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Abstract

Racial and ethnic inequities in survival persist for children with acute lymphoblastic leukemia
(ALL). In the US, there are strong associations between SES, race/ethnicity, and place of
residence. This is evidenced by ethnic enclaves: neighborhoods with high concentrations of ethnic
residents, immigrants, and language isolation. The Latinx enclave index (LEI) can be used to
investigate how residence in a Latinx enclave is associated with health outcomes. We studied

the association between LEI score and minimal residual disease (MRD) in 142 pediatric ALL
patients treated at Texas Children’s Hospital. LEI score was associated with end-induction MRD
positivity (OR per unit increase 1.63, Cl 1.12-2.46). There was also a significant trend towards
increased odds of MRD positivity among children living in areas with the highest enclave index
scores. MRD positivity at end of induction is associated with higher incidence of relapse and
lower overall survival among children with ALL; future studies are needed to elucidate the exact
causes of these findings and to improve ALL outcomes among children residing within Latinx
enclaves.
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Introduction

Methods

Acute lymphaoblastic leukemia (ALL) remains a leading cause of cancer death in children
and adolescents.2:2 ALL is a cancer with well-described ethnic inequities; in particular,
Latinx children bear the dual burden of higher incidence and poorer prognosis, relative

to other groups.3 Delavar et al3, for example, showed that Latinx pediatric patients had a
1.6-fold increased hazard of death relative to non-Latinx White patients for high-survival
cancers such as ALL. It is unclear to what extent these inequities stem from biological
factors, social-environmental factors, or a combination of the two, but our group and others
have shown an association between low neighborhood socioeconomic status (SES) and
worse overall survival (OS) for pediatric ALL patients.2-14

In the US, there are strong associations between SES, race/ethnicity, and place of residence.
This is evidenced by the existence of clear clusters of high/low SES neighborhoods

as well as ethnic enclaves: neighborhoods with high concentrations of ethnic residents,
immigrants, and language isolation. The Latinx enclave index (LEI), based on factors such
as the proportion of residents in a neighborhood who are Latinx, foreign born, and recent
immigrants, has been widely used to investigate how residence in a Latinx enclave affects
health outcomes.15-25 However, no studies have evaluated the effect of residence in a Latinx
enclave and outcomes for children with ALL. The primary objective of this study was

to determine whether there is an association between residence in a Latinx enclave and
end-induction MRD positivity, a strong predictor of relapse and overall survival in childhood
ALL.%6

Study Population and Design

This was an IRB-approved, single-center, retrospective study of individuals diagnosed with
B-cell ALL at Texas Children’s Hospital between 2007-2018 who were less than 18 years
of age at the time of diagnosis (N=142). This population was previously described by our
group.12 Notably, it was purposefully enriched for MRD-positive individuals. Patients were
enrolled in and treated according to the Children’s Oncology Group (COG) frontline ALL
trials as indicated for their disease type and National Cancer Institute (NCI) risk group. Race
and ethnicity were self-reported and categorized as non-Latinx White, non-Latinx Black,
Latinx, or other Non-Latinx/unknown. The primary study outcome was end-induction MRD
status, defined as =0.01% leukemic blasts detected in bone marrow by flow cytometry at day
29 of therapy.

Latinx Enclave Designation

Methods for calculating Latinx enclave index scores have previously been described in
detail.2” Briefly, we computed LEI scores for each patient by principal components analysis
(PCA) of the following U.S. Census and American Community Survey data elements:
percent of residents who are Hispanic in the individual’s census tract, percent who are
Hispanic and foreign born, percent households that are linguistically isolated, and percent of
Spanish language-speaking households that are linguistically isolated. Linguistically isolated
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households are those in which all members in a household aged =14 years speak a non-
English language and speak English less than “very well”. Each individual’s transformed
LEI score was then assigned to a quartile, based on the distribution of scores for all census
tracts in Texas: lowest (LEI-1), lower-middle (LEI-2), higher-middle (LEI-3), and highest
(LEI-4). A higher LEI score means that the individual lives in a more ethnically distinct
neighborhood (i.e. an “ethnic enclave”).

