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A B S T R A C T

Purpose
Treatment outcome for black patients with cancer has been significantly worse than for their white
counterparts. We determined whether recent improved treatment had narrowed the gap in
outcome between black and white pediatric patients.

Patients and Methods
In a parallel comparison, we analyzed survival by disease category between black and white
patients with childhood cancer registered in one of the 17 cancer registries of the National Cancer
Institute’s Surveillance, Epidemiology, and End Results (SEER) program or treated at St Jude
Children’s Research Hospital, which provides comprehensive treatment to all patients regardless
of their ability to pay, from 1992 to 2000 and from 2001 to 2007.

Results
Analysis of the SEER data indicated that in both study periods, black patients had significantly
poorer rates of survival than did white patients, with the exception of a few types of cancer.
Despite significantly improved treatment outcomes for patients who were treated from 2001 to
2007, the racial difference in survival has actually widened for acute myeloid leukemia and
neuroblastoma. By contrast, in the cohorts treated at St Jude Children’s Research Hospital, there
were no significant differences in survival between black and white patients in either study period,
regardless of the cancer type. Importantly, the outcome of treatment for acute lymphoblastic
leukemia, acute myeloid leukemia, and retinoblastoma has improved in parallel for both races
during the most recent study period.

Conclusion
With equal access to comprehensive treatment, black and white children with cancer can achieve
the same high cure rates.

J Clin Oncol 30:2005-2012. © 2012 by American Society of Clinical Oncology

INTRODUCTION

Disparities in treatment and survival between black
and white patients with cancer in the United States
are well recognized. Despite improved overall sur-
vival rates in recent years for many cancers, such as
prostate, bladder, renal cell, and endometrial can-
cers, as well as brain tumors, multiple myeloma, and
leukemia,1 black adult patients with cancer continue
to fare worse than their white counterparts.2-9 This
racial disparity in survival has been variously attrib-
uted to biologic, socioeconomic, and cultural, as
well as host and treatment factors. Data from the
National Cancer Institute’s Surveillance, Epidemiol-
ogy, and End Results (SEER) program showed sig-

nificantly improved 5- and 10-year cancer survival
rates over three successive periods between 1975 and
1999 for black and white children up to 19 years of
age.10 However, black children continued to have
lower survival rates than white children, notably
those with acute lymphoblastic leukemia (ALL), as-
trocytoma, and osteosarcoma. Two other studies
based on SEER data demonstrated worse survival
rates for black children compared with white chil-
dren with ALL diagnosed between 1973 and 1999,11

or with germ cell tumors, hepatoblastoma, or non-
rhabdomyosarcoma soft tissue sarcoma diagnosed
between 1985 and 2005.12 The Children’s Oncology
Group (COG) also reported inferior survival for black
compared with white children with acute myeloid
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leukemia diagnosed between 1989 and 200213 or neuroblastoma diag-
nosed between 2001 and 2009.14 By contrast, in our single-institution
studies, we found no significant difference in survival between black
and white children with any type of cancer diagnosed between the late
1970s and early 2000s, with the exception of osteosarcoma.15-17 In fact,
we demonstrated that the improved treatment available in the 1990s
was equally beneficial to black and white children with ALL.18

With the recent substantial improvement in survival among
children with cancer, as a result of coordinated multidisciplinary
protocols developed by COG and several single institutions,19-21

we asked whether this gain had narrowed the gap in outcome
between black and white children treated for cancer in the United
States. By using data from the SEER program, we show continued
disparities in clinical outcome according to race, but these differ-
ences were not apparent in the analysis of patients treated at a
single pediatric cancer center over the same 15-year period. This
suggests that equal access to effective anticancer therapy and ancil-
lary care is key to ensuring consistent treatment results for black
and white patients with childhood cancer.

