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pediatric patients. The objective of this study was to examine the role of patient race in QoL at least two years after pediatric

HSCT. Procedure We conducted a retrospective chart review of patients under 21 years of age at diagnosis that received an

allogeneic transplant at our institution between January 2007 and December 2017. Patient QoL was assessed using the PedsQL

TM 4.0 at least two years post-transplant. Patient demographic, treatment, and transplant outcome data were obtained for
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Hispanic, 10 (11.6%) Black, and 7 (8.1%) Native American. Where preliminary analyses indicated a difference in QoL by patient

race, there were no significant differences in physical, emotional, social, and school functioning by patient race after adjusting

for transplant characteristics (age at transplant, sex, diagnosis, donor type and conditioning regimen) and determinants of
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Abstract

Background

While racial disparities in the clinical outcomes of hematopoietic stem cell transplant (HSCT) patients have
been explored, racial disparities in quality of life (QoL) during the readjustment phase after transplant has
yet to be investigated in pediatric patients. The objective of this study was to examine the role of patient
race in QoL at least two years after pediatric HSCT.

Procedure

We conducted a retrospective chart review of patients under 21 years of age at diagnosis that received
an allogeneic transplant at our institution between January 2007 and December 2017. Patient QoL was
assessed using the PedsQL TM 4.0 at least two years post-transplant. Patient demographic, treatment, and
transplant outcome data were obtained for subsequent analysis, where patient race was categorized as either
Black, White, Hispanic, or Native American.

Results

Data were collected on 86 pediatric patients who underwent HSCT. Forty patients (46.5%) were non-Hispanic
White, 29 (33.7%) Hispanic, 10 (11.6%) Black, and 7 (8.1%) Native American. Where preliminary analyses
indicated a difference in QoL by patient race, there were no significant differences in physical, emotional,
social, and school functioning by patient race after adjusting for transplant characteristics (age at transplant,
sex, diagnosis, donor type and conditioning regimen) and determinants of socioeconomic status (insurance
type, estimated household income).

Conclusions

Pediatric patients had comparable QoL, regardless of race, at a median of three years after HSCT in our
study cohort.

INTRODUCTION
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Hematopoietic stem cell transplant (HSCT) is a widely used treatment for many malignant and non-
malignant conditions. However, receiving a transplant can cause significant stress for a patient and their
family, and life following transplant can present additional challenges. Children often experience high levels
of affective and somatic distress at admission for HSCT that escalates after conditioning. This stress is often
compounded by strict long-term adherence to medications, frequent monitoring of physical health and labs,
and numerous trips to clinic, culminating in an immense psychological toll. As a result, these patients are
at a higher risk for acute distress and lingering adjustment problems in later years, affecting their quality
of life (QoL).1,2 Poor QoL following HSCT can be related to the psychological outcomes of treatment, im-
paired social skills due to lack of peer interaction and chronic school absenteeism, cognitive and academic
decline, and the stress of loved ones.3,4Studies have generally shown improvements in patient QoL for the
years following pediatric HSCT; however, a significant proportion of patients remain at risk for experiencing
adjustment difficulties.5,6 QoL after HSCT is increasingly being recognized as a major outcome parameter of
readjustment.7,8 Multiple studies have highlighted key factors that affect readjustment and QoL years after
pediatric HSCT.9-13 Pre-transplant family cohesion and adaptive abilities of individual patients,10 as well as
development of long-term complications of HSCT such as graft versus host disease and other comorbidities,9

are thought to impact readjustment and thus affect QoL.

Race is a known predictor of health-related outcomes, and racial disparities have been shown to be prevalent
in a multitude of diseases, including cancers and blood disorders.14-17 Racial disparities in the access to and
outcomes of HSCT have been explored, with most studies describing inferior clinical outcomes for Hispanic
and Black patients as compared to non-Hispanic Whites;18-22 notably, the impact of racial disparities on the
QoL of HSCT patients years after treatment has yet to be explored. With the goal of identifying barriers to
improved QoL in transplant patients from marginalized and minority populations, we explored the impact
of race and ethnicity on QoL two or more years post-transplant in a cohort of pediatric patients undergoing
HSCT. We further explored how transplant and socioeconomic variables might serve as modifiers of such
relationships. We hypothesized that (1) race and ethnicity affect the readjustment phase and thus impact
QoL, (2) minority pediatric patients will experience lower QoL than their white counterparts, and (3) racial
differences in QoL will be modified by the inclusion of socioeconomic variables in our analyses.