Statistical Analysis

Results

To assess potential demographic differences by quartile of LEI score, chi-squared tests
and Fisher’s exact test were used. We conducted both crude and adjusted logistic
regression analysis to estimate the odds ratio (OR) of MRD positivity according to LEI
score. The lowest quartile (LEI-1: non-enclave) was used as the referent. All statistical
analyses were conducted in R v3.6.0 (R Foundation; Vienna, Austria). For all tests,
p-values < 0.05 were considered statistically significant. The following variables were
included in adjusted logistic regression analyses: sex (male, female), weight (overweight/
obese vs. not), age at diagnosis, unfavorable cytogenetics (defined as BCR-ABL 1 fusion,
KMTZ2A rearrangement, hypodiploidy, or intrachromosomal amplification of chromosome
21 [IAMP21] at diagnosis), and NCI risk group (standard, high).

Patient Demographics

Information on the 142 patients included in the analysis are presented in Table 1. A majority
of the population was male (58.5%), and 62% of the population identified as Latinx.

The proportions of NCI high risk and MRD-positive patients were also high (44.4% and
37.3%, respectively). The distribution of LEI scores skewed toward the higher quartiles.
When assessing the demographic differences between MRD-negative and MRD-positive
groups, there were no statistically significant differences except by NCI risk category and
age at diagnosis (Table 1). NCI high risk status was significantly more frequent in the
MRD-positive group (58.5%, p=0.01), and children > 10 years old were also more frequent
in the MRD-positive group (43.4%, p=0.02).

When evaluating demographics by LEI quartiles, several findings emerged. First, as
expected, there were higher proportions of Latinx patients and primary Spanish speakers
residing in the two highest LEI quartiles (63.9% and 90.3%, p < 0.001 for Latinx patients;
27.8% and 37.1%, p=0.003 for primary Spanish speakers; see Supplemental Table 1). There
were no statistically significant differences in sex, age, NCI risk, cytogenetics, or MRD
status according to enclave residence. Of note, there was a statistically significantly greater
prevalence of overweight and obesity among patients in the higher LEI quartiles (p=0.03,
see Supplemental Table 1). Multiple studies have shown a higher prevalence of obesity in
Latinx children compared to their non-Latinx peers, including in Texas.28-30

Latinx Enclave Index Score and MRD

Increasing LEI scores, measured continuously, were associated with a statistically significant
increased risk of MRD positivity in both the crude (OR 1.30, Cl 1.07-1.59) and adjusted
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(OR 1.63, Cl 1.12-2.46) models. There was a statistically significant trend towards
increased odds of MRD positivity with increasing quartile of LEI scores in unadjusted and
adjusted models (Table 2). While not significant, there was evidence that males were more
likely to be MRD-positive (OR 1.61, 95% CI 0.75-3.54), as well as those in the NCI high
risk group (OR 3.09, 95% CI 0.98-9.79). Further adjustment for overweight/obesity and age
did not meaningfully change the associations between LEI quartile and MRD.

Discussion

As studies continue to show health inequities based on race, ethnicity, and SES, it is
critically important to understand the social-environmental correlates of these inequities to
improve cancer survival in underserved populations. This report suggests an association
between living in a Latinx enclave and MRD positivity. Specifically, LEI score was
associated with MRD positivity, and there was a significant trend towards increased odds of
MRD positivity among children living in areas with the highest enclave index scores. MRD
positivity at end of induction is associated with higher incidence of relapse and lower overall
survival among children with ALL26:31: therefore, our findings have important implications
for long-term outcomes.

There are several potential explanations for our findings. There was an association with
higher LEI quartiles and obesity. There are some studies that suggest an association between
obesity and worse ALL outcomes, including MRD.32:33 However, in this study, LEI score
was still associated with end-induction MRD after controlling for overweight/obesity. In
addition, living in an ethnic enclave may indicate poorer access to care, which could directly
impact time to diagnosis, choice of treatment center, or clinical trial participation. Factors
such as financial burden, effect of diagnosis/treatment on parent employment status, effect
on family income, and lack of social support systems may lead to delays, lapses, or non-
adherence to therapy. Moreover, language barriers may lead to poorer communication of the
diagnosis, timeline of protocol, and importance of adherence to the treatment plan.23.24
Latinx families may contend with the additional stress and fear that interactions with

the healthcare system may lead to legal consequences or deportation, causing delayed
presentation or attrition. Finally, the exposures associated with living in an ethnic enclave
(e.g. chronic stress, environmental contaminants, etc.) may lead to epigenomic alterations,
which could affect prognosis.34

