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Abstract
Purpose of Review The aim of this review is to summarize the current literature on pediatric leukemia disparities with attention to
not only racial and ethnic disparities, but also socioeconomic disparities. We focus on disparities in survival as well as other
health-related outcomes, including end-of-life care and late effects.
Recent Findings While progress has been made in decreasing some disparities, most notably in pediatric acute lymphoblastic
leukemia, disparities along many axes persist. Proposed etiologies include differences in the genomic alterations of the leukemia
itself to differences in access to care that operate through socioeconomic status, insurance, and geographic location.
Summary As approaches to therapy become increasingly technical and complex, particular attention to the equitable distribution
of these personalized therapeutic interventions is essential. Moving beyond simple descriptive studies to focus on mechanisms of
existing disparities will allow for design of interventions to reduce or eliminate disparities in pediatric leukemia.
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Introduction

Leukemia is the most common cancer in children and adoles-
cents, accounting for almost 1 out of 3 pediatric cancers [1].
Despite tremendous progress in improving leukemia survival,
a subset of patients will succumb to their disease [2].
Similarly, many patients will experience morbidity secondary
to the treatments required to achieve and maintain remission
as well as morbidity secondary to the leukemia itself.

Unfortunately, leukemia morbidity and mortality is unevenly
distributed with some groups affected differentially.

The study of these differential health-related outcomes
among certain disadvantaged groups is the subject of this re-
view. For the purposes of this review, we use the definition of
health disparities put forth by the Healthy People 2020 sub-
committee, in which progress towards the goal of health eq-
uity is measured by eliminating health disparities. Health dis-
parities are “systematic, plausibly avoidable health differences
adversely affecting socially disadvantaged groups… fo-
cus[ed] on the subset of health differences reflecting social
injustice, distinguishing health disparities from other health
differences” [3].

Most typically, the term “health disparities” is used to refer
to racial or ethnic differences, whereas internationally the term
“health inequalities” refers to differences operating along the
socioeconomic axis. This difference between international
and American terminology is likely rooted in the history of
institutional racism and structural violence that is embedded in
life in the USA. This storied history manifests in the remark-
ably increased risk of morbidity and mortality along racial
lines from every leading cause including cardiovascular dis-
ease, stroke, diabetes, cancer, preterm delivery, low birth
weight, and asthma [4]. It is essential to recognize that most
studies use race as a proxy for a combination of environmen-
tal, behavioral, and genetic factors [5]. Unless explicitly
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defined as genetic ancestry using biologic data, we consider
race to be a complex, heterogeneous, fluid sociocultural
construct.

While much of the existing literature has focused on racial
and ethnic disparities, we will review disparities along addi-
tional axes of social disadvantage, including socioeconomic
status, insurance status, age, and location as they relate to
access to care (as shown in Table 1). Socioeconomic status
(SES), while often closely correlated with race and ethnicity,
is itself a multifaceted concept that is comprised of factors
such as income, education, and employment [6].

We will focus our attention first on survival outcome dis-
parities and then subsequently delineate other health-related
outcome disparities, including late effects. Differences in dis-
ease incidence and treatment will only be addressed as they
relate to disparities in health-related outcomes. We will then
briefly explore proposed etiologies and potential interventions
resulting from patient, provider, and system-level factors in
the discussion [7].

Survival

Acute Lymphoblastic Leukemia (ALL) As the most common
pediatric malignancy (representing 20% of all pediatric can-
cers) [1], acute lymphoblastic leukemia (ALL) survival dis-
parities are among the most well studied. Black, Hispanic, and
Native American children with ALL have all historically been
shown to have lower overall survival compared to White non-
Hispanic patients [8–10].

