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Abstract

Background—Survivors of childhood cancer are at risk of neurocognitive impairment,
emotional distress and poor health-related quality of life (HRQOL); however, the effect of race/
ethnicity is understudied. We aimed to identify race/ethnicity-based disparities in neurocognitive,
emotional and HRQOL outcomes among survivors of childhood cancer.

Methods—Self-reported measures of neurocognitive function, emotional distress (BSI-18), and
HRQOL (SF-36) were compared between minority (Hispanic [n=821], non-Hispanic black [NHB:
n=600]) and non-Hispanic white (NHW: n=12,287) survivors from the Childhood Cancer Survivor
Study, median age 30.9 years (range 16.0-54.1). Using a sample of 3,055 siblings, the magnitude
of same race/ethnicity survivor-sibling differences were compared between racial/ethnic groups,
adjusting for demographic and treatment characteristics and current socioeconomic status (SES).
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Results—No clear pattern of disparity in neurocognitive outcomes by race/ethnicity was
observed. The magnitude of the survivor-sibling difference in mean score for depression was
greater in Hispanics than NHWs (3.59 vs. 1.09, p=0.004). NHBs and Hispanics had greater
survivor-sibling differences in HRQOL than NHWs for mental health (NHB: -5.78 vs —0.69,
p=0.001; Hispanic: —3.87 vs. —0.69, p=0.03) and social function (NHB: —7.11 vs —1.47, p<0.001;
Hispanic: —=5.33 vs. —1.47, p=0.001). NHBs had greater survivor-sibling differences in physical
subscales of HRQOL than NHWs. Findings were, in general, not attenuated by current SES.

Conclusion—Although no pattern of disparity in neurocognitive outcomes was observed,
differences across many HRQOL outcomes among minorities compared to NHWSs, not attenuated
by current SES, were identified. This suggests further research into environmental and
sociocultural factors during and immediately after treatment is needed.

Precis:

Disparities across many domains of health-related quality of life among minority survivors of
childhood cancer compared to non-Hispanic whites were identified and are not fully explained by
socioeconomic status. Fortunately, no pattern of differences in neurocognitive outcomes by race/
ethnicity were identified.
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INTRODUCTION

Given the improvement in survival of childhood cancer observed over the last five decades,
the number of pediatric cancer survivors living in the United States is predicted to exceed
500,000 by 2020.1 However, survival comes at a cost, including increased risk for late
mortality and chronic health conditions.23 Childhood cancer survivors are known to be at
increased risk of neurocognitive impairment compared to siblings, with 20-40% of survivors
having measurable deficits.*> Additionally, certain populations of survivors have been found
to be at increased risk for poor emotional and health-related quality of life (HRQOL)
outcomes.6-10

Risk factors for neurocognitive impairment, emotional distress and poor HRQOL are
reasonably well established. Survivors treated at a younger age or who received CNS-
directed chemotherapy or cranial radiation have consistently been found to be at higher risk
for neurocognitive impairment.*>11 Risk factors for emotional distress include a brain
tumor diagnosis, adolescent age at diagnosis, more intensive treatment, female sex, and
remaining unmarried.>7:19 Similarly, female sex, lower socioeconomic status (SES), major
medical problems or prior treatment with cranial radiation are risk factors for poor HRQOL.
6-8 However, the impact of race and ethnicity on these outcomes is not established,
attributable largely to the small numbers of minority survivors who have been systematically
assessed.*6

The demographics of the United States are shifting and by 2044 over 50% of individuals are
expected to belong to a racial/ethnic background other than non-Hispanic white (NHW).12
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In both the general population and childhood cancer survivors, minorities report lower
income, education and rates of health insurance coverage compared to NHWs.13-17 Racial
and ethnic differences in overall and event-free survival of childhood cancer are not fully
explained by differences in disease biology or pharmacogenetics and, likely, are in part due
to socioeconomic and sociocultural factors.18 Evaluation of racial and ethnic disparities in
childhood cancer survivors focused on late mortality and chronic health condition outcomes
has identified that, although differences exist, they are abrogated after adjusting for SES
differences between groups.17-18 However, there is a paucity of literature published on the
effects of race and ethnicity on long-term psychological outcomes of childhood cancer
survivors. The successful expansion of the Childhood Cancer Survivor Study (CCSS) to
include survivors diagnosed 1970-1999 provides a unique opportunity for evaluating the
impact of race and ethnicity on neurocognitive, emotional and HRQOL outcomes of
childhood cancer survivors.