PATIENTS AND METHODS

Study Population and Setting

Our earlier report focused on patients diagnosed with multiple types of
cancer at St Jude Children’s Research Hospital (SJCRH) between 1962 and
1992.15 Here, we included patients with 19 different histologic types of cancer
diagnosed between 1992 and 2007, enabling us to analyze results for two
approximately equal treatment periods with adequate follow-up for both. This
study was approved by the institutional review board at SJCRH. To examine
parallel survival trends in the United States, we used data collected by all 17

cancer registries participating in the SEER program—Connecticut, New Jer-
sey, Kentucky, Louisiana, Atlanta, Rural Georgia, Detroit, Iowa, Hawaii, New
Mexico, Seattle-Puget Sound, Utah, San Francisco-Oakland, San Jose-
Monterey, Los Angeles, Greater California, and Alaska. According to the U.S.
Census Bureau Census 2000, the population covered by these 17 registries
represented 26.2% of the total US population, including 23.4% of whites and
22.7% of blacks.1

SJCRH is a nonprofit tertiary care cancer center that draws patients from
across the United States, with most of them (82%) from a 10-state region
(Tennessee, Mississippi, Louisiana, Illinois, Arkansas, Missouri, Kentucky,
Alabama, Florida, and Georgia). Patients are accepted for treatment without
regard to race, ethnicity, insurance status, or financial status. All costs of
treatment not covered by third-party payment (if any) are absorbed by the
hospital; there are no direct charges to families. The hospital also routinely
provides extensive psychosocial services, including subsidizing costs related to
transportation, meals, and lodging for children and their families who must
travel to Memphis to receive treatment. Long-term follow-up is a major
research emphasis. Survivors who have been in remission for 5 years or more
are evaluated annually in our After Completion of Therapy Clinic for moni-
toring and treatment of late sequelae. The Cancer Registry continues with
annual follow-up of alumni survivors 18 years of age or older who have been in
remission for at least 10 years and are discharged to the primary care of
community physicians. Since 2007, St Jude alumni survivors have also been
eligible to return for periodic cancer-related risk-based consultations as part of
the St Jude Lifetime Cohort study.

Common cancers and subtypes were grouped according to the histology
and typography codes in the International Classification of Diseases for
Oncology, third edition (ICD-O-3), with only minor modifications.22 We
classified brain tumors into five categories: astrocytoma, including dysem-
bryoplastic neuroepithelial tumor, ganglioglioma, glioma not otherwise spec-
ified, oligoastrocytoma, and oligodendroglioma; ependymoma; high-grade
glioma, including anaplastic astrocytoma, anaplastic oligoastrocytoma, ana-
plastic oligodendroglioma, brainstem glioma, and glioblastoma multiforme;
medulloblastoma; and other specified and unspecified CNS tumors, including

Table 1. Comparison of Treatment Outcome by Disease Category in Black and White Children in the SEER Program

Diagnosis

5-Year Survival

1992-2000 2001-2007

No.

Black
Patients

(%) 95% CI No.

White
Patients

(%) 95% CI P No.

Black
Patients

(%) 95% CI No.