In a recent study using the National Cancer Institute
Surveillance, Epidemiology, and End Results (SEER) data-
base, Black (relative risk (RR) 1.8; 95% CI 1.5, 2.2),
Hispanic (RR 1.9; 95% CI 1.7, 2.1), and Native American
(RR 2.26; 95% CI 1.51, 3.38) children continued to have
significantly inferior survival compared to White non-
Hispanic patients [11]. They also found that most East Asian

Americans, particularly those of Vietnamese descent had sig-
nificantly worse survival (RR 2.4; 95% CI 1.5, 4.0), with the
exception of Chinese patients [11]. These nuanced findings
among patients of Asian ancestry highlight the heterogeneity
within racial groups and the impact of grouping dissimilar
patients into a single category. Similar patterns of survival
disparities were observed using population-based data from
the California Cancer Registry (CCR): increased hazard of
death among Black (by 57%), Hispanic (by 38%), and Asian
children (by 33%) compared with White children [12•]. In the
context of the Dana-Farber Cancer Institute (DFCI) ALL
Consortium, Hispanic patients had significantly worse event-
free survival (EFS) (HR 1.7; 95% CI 0.9, 2.9) and overall
survival (OS) (HR 1.6; 95% CI 1.1, 2.5) than non-Hispanic
patients [13], suggesting that Hispanic patients have a higher
risk of relapse than their non-Hispanic White counterparts.

The increased relapse risk among Hispanic patients has
been partially attributed to the high Native American genetic
ancestry among self-reported Hispanics. Independent of
known prognostic factors, including minimal residual disease,
Native American genetic ancestry was associated with the
cumulative incidence of ALL relapse [14]. The inclusion of
the delayed intensification phase of therapy abrogated this
increased risk of relapse among those with greater than 10%
Native American genetic ancestry, suggesting ethnicity-
related genetic variation could be incorporated into the risk-
adapted approach to chemotherapy that has already been quite
successful in improving leukemia outcomes over time [14].

In a meta-analysis, Petridou et al. [15••] found that children
with ALL from low SES families suffered nearly twofold
higher death rates (pooled RR, 1.8; 95% CI 1.0, 3.3). When
SES was evaluated using area-level indices, the risk of death
was also higher among children living in lower SES areas (RR
ranged from 1.2 to 1.3) [15••]. Within the California Cancer
Registry, ALL patients residing in the lowest SES neighbor-
hoods at diagnosis had a 39% increased risk of death relative

Table 1 Potential axes, mechanisms, and interventions of leukemia health disparities

Detecting along Axes Understanding Etiologies/Mechanisms Reducing through Interventions

Race
Ethnicity

Socioeconomic Status
Insurance

Age

Rurality
Regional
National

Leukemia genomics
Pharmacogenetics/Chemotherapy metabolism
Baseline body mass index (BMI)/obesity/malnutrition
Biologic susceptibility to complications
Baseline comorbidities
Biologic response to toxic stress
Access to stem cell transplant (SCT)
Access to investigational agents
Clinical trial enrollment
Adherence
Distance to care
Treatment site
Chemotherapy regimen/Supportive Care

Risk-based cancer therapy
Dose-adjusted chemotherapy
Proactive nutritional support

Personalized supportive care
Support for stable housing/food
Use of alternative SCT donors
Universal health insurance
Parent/patient education
Behavioral economics
Support for transportation
Strengthen referrals
International cooperative trials
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to those living in higher SES neighborhoods [12•]. On DFCI
ALL Consortium trials, OS among children living in high-
poverty zip codes (85%) was significantly lower compared
to children living in low-poverty zip codes (92%). In addition,
children living in high-poverty zip codes (13%) more fre-
quently experienced early relapse than those from low-
poverty zip codes (6%) [16]. Given the known poor prognosis
associated with early relapse relative late relapse, the in-
creased frequency of early relapse likely partially explains
the poverty-related disparity in overall survival.

In addition to race, ethnicity, and socioeconomic status, the
hospital where an ALL patient receives treatment has been
shown to impact mortality. Receiving cancer care outside of
a Comprehensive Cancer Center (CCC) or Children’s
Oncology Group (COG) site was associated with inferior sur-
vival among adolescents (HR 1.9; 95% CI 1.2, 1.8) in Los
Angeles County relative to younger children who received
care at a CCC/COG site [17•]. Notably, some of the well-
documented inferior survival among adolescents was mitigat-
ed by treatment at a specialized cancer center. The role that
access to comprehensive cancer care plays was further sub-
stantiated in a study where overall survival among Black and
White children in SEER was compared with overall survival
at St. Jude Children’s Research Hospital (SJCRH). While
ALL overall survival disparities were present in SEER (82%
v. 89%, p < 0.01), the disparity between Black andWhite chil-
dren was narrower and not statistically significant at SJCRH
(89% v. 93%, p = 0.41) [18]. These findings suggest that with
equal access to effective risk-directed therapy and supportive
care, widely observed survival disparities can be lessened and
high cure rates can be achieved across racial groups.

