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Abstract

Background: Previous studies identified racial and ethnic disparities in childhood acute
lymphoblastic leukaemia (ALL) survival. We aimed to determine whether disparities persist in
contemporaneous cohorts and if present, are attributable to differences in leukemia biology or
insurance status.

Methods: Patients with newly diagnosed ALL, 0-30 years of age, enrolled on completed
Children’s Oncology Group (COG) trials between 2004-2019 were included (NCT00103285,
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NCTO00075725, NCT00408005, NCT01190930, NCT02883049, NCT02112916, NCT02828358,
NCTO00557193). Race/ethnicity was categorized as non-Hispanic White, Hispanic, non-Hispanic
Black, non-Hispanic Asian, and non-Hispanic Other. Event-free and overall survival (EFS, OS)
were compared across race/ethnicity. The relative contribution of clinical and biologic disease
prognosticators and insurance status was examined through multivariable regression models.

Findings: The cohort included 21,152 patients [11,849 (56-0%) male]. Non-Hispanic White
patients comprised the largest racial/ethnic group (13,872, 65:6%), followed by Hispanic (4,354,
20-6%) and non-Hispanic Black patients (1,517, 7-2%). Five-year EFS was 87:4% (95% ClI
86-7-88:0) among non-Hispanic White patients vs. 82-8% (95% CI 81.4-84-1) [HR 137, 95%
confidence interval (95CI) 1-26-1-49; p<0:0001] among Hispanic patients and 81-8% (95% ClI
79-3-84-0) (HR 1.45, 95CI 1.28-1.56; p<0-0001) among non-Hispanic Black patients. Inferior
EFS among Hispanic patients was substantially attenuated by disease prognosticators and
insurance status (HR decreased from 1-37 (p<0-0001) to 1-11 (p=0:045)). The increased risk
among non-Hispanic Black patients was minimally attenuated (HR 145 (p<0-0001) to 1-32
(p<0-0001)). Disparities in OS were wider than EFS. Disparities were restricted to B-ALL patients
as no differences in EFS or OS were seen in T-ALL based on race/ethnicity.

Interpretation: Substantial disparities in outcome for B-ALL persist by race and ethnicity, but
are not observed in T-ALL. Underlying mechanisms may vary between disadvantaged groups.
Future studies of relapsed patients, access to and quality of care, and other potential aspects of
structural racism are warranted to inform interventions aimed at dismantling racial and ethnic
disparities.

Funding: National Cancer Institute, St. Baldrick’s Foundation.

INTRODUCTION

Health disparities affecting racial, ethnic, and socioeconomically marginalized groups are
a major concern.! Prior analysis of children with acute lymphoblastic leukaemia (ALL),
the most common paediatric cancer, treated 20-40 years ago, demonstrated disparities
across racial, ethnic, and socioeconomic groups, finding inferior ALL survival among
Black and Hispanic children, and among children from low socioeconomic status (SES)
backgrounds.2:3 Event-free and overall survival (EFS, OS) for children and young adults
with ALL have improved significantly over the past 2030 years with optimization of
cytotoxic chemotherapy, and improved risk stratification based on advances in assessment
of minimal residual disease (MRD) and recognition of additional prognostic recurrent
cytogenetic lesions.* Whether inequities experienced by disadvantaged groups persist in
the current era despite overall improving outcomes is unknown.

Ethnicity and self-reported race are increasingly recognized as social constructs created
or imposed by societies and its systems, institutions, and laws, as opposed to biological
constructs which are linked to genetic ancestry.>6 Certain disease prognosticators, such
as high-risk leukaemia cytogenetics, are differentially distributed across racial and ethnic
groups, however they may be defined.” Previous authors have hypothesized that racial
and ethnic disparities in childhood ALL outcomes are mainly secondary to differences in
disease biology, SES, or both, but have neglected the role that these social constructs may
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independently play in outcomes.28-10 We therefore assembled a largely North American
contemporaneous cohort of children, adolescents, and young adults (CAYA) with ALL and
treated on clinical trials to determine whether racial and ethnic disparities in outcomes
persist with current therapy. We also attempted to determine the extent to which any
identified disparities were explained by traditional disease prognosticators or insurance
status. We hypothesized that disparities would exist in our cohort and that they would not be
fully explained by imbalances in disease prognosticators or insurance status.

