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Abstract

This study aimed to examine the disparities of childhood cancer survival among different racial
and ethnic groups in Texas. The analysis was mediated by socioeconomic status (SES) and spatial
accessibility to Children Oncology Group (COG) hospitals. The relationship between race-ethnicity
and overall survival was measured using the Cox proportional hazards model with a robust variance
estimator. The counterfactual model measures the total effect of race-ethnicity on survival through
all mediating pathways while adjusting for baseline confounders (age, sex, and stage at diagnosis),
which are then decomposed into natural direct and indirect effects. Considering all cancer site
groups, African Americans showed a statistically significant higher hazard ratio in death (HR = 3.63;
95% CI = 1.87 - 6.62) compared with non-Hispanic White children. At the same time, the mortality
hazard ratio among Hispanic children is not significant (HR = 1.23; 95% CI = 0.80 - 1.93) when
compared with non-Hispanic White children. Analysis results also suggested that both mediators
significantly contribute to racial-ethnic survival disparities for specific cancer site groups such as
Leukemia for African American children. This study builds knowledge and understanding about
underlying factors (mediators) responsible for the disparities in the outcomes among childhood
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cancer patients.

Introduction

Over the past 50 years, childhood cancer survival
has significantly improved because of advancements in
medical science [1]. A growing number of cancer patients
are experiencing longer cancer survivorship because of
continuous improvements in treatment, therapy, and overall
supportive care. Prior findings show that five-year relative
survival rates in the United States, for all cancer types,
increased significantly over time - from 58% during the mid-
1970s to 85% from 2012 to 2018 in children, and the rate
increased from 68% to 86% in adolescents in the same time
[2]. The overall survival disparities are identified in adults
[2,3], but less well studied in children.

Childhood cancer cases account for less than 1% of all new
cancer diagnoses but play an outsized role in the trauma that
families and households with cancer patients experience [4].
The International Classification of Childhood Cancer (ICCC-3)
classifies childhood cancer into 12 major site groups based
on the International Classification of Diseases for Oncology
(ICD-0-3) [5]. Childhood cancer patients require specialized
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treatment facilities with multidisciplinary care only dedicated
to pediatric services [6]. Children Oncology Group (COG)
hospitals facilitate those services in their specialized centers
ensuring equal representation of racial/ethnic groups in a
clinical trial [7]. The COG accounts for 200 institutions in the
United States [7,8] with only fifteen COG member institutions
in Texas treating both children and adolescents, mostly
clustered in urban areas [8].

Considerable research has already been done about
racial/ethnic disparities in childhood cancer survival [9-11].
Several studies focused on both overall and disease-specific
childhood cancer survival among demographic sub-groups
[4,11], whereas a few other studies examined specific cancer
types such as acute lymphoblastic leukemia (ALL) (9,10)
and melanoma [12]. Hamilton and colleagues [12] reported
that there is no association between socioeconomic status
(SES) and distance to treatment centers with advance-stage
melanoma at diagnosis, the single most important predictor
of survival. They also mentioned that Hispanic patients living
in the lowest SES quartile in Texas had significantly higher
mortality risk compared to white patients.
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Yet, despite this growing body of research, several gaps
in the literature on childhood cancer disparities and survival
outcomes remain. Namely, there are few if any extent studies
on the underlying mechanism of childhood cancer survival
disparities between different racial and ethnic groups when it
is mediated by socioeconomic status and spatial accessibility
to treatment facilities. As such, there is a shortage of research
that attempts to estimate the total effect on childhood cancer
survival between different racial and ethnic groups when
operating through various mediating pathways.

The purpose of this study was to address a gap in
understanding by applying methods of mediation analysis
to childhood cancer survival analysis. The study quantified
the disparities of childhood cancer survival among different
racial and ethnic groups in Texas while accounting for
socioeconomic status and spatial accessibility mediating
variables. The authors compared five-year overall survival
for Hispanic and African American childhood cancer patients
to a reference group of non-Hispanic White patients.
Racial-ethnic differences in overall survival were examined
based on the International Classification of Childhood Cancer
(ICCC-3) major site groups [4]. The study adopted the state
of Texas as the study area because of its large and diverse
population, including the second-largest Hispanic population
in the US, which provides a novel opportunity to study
childhood cancer survival disparities.