In a study using a nationally representative cohort of chil-
dren’s hospitals, ALL induction mortality increased linearly
with hospital-wide proportion of patients with public insur-
ance (Spearman correlation ρ 0.36; p = 0.03) [19]. The mech-
anism by which hospital payer mix influences mortality is not
completely clear; perhaps, hospital payer mix reflects the de-
gree of at risk and vulnerable patients served or maybe it
correlates with the financial health of the hospital and the
resources available to provide patient care.

Acute Myeloid Leukemia (AML) As a less frequent form of
acute leukemia occurring in children and adolescents, survival
disparities in acute myeloid leukemia (AML) are less well
studied; nonetheless, racial and ethnic disparities in pediatric
acute myeloid leukemia have been consistently observed as
well. In Children’s Cancer Group (CCG) studies, inferior over-
all survival (OS) was observed among Black and Hispanic
children compared to White non-Hispanic children [20].
Using longitudinal cancer registry data from California, Black
patients were again shown to have inferior OS compared with
White patients (Hazard Ratio (HR) 1.3; 95% CI 1.1, 1.5) [21].

We evaluated early mortality in a national cohort and found
an increased risk of early death among Black patients (HR 2.8;
95% CI 1.2, 6.4). We also found that Black patients had a
significantly higher risk of intensive care unit (ICU)-level uti-
lization within the first 72 h after initial presentation (RR 1.5;
95%CI 1.0, 2.2). Sixty-one percent of the relative excess early
mortality among Black patients was mediated by acuity at
initial presentation [22•]. Following the initial course of induc-
tion chemotherapy, mortality and ICU-level utilization be-
tween Black and White patients on therapy is similar [23].

SEER data confirmed our findings that Black race was
associated with a higher risk of early mortality compared with
White race among patients with hematologic malignancies
(odds ratio (OR) 1.7; 95% CI 1.1, 2.5). These SEER data also
showed Hispanic children had a higher risk of early death
compared with non-Hispanic children (OR 1.5; 95% CI 1.1,
2.0) [24••]. The higher incidence of early mortality may con-
tribute to lower enrollment of Black patients onto clinical trials
[25]. On the most recent COG clinical trial for AML, we
found substantially reduced enrollment of Black patients
(RR 0.53; 95% CI 0.38, 0.74) relative to non-Hispanic
White patients; however, we did not identify any association
with on therapy mortality [25].

In evaluating county-level income using SEER data, disad-
vantaged patients were at increased risk for early mortality
(OR 1.5; 95% CI 1.1, 2.1) [24••]. Similarly among patients
in the California Cancer Registry, patients living in the lowest
SES neighborhoods had a significantly greater risk of early
mortality than patients living in the highest SES neighbor-
hoods (OR 1.6; 95% CI 1.1, 2.3) [21]. The CCR study also
demonstrated that uninsured patients had three times greater
risk of early mortality than privately insured patients [21].

End-of-Life Care

Children with hematologic malignancies were more than three
times as likely as patients with solid tumors to die in the hospital
and were twice as likely to receive high-intensity care at the end
of life [26].While this is not a disparity in itself (as the population
of patients with hematologic malignancies are not inherently
socially disadvantaged), the increased frequency of intense end-
of-life care among pediatric leukemia patients makes end-of-life
care of particular interest in leukemia patients. Black, Hispanic,
and Asian American patients were more likely to die in the
hospital relative to White patients. Conversely patients who live
more than 25 miles from the hospital were 36% less likely to die
in the hospital [26]. Among those that received stem cell trans-
plant (the majority of whom are leukemia patients), adolescents
(15–21 years) more frequently receive medically intense inter-
ventions relative to older adult patients [27]. Ideally, patients
should receive end-of-life care consistent with their expressed
wishes. More research is needed to understand if these
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differences in pediatric end-of-life care are concordant with fam-
ily goals [28].

