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Black and Hispanic children with acute myeloid leukemia (AML) have worse outcomes

compared with White children. AML is a heterogeneous disease with numerous genetic

subtypes in which these disparities have not been specifically investigated. In this

study, we used the Therapeutically Applicable Research to Generate Effective

Treatments (TARGET) database to examine the association of race-ethnicity with leuke-

mia cytogenetics, clinical features, and survival outcomes within major cytogenetic sub-

groups of pediatric AML. Compared with White non-Hispanic patients, t(8;21) AML was

more prevalent among Black (odds ratio [OR], 2.22; 95% confidence interval [CI], 1.28-

3.74) and Hispanic patients (OR, 1.74; 95% CI, 1.05-2.83). The poor prognosis KMT2A

rearrangement t(6;11)(q27;q23) was more prevalent among Black patients (OR, 6.12;

95% CI, 1.81-21.59). Among those with KMT2Ar AML, Black race was associated with

inferior event-free survival (EFS) (hazard ratio [HR], 2.31; 95% CI, 1.41-3.79) and overall

survival (OS) (HR, 2.54; 1.43-4.51). Hispanic patients with KMT2Ar AML also had infe-

rior EFS (HR, 2.20; 95% CI, 1.27-3.80) and OS (HR, 2.07; 95% CI, 1.09-3.93). Similarly,

among patients with t(8;21) or inv(16) AML (ie, core-binding factor [CBF] AML), Black

patients had inferior outcomes (EFS HR, 1.93; 95% CI, 1.14-3.28 and OS HR, 3.24; 95% CI,

1.60-6.57). This disparity was not detected among patients receiving gemtuzumab ozo-

gamicin (GO). In conclusion, racial-ethnic disparities in survival outcomes among young

people with AML are prominent and vary across cytogenetic subclasses. Future studies

should explore the socioeconomic and biologic determinants of these disparities.

Introduction

Black and Hispanic children with acute myeloid leukemia (AML) have inferior outcomes compared with
White children.1-4 The root cause of these disparities is likely multifactorial. Proposed contributing factors
include fewer socioeconomic resources, higher prevalence of medical comorbidities, higher risk of
adverse drug events, higher disease acuity at presentation, lower enrollment in clinical trials, and less
access to matched hematopoietic stem cell donors among Black and Hispanic children vs White chil-
dren.1,2,5-8

Although racial-ethnic disparities are well-described in pediatric AML, the malignancy’s rarity limits
in-depth investigations into this phenomenon. Pediatric AML is a heterogeneous disease characterized
by numerous genetic and phenotypic subtypes, and its prognosis varies widely based on these
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Key Points

� Cytogenetic lesions in
pediatric AML differ
by race-ethnicity
including higher rates
of specific poor
prognosis lesions
among Black children.

� Racial-ethnic
minorities experience
worse outcomes in
pediatric AML
regardless of genetic
disease features.
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differences.4,9,10 Studies of the relative prevalence of clinically signif-
icant AML cytogenetics among racial-ethnic backgrounds, as well
as those exploring racial-ethnic outcome disparities within these
cytogenetic subgroups, are limited.3,11 Whether the antileukemic
effect of specific chemotherapeutic agents is modified by race-
ethnicity within AML subtypes is also unknown.

The Therapeutically Applicable Research to Generate Effective
Treatments (TARGET) database is a public resource with data from
over 900 patients diagnosed with AML between 1996 and 2013
that was originally developed to characterize the molecular genetics
of pediatric malignancies.12 The objective of the current study was
to leverage the TARGET AML database to identify differences in
cytogenetic features, disease phenotype, and survival among pediat-
ric patients of diverse racial-ethnic backgrounds. We further investi-
gated disease phenotype and survival within the most common
cytogenetic groups of pediatric AML: KMT2A-rearranged (KMT2Ar)
AML and core-binding factor (CBF) AML. We hypothesized that
Hispanic and Black patients have inferior survival compared with
White non-Hispanic patients regardless of AML cytogenetics.

In the AAML0531 trial, the addition of gemtuzumab ozogamicin
(GO) to standard therapy improved event-free survival (EFS) and
reduced relapse rates overall, but the impact of GO varied among
risk groups.9 As data regarding GO use were available in the TAR-
GET database, we also investigated whether GO was associated
with a differential outcome within specific racial-ethnic groups.

Methods

Study design and data collection

We conducted a retrospective cohort study using the TARGET
AML database. Data were downloaded directly from the National
Cancer Institute.13 The database contains prospective data from
patients with de novo AML enrolled in three pediatric AML clinical
trials: (1) Children’s Cancer Group (CCG) 2961 (1996-2006)10;
(2) Children’s Oncology Group (COG) AAML03p1 (2003-2013)14;
and (3) COG AAML0531 (2006-2013).9 All analyses in this study
were based on patients’ original presentation with de novo AML
(rather than at the time of potential relapse).