Materials and methods
Study population

The study obtained statewide childhood cancer data
for individuals 0-19 years of age at diagnosis between the
years 2005-2014 from the Texas Cancer Registry (TCR) in
the Texas Department of State Health Services (TDSHS).
There were 7,700 reported childhood cancer cases in the
state of Texas from 2005 to 2014. The authors used the term
childhood cancer to define both children under the age of
14 and adolescents with cancer. The study cohort included
6,899 (89.60%) cases under the age of 14, and the rest of
the adolescents constituted around 10.40% of the cases. The
last possible day of follow-up was December 31, 2014. The
protocol of this study and the use of the data was approved by
the Institutional Review Boards at both the Texas Department
of State Health Services (IRB # 17-051) and Texas State
University (IRB # 2017663). The study did not require
consent to participate because the project did not directly
involve recruiting any subjects.

Study variables

Individual-level variables: This study focused on the
three most populous racial groups in Texas: non-Hispanic
White persons, Hispanic persons, and African American
persons. Herein, the authors use the term African Americans
to mean non-Hispanic African American children. Due to
low observed frequencies (3.91% of all reported cases,
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combined), Native American children, Asian children, and
children from other racial groups were not included in the
analyses. Individual-level variables collected from the TCR
dataset include race-ethnicity, age at diagnosis, gender,
stage at diagnosis, and tumor grade. Childhood cancer cases
at diagnosis were categorized into localized, regional, and
distant stages based on guidelines from the Surveillance
Epidemiology End Result (SEER) program from the National
Cancer Institute (NCI). The proportion of the cases that were
in situ and localized, regional, distant, and not applicable or
unstaged were 29% (2,157), 11% (835), 43% (3,177), and
17% (1,230), respectively. Regional and distant stages were
categorized as late-stage, whereas the localized stage was
characterized as early-stage based on clinical and pathological
information. The study excluded cases classified as not
applicable or unknown stages in the analysis.

Contextual-level variables: To  measure the
socioeconomic status (SES) of a patient’s home environment
(census tract), the researchers performed factor analysis with
variables for the percent of the labor force unemployment, the
percent of the population below poverty, median household
income, the percent of the households without a car, and
so on [13]. Data for these variables were obtained from the
US Census American Community Survey (ACS) five-year
estimates (2006-2010) at the census tract level of analysis.
The authors also used contextual variable spatial accessibility
to COG hospitals in the analysis.

Statistical analysis

The study used a factor analysis to analyze the covariation
among the observed variables. This method helps to extract
several latent factors, such as socioeconomic status (SES),
which accounted for most of the variation among the observed
variables. Additional details on this method are available from
other sources [14]. The enhanced 2-step floating catchment
area (E2SFCA) method [13,14] was used to measure relative
spatial access to COG hospitals. These two continuous
variables were classified into four quartiles ranging from low
to high.

Childhood cancer survival disparities between different
racial and ethnic groups were estimated using the standard
Cox proportional hazard model adjusting for all known
baseline confounders. This model uses a robust variance
estimator and demonstrates the relationship between race-
ethnicity and overall survival. The Hazard Ratio (HR) in this
model is the measure of effect (risk of failure). Individual-level
variables, including disease characteristics such as age, sex,
and stage at diagnosis, were used as controls.

Mediation analysis was undertaken within a counterfactual
framework [15] to measure the extent to which a point
exposure is mediated by an intermediate (mediator) variable
on the pathway between the exposure and the outcome
[16,17]. Based on the original counterfactual framework
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proposed by Judea Pearl (2011) [15], regardless of the precise
statistical model, the total effect of the focal exposure on the
outcome can be decomposed into natural direct and indirect
effects [18,19]. The model reports total effects, which is the
aggregation of these two effects. Additional details on this
method are available from other sources [17,20,21].

Confidence intervals for the mediation effect were
generated via 500 bootstrap simulations. Simple random
cluster sampling accounts for the clustering of cases within
census tracts. The independence of the two mediators was
tested using logistic regression of spatial accessibility on
socioeconomic status adjusted for other confounders. The
method requires that mediators for multiple pathways
analysis are mutually independent [17,22].