Subsequent Neoplasm

Second malignant neoplasms are the leading cause of
nonrelapse-related late mortality after childhood cancer [29].
The incidence of subsequent neoplasms among Black pediat-
ric patients was lower than White pediatric patients [30••].
This difference was consistent with the lower rates of neo-
plasm among the Black population more generally.
Similarly, the cumulative incidence over 30 years of subse-
quent malignant neoplasm was higher among White non-
Hispanic patients (8.1%) than Black (5.1%) or Hispanic
(6.7%) cancer survivors [30••]. While these data are not spe-
cific to leukemia survivors, leukemia survivors do comprise
the largest component of the population evaluated.

Cardiotoxicity

Anthracyclines, such as doxorubicin, daunorubicin, and
mitoxantrone, are a mainstay of chemotherapy regimens for
acute leukemia. Furthermore, the risk of anthracycline
cardiotoxicity is higher in children than in adults, owing to
the developing heart muscle. Cardiovascular disease (CVD) is
the second leading cause of long-termmorbidity and mortality
among cancer survivors. Among cancer survivors, those with
a history of leukemia have the highest risk of developing CVD
(adjusted incidence rate ratio 4.2; 95% CI 1.7, 10.3) compared
to patients without cancer [31].

Among patients in survivorship care, Black patients were
nearly twice as likely to report cardiac conditions (RR 1.8;
95% CI 1.1, 2.7) [30••]. However, the risk of cardiac condi-
tions was attenuated after adjusting for cardiovascular risk
factors. Black patients with AML also had an 87% higher risk
of early-onset cardiotoxicity than White patients, much of
which was attributable to infection-associated cardiac effects
[32]. Importantly, early-onset cardiotoxicity was also associ-
ated with significantly reduced EFS and OS, suggesting that
dose adjustments due to toxicity may potentially contribute to
some of the known racial disparities in survival.

Other Complications and Health Conditions

Over the course of treatment, patients are exposed to a variety
of insults that cause organ and tissue damage. The kidneys are
vulnerable to nephrotoxic medications as well as injury fol-
lowing hypoperfusion from sepsis or heart failure. Within the
first year after a new diagnosis of AML, Black children were
significantly more likely to experience acute kidney failure
than White patients (HR 1.7; 95% CI 1.1, 2.6) [33]. We also
demonstrated that Black patients received significantly more
anti-hypertensive medications while on therapy (RR 2.3; 95%

CI 1.8, 2.9) [23] consistent with greater incidence of hyper-
tension in Black patients.

Using data from the Dana-Farber Cancer Institute ALL
Consortium, Hispanic patients less than 10 years of age were
shown to have a lower cumulative incidence of bone fracture
(HR 0.24; 95% CI 0.10–0.54). Likewise, among patients
greater than 10 years of age, the hazard of osteonecrosis was
significantly lower in Hispanic patients (HR 0.28; 95% CI
0.10–0.76) relative to non-Hispanic patients [13]. The lower
incidence of skeletal toxicity was attributed to reduced steroid
exposure. In another multi-institutional study, Hispanic chil-
dren were shown to have a greater risk of neurotoxicity sec-
ondary to methotrexate (HR 2.4; 95% CI 1.1, 5.6). These
patients had lower intrathecal methotrexate exposure as a re-
sult of neurotoxicity and this was associated with increased
relapse risk [34].

Two of three cancer survivors will develop a chronic health
condition [35]. Data from the Childhood Cancer Survivor
Study among survivors of at least 5 years (which were pre-
dominantly leukemia patients) showed that Black patients
have higher all-cause mortality (relative rate 1.4; 95% CI
1.1, 1.9). Notably, once SES was accounted for the racial
disparity resolved, suggesting that the disparity in all-cause
mortality operates more along the SES axis than the racial axis
[30••]. Higher prevalence of obesity and hypertension were
noted among the Black and Hispanic cancer survivors relative
to the White non-Hispanic patients. In addition, even after
accounting for obesity, Black and Hispanic patients had a
significantly increased risk of diabetes [30••]. To date, SES
has not been evaluated as an independent predictor of chronic
health conditions following leukemia survival.