Study Patients

Outcomes

Between January 1, 2004 and December 31, 2019, children (aged 0-14 years) and
adolescents and young adults (aged 15-30 years) with newly diagnosed ALL were eligible
for enrollment onto several Children’s Oncology Group (COG) clinical trials (Appendix

p 2). After enrollment onto common classification protocols (AALL03B1, AALL08B1,
APEC14B1), patients enrolled on trials for National Cancer Institute (NCI) standard risk
(SR) B-ALL [AALLO0331 and AALL0932: age >1 year and <10 years and initial white
blood cell count (WBC) <50,000/uL], NCI high risk (HR) B-ALL (AALL0232, AALL1131:
age 10-30 years or initial WBC =50,000/uL and any age), T-ALL (AALL0434, AALL1231:
age 1-30 years), or infant ALL (AALL0631, AALL15P1: B-ALL and age <1 year old).

All trials have completed, and details previously published.}1-15 Studies were approved by
the NCI, Pediatric Central Institutional Review Board (IRB), and/or IRB of participating
centres. Written informed consent and assent (if applicable) were obtained. As the analyses
in this manuscript represented secondary analyses of existing trial data, additional IRB
approval was not required. Trial data were frozen on June 30, 2021.

Induction therapy with either three [NCI SR B-ALL — Dexamethasone or Prednisone,
Vincristine, and Asparaginase], four [NCI HR B-ALL or T-ALL — addition of daunorubicin],
or five (infant ALL — addition of cytarabine) drugs was followed by post-induction therapy,
the intensity of which was dependent on risk stratification. The final phase of therapy
(Maintenance), comprised a prolonged period of antimetabolite-based oral chemotherapy
with pulses of vincristine and 5-days of corticosteroid, generally given every 4 weeks. The
duration of Maintenance therapy was sex-dependent, with non-infant boys receiving an
additional year. Though initial dosing of antimetabolites was based on body surface area

and pharmacogenomics, doses were adjusted over the course of treatment to meet a target
absolute neutrophil count (ANC) of 0-5-1-5 x10%/L.

All patients with race/ethnicity data were assessed for all primary and secondary outcomes.
Primary outcomes were EFS and OS. EFS was defined as time in years, from study
enrollment to first event [induction death, failure to attain complete remission, relapse,
remission death, or the development of a second malignant neoplasm (SMN)]. OS was
defined as the time from study enroliment to death from any cause. Patients were censored
at their dates of last follow-up, none of which were missing. Secondary outcomes included
relapse [overall and by site (isolated bone marrow, CNS, or testicular)], induction death
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(any death during Induction therapy), death in complete remission (any death after achieving
remission in the absence of disease relapse), and SMN. End-Induction MRD was both a
covariate for our primary outcomes (see below) and a secondary outcome.

The key predictor of interest was race/ethnicity, as determined from demographic case report
forms at the time of study enrollment. These forms provided a limited number of possible
categories of both race and ethnicity. Though self-report is now acknowledged as the ideal
way to collect race and ethnicity, it is unknown how many forms were completed through
self-report versus other methods. Race and ethnicity were combined and categorized as
non-Hispanic White, Hispanic, non-Hispanic Black, and non-Hispanic Asian. The remaining
categories (Native Hawaiian or other Pacific Islander, American Indian or Alaska Native,
multiple races) were combined as non-Hispanic Other given small sample sizes. Health
insurance status at the time of study enrollment was categorized as: US Medicaid only,

US private (comprising mainly those with private insurance and including those with both
Medicaid and private insurance or with military insurance) and International (universal
health insurance systems such as Canada, Australia, and New Zealand).