White
Patients

(%) 95% CI P

ALL 233 72.8 67.1 to 78.5 1,931 85.9 84.3 to 87.5 � .01 358 82.1 75.4 to 88.8 2,700 89.0 87.0 to 91.0 � .01
AML 78 48.7 37.7 to 59.7 377 49.9 44.8 to 55.0 .81 146 46.1 33.9 to 58.3 566 66.6 60.5 to 72.7 � .01
Hodgkin’s lymphoma 125 88.8 83.3 to 94.3 844 94.8 93.2 to 96.4 .03 194 94.3 88.0 to 100.0 1,124 96.8 95.2 to 98.4 .03
NHL 88 75.0 66.0 to 84.0 467 80.0 76.3 to 83.7 .03 186 78.2 68.4 to 88.0 704 84.4 80.3 to 88.5 .03
Astrocytoma 140 76.3 69.2 to 83.4 942 86.3 84.1 to 88.5 .01 186 76.8 66.4 to 87.2 1,197 86.4 83.5 to 89.3 � .01
Ependymoma 23 56.5 36.9 to 76.1 124 66.8 58.4 to 75.2 1.00 39 60.1 38.5 to 81.7 183 74.4 64.4 to 84.4 .30
Medulloblastoma 30 76.0 60.7 to 91.3 244 74.4 68.9 to 79.9 .64 40 62.8 39.3 to 86.3 344 71.6 64.0 to 79.2 .08
High-grade glioma 76 31.6 21.4 to 41.8 277 50.9 45.0 to 56.8 � .01 103 41.7 27.0 to 56.4 471 52.1 45.0 to 59.2 .14
Other CNS tumors 44 56.8 42.5 to 71.1 218 57.1 50.4 to 63.8 .33 49 50.7 32.1 to 69.3 297 65.0 56.8 to 73.2 .11
Neuroblastoma 96 65.1 55.3 to 74.9 521 68.2 64.1 to 72.3 .53 148 66.7 54.2 to 79.2 739 78.8 74.1 to 83.5 � .01
Nephroblastoma 108 89.8 84.1 to 95.5 396 91.1 88.2 to 94.0 .62 112 91.6 83.8 to 99.4 469 89.8 85.5 to 94.1 .61
Germ cell tumors 86 84.8 77.2 to 92.4 603 92.3 90.1 to 94.5 � .01 117 89.3 80.7 to 97.9 928 93.5 91.1 to 95.9 .24
Osteosarcoma 63 57.1 45.1 to 69.1 245 67.3 61.4 to 73.2 .05 120 67.7 55.9 to 79.5 374 70.5 63.4 to 77.6 .44
Rhabdomyosarcoma 74 64.9 54.1 to 75.7 253 66.2 60.3 to 72.1 .68 104 58.5 42.8 to 74.2 380 67.5 60.1 to 74.9 .19
NRSTS 54 61.1 48.4 to 73.8 227 75.7 70.0 to 81.4 .02 98 54.3 39.2 to 69.4 323 73.4 66.0 to 80.8 � .01
Ewing sarcoma 7 71.4 42.0 to 100.0 251 64.4 58.5 to 70.3 .90 13 57.7 26.3 to 89.1 406 69.9 63.2 to 76.6 .09
Retinoblastoma 41 97.5 92.8 to 100.0 178 98.8 97.2 to 100.0 .24 58 88.5 75.4 to 100.0 206 98.4 95.5 to 100.0 .02
Melanoma 4 100.0 246 88.4 84.3 to 92.5 .43 8 71.4 28.3 to 100.0 455 94.9 91.8 to 98.0 � .01
Hepatoblastoma 10 46.7 17.3 to 76.1 79 59.0 48.0 to 70.0 .79 15 51.3 2.3 to 100.0 122 71.6 58.7 to 84.5 .06

Abbreviations: ALL, acute lymphoblastic leukemia; AML, acute myeloid leukemia; NHL, non-Hodgkin’s lymphoma; NRSTS, nonrhabdomyosarcoma soft tissue
sarcoma; SEER, Surveillance, Epidemiology, and End Results.
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primitive neuroectodermal and germ cell tumors. We considered rhabdomy-
osarcomas to be distinct from other soft-tissue sarcomas and classified intra-
cranial and intraspinal germ cell tumors with brain tumors.