METHODS

Population

The CCSS is a retrospective cohort study with longitudinal follow-up of survivors of
childhood cancer treated at 31 institutions in the US and Canada. Study eligibility included
diagnosis of cancer before age 21 years, initial treatment between January 1, 1970 and
December 31, 1999, and alive at five years after diagnosis of leukemia, CNS malignancy,
Hodgkin lymphoma, non-Hodgkin lymphoma, Wilms tumor, neuroblastoma, soft tissue
sarcoma, or bone tumor representing approximately 20% of US children diagnosed with
cancer during this time-period. A random sample of siblings of CCSS participants served as
a comparison population. The cohort methodology, study design and characteristics have
been described in detail previously.19:20

The CCSS was approved by institutional review boards at participating centers. Participants
provided informed consent for the study and release of information from medical records.
For eligible survivors, cancer diagnosis and treatment information were obtained from
medical records at the treating institution. All participants completed a baseline
questionnaire assessing demographic and health condition outcomes. Race/ethnicity status
was obtained through self-report of white, black, American Indian or Alaska Native (AIAN),
Asian or Pacific Islander (API), or other categories, with the option to write in their race.
Hispanic ethnicity was reported through a separate yes/no question. For this study, excluding
small numbers of AIAN (N=142), APl (N=365) or other (N=520), participants were grouped
into three mutually exclusive race/ethnicity populations: NHW, NHB and Hispanics. The
recent expansion of the CCSS cohort to include those diagnosed 1987-1999 more than
doubled the number of NHB and Hispanic survivor participants. A proxy (parent, spouse,
next of kin) completed the baseline questionnaire for survivors who died more than five
years after diagnosis, were under age 18, or unable to complete the questionnaire. Study
questionnaires are available at http://ccss.stjude.org. Survivors and siblings with complete
race/ethnicity information on baseline questionnaire and who completed a subsequent
follow-up questionnaire that included assessment of psychological outcomes were
considered eligible for this analysis (Table 1, Figure 1).
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Outcome Measures

The CCSS Neurocognitive Questionnaire (CCSS-NCQ) was designed to assess self-reported
neurocognitive symptoms in childhood cancer survivors sensitive to therapeutic exposures
and has been previously validated in the CCSS cohort.2! It contains four subscales including
task efficiency, emotional regulation, organization, and memory derived from a 25-item
questionnaire. Participants were asked to report the degree to which they experienced any of
25 specific problems over the past 6 months using a Likert scale from 1 to 3. Scores were
converted to standardized T-scores so that the overall sibling cohort had a mean=50 and
standard deviation (SD) of 10. Scores were reported as a continuous variable where higher
scores indicate worse neurocognitive function.

The Brief Symptom Inventory-18 (BSI-18) is an 18-item survey that measures symptoms of
emotional distress over the past week and has been validated in the CCSS.22:23 A summary
score, the Global Severity Index (GSI), and three subscale scores for anxiety, depression and
somatic complaints were reported as continuous variables where higher scores indicate more
emotional distress. The Medical Outcomes Short Form-36 (SF-36) is a 36 item-survey used
to evaluate HRQOL based on questions about the previous four weeks.24 There are two
summary scales (mental, physical) and eight subscales representing various aspects of well-
being where lower scores indicate poor HRQOL. The SF-36 has been validated in childhood
cancer survivors and utilized in the CCSS.6:25 For both the BSI-18 and the SF-36, scores
were reported as standardized T-scores with a general population mean=50 and SD=10.
Participants <18 years of age were excluded from analyses utilizing the BSI-18 and CCSS-
NCQ. Proxy reports were included in analyses utilizing the SF-36 and CCSS-NCQ because
of the observable nature of the symptoms assessed but excluded from the analysis of
emotional distress utilizing the BSI-18.