Data extracted included age, sex, self-reported race and ethnicity,
primary cytogenetic lesion (eg, KMT2Ar), presence or absence of
specific recurrent mutations (eg, FLT3, NPM1, CEBPA), clinical fea-
tures at presentation (eg, initial white blood cell [WBC] count), clini-
cal response (eg, induction failure), treatment protocol, use of GO,
and survival time. Patients coded as KMT2Ar(1) were identified as
having KMT2A, MLL, or a known KMT2A fusion partner listed
among cytogenetic data available in the dataset. Similarly, patients
with CBF were identified as having t(8;21) or inv(16) listed among
cytogenetic data.

Owing to its original purpose to describe AML genetics, the TAR-
GET dataset is divided into discovery and validation subsets. The
discovery set was enriched for, though not exclusive to, patients
with relapse; the validation set was a random sample of patients
with or without relapse from AAML0531.13 For this study, the two
subsets were merged, and numeric identifiers were used to remove
duplicate entries of patients (ie, patients captured in both the dis-
covery and validation samples; n 5 93).

Inclusion/exclusion criteria

The analysis was limited to patients aged less than 21 years at diag-
nosis. To avoid analyses with limited power, we restricted the study
to White non-Hispanic, Hispanic, and Black non-Hispanic patients.
Patients identifying as both Black and Hispanic were included within
the Hispanic group. Other racial-ethnic groups each accounted for
less than 5% of the entire cohort. Patients with unknown race-
ethnicity were also excluded.

Statistical analysis

Associations between race-ethnicity and categorical variables such
as primary cytogenetic lesion were determined with univariable
logistic regression. Continuous variables were compared by race-
ethnicity using the Kruskal-Wallis and Mann-Whitney U tests.

EFS was calculated as the time in days from study enrollment until
the earliest of induction failure, relapse, or death. Overall survival
(OS) was calculated as the time from study enrollment until death.
EFS and OS estimates are reported at 3 years from enrollment.
Patients were right-censored at the earliest of 3 years from diagno-
sis, study withdrawal, or loss to follow-up. Survival curves were cal-
culated using the Kaplan-Meier method, and the log-rank test was
used to evaluate for differences in survival among subgroups. Uni-
variable Cox proportional-hazards modeling was used to quantify dif-
ferential survival among racial-ethnic subgroups. White non-Hispanic
patients were designated as the reference group.

Finally, we conducted a post hoc causal mediation analysis based
on the findings of the primary survival analysis in order to better
understand the relationship between Black race, risk cytogenetics,
and survival. In causal mediation analysis, the total effect of a pri-
mary exposure (eg, Black race) is broken down into a natural indi-
rect effect mediated by an identified variable (eg, high-risk
cytogenetics) and a natural direct effect which is the sum of all other
causal pathways between the primary exposure and outcome.15,16

RNA sequencing analysis

To identify potential determinants of GO response among patient
subgroups, we leveraged RNA sequencing data available within the
TARGET dataset to compare myeloblast CD33 expression among
patients. Normalized RNA sequencing data were generated as pre-
viously described.12 TARGET identifier codes from clinical data
were matched to those within available mRNAseq open access
files. Reads per kilobase of transcript per million (RPKM) values rep-
resenting CD33 mRNA expression (ENSG00000105383) were
compared among patient subgroups using the Mann-Whitney U
test for pairwise comparison and the Kruskal-Wallis test for compari-
sons among groups.

Analyses were performed in R version 4.0.2 with specific use of the
Survival package.17,18 Statistical significance was set at P , .05.
All data analyses were conducted between July and November
2020. The study followed guidelines as outlined by Strengthening
the Reporting of Observational Studies in Epidemiology (STROBE)
criteria.19 The study was exempted from institutional review board
approval due to its exclusive use of deidentified, publicly available
data.

The data used for this analysis are available at https://portal.gdc.
cancer.gov/projects/TARGET-AML.
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Results

Patient characteristics

At the time of data abstraction, the TARGET AML dataset included
clinical data from 957 patients. We identified 843 White non-
Hispanic, Hispanic, and Black patients. Eight patients aged 21
years or older at diagnosis were excluded. Twenty-one patients with
missing race or ethnicity data were also excluded. In total, 552
White non-Hispanic, 154 Hispanic, and 108 Black non-Hispanic
patients were included in the study, representing 85% of the entire
TARGET AML clinical database (Table 1). From the original discov-
ery and validation datasets comprising the TARGET database, 289
(35.6%) patients were in the discovery set, 431 (53.0%) in the vali-
dation set, and 94 (11.5%) were in both. The distribution of race

and ethnicity among children in the discovery vs validation set was
similar (Pearson’s x2 P 5 .71).