Statistical Analysis

Patients were included in the analyses if their self-declared race was
black/African American or white/Caucasian. Survival was measured from
the date of the initial diagnosis of cancer to the date of death from any cause
or to the date of last contact. For the analysis of survival trends, we selected
two time periods (1992 to 2000 and 2001 to 2007) that accommodated
recent improvements in treatment and allowed sufficient follow-up for
reliable estimates of outcome. Survival distributions were estimated by the
Kaplan and Meier method, and associated SEs by the method of Peto et
al23; 95% CIs of 5-year survival probabilities were calculated. Overall
survival distributions by race and time period were compared by the
Mantel-Haenszel statistic24; P values are for two-sided tests. The database
frozen on September 12, 2011, was used for the analysis of patients treated
at SJCRH; 76% of the survivors had been seen or contacted within 1 year
and 89% within the past 2 years. The median follow-up time was 10.4 years
(range, 0.3 to 19.5 years).

RESULTS

For the entire 15-year study period at SJCRH, 19.1% of the patients
were blacks and 75.4% were whites (5.5% of the patients represented
other races/ethnicities and were excluded) compared with 9.8% blacks
and 57.6% whites in the SEER program (33.6% represented other
races/ethnicities and were excluded). As expected from epidemiologic
surveys,25 black children with nephroblastoma, osteosarcoma, retino-
blastoma, nonrhabdomyosarcoma soft-tissue sarcoma, and rhabdo-
myosarcoma, were overrepresented whereas black children with ALL,

brain tumors overall, hepatoblastoma, germ cell tumors, and espe-
cially melanoma and Ewing sarcoma were underpresented in the
SEER program (Table 1). However, the proportions of black patients
with ALL, astrocytoma, high-grade glioma, neuroblastoma, nephro-
blastoma, germ cell tumors, Ewing sarcoma, retinoblastoma, and mel-
anoma were higher at SJCRH (Table 2) than in the SEER program
(Table 1).

Analysis of the SEER data showed significantly inferior outcomes
for black patients in the vast majority of disease categories, especially in
the recent study period (Table 1); there were too few patients with
Ewing sarcoma, hepatoblastoma, and melanoma to draw firm conclu-
sions for these three disease categories. These findings contrast sharply
with the similar 5-year survival rates for black and white children with
any cancer treated at SJCRH, with the possible exceptions of retino-
blastoma and ependymoma treated during the earlier period and
nonrhabdomyosarcoma soft-tissue sarcoma treated during the recent
period (Table 2).

Despite significant improvement in survival rates for several
types of cancer within the SEER database, including ALL, acute my-
eloid leukemia, Hodgkin’s lymphoma, neuroblastoma, and mela-
noma, from the earlier to the recent period (Appendix Table A1,
online only), the previous disparities in outcome generally persisted
between blacks and whites (Table 1). Although the gap in survival
narrowed for ALL (Fig 1A) and Hodgkin’s lymphoma, it widened for
acute myeloid leukemia (Fig 2A) and neuroblastoma (Fig 3A), be-
cause most of the improvement for these two cancers occurred mainly
in white patients. Patients treated at SJCRH for ALL, acute myeloid
leukemia, retinoblastoma, melanoma, and neuroblastoma also

Table 2. Comparison of Treatment Outcome by Disease Category in Black and White Children Treated at St Jude Children’s Research Hospital

Diagnosis

5-Year Survival

1992-2000 2001-2007

No.

Black
Patients

(%) 95% CI No.

White
Patients

(%) 95% CI P No.

Black
Patients

(%) 95% CI No.