Cancer Therapeutic Exposures and Additional Factors

Cancer diagnosis and treatment data were abstracted from medical records including
systemic and intrathecal (IT) methotrexate exposure, corticosteroid exposure and cranial
radiation therapy (CRT), defined as maximum tumor dose (maxTD) of radiotherapy to one
of four brain quadrants.1926 The maxTD for each brain segment was determined by
summing the total prescribed dose from all overlapping treatment fields; the maxTD was
applied only if 250% of a given brain segment was within the field(s). Demographic and
socioeconomic characteristics including age at questionnaire completion, sex, current
household income, education level and insurance status were available from the
questionnaires. The presence of a severe/disabling or life-threatening medical condition
(grade 3-4), scored applying the Common Terminology Criteria for Adverse Events
(CTCAE, version 4.03, National Cancer Institute) intended for scoring both acute and
chronic conditions in patients and survivors of cancer, was included.2’

Statistical Analysis

Descriptive statistics from the time of last contact for survivors and siblings were calculated.
Comparisons of the primary outcomes in the form of standardized T-scores were made
between siblings and survivors stratified by CRT exposure, within each racial/ethnic group,
using multiple linear regression, adjusting for sex, age at follow-up, era of diagnosis,
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methotrexate exposure (intravenous and IT), corticosteroid exposure and presence of any
CTCAE grade 3-4 chronic medical condition. Modifications by generalized estimating
equations (GEE) were used to account for possible within-family correlation between
survivors and siblings from the same family. To assess disparities between minority
populations and NHWs the magnitude of the survivor-sibling differences for NHBs and
Hispanics were compared with the survivor-sibling differences for NHWSs, using the same
regression method. This was done to standardize, on a population level, for SES differences
that existed at the time of diagnosis based on the assumption that survivors and siblings of
the same race/ethnicity group experienced similar SES exposures. To assess whether current
SES attenuated differences in emotional and HRQOL outcomes, variables for education
level, household income and health insurance status at the time of follow-up were added to
the model in a subsequent step. The results from these regression analyses were reported as
estimated means, differences in means and associated standard errors (SE) with p-values of
the differences obtained from the robust variance of GEE.

Comparisons of Survivors and Siblings

A total of 13,708 five-year survivors and 3,055 siblings completed the baseline and follow-
up questionnaires (Figure 1). The median age at diagnosis for survivors was 7.2 years (range
0.0-21.0) and the median age at follow-up survey was 30.9 years (range 16.0-54.1) for
survivors and 33.4 years (range 9.6-58.4) for siblings. NHB (n=600, 4.4%) and Hispanic
(n=821, 6.0%) survivors were more likely than NHW survivors to report a household
income <$20,000 (27.6%, 15.8%, 10.1% respectively) and less likely to have health
insurance (79.5%, 85.8%, 90.3%) or obtain a college degree (28.2%, 35.5%, 48.2%, Table
1). NHB survivors were more likely than Hispanic or NHW survivors to have been
diagnosed with a kidney tumor (14.1%, 7.1%, 8.1% respectively) or have received a
cumulative intravenous methotrexate dose 4.3 g/m? (23.1%, 11.8%, 13.2%) while all other
cancer diagnosis and treatment variables differed between groups by <5%.