The median age at diagnosis was 10.1 years (interquartile range,
3.3-14.7). The median time under observation was 4.5 years (inter-
quartile range, 1.4-6.0). Cytogenetic data were missing for 38
patients (4.7%); otherwise, data were complete.

AML cytogenetics and clinical features by

race-ethnicity

The prevalence of AML cytogenetic subtypes differed significantly
by race-ethnicity. Relative to White non-Hispanic patients, both
Black ([OR], 2.22; 95% CI, 1.28-3.74) and Hispanic patients (OR,
1.74; 95% CI, 1.05-2.83) were more likely to have t(8;21) AML

Table 1. Characteristics of the study population

White non-Hispanic (N5552)

Black

(N5108) Hispanic (N5154) P

Male sex 301 (54.5) 53 (49.1) 83 (53.9) .58

Age at diagnosis 10.1 (3.7, 14.9) 11.3 (3.7, 13.4) 8.9 (2.6, 14.2) .23

Primary cytogenetic lesion

KMT2Ar 124 (22.5) 25 (23.1) 21 (13.6) .05

t(8;21) 60 (10.9) 23 (21.3) 27 (17.5) ,.01

inv(16) 75 (14.3) 11 (10.2) 22 (15.4) .46

27/-7q 5 (0.9) 2 (1.9) 1 (0.6) .59

25/-5q 22 (4.0) 9 (8.3) 8 (5.2) .15

Normal 139 (25.2) 17 (15.7) 28 (18.2) .04

Other 133 (24.1) 35 (32.4) 47 (30.5) .088

Unknown 27 (4.9) 0 11 (7.1) .024

Prominent mutations

FLT3 34 (6.2) 7 (6.6) 10 (6.5) .98

NPM1 41 (7.4) 4 (3.7) 12 (7.8) .54

CEBPA 30 (5.4) 7 (6.5) 6 (3.9) .67

cKIT (exon 8) 22 (4.0) 7 (6.5) 4 (2.6) .11

cKIT (exon 17) 16 (2.9) 0 6 (3.9) .08

Treatment protocol .01

AAML0531 465 (84.2) 85 (78.7) 138 (89.6)

AAML03P1 52 (9.4) 13 (12.0) 16 (10.4)

CCG-2961 35 (6.3) 10 (9.3) 0

WBC at diagnosis
(median, IQR)

31.1 (10.9, 86.7) 34.2 (15.9, 96.9) 33.6 (11.8, 90.8) .34

CNS (1) at diagnosis 35 (6.3) 12 (11.1) 8 (5.2) .14

MRD at end of course 1 .07

Positive 133 (24.1) 33 (30.6) 32 (20.8)

Negative 295 (53.4) 48 (44.4) 96 (62.3)

Unknown 124 (22.5) 27 (25.0) 26 (16.9)

MRD at end of course 2 ,.01

Positive 66 (12.0) 15 (13.9) 21 (13.6)

Negative 304 (55.1) 44 (40.7) 99 (64.3)

Unknown 182 (33.0) 49 (45.4) 34 (22.1)

HSCT received in CR1 88 (15.9) 10 (9.3) 23 (14.9) .20

Categorical data are n (%); continuous data are median (interquartile range).
CNS, central nervous system; CR1, first complete remission; HSCT, hematopoietic stem cell transplant; MRD, minimal residual disease.
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(Figure 1A). Associations between inv(16) AML and race-ethnicity
were not detected. 5q deletion/monosomy 5 or 7q deletion/mono-
somy 7 was more common among Black patients (Figure 1B; OR,
2.29; 95% CI, 1.06-4.68).

KMT2Ar AML was less common among Hispanic patients relative
to White non-Hispanic patients (OR, 0.54; 95% CI, 0.32-0.88).
While KMT2Ar AML was not broadly associated with Black race,
the specific poor prognosis KMT2Ar t(6;11)(q27;q23) was more
common among Black patients (Figure 1C; OR, 6.12; 95% CI,
1.81-21.59). No racial-ethnic associations were detected among
patients with KMT2A fusions t(9;11), t(10;11), or t(11;19).

Across the cohort, presenting phenotypic features of AML did not
differ by race-ethnicity, including: age, WBC count, myeloblast per-
centage, central nervous system (CNS) disease, and presence of
chloromas. When KMT2Ar was interrogated specifically, Black
patients were older at diagnosis, presenting at a median (interquar-
tile range) of 11.7 years (2.3-15.1) compared with 3.2 years (1.0-
11.8) among other patients (P 5 .01). There were no differences in
presenting features by race-ethnicity in CBF AML (supplemental
Tables 1 and 2).