The study also performed a sensitivity analysis using
one binary mediator representing spatial accessibility
and socioeconomic status considering that two mediators
operate independently from each other. Survival curves were
generated using the Kaplan-Meier non-parametric method
based on the survival function of standardized residuals [23].
The study also used the log-rank test to compare survival
between two racial groups.

Analysis was performed in R version 3.5.0 [24] using the
‘survival’ [25], ‘geepack’ [26] and ‘rms’ [27] packages.

Results

First, we characterized the childhood cancer dataset based
on the International Classification of Childhood Cancer (ICCC).
There are twelve major site groups recognized for childhood
cancer [28] (Table 1). Descriptive statistics by cancer site
group provided information about individual-level racial/
ethnic, disease characteristics, and contextual-level features
such as socioeconomic status. Leukemias, myeloproliferative
diseases, and myelodysplastic diseases had the highest
number of cases. The average age at diagnosis was less than
six (SD 4.3) years. Hispanic children had the highest number
of cases of Leukemias, myeloproliferative diseases, as well
as myelodysplastic, Lymphomas, and reticuloendothelial
neoplasms diseases.

It was noted that most cases of leukemias (99.69%)
and lymphomas (61.61%) were diagnosed at a late stage
and about half of the patients lived in socioeconomically
disadvantaged areas (Table 1). Central Nervous System (CNS)
and miscellaneous intracranial and intraspinal neoplasms
had the second-highest number of cases with an average age
of around seven (SD 4.6) years at diagnos. There were only
34 cases of ‘other and unspecified malignant neoplasms’ and
20 of them were Hispanic patients. For this type of cancer, the
average age at diagnosis was around seven years, and 35%
of patients lived in areas with very low socioeconomic status.
The number of female cases was comparatively lower than
males across the cancer site group.
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The study employed meditation analysis to investigate
childhood cancer survival disparities among different racial
and ethnic groups after accounting for SES and spatial
accessibility mediators. Before we ran the mediation analysis,
we checked whether these two mediators were statistically
independent using a logistic regression analysis. An
independence test of the two mediators for African American
and white patients revealed no issue of dependency. However,
the null hypothesis of independence for the two mediators
was rejected (p < 0.001) when comparing Hispanic and
white patients. As such, the results from these comparisons
must be approached with slightly more caution, though their
strength and consistency with expectations suggest that they
reasonably describe disparities in the outcome variables. That
being said, Table 2 shows the mediating effect of SES and
spatial accessibility on childhood cancer overall survival.

Considering all cancer site groups, African Americans had a
statistically significantly higher mortality rate compared with
non-Hispanic White patients. Two mediators significantly
contributed to racial-ethnic survival disparities. The hazard
ratio (HR) was as high as 3.626, with a 95% confidence
interval of 1.87 to 6.62. The total effect was decomposed into
direct HR of race-ethnicity of 1.536 (95% CI: 1.23 to 1.88) and
indirect HR for spatial accessibility and SES mediators of 2.360
(95% CI: 1.52 to 3.53). Next, Hispanic children had a relatively
lower mortality rate compared with their white counterparts
(HR 1.228, 95% CI: 0.80 to 1.93). The total mortality hazard
decomposed into a direct HR of 1.071 (95% CI: 0.93 to 1.25)
and an indirect HR for both mediators of 1.146 (95% CI: 0.86
to 1.55).

Sensitivity analysis was performed using a single binary
mediator reflecting optimal adherence to both mediators in
the sense that both spatial accessibility and socioeconomic
status are considered optimal. The logistic regression result
also shows that childhood cancer survival disparities exist
among different racial and ethnic groups based on the
aggregated mediator, with a hazard ratio of 2.301 (statistically
significant) and 1.121 for African American and Hispanic
patients, respectively.

Table 3 shows the childhood cancer survival disparities
in white and African American patients based on cancer
site groups. African Americans showed a statistically
significant higher hazard ratio for leukemia. This might be
an overestimation, however, as there was a small number
of African American cases compared to cases among white
children. SES and spatial accessibility contributed to some
extent to the survival disparities between African American
and white patients for cancer site groupsincludinglymphomas,
CNS tumors, soft tissue sarcomas, and germ cell tumors. None
of them turned out to be statistically significant.