Neurocognitive Outcomes

Within racial/ethnic groups, survivors were more likely than siblings to have higher scores
for task efficiency (NHW, NHB; Hispanic who received CRT), emotional regulation (NHW
only) and memory (NHW; NHB and Hispanic who received CRT; Figure 2A). For task
efficiency, the comparison of the magnitude of the survivor-sibling difference among NHB
survivors with that among NHW survivors overall (7.00 vs. 3.54; p=0.04; Table 2) and
among those who did not receive CRT (5.96 vs. 1.68; p=0.02) achieved statistical
significance. However, for the remaining neurocognitive subscales, the magnitude of the
survivor-sibling differences among NHBs and Hispanics was not greater than that observed
among NHWs, overall or among those exposed to CRT.

Emotional Outcomes

Within racial/ethnic groups, survivors were more likely than siblings to have higher scores
for depression (NHW, Hispanic), somatization (NHW, NHB) and the global severity index
(NHW, Hispanic; Figure 2B). The survivor-sibling difference in mean score for depression,
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adjusted for clinical and demographic characteristics, was significantly larger for Hispanics
compared to NHWs, overall (3.59 vs. 1.09, p=0.004) and among those not exposed to CRT
(3.52 vs. 0.91, p=0.004). Although the survivor-sibling differences among the group exposed
to CRT was greater among Hispanics than NHWs (3.78 vs 1.57), it did not achieve statistical
significance (p=0.09; Table 3). No significant survivor-sibling differences in emotional
distress were observed when NHBs were compared to NHWs.

Health-Related Quality of Life

Survivor-sibling differences in many HRQOL domains were greater for minority survivors
than NHWs (Figure 3, Supplemental Table 1). Specifically, the survivor-sibling difference in
mean score for social function was significantly greater for both NHBs (-=7.11 vs. —1.47,
p=<0.001) and Hispanics (-5.33 vs. —1.47, p=0.001) compared to NHWs, overall and
among those exposed to CRT (=7.70 vs. —1.97, p=<0.001 for NHBs and —-5.75 vs. -1.97,
p=0.01 for Hispanics). For mental health, the survivor-sibling difference in mean score was
greater in magnitude for Hispanics (=3.87 vs. —0.69, p=0.03) and NHBs (-5.78 vs. -0.69,
p=0.001) when compared to NHWSs overall and among those exposed to CRT for NHBs
only (—6.26 vs. —0.84, p=0.003). Among survivors exposed to CRT, survivor-sibling
differences in mean score were greater in magnitude for NHBs compared to NHWs for
physical function (-7.58 vs —3.69, p=0.02) and pain (-2.33 vs. 0.99, p=0.03). Additional
differences were observed on the role physical and role emotional subscales as well as the
mental and physical component summaries.

Finally, current SES was added to the models to assess whether it mediated observed
disparities in emotional and HRQOL outcomes (Supplemental Table 2). This addition
abrogated previously observed disparities in the magnitude of survivor-sibling differences
for pain in NHBs and for mental health in Hispanics. However, the observed disparities in
the magnitude of survivor-sibling differences between minority groups and NHWs remained
significant, with little attenuation, for depression among Hispanics and most HRQOL
subscales including social function for Hispanics and NHBs, role emotional for Hispanics,
and mental health, role physical and physical function for NHBs.

DISCUSSION

In this study, we did not identify consistent differences in neurocognitive outcomes by race
or ethnicity. However, for depression and many domains of HRQOL outcomes, the
magnitude of the differences between minarity survivors and siblings was significantly
larger than that of NHW survivors and siblings. Further, although differences in current
socioeconomic indicators including household income, insurance status and education were
observed between groups, they did not account for these disparities. Taken together, these
findings suggest unmeasured environmental and sociocultural factors, potentially including
chronic stressors or ability to reintegrate into their community following cancer treatment,
differentially impact minority survivors during and after therapy for childhood cancer and
may place them at risk for poor emotional and quality of life outcomes.