White
Patients

(%) 95% CI P

ALL 82 81.6 73.2 to 90.0 370 85.7 82.2 to 89.2 .58 76 89.4 81.4 to 97.4 380 93.2 90.1 to 96.3 .41
AML 30 40.0 23.1 to 56.9 111 47.7 38.5 to 56.9 .55 44 57.9 39.5 to 76.3 167 66.7 55.3 to 78.1 .17
Hodgkin’s lymphoma 38 94.5 87.2 to 100.0 181 92.0 88.1 to 95.9 .53 42 87.6 75.1 to 100.0 118 96.3 92.4 to 100.0 .06
NHL 31 85.9 73.0 to 98.8 126 78.6 71.5 to 85.7 .70 39 81.5 66.2 to 96.8 81 81.1 71.5 to 90.7 .89
Astrocytoma 53 86.8 77.4 to 96.2 177 89.8 85.3 to 94.3 .92 26 100.0 131 93.3 88.2 to 98.4 .16
Ependymoma 7 57.1 25.7 to 88.5 65 81.3 71.7 to 90.9 .04 12 83.3 59.8 to 100.0 62 79.7 68.3 to 91.1 .68
Medulloblastoma 16 75.0 55.4 to 94.6 90 75.5 66.7 to 84.3 .61 9 55.6 24.2 to 87.0 56 71.1 58.6 to 83.6 .41
High-grade glioma 25 24.0 8.5 to 39.5 73 16.4 8.2 to 24.6 .90 37 16.2 3.3 to 29.1 119 14.9 6.5 to 23.3 .61
Other CNS tumors 15 73.3 53.7 to 92.9 48 70.6 57.3 to 83.9 .66 8 75.0 39.7 to 100.0 73 48.9 35.2 to 62.6 .24
Neuroblastoma 18 44.4 22.8 to 66.0 91 62.0 51.8 to 72.2 .07 25 72.0 54.0 to 90.0 61 65.6 51.3 to 79.9 .94
Nephroblastoma 50 92.0 84.6 to 99.4 80 92.4 86.5 to 98.3 .55 24 100.0 41 92.7 83.5 to 100.0 .19
Germ cell tumors 16 100.0 35 87.9 76.3 to 99.5 .12 9 83.3 46.1 to 100.0 21 90.0 75.7 to 100.0 .84
Osteosarcoma 20 60.0 40.4 to 79.6 74 64.2 53.2 to 75.2 .73 20 75.0 53.4 to 96.6 43 73.6 58.7 to 88.5 .98
Rhabdomyosarcoma 23 65.2 46.4 to 84.0 57 64.9 52.7 to 77.1 .78 16 62.5 37.0 to 88.0 39 79.2 65.1 to 93.3 .17
NRSTS 13 69.2 45.7 to 92.7 33 60.6 44.3 to 76.9 .54 4 0.0 16 75.0 49.5 to 100.0 � .01
Ewing sarcoma 1 100.0 32 74.2 58.7 to 89.7 —� 5 60.0 22.8 to 97.2 40 84.1 70.4 to 97.8 .09
Retinoblastoma 12 83.3 63.7 to 100.0 30 96.7 90.4 to 100.0 .03 29 100.0 59 100.0 1.0
Melanoma 1 100.0 23 47.8 28.2 to 67.4 —� 3 66.7 13.8 to 100.0 21 100.0 .13
Hepatoblastoma 2 50.0 1.0 to 99.0 17 82.4 65.0 to 99.8 —� 1 0.0 5 60.0 9.0 to 100.0 —�

Abbreviations: ALL, acute lymphoblastic leukemia; AML, acute myeloid leukemia; NHL, non-Hodgkin’s lymphoma; NRSTS, nonrhabdomyosarcoma soft tissue
sarcoma.

�Too few patients for statistical analysis.
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showed higher survival rates from the earlier to the recent period
(Appendix Table A2, online only), but the result for neuroblastoma
lacked statistical significance (P � .3). In contrast to the SEER results,
these positive findings extended equally to black and white patients
(Figs 1B, 2B, and 3B).

Data on the socioeconomic status of our patients’ families are not
available because information on income and education is not rou-
tinely requested on admission to the hospital. We therefore assessed
insurance status as an indirect indicator of financial status. Among
patients for whom insurance information was available, 54 (8%) of the
678 blacks as compared with 287 (11.8%) of the 2,425 whites were
uninsured (P � .001). For those with insurance, the types of coverage
differed significantly by race (P � .001). Black patients were more
likely than white patients to be recipients of public insurance (73.2% v
37.2%) and less likely to have private insurance (26.8% v 62.9%),
suggesting lower proportions of black patients in the middle and
upper socioeconomic classes.