Conclusions and Future Directions

According to the conceptual framework put forth by
Kilbourne et al. (adapted in Fig. 1) the first phase in disparities
research is detecting, describing, and measuring disparities
[7]. We are at a phase now where survival disparities in pedi-
atric acute leukemia are well recognized, although they remain
understudied in the rarer subtypes of leukemia, such as juve-
nile myelomonocytic leukemia (JMML). Leukemia dispar-
ities extend across the entire spectrum of care from initial
diagnosis throughout treatment to end-of-life care and survi-
vorship following therapy completion. Several of the compli-
cations associated with chemotherapy are more prevalent
among minority patients.

The field is just starting to venture into the second phase of
disparities research (Fig. 1), in which the determinants of the
disparities are identified. Most studies have focused on indi-
vidual patient/disease genomics or area-based SES as possible
etiologies. However, it is important to note that when incor-
porated into biomedical research, SES is inconsistently de-
fined between studies and often utilizes area-level data or
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composite measures [36]. The use of inconsistent definitions
makes comparison between studies difficult. Moreover, the
use of composite measures often inhibits identification of tar-
getable drivers of disparities.

The issue underlying these inconsistencies is that
individual-level socioeconomic data are rarely collected.
Perhaps more surprising, race and ethnicity are also still not
consistently collected or reported on clinical trials, in admin-
istrative data, or in electronic health records. In an analysis of
high profile clinical trials, 46% of trials that provided
race/ethnicity data reported only one or two racial/ethnic cat-
egories and only 1% reported differences in outcomes by
race/ethnicity [37]. As additional data emerge that link SES
to health-related outcomes, it is our hope that the prospective
collection of these data will become more common if for no
other reason than because race, ethnicity, and SES bear con-
sideration as important confounders in clinical studies.
Moreover, for clinicians to evaluate the generalizability of
clinical trial results to their patient population, the racial/
ethnic makeup of the population included in the trial is essen-
tial information. In addition, the omission of these data repre-
sents a lost opportunity to evaluate for the presence of dispar-
ities. Because much of race/ethnicity data is gathered from the
hospital medical record, ensuring that patients have the oppor-
tunity to self-report race and ethnicity is essential to accurate
race and ethnicity data.

Once self-reported race and ethnicity are effectively cap-
tured, studies to compare self-reported race/ethnicity with ge-
netic ancestry are an important part of teasing apart the com-
plex interactions between host biology and sociocultural and
environmental influences. Tying the details of the leukemia
biology into this mosaic will further help to elucidate the
source of observed outcome disparities.

Within pediatric oncology, relatively little has been done in
the third phase of disparities research (Fig. 1), which focuses on
reducing disparities through interventions. There are a few nota-
ble exceptions where ongoing efforts may eventually yield ap-
proaches that ameliorate existing disparities. For example, there
is a Children’s Oncology Group study (ACCL1033), which ran-
domized pediatric ALL patients to a comprehensive approach to
improve medication adherence [38], that enrolled almost 600
patients and closed to accrual in 2018. The intervention involves

an interactive multimedia educational program as well as a per-
sonalized mercaptopurine schedule and automated customized
text message reminders. Because there are documented dispar-
ities in non-adherence among vulnerable populations [39•], this
intervention has the potential to lessen existing survival dispar-
ities in pediatric ALL.

Another instance in which an ongoing COG study may pref-
erentially benefit minority patients is the Phase 2 study of
ruxolitinib in CRLF2-rearranged and/or JAK pathway-mutant
ALL (AALL1521) [40]. Philadelphia-like ALL with CRLF2
rearrangements is over-represented in self-reportedHispanic chil-
dren (35.3%) compared with non-Hispanic children (7.1%) [41].
A portion of the survival outcome disparities among
Hispanic patients with ALL is likely explained by this dif-
ference in leukemia biology. If ruxolitinib proves effective
in this setting, the component of the outcome disparity
attributable to these CRLF2 lesions will be ameliorated.
This study is currently ongoing and its results are much
anticipated as a solution for this chemotherapy-resistant
and often refractory leukemia.