Figure 1 shows the Kaplan-Meier non-parametric survival
curve based on the survival function of standardized residuals.
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Table 1: Characteristics of childhood cancer cases diagnosed from 2005 to 2014.

Race/Ethnicity Stage at Diagnosis (%) Tract-level SES, Q° (%)
Site Group No. Age at Diagnosis  Female = Early- Late- | Unknown
cl b c
NHW* | HIS AA mean (SDY) Stage Stage Stage Q @ e o
I. Leukemias,
myeloproliferative diseases, and myelodysplastic 2260 | 861 1222 | 177 5.98 (4.3) 1045 0.22 99.69 0.09 283 | 225 | 22.6  26.6
diseases
1I. Lymphomas and reticuloendothelial neoplasms 797 333 383 81 8.97 (4.9) 295 27.23 61.61 11.17 272 | 22.6 | 25.7 | 245
I1I. CNS and miscellaneous intracranial and intraspinal 1944 923 813 208 7.24 (4.6) 944 5499 11.01 34.00 303 | 265 205 | 226
neoplasms
IV: Neuroblastoma a“dtt’]:gzspe”phera] nervouscell | o0 160 95 | 40 3.45 (3.1) 139 | 2068 = 6847 1085 332  29.2 193 | 183
V. Retinoblastoma 115 36 52 27 2.10 (1.9) 65 57.39 35.65 6.96 26.1 20 | 23.5 | 304
VI. Renal tumors 332 134 142 56 3.80 (2.9) 181 34.64 59.64 5.72 346 18.7 | 226 241
VII. Hepatic tumors 91 36 47 8 3.85(3.9) 37 38.46 54.95 6.59 363 | 242 | 121 | 275
VIIL Malignant bone tumors 273 114 126 33 10.5 (4.1) 123 43.22 45.05 11.72 30.0 245 209 245
IX. Soft tissue and other extraosseous sarcomas 601 280 244 77 7.80 (4.9) 260 29.62 27.95 42.43 28,5 | 25.6 | 22.6 233
X. Germ cell tumors, trophoblastic tumors,and ' »o g, 430 26 1076(53) 134 516 | 364 12 32 188 22 | 272
neoplasms of gonads
XI. Other malignant epithelial neoplasms and 425 | 210 | 177 @ 38 12.08 (4.2) 275 | 3859 | 4235 19.06 | 301 | 261 231 207
malignant melanomas
XIL Other and unspecified malignant neoplasms 34 10 20 4 7.35 (5.5) 16 20.59 29.41 50 17.6 | 14.7 324 | 353
aNon-Hispanic Whites; *Hispanics; ‘African Americans; ‘Standard Deviation; “Quantile.

Table 2: Survival disparities of African American and Hispanic children compared with non-Hispanic White children from 2005 to 2014.

Total effect on survival through all mediating Direct effect on survival after Blocking SES & | Indirect effect on survival operating through SES

Variables

pathways SA° pathways & SA pathways
Race/ Ethnicity Mortality HR* 95 % CI Mortality HR 95 % CI Mortality HR 95 % CI
NHW Reference (1.00)
AA 3.626 1.87 - 6.62 1.536 1.23-1.88 2.360 1.52-3.53
HIS 1.228 0.80-1.93 1.071 0.93-1.25 1.146 0.86 - 1.55
Sensitivity analysis
NHW Reference (1.00)
AA 2.301 1.23-2.93 1.517 1.22-1.92 1.517 1.32-1.92
HIS 1.121 0.72-1.62 1.059 0.86-1.16 1.059 0.83-1.21
*Hazard ratio; *Confidence Interval; ‘Spatial Accessibility.
Adjusted for age, sex, and stage at diagnosis; Bootstrapping was used for standard error.

Table 3: Survival disparities of African Americans and non-Hispanic Whites based on on-site group.