Survivor-sibling differences in HRQOL were greater for minority survivors than NHWs
across multiple domains. Both Hispanics and NHBs had significantly larger gaps between
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survivors and siblings for mental health scores across a variety of domains compared to
NHWSs. NHBs also reported disparities in physical well-being compared to NHWSs. Multiple
studies in survivors of adult-onset cancers, primarily breast cancer, have previously reported
that black survivors report worse physical and functional well-being after cancer therapy
than white survivors,28:29 even after adjustment for socioeconomic and demographic factors.
30 To our knowledge, ours is the first study to report this disparity also exists in adult
survivors of childhood cancers. Additionally, Hispanic survivors of breast cancer have been
found to have no difference in physical function scores compared to NHWs,30 but have
reported more distress and poorer social and mental HRQOL compared to NHW survivors.
28 |n a large meta-analysis of psychosocial outcomes in survivors of adult-onset cancers,
distress, depression and social and mental HRQOL were found to be worse in Hispanics
compared to NHWSs and were largely unchanged after adjustment for socioeconomic status.
31 These reported disparities in HRQOL of minority survivors of adult-onset cancers are
generally consistent with our findings in minority survivors of childhood cancers.

With regard to emotional distress, the magnitude of the survivor-sibling difference for
depression was larger for Hispanics compared to NHWs. However, all survivor and sibling
groups, including Hispanics, reported mean scores for depression and the GSI that were at or
below the expected population norm of 50. This is concordant with prior reports from the
CCSS observing that although survivors report more emotional distress than siblings, both
groups score lower than community norms, indicating less symptoms of emotional distress
than the general population.”:9 Consistent with our findings in survivors, a recent study in
pediatric cancer patients found no difference in reported symptoms of depression or anxiety
in black patients or their caregivers compared to white.32 In the overall US population, both
Hispanics and NHBs reported higher rates of depressive symptoms than NHWs; however,
after accounting for poverty, population rates of depression did not differ significantly by
race or ethnicity.33

Fortunately, there were no overall disparities in neurocognitive outcomes among minority
survivors compared to NHW survivors; however, the magnitude of reported survivor-sibling
differences in task efficiency for NHBs compared to NHWs was significant. In assessing the
implications of this finding, we must observe that the absolute mean score for task efficiency
comparing NHB and NHW survivors did not differ substantially in magnitude overall (53.76
NHB vs 54.45 NHW) or among survivors not-exposed to CRT (52.73 NHB vs 52.60 NHW).
Therefore this finding would not be expected to represent a clinically significant difference
in attention or processing speed. However, the sibling score for task efficiency in NHB
(46.77) was substantially below the anticipated standardized sibling mean of 50, and below
that of NHW and Hispanic siblings, suggesting that NHB siblings report above average
function in task efficiency. This finding should be confirmed in future studies before any
further conclusions can be drawn.

Prior studies evaluating race and health outcomes in the general population and adult-onset
cancer patients have observed greater levels of psychological distress in participants
reporting race-related stress, specifically everyday discrimination, which is reported more
frequently in blacks than whites.343% Additional general stressors such as financial stress or
stress from life events negatively affect health outcomes in the general population where,
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although blacks report these stressors more often, it appears that whites were more adversely
impacted by them.35 Among survivors of childhood cancer, financial hardship has been
observed to negatively impact HRQOL .36 The most significant predictors of financial
hardship included lower household income and lower educational attainment, both social
determinants that are disproportionately experienced by minority survivors compared to
NHWSs. While both NHBs and Hispanics may experience more race or ethnicity related
stressors, all survivors and many siblings experience general stress related to their cancer
experience and many go on to experience financial stress or chronic stress related to
comorbidities. Thus, the specific cause of the differences in HRQOL for minorities
compared to NHWs is unclear and further study into the effects of stressors on psychological
outcomes of childhood cancer survivors is needed.