Outcomes by race-ethnicity; overall cohort

Survival differed by race-ethnicity across the entire cohort as
well as within cytogenetic subgroups (Table 2). Black patients
were at highest risk of events (hazard ratio [HR], 1.57; 95% CI,
1.21-2.04) with an EFS of 35% (95% CI, 27-45) compared
with 50% (95% CI, 43-59) among Hispanic patients and 50%
(95% CI, 46-54) among White non-Hispanic patients (Figure
2A-B). Similarly, risk of death was highest among Black patients
(HR, 1.97; 95% CI, 1.47-2.65) with OS of 52% (95% CI,

OR = 2.22 (1.28–3.74) OR = 1.74 (1.05–2.83)
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Figure 1. Primary cytogenetic lesions by race-ethnicity. Data represent 525 White non-Hispanic, 143 Hispanic, and 108 Black patients with cytogenetic data available.

(A) Proportion of patients with t(8;21) cytogenetics by race-ethnicity. (B) Proportion of patients with monosomy 5, 5q deletion, monosomy 7, or 7q deletion by race/ethnicity.

(C) Proportion of patients with t(6;11)(q27;q23) by race-ethnicity.

Table 2. Cox proportional-hazards model of the association

between race-ethnicity and 3-year survival among cytogenetic

subgroups

Race-ethnicity

Event-free survival

HR (95% CI)

Overall survival

HR (95% CI)

All patients

White non-Hispanic ref ref

Black 1.57 (1.21-2.04) 1.97 (1.47-2.65)

Hispanic 1.04 (0.81-1.34) 1.22 (0.91-1.63)

KMT2Ar

White non-Hispanic ref ref

Black 2.31 (1.41-3.79) 2.54 (1.43-4.51)

Hispanic 2.20 (1.27-3.80) 2.07 (1.09-3.93)

t(8;21) or inv(16)

White non-Hispanic ref ref

Black 1.93 (1.14-3.28) 3.24 (1.60-6.57)

Hispanic 0.99 (0.57-1.71) 2.03 (1.00 – 4.10)

Statistically significant results are bolded.
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43-63) compared with 63% (95% CI, 55-71) among Hispanic
patients and 71% (95% CI, 67-75) among White non-Hispanic
patients.

Neither induction failure nor relapse as the first event was associ-
ated with race-ethnicity. Death as the first event (rather than induc-
tion failure or relapse) was more likely among Black patients (OR,

2.83; 95% CI, 1.46-5.29). Early death, defined as death within 50
days of diagnosis, was also more common among Black patients
(OR, 4.55; 95% CI, 1.44-13.96).

Proportionally fewer Black patients received stem cell transplants
after first complete remission (10/108, 9.3%) compared with His-
panic (23/154, 14.9%) and White non-Hispanic (88/552, 15.9%)

p = 0.002
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Figure 2. Survival in patients with AML by race-ethnicity within the TARGET cohort. (A) EFS across entire TARGET cohort by race-ethnicity. (B) OS across entire

TARGET cohort by race-ethnicity. (C) EFS among patients with KMT2Ar AML by race-ethnicity. (D) OS among patients with KMT2Ar AML by race-ethnicity. (E) EFS among

patients with CBF AML by race-ethnicity. (F) OS among patients with CBF AML by race-ethnicity.
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patients. The relative odds of Black patients receiving a transplant
compared with White non-Hispanic patients approached but did
not reach statistical significance (OR, 0.54; 95% CI, 0.25-1.03).

Outcomes by race-ethnicity; KMT2Ar AML

Across the entire cohort, KMT2Ar was associated with inferior EFS
(HR, 1.30; 95% CI, 1.04-1.62), but not OS. Survival differences by
race-ethnicity were prominent within this cytogenetic subset (Figure
2C-D). Black patients had the lowest EFS at 14% (95% CI, 5-39)
compared with 29% in Hispanic patients (95% CI, 15-56) and
47% in White non-Hispanic patients (95% CI, 39-57). Both Black
race (HR, 2.31; 95% CI, 1.41-3.79) and Hispanic ethnicity (HR,

2.20; 95% CI, 1.27-3.80) were associated with inferior EFS in
patients with KMT2Ar AML.

OS among Black patients with KMT2Ar AML was 47% (95% CI,
31-72) compared with 43% in Hispanic patients (95% CI, 26-70)
and 69% in White non-Hispanic patients (95% CI, 61-78). Both
Black race (HR, 2.54; 95% CI, 1.43-4.51) and Hispanic ethnicity
(HR, 2.07; 95% CI, 1.09-3.93) were associated with inferior OS.

In the KMT2Ar subgroup, induction failure was more common
among Hispanic vs other patients (OR, 9.52; 95% CI, 2.58-36.88).
Death was more likely to be the first event in Black patients (OR,
10.08; 95% CI, 2.30-52.36). Neither early death nor relapse were
associated with race-ethnicity.