Various disease prognosticators were defined, including age and WBC at diagnosis, lineage
(B-ALL, T-ALL), central nervous system (CNS) status [CNS1 (no blasts) vs. CNS2 vs.
CNS3], and end-Induction MRD. Cytogenetics in B-ALL were categorized as favorable
(ETVE-RUNXI fusion or simultaneous trisomies of chromosomes 4, 10 and 17, later re-
defined as trisomies of chromosomes 4 and 10) vs. unfavorable (hypodiploidy with modal
chromosome number <44 and/or DNA index <0.81, intrachromosomal amplification of
chromosome 21 (iIAMP21), KMTZ2A rearrangements, or BCR-ABL 1 fusion) vs. neutral (all
others).

Differences in the distribution of covariates by race/ethnicity and insurance status were
examined using chi-squared tests or t-tests. Survival rates were estimated using the Kaplan-
Meier method with standard errors of Peto!®:17 and compared using log-rank tests. The
relative contribution of each of the three categories (race/ethnicity, insurance status, disease
prognosticators) was estimated using change-in-estimate approaches employing several
Cox proportional hazard models including different combinations of the categories. These
analyses were conducted for both EFS and OS for the overall cohort and stratified by B- vs.
T-ALL.

Cumulative incidence functions determined risk of secondary outcomes, including relapse
(with death and SMN treated as competing events), death in continuous remission (with
relapse and SMN treated as competing events); and SMN (death and relapse as competing
events). These cumulative incidences were compared between groups using Gray’s test.18
Median time to relapse was compared using t-tests.

Prognosticators in acute leukemia are based on analyses of past cohorts comprising
mainly non-Hispanic white patients, which may or may not hold the same prognostic
value in other populations, as has been seen in adult acute myeloid leukemia.1® The
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prognostic significance of disease characteristics across race/ethnicity was thus determined
by stratifying multivariable Cox proportional hazard models of EFS and OS by each racial/
ethnic group. Logistic regression analyses determined the association of race/ethnicity and
insurance status with end of Induction MRD [positive (=0-01%) vs. negative (<0:01%)],
adjusting for all disease prognosticators. Statistical significance was defined as p<0-05. As
the number of patients was determined by number participating in each included trial, no
sample size calculation was performed. Analyses were performed using SAS® software
(version 9-4; SAS Institute, Cary, NC). Graphics were generated using R (http://www.R-
project.org, version 2:13-1).

Role of Funding Source

The funding source played no role in study design, the collection, analyses, and
interpretation of data, the writing of the report, or the decision to submit.

RESULTS

Of 24,979 eligible CAYA with ALL, 21,152 (84-6%) had race/ethnicity data available
(Appendix p 1,3). Characteristics of the final study cohort are shown in Table 1. Non-
Hispanic White patients comprised the largest racial/ethnic group (13,872, 65-6%), followed
by Hispanic (4,354, 20-6%) and non-Hispanic Black patients (1,517, 7-2%). Hispanic

and non-Hispanic Black patients comprised 2:4% (57/2,377) and 1.7% (41/2,377) of
International patients respectively, versus 22-9% (4,297/18,775) and 7-9% (1,476/18,775)

of US patients (p<0-0001). Of the study cohort, 1,350 (6-4%) were from Canada, 586 (2-8%)
from Australia, and 241 (1-1%) from New Zealand. Excepting sex, disease prognosticators
were differentially distributed across race/ethnicity (Table 1). T-ALL accounted for 17-6%
(253/1,1517), 9-4% (1,238/13,872), and 6:6% (264/4,354) of cases among non-Hispanic
Black, non-Hispanic White, and Hispanic patients, respectively (p<0:0001). Insurance
status also varied by race/ethnicity; half (2,178/4,354) of Hispanic and non-Hispanic

Black (741/1,517) children were insured by Medicaid, versus 18-6% (2,584/13,872) of
non-Hispanic White children (p<0-0001). The median follow up for the cohort was 6.3 years
[interquartile range (IQR) 4.1-9.1 years].