DISCUSSION

The 5-year cancer survival rate for all children 0 to 19 years old who
were diagnosed between 2001 and 2007 has increased to 82.6% in the
United States, as estimated by the SEER program.1 Nonetheless, we
found continued disparities in survival between black and white pa-
tients registered in the SEER program, beginning in an earlier treat-
ment period (1992 to 2000) and persisting through a recent period
(2001 to 2007). This trend appears to include all childhood cancers,
with the exception of nephroblastoma, germ cell tumors, osteosar-
coma, rhabdomyosarcoma, and certain brain tumors (Table 1). By
contrast, the same analysis applied to data from our pediatric cancer
center indicated similar survival rates for black and white patients,
regardless of treatment period and cancer type, possibly excluding
ependymoma and retinoblastoma in the earlier period and nonrhab-
domyosarcoma soft tissue sarcoma in the recent period (Table 2).

A

0

No. at risk
Recent period, white 2,700 2,519 2,042 1,653 1,275 889 561 252
Earlier period, white 1,931 1,822 1,761 1,715 1,658 1,632 1,599 1,568 1,507 1,194 1,037 863 702 555 363 234 92
Recent period, black 358 326 259 198 150 104 69 32
Earlier period, black 233 211 195 187 171 165 161 154 148 121 103 85 64 52 36 22 10

Recent period, white
Earlier period, white
Recent period, black
Earlier period, black

Early period P < .01
Recent period P < .01
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%
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B

0

No. at risk
Recent period, white 380 370 359 355 322 243 180 116 77 46 10
Earlier period, white 370 352 341 329 326 316 312 308 306 301 278 219 173 141 114 101 91 58 23 2
Recent period, black 76 73 71 69 62 50 35 24 15 8 1 
Earlier period, black 82 82 76 72 68 65 64 63 62 58 52 42 32 24 17 16 16 8 2

Recent period, white
Earlier period, white
Recent period, black
Earlier period, black

Early period P = .58
Recent period P = .41
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Fig 1. Kaplan-Meier estimates of survival
for black compared with white children
with acute lymphoblastic leukemia in the
earlier (1992-2000) and recent (2001-
2007) study periods. Patients were either
(A) registered in the SEER program or (B)
treated at the St Jude Children’s Research
Hospital (SJCRH). Survival was worse for
black children during both the earlier (P �
.01) and recent periods (P � .01) in the
SEER program, but there were no significant
race-related differences in survival during ei-
ther period at SJCRH (P � .58 and P � .41,
respectively). Numbers of patients still at risk
are shown beneath the graph.
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The well-recognized lower incidence of ALL, brain tumors, germ
cell tumors, hepatoblastoma, and especially Ewing sarcoma and mel-
anoma in black compared with white children25 was readily apparent
in the racial distribution by diagnosis in the SEER data and in our own
patient population (Tables 1 and 2). Less clear was the higher propor-
tion of black children in certain diagnostic categories within our co-
hort compared with the SEER database. One explanation is that
SJCRH has a different catchment area and is a tertiary referral center
with a policy of accepting patients regardless of their ability to pay. Any
comparison of outcome data between the SEER program and SJCRH
must take into account the severity of the cancer at diagnosis. Because
the acceptance policy of our institution is based mainly on protocol
availability, and because many of our protocols are designed for can-
cers that are difficult to treat, our study population would be expected
to comprise disproportionately large groups of high-risk patients. For
example, with the development of the Pediatric Brain Tumor Consor-