To our knowledge, this is the largest evaluation of psychological outcomes of minority
survivors of childhood cancer to date, including detailed history of cancer therapy and a
comparison population of siblings. The utilization of siblings to determine the “gap”
between survivors and their same race/ethnicity siblings allowed us to account for
differences in environment between racial/ethnic groups that may have been present prior to
diagnosis, throughout therapy and into survivorship that were not otherwise captured in the
available dataset. However, we did not have access to any direct measures of socioeconomic
status at the time of diagnosis or surrogate measures, such as parental education. Additional
limitations to consider when interpreting findings include that all neurocognitive and
emotional outcomes were self-reported, and the number of minority siblings available for the
comparison groups is still relatively small, which may have led to inadequate power to
identify differences in neurocognitive outcomes. We must consider the possibility of
participation bias leading to decreased generalizability of our findings to all childhood
cancer survivors. We have previously reported baseline participation rates for survivors
diagnosed 1987-1999 by race/ethnicity including 67% among Hispanic, 57% among NHB
and 70% among NHW survivors and observed superior participation rates in the CCSS
compared to other survey-based cancer survivor studies.” Further, although rates of follow-
up completion among non-deceased participants differed across racial/ethnic groups
(NHW=69%, NHB=45%, Hispanic=50%), attrition does not appear to differ, overall, by
socioeconomic indicators. (Supplemental Tables 3 and 4) For these reasons, our research is
important to both draw attention to the disparities identified in emotional and HRQOL
outcomes of childhood cancer survivors from racial and ethnic minorities and also motivate
innovative strategies for comprehensive investigation of race/ethnicity specific outcomes and
associated risk factors in future research.

In conclusion, although differences in long-term neurocognitive outcomes by race or
ethnicity were not identified, disparities in health-related quality of life outcomes years after
cancer therapy appear widespread in minority survivors. This may suggest that, the stressors
a survivor experiences, their ability to cope, access to social support networks, and the
expectations they or their community have for employment, financial independence,
physical function or emotional adjustment after cancer therapy differ between racial and
ethnic groups, leading to the reported health-related quality of life disparities. Clinicians
should be aware that minority survivors of childhood cancer appear to represent a high-risk
population for poor HRQOL outcomes and the need for annual, long-term follow-up
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including a comprehensive psychological assessment, which is recommended for all
survivors,37 should be emphasized among this group. Further research to validate these
results and evaluate the role of differential stressors, supports and expectations between
minority childhood cancer survivors and NHWs is needed to better understand these
findings and develop intervention strategies to close the identified gaps in minority survivor
quality of life.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Did not participate N=11,206 I
Completed baseline Siblings completed baseline
questionnaire N=24,355 questionnaire N=5,051
Missing race/ethnicity N=67 Missing race/ethnicity N=159
Other race/ethnicity N=1,027 Other race/ethnicity N=159
D N=2,595 Deceased N=28
Refused N=6,750 Refused N=1,620
Completed follow-up Completed follow-up
questionnaire questionnaire
N=13,916 =
{ { No N=208 \\ I No N=30
Survivor participants Sibling participants
N=13,708 N=3,055
(non-Hispanic white 12,287, (non-Hispanic white 2,882,
non-Hispanic black 600, non-Hispanic black 70,
Hispanic 821) Hispanic 103)
Figure 1.
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Figure2.

(A) Neurocognitive outcomes of survivors and siblings within each racial/ethnic group as
standardized T-scores, sibling mean=50 SD=10. (B) Emotional (BSI-18) outcomes of
survivors and siblings within each racial/ethnic group as standardized T-scores, general
population mean=50 SD=10. For both outcomes, higher scores indicate worse function; P-
values compare each survivor group to same race/ethnicity sibling group adjusted for sex,
age at follow-up, year at diagnosis, methotrexate exposure (intravenous and intrathecal),
corticosteroid exposure and any CTCAE grade 3-4 chronic medical condition. NHW=non-
Hispanic white, NHB=non-Hispanic black, RT=cranial radiation therapy
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Figure 3.
Health-related quality of life outcomes. Magnitude of the survivor-sibling difference in mean

score for Hispanic and non-Hispanic black (NHB) compared to survivor-sibling difference
for non-Hispanic white (NHW). CRT=cranial radiation therapy
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