EFS and OS differed across racial/ethnic groups (Figure 1, Table 2). Non-Hispanic White
and non-Hispanic Asian patients (N=1,071; 5-1%) experienced the best outcomes (5-year
EFS 87-4% (95% CI 86-7-88:0) and 88:1% (95% CI 85-5-90-3) respectively). Inferior
outcomes were seen among the remaining groups (Hispanic: 82:8% (95% CI 81-4-84-1)
non-Hispanic Black 81-8% (95% CI 79-3-84-0) non-Hispanic Other 82:8% (95% CI 76-4—
87-6) ; p<0-0001). Similar patterns were seen in 5-year OS, with superior survival seen

in non-Hispanic White and non-Hispanic Asian patients (93:3% (95% CI 92.8-93.7) and
93:6% (95% CI 91:5-95-1) ) and inferior survival seen in Hispanic (89-9% (95% CI
88:7-90-9) ), non-Hispanic Black (89:7% (95% CI 87-6-91-4) ) and non-Hispanic Other
(88-9% (95% CI 83-2-92-7) patients (p<0-0001). The number of specific events and their
distribution across racial/ethnic group is shown in the Appendix (p. 3,4). Stratification by
lineage revealed that racial/ethnic-based disparities were restricted to patients with B-ALL.
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EFS and OS were inferior in T- vs. B-ALL, but notably there were no significant differences
in EFS or OS among different racial/ethnic groups of T-ALL patients (Figure 1, Table 2).

Five-year EFS was highest in International patients (89-0% (95% CI 87-7-90-2) ) and lowest
among US patients with Medicaid (83:1% (95% CI 82:0-84-2) ) while those US patients
with other types of insurance (mainly private) had intermediate outcomes (86-3% (95% CI
85:6-86-9) ) (p<0-0001). The same pattern was seen in 5-year OS (International 95:0 (95%
Cl 94-0-95:8)) vs. 92:5% (95% CI 91.9-92-9) vs. US Medicaid 90-2% (95% CI 89-4-91.1)
p<0-0001). When stratified by B- vs. T-ALL, disparities were again restricted to patients
with B-ALL and not seen among T-ALL patients (Table 2).

Appendix p 6 shows the results of multivariable models of EFS and OS including different
combinations of race/ethnicity, insurance status, and disease prognosticators among the
full cohort. Patterns of attenuation varied by race/ethnicity. The increased risk of an event
experienced by Hispanic patients [hazard ratio (HR) 1-37, 95™ confidence interval (95CI)
1.26-1-49; p<0-0001) was partially attenuated by adjusting for disease prognosticators

[ adjusted HR (aHR) 117, 95CI 1-06-1-29; p<0-0001) or insurance status (aHR 1-30,

95CI 1-19-1-42; p<0:0001), and largely attenuated by both (aHR 1-11, 95CI 1.00-1-22;
p=0-045). In contrast, the increased risk experienced by non-Hispanic Black patients was
only minimally attenuated by adjusting for insurance status and disease prognosticators,
decreasing from a HR of 1.45 (95CI 1.28-1-65; p<0-0001) to 1-32 (95CI 1-14-1-52;
p<0-0001). Across racial/ethnic groups experiencing inferior outcomes, disparities in OS
exceeded those in EFS. This was particularly notable among patients categorized as non-
Hispanic Other (N=338), with an adjusted HR in EFS of 1-33 (95CI 0-98-1-79; p=0:068)
but an adjusted HR in OS of 1.77 (95CI 1.21-2.59; p=0-0030). Patterns of attenuation in
OS were similar to those seen in EFS (Appendix p 6). The above patterns of disparities
and attenuation were restricted to B-ALL patients (Table 3) and not observed in T-ALL
(Appendix p 7). Among non-Hispanic Black B-ALL patients, the unadjusted EFS risk