tium in 1999, we have not only attracted a higher proportion of
patients with brain tumors compared with the SEER program (29% v
21%, P � .01) but we also have an increased referral of patients with
high-grade glioma. Among the 254 patients with high-grade glioma in
our institution, 109 (42.9%) had brainstem glioma and 77 (30.0%)
had glioblastoma multiforme—diseases associated with a dismal
prognosis—with survival rates ranging from 10% to 20%.21 The pro-
portion of patients with either subtype of brain tumor is not apparent
in the SEER program but is almost certainly lower than that of our
patient population because of the relatively high 5-year survival rate.
In this regard, brain and other nervous system tumors have been
difficult to diagnose pathologically, especially when classified as high-
grade glioma.26,27 All of our patients included in the high-grade gli-
oma category had their histologic diagnosis confirmed at SJCRH
before treatment, excluding patients with diffuse pontine glioma, for
which the diagnosis was made by imaging and clinical criteria, because

A

0

No. at risk
Recent period, white 566 448 333 265 204 152 97 39
Earlier period, white 377 260 217 199 192 182 178 177 170 134 111 89 72 52 37 27 14
Recent period, black 146 100 67 50 38 29 21 8
Earlier period, black 78 53 46 40 38 38 35 34 32 23 20 19 15 10 7 5 1

Recent period, white
Earlier period, white
Recent period, black
Earlier period, black

Early period P = .81
Recent period P < .01
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No. at risk
Recent period, white 167 138 122 99 73 43 32 10 1
Earlier period, white 111 68 56 54 53 52 50 50 48 42 39 31 27 27 20 12 9 6 1
Recent period, black 44 31 24 21 17 15 7 3
Earlier period, black 30 20 16 13 12 12 12 11 11 10 8 7 7 6 5 5 3

Recent period, white
Earlier period, white
Recent period, black
Earlier period, black

Early period P = .55
Recent period P = .17
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Fig 2. Kaplan-Meier estimates of survival
for black compared with white children
with acute myeloid leukemia in the earlier
(1992-2000) and recent (2001-2007) study
periods. Patients were either (A) regis-
tered in the SEER program or (B) treated
at the St Jude Children’s Research Hospi-
tal (SJCRH). Survival did not differ be-
tween the two races during the earlier
period (P � .81) but was worse for black
children during the recent period (P � .01)
in the SEER program. There were no signifi-
cant race-related differences in survival during
either period (P � .55 and P � .17, respec-
tively) at SJCRH. Numbers of patients still at
risk are shown beneath the graph.
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biopsy was not performed in these patients. The overall survival of our
patients with high-grade glioma is consistent with results recently
reported by the COG.28,29 Thus, direct comparison of outcome for
high-grade gliomas in SEER versus SJCRH patients would not yield
reliable results. Similarly, of our 66 patients with nonrhabdomyosar-
coma soft tissue sarcoma, 20 (30%) presented with metastatic disease,
a proportion substantially higher than that of other reported se-
ries.30,31 Of the four black patients, two presented with metastatic
disease, and one each had unresectable or high-grade tumor. Hence,
the poor outcome is not entirely unexpected in this small cohort
of patients.

Why, then, do black and white children with cancer tend to have
the same outcome when treated at SJCRH? The most straightforward
explanation is that both groups receive the same effective risk-directed
therapy and supportive care, which can abolish the prognostic impact
of many clinical and biologic variables. This capacity has been clearly

demonstrated for patients with ALL, the most common childhood
cancer. Despite having a higher frequency of unfavorable prognostic
features such as high leukocyte count, T-cell immunophenotype, and
chromosomal translocation t(1;19), and a lower frequency of favor-
able hyperdiploid karyotype, the 68 black patients treated in our Total
XIII studies in the 1990s fared as well as the 338 white counterparts
(5-year survival rates, 86.2% [95% CI, 77.2% to 95.2%] v 85.0% [95%
CI, 80.9% to 89.1%]).18 There was also a parallel improvement in
outcome for the 79 black and 340 white patients with ALL enrolled in
our Total Therapy XV study between 2000 and 2007, with 5-year
survival rates of 88.3%�6.2% (SE) and 94.8%�2.0%, respectively.32