Variables Total effect on survival through all mediating = Direct effect on survival after Blocking | The indirect effect on survival operating through the SES

NHW/AA pathways SES & SA pathway & SA pathway
Site Group Mortality HR 95 % CI Mortality HR 95 % CI Mortality HR 95 % CI
L 10.182 7.12-20.15 2.167 1.92-2.72 4.698 3.69 - 7.40
IL. 2.394 0.06 - 31.94 1.338 0.39-3.17 1.790 0.15-10.06
1L 2.406 0.82 - 6.65 1.340 0.94-1.88 1.796 0.88 - 3.54
v.*
V.*
VL*
VIL 0.128 0.01-1.59 0.504 0.23-1.13 0.254 0.05-1.33
VIIL 3.888 0.22 - 88.98 1.572 0.60 - 4.47 2.473 0.36-19.93
IX. 4.841 0.73 - 40.62 1.692 0.90 - 3.44 2.862 0.81-11.81
X‘*
XL 0.592 0.03-13.64 0.840 0.29 -2.38 0.705 0.09 -5.70
XIL*
*Results not reported due to low observed frequency for at least one racial group.
Adjusted for age, sex and stage at diagnosis; Bootstrapping was used for standard error; Roman number refers to site group in Table 1.

The proportion of cases surviving the past five years (60
months) was 78% for white and 70% for African American
patients. The median length of survival was approximately 130
months for both non-Hispanic White and African American
patients. In addition, the global log-rank test resulted in a high
chi-square value (x2:19.1; 1df; p < 0.001), suggesting that
these two survival curves are not identical.

https://doi.org/10.29328/journal.jcmhs.1001044

Table 4 shows the childhood cancer survival disparities
between Hispanics and non-Hispanic White patients. The
results suggest that SES and spatial accessibility also mediated
the effects of race-ethnicity on survival disparities for several
cancer site groups, which were statistically not significant, for
instance, Hispanic children had an increased risk of 118% of
mortality hazard for leukemias compared with non-Hispanic

White children.

026
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Global log-rank test:
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Figure 1: Kaplan-Meier survival curves for non-Hispanic White (1) and African American (2) children.
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Figure 2: Kaplan-Meier survival curves for non-Hispanic White (1) and Hispanic (2) children.
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Table 4: Survival disparities of Hispanics and non-Hispanic Whites based on on-site group.

Variables Total effect on survival through all mediating Direct effect on survival after Blocking SES & = The indirect effect on survival operating through the
(NHW/HIS) pathways SA Pathway SES & SA pathway
Site Group Mortality HR 95 % CI Mortality HR 95 % CI Mortality HR 95 % CI
L. 2.180 0.92 - 4.99 1.300 0.97-1.71 1.680 0.94 -2.92
1L 0.720 0.09 - 4.77 0.896 0.45-1.68 0.803 0.20 - 2.84
11 1.831 0.91-3.93 1.223 0.97 -1.58 1.497 0.94 -2.49
Iv.*
A
VIL*
VIL 0.198 0.05-3.57 0.582 0.37-1.51 0.339 0.14-2.31
VIIL 1.148 0.20-9.48 1.047 0.59-2.12 1.097 0.34 - 4.48
IX. 1.917 0.30 - 8.85 1.242 0.67 - 2.07 1.543 0.44 - 4.28
X_*
XL 1.675 0.07 - 47.06 1.188 0.41-3.61 1.410 0.17-13.03
XIL*
*Results not reported due to low observed frequency for at least one racial group.
Adjusted for age, sex, and stage at diagnosis; Bootstrapping was used for standard error.

Figure 2 shows the Kaplan-Meier survival curves for non-
Hispanic white and Hispanic patients. The proportion of cases
surviving the past five years (60 months) was 78% and 76%
for white and Hispanic children, respectively. The global log-
rank test provided a very small chi-square value (x2: 1.30;
1df; p = 0.30). In other words, the empirical evidence suggests
that the two survival curves are statistically indistinguishable.
Indeed, the two curves also crossed each other over time.

Discussion

The US Department of Health and Human Services aimed
to achieve five overarching goals in its ‘Healthy People
2030’ campaign. The second of these goals pointed out the
importance of ‘Eliminating health disparities and achieving
health equity’ [29]. The continuous improvement in survival
andreductionin cancer mortality for disadvantaged groups can
contribute significantly to the elimination of health disparities
[30]. Geographic locations, race-ethnicity, sex, age group, and
socioeconomic status are common indicators of disparities
in childhood cancer [31,32], a better understanding of the
disparities of childhood cancer survival is an important step
toward developing more effective programs in addressing
childhood cancer disparities.