Outcomes by race-ethnicity; CBF AML

Patients with CBF AML had superior EFS (HR, 0.54; 95% CI,
0.42-0.68) and OS (HR, 0.41; 95% CI, 0.30-0.56) compared with
non-CBF AML. Similar to KMT2Ar AML, survival differed by race-
ethnicity. Black patients had the lowest EFS at 44% (95% CI, 30-
64) and OS at 61% (95% CI, 47-80) (Figure 2E-F). Survival of His-
panic patients was intermediate with EFS of 67% (95% CI, 55-82)
and OS of 77% (95% CI, 66-90). White non-Hispanic patients had
an EFS of 64% (95% CI, 56-73) and OS of 87% (95% CI, 82-93).
Black race was associated with inferior EFS (HR, 1.93; 95% CI,
1.14-3.28) and OS (HR, 3.24; 95% CI, 1.60-6.57). Neither EFS
nor OS was significantly associated with Hispanic ethnicity, but
lower OS among Hispanic patients was notably close (HR, 2.03;
95% CI, 1.00-4.10).

We also analyzed outcomes within the two cytogenetic subgroups
of CBF AML. For those with inv(16), Black patients had the lowest
EFS at 36% (95% CI, 17-79), Hispanic patients had the highest
EFS at 73% (95% CI, 56-94), and White non-Hispanic patients
had an EFS of 52% (95% CI, 41-64). Similarly, Black patients had
an OS of 73% (95% CI, 51-100) compared with 86% (95% CI,
73-100) in Hispanics and 85% (95% CI, 77-94) in White non-
Hispanic patients. Differences in survival within this subgroup were
not statistically significant.

For patients with t(8;21) AML, EFS was lowest among Black
patients at 48% (95% CI, 31-73) followed by Hispanic patients at

Table 3. Cox proportional hazards model of association between

gemtuzumab and survival among racial-ethnic and cytogenetic

subgroups

Cytogenetic subgroup

Race-ethnicity

Event free survival

HR (95% CI)

Overall survival

HR (95% CI)

All cytogenetic groups

All patients 0.84 (0.69-1.03) 0.91 (0.71-1.16)

Black 0.62 (0.38-1.03) 0.57 (0.33-0.99)

Hispanic 0.99 (0.63-1.55) 0.94 (0.56-1.57)

WNH 0.85 (0.66-1.10) 1.01 (0.74-1.39)

KMT2Ar AML

All patients 0.64 (0.43-0.95) 0.78 (0.48-1.27)

Black 0.67 (0.24-1.86) 0.36 (0.12-1.06)

Hispanic 0.42 (0.15-1.18) 0.84 (0.25-2.81)

WNH 0.60 (0.36-0.98) 0.79 (0.42-1.46)

Core binding factor AML

All patients 0.79 (0.50-1.24) 1.00 (0.53-1.87)

Black 0.30 (0.10-0.92) 0.44 (0.12-1.64)

Hispanic 1.66 (0.63-4.35) 1.19 (0.40-3.54)

WNH 0.75 (0.42-1.35) 1.22 (0.47-3.22)

Statistically significant values are bolded.
WNH, White non-Hispanic

p = 0.8
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Figure 3. EFS by receipt of gemtuzumab in Black vs non-Black patients with CBF AML. (A) Non-Black patients. (B) Black patients.
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63% (95% CI, 47-84) and White non-Hispanic patients at 80%
(95% CI, 70-91). Black race (HR, 3.15 95% CI, 1.44-6.92) was
associated with inferior EFS. Similarly, OS was lowest among Black
patients at 56% (95% CI, 39-81), followed by Hispanic patients at
70% (95% CI, 54-90) and White non-Hispanic patients at 90%
(95% CI 82-98). Both Black race (HR, 4.43; 95% CI, 1.69-11.66)
and Hispanic ethnicity (HR, 2.82; 95% CI, 1.02-7.80) were associ-
ated with inferior OS.

Within the CBF AML cohort, Black patients were more likely to
have death as their first event (OR, 4.48; 95% CI, 1.18-17.11).
Early death was also more common among Black patients (OR,
12.87; 95% CI, 1.59-265.05). There were no associations between
race-ethnicity in relapse or induction failure.

Association of GO use with AML outcomes by race

and ethnicity

Similar to the results from COG AAML0531, EFS was higher with
GO; although within this cohort, the association between GO and
survival did not reach statistical significance (HR, 0.84; 95% CI,
0.69-1.03). GO had no significant effect on OS (HR, 0.91; 95%
CI, 0.71-1.16).

Given differences in survival by race-ethnicity, we investigated
whether GO differentially affected survival within specific racial-
ethnic groups in patients enrolled on AAML03P1 and AAML0531
(Table 3). Black patients had the greatest improvement in EFS (HR,
0.62; 95% CI, 0.38-1.03) and OS (HR, 0.57; 95% CI, 0.33-0.99)
in the GO arm, although statistical significance was marginal in the
case of EFS. There was little difference due to GO observed in His-
panic and White non-Hispanic patients.