(HR 1-55, 95CI 1-34-1.79; p<0-001) decreased only minimally when adjusted for disease
prognosticators and insurance status (HR 146, 95CI 1.24-1-71; p<0-001). By contrast,
among non-Hispanic Black T-ALL patients, the lack of any increased EFS risk seen

in unadjusted analyses (HR 1-00, 95CI 0-73-1-37; p=0-99) remained unchanged after
adjustment (HR 096, 95CI 0-69-1-34; p=0-81). Similarly, in contrast to those with B-ALL,
Hispanic children with T-ALL showed equivalent EFS to non-Hispanic White children in
both unadjusted (HR 0-86, 95CI 0-62-1-19; p=0-37) and adjusted (aHR 0-87, 95CI 0-61—
1.23; p=0-81) analyses. Among B-ALL patients, Hispanic, non-Hispanic Black, and non-
Hispanic Other patients experienced higher cumulative incidences of relapse, isolated bone
marrow relapse, relapses involving the CNS, testicular relapse, and death in remission (Table
4). Relapses in these three ethnic/racial groups occurred earlier than in non-Hispanic White
or non-Hispanic Asian patients (Table 4 and Appendix p 8). The proportion of relapses
occurring late (>36 months from diagnosis) was 50-3% (557/1,107), 39-9% (173/434), and
34-4% (57/166) among non-Hispanic White, Hispanic, and non-Hispanic Black children
respectively (p<0-0001). The risk of Induction failure did not statistically significantly differ
by race/ethnicity, though a non-significant higher rate was seen among non-Hispanic Other
patients. No differences in specific causes of treatment failure were seen in T-ALL. As
expected, the median [Q1-Q3] time to relapse was shorter in T-ALL (425 days [257-825])
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than B-ALL (1018 days [588-1449], p<0-0001), but there was no significant difference in
median time to relapse among different racial/ethnic groups in T-ALL.

The association of disease prognosticators with EFS was relatively constant across race/
ethnicity (Appendix p 9-10). Univariate and multivariable predictors of end-Induction MRD
positivity (=0-01%) are shown in Appendix p 11. When adjusted for other prognosticators
and insurance status, among B-ALL patients and relative to non-Hispanic White patients,
non-Hispanic Other children were more likely to be MRD-positive [adjusted odds ratio
(aOR) 1-38, 95CI 1-0-1-8; p=0-031], Hispanic children were at no increased risk, and non-
Hispanic Black children were less likely to be MRD-positive (aOR 0-81, 95CI 0-69-0-95;
p=0-011). Among T-ALL patients, only non-Hispanic Black children were at increased risk
of being end-Induction MRD-positive (aOR 147, 95CI 1-1-2-0; p=0-0090).

DISCUSSION

We found substantial outcome disparities by race/ethnicity not fully explained by
imbalances in traditional disease prognosticators or insurance status. Patterns of attenuation
varied between racial/ethnic groups. Disparities were restricted to patients with B-ALL, and
disparities were greater in OS than in EFS.

Racial and ethnic disparities in cancer outcomes have been variably attributed to differences
in tumour biology, chemotherapy metabolism, comorbidities, adherence, clinical trial
enrollment, and access and/or structural barriers to care.20 In an analysis of 8,447 children
on ALL clinical trials between 1983-1995, Black and Hispanic patients were at 30-40%
increased risk of an event even when adjusted for disease prognosticators.? Interestingly, in
a subgroup analysis, the increased risk seen among Black children persisted when adjusted
for parental education and household income, while that of Hispanic children did not.2 A
subsequent analysis from St. Jude Children’s Research Hospital found that while Black
children in SEER registries experienced inferior survival compared to White children, those
at St. Jude did not, leading to the conclusion that “access to comprehensive treatment” may
eliminate racial disparities.8 This study was limited by relatively small sample sizes (908
ALL patients, 158 of whom were Black), did not adjust for other prognosticators, likely
prone to selection bias, and of uncertain generalizability. Finally, Hunger et al. showed that
while outcomes for all racial and ethnic groups with ALL enrolled in COG trials improved
between 1990-2005, disparities between groups persisted.3 In our contemporaneous and
clinically annotated cohort, the largest assembled for this purpose, substantial outcome
differences by race/ethnicity persist. This was particularly notable among Hispanic (aHR
1.11; p=0:045) and non-Hispanic Black (aHR 1-32; p<0-0001) patients. It is possible that
residual mediation by disease biology or SES exists despite accounting for multiple disease
prognosticators and for insurance status. For example, we did not have data on the presence
of Ph-like ALL, a high-risk subtype of B-ALL more prevalent among Hispanic children.”
Importantly, Ph-like and other high-risk subtypes of ALL are associated with traditional
adverse outcome predictors (e.g. high WBC, high end-Induction MRD).2! Adjusting for
these prognosticators thus partially accounts for unmeasured genetic subtypes that manifest
as higher risk disease. This may explain why adjustment led to partial attenuation of

