,500 patients with neuroblastoma. To our knowledge, this is the
largest neuroblastoma cohort ever analyzed for outcome disparities,
and the first to show that black, Asian, and Native American children
have a significantly worse outcome than white children.
Interestingly, a significantly higher proportion of patients with
high-risk disease was seen in the black and Native American popula-
tions compared with the white population. In contrast, the prevalence
of high-risk disease among Hispanics and Asians did not differ signif-
icantly from whites. In concordance with the higher prevalence of
high-risk disease, black and Native American children had signifi-
cantly worse OS and EFS. Asian children were also found to have
significantly poorer OS than white children, but no statistically signif-
icant difference in EFS was seen. No significant differences in OS or
EFS were seen in the Hispanic children compared to white children.

© 2010 by American Society of Clinical Oncology 79
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Fig 3. (A) Overall and (B) event-free survival by race and ethnicity with numbers
of patients at risk over time. Non-H, non-Hispanic; NA, Native American.

When the EFS data were analyzed controlling for risk group, the
outcome disparities were abrogated. However, examination of the
EFS of the subgroup of patients who remained event-free for 2 years or
longer revealed that blacks had significantly more late-occurring
events than white children. This was confirmed in a multivariable
analysis restricted to high-risk patients who remained event-free 2
years or longer from diagnosis, where blacks had significantly worse
EFS compared to white children. Taken together, these observations
suggest that black children are more likely than white children to have
chemotherapy-resistant residual disease that progresses or relapses 2
or more years from diagnosis.

Our results contrast those recently reported by Linabery and Ross
using Surveillance, Epidemiology and End Results (SEER) data col-
lected between 1975 to 1999."% In the SEER cohort of 757 patients, no
difference in survival of non-Hispanic white versus non-Hispanic
black and Hispanic patients was observed. In the most recent SEER
cohort, diagnosed between 1995 and 1999, the 5-year survival rate for
non-Hispanic whites was 67.0% (95% CI, 60.7% to 73.2%) compared
t068.1% (95% CI, 53.5% to 82.8%) for non-Hispanic blacks and 69%
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(95% CI, 58.3% to 79.6%) for Hispanics. The children analyzed in our
study were diagnosed between 2001 and 2009, and treatment strate-
gies have been significantly modified in the past decade.'>'* The
disparities in outcome observed in our cohort suggest that modern
treatment strategies may be more effective in the non-Hispanic whites
and Hispanic children than in the black cohort. Linabery and
Ross'? did find that black children and adolescents with other
cancers had worse outcome than whites. Using SEER data,
others have reported that blacks, Native Americans, and His-
panic children with acute lymphocytic leukemia have worse survival
than white and Asian children."” Similarly, a COG acute lymphocytic
leukemia study demonstrated worse survival among black and Hispanic
children compared to white children, whereas outcome was better for
Asian children.'® Studies of acute myelogenic leukemia outcomes
have also shown that black patients have poorer outcomes than
white counterparts.'”'®

Multiple factors contribute to the racial and ethnic differences in
survival observed in pediatric and adult cancers. Outcome disparities
have been shown in some cases to reflect differences in access to health
care."® This may result in delayed detection of illness or differences in
treatment adherence. In our cohort of children with neuroblastoma, a
higher prevalence of high-risk disease was observed in the blacks
compared to whites, and a number of studies have indicated that it is
unusual for favorable biology tumors to progress to high-risk tumors
over time. A watch and wait approach has been followed in a subset of
infants detected by mass screening, and none of the patients with
tumor growth necessitating surgical removal were found to have un-
favorable tumor biology.”® Other studies have shown that MYCN
status and ploidy do not change over time.*' "> Taken together, these
studies indicate that a delay in diagnosis is not likely to account for the
higher percentage high-risk disease observed in the black cohort. Non-
adherence is also a less common problem in neuroblastoma, since
patients with high-risk disease receive almost all of their therapy in
the hospital.

Genetic factors have also been shown to contribute to outcome
disparities. Specific polymorphisms have been shown to play a critical
role in the racial and ethnic diversity in drug effectiveness and/or
toxicity.***° In addition, genomewide association studies conducted
in white children with neuroblastoma have shown that variability of
genes located at common 6p22 single nucleotide polymorphism al-
leles and less-common single nucleotide polymorphisms at 2p35
within BARDI contribute to the etiology of clinically aggressive dis-
ease.””?® Studies are planned to determine if these or other at-risk
alleles are contributing to the higher prevalence of high-risk disease
and poor outcome we observed in our cohort of black children
with neuroblastoma.