Cancer outcome is known to be impacted by differences in
socioeconomic status. This important indicator has not been
examined thoroughly in childhood cancer survival analysis.
Results from previous studies did not find SES significantly
associated with delayed diagnosis [33,34] and a higher risk of
childhood cancer [35]. This study innovatively used mediation
analysis to examine how SES and spatial accessibility to
COG hospitals would affect the survival of childhood cancer
patients in Texas.

Findings from mediation analysis in this study indicate
that SES and spatial accessibility contributed significantly to
childhood cancer survival disparity (African Americans versus
non-Hispanic Whites). We also investigated the relationship
between race-ethnicity and overall survival while considering

https://doi.org/10.29328/journal.jcmhs.1001044

the effect of two binary mediators - optimal socioeconomic
status and optimal spatial accessibility. Results from this study
indicate that African Americans living in areas with higher SES
had higher survival rates (Wald test, W = 103.99, p < 0.001).
The Wald test score for optimal spatial accessibility was
(W = 1.22, p = 0.2684) in favor of African Americans, which
was not statistically significant. The overall survival operating
through (Indirect effect) SES and spatial accessibility pathways
showed higher risk compared with that without considering
these two factors. The sensitivity analysis results included
effect estimates and confidence intervals that generally
corroborate with the primary analyses.

The Kaplan-Meier survival test indicated that the survival
probabilities for non-Hispanic Whites are higher than the
survival probabilities for African-American children (Figure 1).
There is a statistically significant difference in survival
between these two groups based on the non-parametric log-
rank test. The survival benefit remained stable even after
controlling for known baseline confounders, also adjusting for
cases within census tracts in a multivariable Cox proportional
hazard model. However, both survival and global log-rank
tests for Hispanics and non-Hispanic Whites indicated that
there was no significant difference in survival between these
two groups (Figure 2). Our results corroborate with findings
from previous population-based SEER 9 registries studies
from 1995 -1999 [11], Acute Lymphoblastic Leukemia (ALL)
cases from 1973 - 1999 [10] and ALL cases from 1983-1995
in Children’s Cancer Group (CCG) [9].

There are several strengths in this current study. First,
the study uses a population-based state-wide cancer registry
dataset of childhood cancer, which reduces the potential
for selection bias relative to hospital-based studies. Second,
this is the first study to report the underlying mechanism
of race-ethnicity on overall survival for childhood cancer
patients when mediated by socioeconomic status and spatial
accessibility. Third, the study also reported the total effect on
childhood cancer survival among different racial and ethnic
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groups, and their respective direct and indirect effect, based
on major cancer site group that operates through these two
mediators.

This study has a couple of limitations. First, this study
did not use all factors that may affect SES, such as the study
was unable to use individual case family income for the
SES indicator because this information was not available.
Second, the Kaplan-Meier survival curve for Hispanics and
non-Hispanic Whites had crossed each other. The hazard
ratio for this model would not be a useful measure because
the assumption for the model might not hold as those curves
aligned in some areas [36]. Third, the independence of the
two mediators test for non-Hispanic Whites and Hispanics
appears to be significant. One needs to be extra cautious while
performing mediation analysis for these racial groups using
these same mediators. Mutually independent mediators are
required for the analysis of multiple pathways.

Conclusion and future research

This study revealed that there are significant disparities in
childhood cancer survival among African American children
when compared with non-Hispanic White children. Inaddition,
findings from this study also suggest that socioeconomic
status and spatial accessibility to COG hospitals significantly
contribute to these disparities for specific cancer site groups,
especially for Leukemia.

Results from this study may be useful to assist healthcare
professionals in developing more effective childhood cancer
intervention programs. Intervention programs should be
designed to help children and adolescents with cancer,
in particular, African Americans living in remote and
socioeconomically disadvantaged areas. Future studies will
examine childhood cancer survival disparities among different
racial and ethnic groups for specific cancer types accounting
for other potential mediators alongside socioeconomic status
and spatial accessibility to COG hospitals. In addition, future
research could incorporate childhood cancer risk factors in
association with additional individual-level factors, which will
provide valuable information about survivorship and overall
disparities.
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