risk among Hispanic patients (HR 1-37 (p<0-0001) to 1-11 (p=0-045)). This pattern of
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attenuation was not seen in non-Hispanic Black patients, suggesting that despite traditional
disease factors having prognostic value among such patients as seen in Appendix p 9, other
factors are responsible for their inferior outcomes. Indeed, when adjusted for other disease
prognosticators, non-Hispanic Black children with B-ALL were more likely to be MRD-
negative at end-Induction than non-Hispanic White children. Comorbidities potentially
associated with outcome and difference in pharmacogenomics were also unmeasured may
account for a portion of the disparities still observed. As insurance status is an imperfect
proxy of SES, residual mediation by other social determinants of health almost certainly
play a role. Collecting modifiable measures of SES that provide targets for interventions
would be of significant benefit.

An important mechanism relates to differences in access to and quality of care across race
and ethnicity, which have been demonstrated in general and subspecialty pediatrics,22-23 and
adult oncology,24:25 but are relatively unstudied in childhood leukaemia. While treated on
clinical trials at centres offering specialized care, there may still have been differences in
standardized diagnostic workups, time to treatment initiation, provision of family education,
time spent with providers, and supportive care.28 Research focused on racial and ethnic
disparities in these metrics is warranted. Indeed, the extent to which and how care provided
by childhood cancer institutions systematically differs by race or ethnicity, often termed
structural or implicit racism, is an area in urgent need of further investigation to identify
solutions and interventions aimed at redressing such differences.

In addition to describing race/ethnicity-based disparities, some of our findings implicate
specific underlying mechanisms worthy of further study and which may serve as targets
for future interventions. First, our finding that disparities were restricted to B-ALL is
surprising given that treatment for B- and T-ALL are similar and delivered by the

same institutions.11:12 As cytogenetic risk stratification of T-ALL lags B-ALL, disparities
may be obscured if, for example, unknown favorable cytogenetic subgroups of T-ALL
occur more frequently among Hispanic or non-Hispanic Black patients. Alternatively, this
finding may indicate that a focus on mechanisms at play during Maintenance may be
fruitful. The median time to relapse is 58% shorter in T-ALL than in B-ALL, suggesting
that Maintenance may play a more important role in children with B-lineage disease;
Maintenance-related mechanisms causing outcome disparities would thus be more relevant
to B vs. T-ALL.12 Rates of non-adherence with Maintenance antimetabolite therapy are
associated with relapse, though its contribution to overall race and ethnicity-based disparities
is unknown.27 Care received during Maintenance (e.g. frequency, duration, and content of
Maintenance visits, patterns of dose modification of antimetabolite therapy, achievement
of target neutrophil ranges) may differ by race and ethnicity with consequent impact on
outcome. Another intriguing consideration is whether the neutrophil ranges targeted during
Maintenance are appropriate for all children. Baseline neutrophil levels vary by race, with
Black persons having lower baseline levels.28 Therapy interruptions for low ANC may
thus be more frequent and consequential in this group, a form of implicit bias created