In this regard, our recent collaborative study with the COG showed
that Native American ancestry was associated with an increased risk of
relapse in ALL, but this ancestry-related relapse hazard could be
abrogated with an additional course of delayed intensification therapy
among patients treated on a COG protocol.33 Undoubtedly, recent
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Fig 3. Kaplan-Meier estimates of survival
for black compared with white children
with neuroblastoma in the earlier (1992-
2000) and recent (2001-2007) study peri-
ods. Patients were either (A) registered in
the SEER program or (B) treated at the St
Jude Children’s Research Hospital
(SJCRH). Survival did not differ between
the two races during the earlier period
(P � .53) but was worse for black children
during the recent period (P � .01) in the
SEER program. Significant race-related
differences in survival were not apparent
during either the earlier (P � .07) or recent
period (P � .94) at SJCRH. Numbers of
patients still at risk are shown beneath
the graph.
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improvements in the COG studies for ALL have narrowed the survival
gap between black and white patients with ALL registered in the SEER
program (Table 1), since most of these patients were treated on
COG protocols.

There have also been notable improvements in risk-directed
treatment and supportive care for patients with acute myeloid
leukemia, both at our institution34,35 and in COG studies.36,37

Immunotherapy with the monoclonal antibody anti-GD2 with
granulocyte-macrophage colony-stimulating factor, interleukin-2,
and isotretinoin has also significantly improved the survival of pa-
tients with high-risk neuroblastoma treated in a recent COG study.38

These therapeutic gains have benefited black and white children
equally at SJCRH, although among patients registered in the SEER
program and treated on COG protocols, their impact has been limited
almost exclusively to whites. In fact, the survival gap has widened
between black and white patients with acute myeloid leukemia or
neuroblastoma in the SEER program. Conceivably, this discrepancy in
outcome is due to a lack of equal access to effective treatment and
supportive care among some patients represented by the SEER data.
For patients without sufficient insurance coverage, access to costly
procedures such as stem-cell transplantation may be particularly re-
stricted, even though it is a proven life-saving measure for refractory or
relapsed leukemia, non-Hodgkin’s lymphoma, and neuroblastoma.
In this regard, we have demonstrated recently that white and nonwhite
children with high-risk leukemia had similarly high survival rates after
transplantation at our institution, where there are no barriers posed by
a lack of health insurance or the availability of a matched donor.35

Whether our findings can be generalized to patients treated at other
major pediatric cancer centers is unknown.

Our study has several limitations. First, the number of black
patients treated at SJCRH is relatively small for certain disease
categories, preventing firm conclusions for some types of cancer.
Second, specific disease characteristics and follow-up observations
were not available for individual patients registered in the SEER
program, precluding comparisons based on stratified analyses with
adjustment for known risk factors and censoring bias. Third, it is
uncertain what proportion of patients in the SEER program re-
ceived treatment in tertiary medical centers with a multidisci-
plinary team and extensive psychosocial support, a combination
that generally yields superior results.39 Fourth, it is well recognized
that protocol-directed therapy is the best treatment for patients
with cancer. In this regard, for a variety of reasons, the proportion
of children age younger than 20 years in the SEER program who
were enrolled in a COG protocol has been low (57%), especially for

patients 15 to 19 years of age (24%).40 At SJCRH, 66% to 72% of
the patients were enrolled in a therapeutic protocol and 97% in a
therapeutic or nontherapeutic protocol. Although there was no
substantial difference in the protocol registration rate by race or
ethnicity in the SEER program,40 the possibility that the adverse
impact of failure of protocol enrollment was more pronounced in
blacks cannot be excluded. Finally, the socioeconomic status of
patients registered in the SEER program cannot be determined
with any degree of certainty. Since this variable clearly affects the
outcome of children with cancer, as has been convincingly demon-
strated in studies of adults,3,5,6 future research on this topic will
need to consider insurance status or ability to pay as potential
confounding factors.
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