Despite the large size of this modern cohort of neuroblastoma
patients, there are some notable limitations to this study. It is possible
that patients for whom complete biologic information was not avail-
able may have introduced bias if the reasons for not having these assays
performed were associated with prognosis and race/ethnicity. How-
ever, a good-faith effort to submit tumor tissue for MYCN analysis was
a requirement for enrollment on ANLBOOB1. Although we excluded
261 patients with unknown race/ethnicity in our analysis, these pa-
tients were found to have a similar distribution of risk to that of the
entire cohort. Thus, elimination of this cohort most likely did not
impact our study results. In addition, patients missing from the

JOURNAL OF CLINICAL ONCOLOGY
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Table 3. Multivariable Analysis of Overall and Event-Free Survival in Patients With Neuroblastoma

Overall Survival

Event-Free Survival Among Patients Who Were

Event-Free Survival Event Free for = 2 Years

No. of  No. of Hazard No. of Hazard No. of  No. of Hazard

Characteristic Patients Deaths Ratio 95% Cl P Events Ratio 95% ClI P Patients Events Ratio 95% Cl P
Race/ethnicity

White 2,541 429 1.00 635 1.00 1,273 123 1.00

Hispanic 418 69 1.13 0.88t0 1.46 185 93 0.98 0.79t01.22 .86 203 17 1.01 0.61to1.68 .97

Black 415 90 1.09 0.87t01.37 47 127 110 0.90to 1.33 85 186 33 150 1.02to 2.20 .04

Asian 137 29 146 1.00to 2.12 .05 36 1.18 0.84t01.65 .34 47 2 0.39 0.10to 1.59 19

Native American 28 11 2.05 1.13t03.73 .02 13 1.63 0.941t02.83 .08 9 2 2.10 0.52t08.51 .30
Risk group

Low 1,185 24 1.00 101 1.00 729 14 1.00

Intermediate 718 28 222 1.29to03.83 .004 72 1.32 097t01.78 .08 380 5 0.76 0.27t02.11 .60

High 1636 576 23.09 15.34t034.76 <.001 731 6.92 5.61t0853 <.001 609 158 16.26 9.39 to 28.14 < .001

NOTE. Bold font denotes groups at statistically significantly higher risk of death and/or event; only statistically significant factors were retained in the analysis.

ANBLOOBI1 cohort we analyzed may have introduced bias. For exam-
ple, our study cohort did not capture rare infants with stage 4S disease
who were too sick to biopsy and small numbers of infants with local-
ized neuroblastomas in which a watch and wait strategy was taken
because they were not eligible for enrollment on ANBLOOBI. Further-
more, children diagnosed at institutions that do not participate in
COG neuroblastoma studies were not enrolled. Nevertheless, since the
inception of ANBLOOB1, approximately 75% (average yearly enroll-
ment; n = 486) of the 650 children diagnosed in the United States with
neuroblastoma each year* were enrolled. The significantly older age
at diagnosis of the black children in our cohort is consistent with SEER
data that show that white infants have a higher incidence of neuroblas-
toma than black infants, whereas little difference by race was observed
among older children.*® We also found that the proportion of blacks
and Hispanics in our cohort is consistent with 2000 US census data,>’
further indicating that our cohort is representative.

We did not have access to patient treatment data, and as such
could not control for the different chemotherapeutic agents and doses
patients received. It is also important to note that race/ethnicity is not
a mutually exclusive variable, and some patients may have mixed
racial and ethnic ancestry. Reflecting the general population in North
America, the vast majority of patients in our cohort were white, with
significantly fewer numbers of black and Hispanic patients, and very
small numbers of Native American and Asian patients. Because of the

small numbers of Native American and Asian patients in the cohort, the
survival results for these populations must be interpreted with caution.

In conclusion, we show for the first time that blacks and Native
American neuroblastoma patients are statistically significantly more
likely to present with high-risk disease than whites, and that, overall,
this likely accounts for the inferior EFS observed in these populations.
However, we report a higher prevalence of late-occurring events
among blacks compared to white patients after controlling for clinical
and biologic features of disease, suggesting that blacks may be more
resistant to chemotherapy. Future research must focus on under-
standing the reasons for these disparities, including racial and ethnic
differences in drug metabolism and bioavailability of commonly used
agents, and genetic differences that may contribute to the etiology of
clinically aggressive disease. A better understanding of the genetic basis
of the outcome disparities observed in children with neuroblastoma
will further refine risk classification, and may also direct us to more
effective, individualized treatment strategies.

The author(s) indicated no potential conflicts of interest.

Table 4. Multivariable Analysis of OS and EFS in Patients With High-Risk Neuroblastoma

OS Model (n = 1,636)

EFS Model Among Patients Event Free for

EFS Model (n = 1,636) =2 Years (n = 609)

Race/Ethnicity No. of Events HR 95% Cl P No. of Events HR 95% CI P No. of Events HR 95% CI P
White 389 1.0 501 1.0 110 1.0
Hispanic 63 117 089to1.52 .26 76 1.07 084t01.37 57 14 096 0.55t01.68 .87
Black 85 1.09 087t01.38 .46 111 113 092t01.38 .26 31 151 1.01to2.25 .04
Asian 28 154 1.05t0226 .03 31 125 087t01.81 .22 1 0.19 0.03t01.43 .11
Native American 11 216 1.18t03.93 .01 12 169 095t02.99 .07 2 223 0.55t09.03 .26

Abbreviations: OS, overall survival; EFS, event-free survival; HR, hazard ratio.

NOTE. Bold font denotes groups at statistically significantly higher risk of death and/or event.
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