by guidelines based on normative values from majority populations. Future studies should
examine all of these possibilities and how they may interact with findings of increased rates
of and earlier timing of relapses in Hispanic and non-Hispanic Black patients.
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Second, our finding of wider disparities in OS vs. EFS is uncommon among ALL risk
factors, but is seen in other childhood cancers. Bona et al. found that children with high-risk
neuroblastoma exposed to poverty experienced inferior EFS (HR 1-9) with a wider disparity
in OS (HR 2-8).29 In ALL, this may in part be due to earlier relapses, seen in our and other
cohorts, which are associated with worse prognosis,3° or with differences in cytogenetic risk
profiles. However, disparities in access to novel immunotherapies and early phase clinical
trials may also play a role and are worth of investigation. Concerningly, recent evidence
noted that Black children had received more lines of prior therapy than White children prior
to chimeric antigen receptor T-cell therapy, implying that lack of access may be relevant.3!
Interestingly, these recent immunotherapies target B and not T-ALL, offering an additional
possible mechanism for our findings of survival disparities in the former and not the latter.

Study strengths include the large cohort of uniformly treated children and availability of
detailed clinical data. Beyond those mentioned above, additional limitations merit note.
First, race and ethnicity data were missing in 15% of patients. Though outcomes were
similar, the distribution of race and ethnicity among included and excluded patients may be
different. Barriers to either clinical trial enrolment or to accurate reporting of demographics
that vary by race and ethnicity limit our understanding of the full spectrum of disease and
outcomes across the population. Second, race and ethnicity were obtained from demographic
forms completed at the time of diagnosis. Though ideally obtained directly from patients
and families, it is possible that other methods may have been used, including chart
abstraction or the perception of the person completing the form. Despite this heterogeneity,
we demonstrated significant differences in outcome. Studies evaluating genetic ancestry

in childhood ALL have also demonstrated disparities in outcome.32 Given this challenge,
efforts within COG are underway to improve the quality of race and ethnicity data
collection. Third, though our distribution of race/ethnicity reflects that seen in population-
based registries,33 patients enrolled on clinical trials may not be representative of the general
population in other ways. Disparities in the broader population of children with ALL treated
outside the setting of a clinical trial may well be wider than those seen in our cohort.

Fourth, though children classified as non-Hispanic Other also had substantially inferior
outcomes, this population represents a heterogenous group of patients including Pacific
Islanders, Indigenous populations, and patients of multi-racial backgrounds. Similarly, other
categories also represent relatively crude groupings of heterogeneous populations. Further
study of these smaller groups is required. Fifth, categorization of both insurance status and
of race/ethnicity may have been less relevant to international populations. For example,
Indigenous and First Nations populations in Canada, Australia, and New Zealand are likely
poorly captured using current classifications. Discussions are ongoing on how to improve
collection of relevant race and ethnicity data on COG trials going forward. Finally, we did
not adjust for multiple comparisons.

In conclusion, disparities in ALL outcomes continue to exist across racial and ethnic
groups, with Hispanic and non-Hispanic Black children experiencing inferior outcomes.
These disparities are not fully explained by insurance status or disease biology, are
restricted to patients with B-ALL, and are wider in OS than in EFS. Future research
elucidating the mechanisms underlying these disparities should include studies of access to
and quality of care, particularly during Maintenance therapy and among relapsed patients.
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A comprehensive understanding of race and ethnicity-based disparities will however also
require minimizing barriers to clinical trial enrolment, collecting detailed and accurate
demographic and socioeconomic data, and treatment guidelines that are proven to be
relevant across populations. Together, these steps will ultimately allow the design of
interventions that strive to eradicate racial and ethnic differences in outcome.
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RESEARCH IN CONTEXT
Evidence before this study

We searched Ovid Medline from database inception to January 15, 2022 for studies

on childhood (“child”) “acute lymphoblastic leukaemia” (ALL) which included as key
terms “race” or “ethnicity”. We noted several studies which had previously documented
race and ethnicity-based disparities in ALL outcomes that had variously attributed these
disparities to imbalances in other disease prognosticators or socioeconomic status. The
largest studies were conducted on patients treated 15 years ago or earlier.