Similar to the cohort as a whole, patients with KMT2Ar AML had
increased EFS (HR, 0.64; 95% CI, 0.43-0.95) but not OS (HR,
0.78; 95% CI, 0.48-1.27) when receiving GO. When broken down
by race, GO showed a significant effect on EFS among White non-
Hispanic patients only (HR, 0.60; 95% CI, 0.36-0.98). GO had no
significant effect on OS among any race-ethnic group with KMT2Ar
AML; however, Black patients notably had the greatest effect esti-
mate of GO on OS (HR, 0.36; 95% CI, 0.12-1.06) albeit failing to
reach statistical significance.

In CBF AML, no significant effects on EFS or OS were observed
among all patients together but GO again showed the greatest
effect on EFS among Black patients (HR, 0.30; 95% CI, 0.10-0.92)
with no other racial-ethnic group showing significant effects (Figure
3). When survival outcomes by race-ethnicity were reexamined
among only patients with CBF AML who received GO (n 5 110),
differences in EFS and OS by race-ethnicity seen previously were
absent. EFS was 69% (95% CI, 49-96) among Black patients,
60% (95% CI, 44-83) among Hispanic patients, and 69% (95%
CI, 59-81) among White non-Hispanic patients. OS was 75%
(95% CI, 57-100) among Black patients, 76% (95% CI 61-95)
among Hispanic patients, and 88% (95% CI, 81-96) among White
non-Hispanic patients.

Given the known association between CD33 expression and
response to GO, we examined mRNA sequencing data of patients
from the TARGET database to determine if myeloblast CD33
mRNA expression at diagnosis differed by race-ethnicity.20 Data
were available for 160 (29%) White non-Hispanic, 44 (29%) His-
panic, and 28 (26%) Black patients. CD33 expression did not differ

significantly by race-ethnicity in the cohort as a whole (P 5 .67);
however, compared with other patients, White non-Hispanic
patients had higher CD33 expression within the CBF subgroup
(RPKM 5 22.1 vs 9.1, P , .01).

Sensitivity and mediation analysis

We observed that a higher proportion of Black patients were
treated on the CCG-2961 protocol (Table 1), the oldest of the three
protocols with the highest treatment-related mortality.10 In this data-
set, treatment on CCG-2961 was associated with inferior EFS (HR,
1.69; 95% CI, 1.19-2.39) and OS (HR, 1.66; 95% CI, 1.09-2.53).
Therefore, for each of the survival analyses described above, we
conducted post hoc sensitivity analyses with and without patients
treated on CCG-2961 in order to determine if poor prognosis
among Black children was due to a higher likelihood to be treated
on CCG-2961. Measured association of race-ethnicity with survival
was clinically identical with and without the CCG-2961 patients,
supporting the robustness of the original analysis (supplemental
Table 3). Similar to the original analysis, Black race remained associ-
ated with lower EFS (HR, 1.61; 95% CI, 1.22-2.12) and OS (HR,
2.10, 95% CI, 1.54-2.87).

We performed a similar analysis with and without patients
experiencing early death within 50 days of diagnosis given the asso-
ciation between Black race and early mortality. We found effect
sizes to be similar but attenuated, with wider confidence intervals
given the smaller sample size of the subanalysis (supplemental
Table 4). Similar to the original analysis, Black race was associated
with lower EFS (HR, 1.49; 95% CI, 1.14-1.95) and lower OS (HR,
1.86; 95% CI, 1.36-2.54) among those children surviving beyond
50 days from diagnosis (supplemental Table 4).

Given Black race was associated with the poor prognostic KMT2A
translocation t(6;11)(q27;q23), and that t(6;11)(q27;q23) was asso-
ciated with poor EFS (HR, 2.48; 95% CI, 1.4-4.4) and OS (HR,
2.89; 95% CI, 1.54-5.44), we performed a causal mediation analy-
sis to determine the proportion of poor OS due to Black race medi-
ated by t(6;11)(q27;q23) (supplemental Figure 1). The measured
effect of Black race mediated by t(6;11)(q27;q23) was HRindirect 5

1.04 (95% CI, 1.00-1.19), and the measured effect of Black race
through all other pathways was HRdirect 5 1.93 (95% CI, 1.87-
2.10). In the analysis, the proportion of Black race’s effect on OS
mediated by the effect of t(6;11)(q27;q23) was 6%.

Discussion

Inferior survival of pediatric AML among racial-ethnic minorities has
been described for several decades.4,21,22 Socioeconomic status,
early mortality, and accessibility to stem cell transplant are likely
component causes of these disparities.2,4,6,21 To date, associations
between race-ethnicity and genetic features of AML have not been
investigated as they relate to outcome, potentially owing to the rela-
tively recent understanding of the complex role of genetic features
in pediatric AML biology and response to therapy.12

Using the TARGET database, we found that the genetic landscape
of AML varies by race-ethnicity. Black patients were twice as likely
to have high-risk genetic features 25/5q- or 27/7q- compared with
non-Black patients. Black patients were also over five times as likely
to have the KMT2A rearrangement t(6;11)(q27;q23), a lesion carry-
ing an EFS and OS of less than 20%.23 These findings suggest
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that, while variables such as availability of transplant donors likely
contribute to outcome disparities in pediatric AML, underlying biol-
ogy predisposing patients to more severe disease phenotype may
also contribute.