There are several strengths of this study. This patient population comes from one of the
most racially, ethnically, and socioeconomically diverse metropolitan areas in the country
(Houston, TX). All patients were treated on or according to contemporary Children’s
Oncology Group protocols. On the other hand, sample size was limited, so the interaction
between neighborhood SES and ethnic enclave scores could not be assessed. This single-
center study oversampled MRD-positive patients, so the sample may not be comparable to
the general population of children with ALL.12

Racial and ethnic inequities in childhood ALL are well documented, but there is scant
literature on the pathways that connect these characteristics to treatment outcomes.
Moreover, recent data suggest that racial and ethnic inequities may be increasing despite
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advances in overall survival.3 Therefore, it is critically important that studies address
persistent inequities in childhood cancer outcomes. Our findings suggest that living in a
Latinx enclave is associated with MRD positivity, which is a strong predictor of relapse

and mortality. It may be important to assess neighborhood social-environmental factors at
the time of diagnosis, as some of the deleterious effects of residence in those areas may be
amenable to intervention. Possible interventions include increased outreach and engagement
by cancer centers with Latinx enclaves. This may help ensure access to adequate resources
to successfully navigate treatment, including basic needs screening and provision, and
ensuring clear communication with the patient and family in their preferred language. Future
work is needed to identify and modify risk factors experienced by patients living in ethnic
enclaves, to create better treatment strategies, and to ensure equitable outcomes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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TABLE 1.
Patient demographics by MRD status.
MRD negative | MRD positive | p-value

Sex 0.16
Female 41 (46.1%) 18 (34.0%)

Male 48 (53.9%) 35 (66.0%)

Race/ethnicity 0.16
Latinx 51 (57.3%) 37 (69.8%)
Non-Latinx White 30 (33.7%) 10 (18.9%)
Non-Latinx Black or Other 8 (9.0%) 6 (11.3%)

Overweight status 0.26
Not Overweight/Obese 65 (73.6%) 34 (64.2%)
Overweight/Obese 21 (23.6%) 17 (32.1%)

Unknown or NA 3(3.4%) 2 (3.8%)

NCI risk group 0.01
Standard 57 (64.0%) 22 (41.5%)

High 32 (36.0%) 31 (58.5%)

Primary Language 0.31
English 69 (77.5%) 37 (69.8%)

Spanish 20 (22.5%) 16 (30.2%)

Cytogenetic category 0.44
Favorable or neutral 78 (87.6%) 44 (83.0%)
Unfavorable 11 (12.4%) 9 (17.0%)

Latinx Enclave Index Quartiles 0.18
LEI-1 (Lowest LEI Scores) 12 (13.5%) 4 (7.5%)

LEI-2 18 (20.2%) 6 (11.3%)
LEI-3 27 (30.3%) 15 (28.3%)
LEI-4 (Highest LEI Scores) | 32 (36.0%) 28 (52.8%)

Age at Diagnosis 0.02*
Infant (<1 year) 0 (0.0%) 1(1.9%)

Child (1-9 years) 66 (74.2%) 29 (54.7%)

Adolescent (=10 years)

23 (25.8%)

23 (43.4%)

All p-values were obtained with the Chi-Squared test, except for *, which was obtained using the Fisher’s Exact Test.
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TABLE 2.

Regression analysis of Latinx enclave index scores and MRD positivity.

Crude OR (95% ClI)

Adjusted OR (95% CI)?

Latinx Quartile p:0_03a p:0_01a
LEI-1 (Lowest) 1.00 (Ref) 1.00 (Ref)
LEI-2 1.00 (0.23-4.62) 0.69 (0.14-3.54)
LEI-3 1.67 (0.48-6.79) 1.55 (0.41-6.68)

LEI-4 (Highest)

2.62 (0.81-10.24)

2.91 (0.85-11.96)

Male (vs Female)

1.66 (0.83-3.41)

1.61 (0.75-3.54)

High NCI Risk (vs Standard) 2.51 (1.26-5.09)

3.09 (0.98-9.79)

Unfavorable Cytogenetics (vs favorable or neutral) | 1.45 (0.55-3.77)

1.13 (0.37-3.27)

ap—for—trend.
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bAdjusted for sex (male, female), overweight/obesity (not shown), age at diagnosis (not shown), unfavorable cytogenetics (defined as BCR-ABL1

fusion, KMTZ2A rearrangement, hypodiploidy, or iAMP21 at diagnosis), and NCI risk group (standard, high).
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