Advances in the use of alternative donor sources for stem
cell transplant, such as cord blood transplants and
haploidentical stem cell transplants [42], have made stem
cell transplant a viable option for almost all patients, includ-
ing racial and ethnic minorities who may not have an HLA-
matched related or unrelated donor available [43]. If access
to stem cell transplant mediates some of the racial and eth-
nic disparities seen in pediatric leukemia, these technical
advances may help to resolve differential access to trans-
plant, thereby decreasing leukemia outcome disparities.

Over the last several years, we have seen major advances in
the treatment of pediatric ALL with the advent of chimeric
antigen receptor (CAR) T cells directed against CD19 [44]
and use of antibody-mediated immunotherapies, such as
blinatumomab [45, 46] and inotuzumab [47, 48]. Our ability
to salvage patients following ALL relapse has substantially
improved as a result. With higher rates of relapse in minority
and socioeconomically disadvantaged populations, specific at-
tention should be directed at equitable access to these novel
therapies. To date, no studies dedicated to evaluating the distri-
bution of these novel therapeutic approaches have been
conducted.

Detecting
defining and 

measuring 

health disparities

•Examples:

•Ethnic disparities in ALL 

survival

•Racial disparities in AML 

survival

Understanding
identifying 

mechanisms of 

health disparities

•Examples: 

•Presence of high risk 

biologic features

•Decreased access to stem 

cell transplant 

Reducing
evaluating 

interventions for 

health disparities

•Examples: 

•Dose adjustments for genetic 

polymorphisms

•Education and reminders to 

improve adherence 

Fig. 1 Three sequential phases of
health disparities research, each
informing the subsequent phase,
based on the conceptual
framework from Kilbourne and
colleagues [7]
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With FDA approval, Kymriah® (tisagenlecleucel) is
available at a subset of centers that have been designated
as well-equipped to manage the complexities of cytokine
release syndrome (CRS). This regionalized care model
combined with the high costs associated with obtaining
and administering the CAR T cell product commercially
risk widening disparities as insurance and treating hospi-
tal determine who has access to therapy among the pop-
ulation of patients with relapsed leukemia. The difference
in the cost of administering this complex therapy from
the amount reimbursed by insurance, particularly among
Medicaid-insured patients, often falls to treating hospitals
[49]. As a result, hospitals that serve largely Medicaid-
insured populations may face difficulties in sustainably
providing tisagenlecleucel. Such differences in treatment
availability force patients to be referred to the specialized
centers that are able to provide these advanced therapies,
requiring them to travel from their home institution and
remain away from home and work for an extended peri-
od. While programs that offer financial assistance for
travel are in place, the benefits of specialized and expen-
sive therapies may remain elusive to those patients who
are unable to travel due to other non-financial barriers
such as employment, family structure, or immigration
status, thus further widening disparities for these patients.

While striving towards generating evidence on how to
reduce disparities on a broader scale with system-wide
interventions, each healthcare provider can work towards
recognizing and reducing disparities at the individual pa-
tient level. Data shows that implicit bias among oncolo-
gists leads to shorter patient interactions and less support-
ive and patient-centered communication. These interac-
tions were associated with less patient confidence and
more difficulty with adherence to oncologists’ recommen-
dations [50]. It is likely that these adult data also extend
into the pediatric realm [51]. As clinicians, being aware of
our own implicit biases, how they impact patients and
their care, and taking steps to reduce unconscious biases
are a concrete approach we can each take to improve care
and lessen disparities.

There are a variety of angles from which to work on
leukemia disparities: describing them using population-
based cohorts, delving into their etiology at the institu-
tional or societal level, or attempting to address them
through interventions at the biologic, patient, or provider
level. In any of these forms, applying a disparities lens to
the full spectrum of work we do on leukemia will allow us
to eventually improve care across diverse patient popula-
tions and promote health equity.
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