Outcome disparities by race-ethnicity were evident even among
cytogenetic subgroups typically associated with favorable prognosis.
Black patients were more likely to have the favorably prognostic
t(8;21) AML, yet the 3-year OS among Black patients with t(8;21)
was considerably lower than that of White non-Hispanic patients:
61% compared with 87%. Among patients with CBF AML gener-
ally, the 61% OS among Black patients was equivalent to the OS
of patients without this favorable cytogenetic subtype within the
broader cohort. Notably, survival in Black patients with CBF AML
was more similar to outcomes in intermediate- or high-risk AML as a
whole than to favorable-risk AML.9 These findings are similar to
recent studies of adult AML where Black patients with favorable-risk
NPM1-mutated FLT3-ITDlo/no disease had significantly inferior sur-
vival to White patients, although differences in outcomes specifically
of CBF AML were not identified.24

Racial-ethnic disparities within groups with poorly prognostic lesions
revealed dismal outcomes among Black and Hispanic patients, sug-
gesting a potentially additive negative effect of race-ethnicity on sur-
vival among these subsets.23 EFS among Hispanic patients with
KMT2Ar AML was 29% and only 14% among Black patients com-
pared with 47% among White non-Hispanic patients.

Black patients were also more likely to have the KMT2A rearrange-
ment t(6;11)(q27;q23), a cytogenetic lesion associated with older
age at diagnosis and poor prognosis.23 Differential phenotypic fea-
tures among Black and Hispanic patients such as older age at pre-
sentation, a finding in this study among Black patients with KMT2Ar
AML, may therefore be driven in part by variation in the prevalence
of specific AML cytogenetic lesions by race-ethnicity. Nonetheless,
our data suggest that t(6;11)(q27;q23) AML appears to play only a
partial role in the poor prognosis of Black patients relative to others,
mediating ,10% of the observed effect on survival.

In contrast to previous studies demonstrating higher WBC at
presentation among Black patients, there was no difference in
WBC at diagnosis in this cohort as a whole or within specific
cytogenetic groups.25 As the TARGET database includes only
patients enrolled in clinical trials, it is possible that higher acuity
at presentation with an associated higher WBC is a deterrent
from clinical trial enrollment. Therefore, Black patients with
higher WBC at presentation were possibly underrepresented in
this analysis.

Apart from survival alone, patterns of events contributing to poor
survival differed by race-ethnicity. While both Black and Hispanic
patients had unfavorable outcomes, their disease courses differed.
For example, Hispanic patients with KMT2Ar AML were more likely
to experience induction failure, whereas Black patients across the
cohort were more likely to have early death within 50 days of treat-
ment initiation relative to other patients. These data support previous
studies by Dr. Winestone and colleagues showing higher AML mor-
tality among Black patients soon after diagnosis.5,6 This study also
shows that the association between Black race and higher mortality
extended beyond the initial phase of treatment.

A relative lack of stem cell transplant donors may contribute to poor
outcomes in minority patients.4,6 Black patients in this study were

less likely to receive a hematopoietic stem cell transplant vs White
non-Hispanic patients (OR, 0.54; 95% CI, 0.25-1.03), although the
confidence interval was wide. In the case of CBF AML, transplant is
no longer standard of care; thus, the persistence of disparities in
CBF AML, particularly those of EFS, is not likely dependent on
access to stem cell transplant.9,10 Ultimately, the TARGET AML
dataset is insufficient to assess whether the lack of available trans-
plant donors contributed to fewer transplants or to outcome dispar-
ities. Data identifying patients for whom transplant was indicated,
such as the presence of minimal residual disease, was often
unavailable.9,10

One of the most striking findings in this study is the preferential
improvement with GO therapy among Black patients with CBF
AML (Figure 3). The COG AAML0531 trial reported modest
improvements in EFS with decreased relapse risk among patients
who received GO, with the greatest effects in low- and
intermediate-risk disease.9 While the effect size of GO on EFS
within the current study was small, Black patients with CBF AML in
this cohort had substantial benefit from the addition of GO to ther-
apy compared with White non-Hispanic or Hispanic patients. These
findings suggest biologic differences may exist that influence GO
responsiveness within certain AML subtypes or that other factors
contributing to the care of patients receiving an investigational agent
may be at play.