Added value of this study

Using a cohort of over 21,000 contemporaneously treated patients, we showed that
previously noted race and ethnicity-based disparities continue to persist in the current
treatment era. Some of our findings also suggest specific mechanisms that may underlie
these disparities not previously noted in the ALL literature. For example, wider
disparities in overall vs. event-free survival suggest that mechanisms related to access

to or quality of treatments for relapsed disease are important. In addition, we showed
that disparities were restricted to patients with B-ALL and were not seen in patients with
T-ALL, a novel finding that suggests that mechanisms related to the care received during
the Maintenance phase of therapy are important in explaining outcome disparities given
the larger role of Maintenance in B-ALL.

Implications of all the available evidence

Our findings combined with the previous literature show that racial and ethnic disparities
in ALL outcomes persist in the current era. Specific mechanisms implicated by our
findings should be the target of future studies that ultimately aim to inform targeted
interventions to eliminate disparities in outcome.
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Figure 1.

Event-free and overall survival by race and ethnicity, overall and stratified by B vs. T-ALL
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Table 3.

Multivariable models of event-free and overall survival among patients with B-ALL

Model 1 Model 2 Model 3 Model 4

Race/Ethnicity, Insurance

Race/Ethnicity and Disease Race/Ethnicity and

1duosnuey Joyiny

1duosnuen Joyiny

Race/Ethnicity

Prognosticators

Insurance Status

Status, and Disease
Prognosticators

Event-Free Survival

Non-Hispanic White

Ref

Ref

Ref

Ref

Hispanic

1.41

1.21

1.36

1.13

1.29-1.55 (p<0-001)

1.79-2:28 (p<0-001)

1.22-1.51 (p<0-001)

101-1-25 (p=0-030)

Non-Hispanic Black

1.55

1.55

1.53

1.46

1:34-1.79 (p<0-001)

1:33-181 (p<0-001)

130-1.79 (p<0-001)

1.24-1.71 (p<0-001)

Non-Hispanic Asian 094 1.04 1.00 1.06
0-77-1-14 (p=0-52) 0-84-1-28 (p=0-73) 0-81-1-24 (p=0-99) 0-86-1-31 (p=0-60)
Non-Hispanic Other 1.39 1.3 1.39 1.31

1:03-1-88 (p=0-030)

0-93-1.81 (p=0-13)

1.00-1-93 (p=0-053)

0-94-1.82 (p=0-12)

Overall Survival

Non-Hispanic White

Ref

Ref

Ref

Ref

Hispanic

1.56

1.36

1.52

1.22

1:38-1.77 (p<0-001)

1-18-156 (p<0-001)

1:32-1.75 (p<0-001)

1.06-1-41 (p=0-0070)

Non-Hispanic Black

1.7

177

1.74

1.62

1-41-2.06 (p<0-001)

1-44-2.18 (p<0-001)

141-2.15 (p<0-001)

1:31-2.01 (p<0-001)

Non-Hispanic Asian

1.00

1.09

11

1.12

0.77-1:31 (p=1.00)

0-81-1.46 (p=0-59)

0-82-1-48 (p=0-54)

0-83-1.51 (p=0-47)

Non-Hispanic Other

1.88

1.86

1.94

1.94

1:31-2:69 (p=0-0010)

1.23-2:82 (p=0-0040)

1.28-2.94 (p=0-0020)

1.27-2.95 (p=0-0020)

*
Numbers represent hazard ratios and gsth percentile confidence intervals. Bolded values represent p<0.05

1duosnuey Joyiny

1duosnuep Joyiny

Models including “Disease Prognosticators” included age (<1 year vs. 1-4 vs. 5-9 vs. 10-14 vs. >15), sex, white blood cell count (<50 vs. =50),
central nervous system status (CNS1 vs. CNS2 vs. CNS3), cytogenetics (favorable vs. neutral vs. unfavorable), and end-Induction minimal residual
disease (<0.01% vs. 0.01-<0.1 vs. 0.1-<1 vs. 1)
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