While hypothesis-generating, these data should be interpreted cau-
tiously. AAML0531 and AAML03P1 were not designed or powered
to identify the modification of GO’s effect on survival by race-
ethnicity, particularly within individual cytogenetic subtypes. There-
fore, only large effect sizes within common cytogenetic subclasses
such as CBF AML could be detected within this cohort. Due to
small samples sizes, the finding of no association between GO and
race-ethnicity within other subgroups is inconclusive.

Several studies have investigated biologic determinants that alter
the effectiveness of GO.20,26,27 Patients with higher CD33 expres-
sion, the most important identified predictor of GO efficacy, signifi-
cantly benefit from GO therapy regardless of risk group, whereas
those with low CD33 expression do not benefit from the addition of
GO to therapy.20 Two single-nucleotide polymorphisms in genes
ABCB1 and CD33 also impact response to GO. The CD33 SNP
rs12459419 increases expression of a CD33 isoform with
decreased binding of GO at the cell surface, and the ABCB1 SNP
rs1045642 decreases the efflux of calicheamicin, leading to accu-
mulation of the active drug within the cell and increased cell
death.26,27 Functional variation in these genes and/or differing
CD33 expression profiles among different racial-ethnic groups may
contribute to differences in GO-related outcomes seen in this study.
Further studies directed at pharmacogenomics as a component
cause of differences in outcome by race-ethnicity among patients
with AML may be beneficial.

Strengths and limitations

This study is among the largest studies of racial-ethnic disparities in
pediatric AML, and its conclusions are strengthened by high-quality,
prospectively collected data from three large randomized clinical trials.

Conclusions drawn from the TARGET AML dataset are limited by
important selection biases. The dataset is comprised of a discovery
dataset combined with a validation dataset.12 While the validation
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dataset was a random selection of patients from AAML0531, the
discovery set was disproportionately enriched for patients experienc-
ing a relapse. Therefore, this study is biased toward patients with
inferior outcomes. While race-ethnicity was distributed similarly
between the discovery and validation datasets, the effect sizes and
confidence intervals reported here may differ in a general population
of patients with AML. This study only included patients enrolled in
clinical trials, a population known to underrepresent minority
populations.8

This study was also limited by small numbers of patients within cer-
tain cytogenetic and racial-ethnic subgroups such that extensive
multivariable analyses could not be conducted, and confidence
intervals of some effect sizes were very wide. A necessary follow-up
to this study will be to replicate these findings in a larger, more gen-
eralizable pediatric AML cohort for the reasons mentioned above, as
well as because many newly defined genetic risk factors are rare in
the overall AML population.

Finally, we recognize that self-reported race-ethnicity is an imprecise
tool for categorizing patients by genetic and non-genetic risk factors.
Race-ethnicity is better understood as a framework to represent
socioeconomic, cultural, environmental, and genetic-ancestral simi-
larities among broad populations. There is considerable genetic
admixture among patients self-identified as White non-Hispanic, His-
panic, and Black; therefore, this study is subject to these limita-
tions.28 Future studies should leverage genetic as well as self-
reported ancestry as tools to reveal determinants of AML outcomes.
Nonetheless, reliance on broad, self-reported racial-ethnic groups
used in this and other studies has revealed a multitude of important
disparities across pediatric oncology and beyond.29

Conclusion

The genetic landscape, phenotype, and survival outcomes of pediat-
ric AML vary by race-ethnicity. Racial-ethnic minorities are more
likely to have unfavorable cytogenetic features than White non-
Hispanic peers in pediatric AML and experience inferior outcomes
regardless of genetic disease features. In addition, racial-ethnic dif-
ferences may also modify the benefit of GO therapy, with the great-
est benefit in this analysis observed in Black patients with CBF
AML. Although Black and Hispanic patients are more likely to have
certain unfavorable genetic features, Black children with AML experi-
ence inferior survival even in the presence of favorable cytogenetic
features. As such, further investigation into the root cause(s) of the
unacceptable racial-ethnic disparities in childhood AML outcomes
must be identified and addressed.

Potential causes of these disparities begin at the level of the patient
and the biologic features of their leukemia, expand outward to the

health care systems in which they are treated, and ultimately reach
into the society in which they live. We should continue to study the
epidemiology of high-risk AML cytogenetics, epigenetics, and phar-
macogenomics of AML therapy as potential causes of racial-ethnic
disparities in childhood AML.

However, we must also systematically test the hypothesis that struc-
tural inequities disproportionately affecting racial-ethnic minorities
contribute to these outcome disparities. All children treated for AML
in high-income countries receive essentially identical anti-neoplastic
treatment regimens with putatively standardized approaches to sup-
portive care. Therefore, every aspect of clinical care, from that
received before and leading up to diagnosis, during inpatient and
outpatient therapy, and through to surveillance in long-term survivor-
ships, should be rigorously studied from the perspective of the
racial-ethnic outcome disparities described in this and similar stud-
ies.30-32
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