METHODS

Study population and data source

This study includes patients aged 21 years or younger at the time of diagnosis who received an allogeneic
transplant between January 2007 and December 2017 at our 457-bed children’s hospital in Phoenix, Ari-
zona. QoL questionnaires that capture patient readjustment were collected longitudinally using the Pediatric
Quality of Life Inventory Generic Score Scales (PedsQL TM 4.0) from 2013 to 2017. Patients were excluded
if they did not have post-transplant QoL data, as defined by a completed PedsQL TM 4.0, at least two years
after HSCT. Considering surveys of patients at least two years after HSCT provided patients with sufficient
time to experience adjustments in QoL as expected in early post-HSCT life. For patients with multiple
transplants, transplant-specific data from the first transplant was used, but the most recent PedsQL TM 4.0
was used for QoL metrics. A total of 184 patients received HSCT at our hospital between January 2007 and
December 2017. Of this, 86 (46.7%) patients completed the PedsQL TM 4.0, and were therefore included in
the study. Of these patients, 79 patients (91.86%) received one transplant and 7 patients (8.14%) received
two transplants. All patient demographic, treatment, and transplant outcome data were obtained retro-
spectively through medical chart review. All study procedures were approved by our Institutional Review
Board.

Variables

The primary outcome variable was QoL, evaluated at a minimum of two years post-transplant. We assessed
this using the PedsQL TM 4.0 questionnaire tool. This tool is reliable and valid in children who are healthy,
ethnically diverse, or diagnosed with acute and chronic disease.23,24 It is composed of 23 items that gauge
function in the following four areas: physical functioning (eight items), emotional functioning (five items),
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social functioning (five items), and school functioning (five items). Overall functioning was also recorded
as an average of the four individual scores. Patients reported their function using a 5-point Likert scale
ranging from 0 (never) to 4 (almost always). These responses were reverse scored and linearly transformed
to a 0 to 100 scale, with a higher score indicating higher QoL. The median time between date of transplant
and date of most recent PedsQL TM 4.0 completion was 2.98 years (range: 2–15 years). Other variables of
interest obtained from medical records included: sex (male or female); race (non-Hispanic White [referred to
as White], Hispanic, non-Hispanic Black [referred to as Black], or Native American); and age at transplant.

Patient socioeconomic status was estimated using the following variables: insurance status (state/federally-
funded insurance or private insurance) and median household income (> $50,000 or < $50,000, estimated
based on median income at patient’s billing zip code per the United States Census Bureau).25,26

Transplant-related variables included age and date at first HSCT; type of diagnosis (malignant or non-
malignant); conditioning regimen (myeloablative or reduced intensity); donor type (matched related, un-
matched related, or mismatched unrelated); donor source (bone marrow, peripheral/circulating blood, or
cord blood); and donor and recipient cytomegalovirus (CMV) status (donor/recipient: +/+, +/-, -/+, or
-/-).

Statistical analysis

Descriptions of continuous variables (time between transplant and QoL survey) were expressed as the means
and standard deviations. Discrete qualitative variables (age at transplant, QoL scores via PedsQL TM 4.0)
were expressed as numbers and percentages. Characteristics of pediatric HSCT patients were grouped by
patient race. Fisher’s exact tests were then used to examine potential differences among categorical variables
(including sex, type of diagnosis, conditioning regimen, donor type, donor source, CMV status, insurance
type, and household income classification) and one way analysis of variance (ANOVA) were used to test for
differences in age at transplant and QoL scores. SAS version 9.4 (SAS Institute Inc; Cary, NC) was used for
data summary and analysis.

Proc Regression in SAS was used to estimate unadjusted and multivariate adjusted models of the four QoL
and overall functioning scores as dependent variables. Independent predictors included patient race, age at
the time of transplant, sex, diagnosis (malignant or non-malignant), conditioning regimen, and time since
transplant. Models were additionally run assessing the interaction of race and estimated income level (Table
3) and the interaction of race and type of insurance (Table 4).

In multivariate modeling, non-White (including Hispanic, Black, or Native American) patient QoL outcomes
were compared to those of non-Hispanic White patients in separate models for each QoL outcome. In these
supplementary analyses, multivariate models compared Hispanic, Black, or Native American patient QoL
outcomes individually to those of non-Hispanic White patients. For the sets of multivariate analyses in both
the manuscript and the supplement, the primary multivariate analysis was adjusted for age, sex, type of
disease, and conditioning (Supplemental Table S2) while a secondary analysis further adjusted for insurance
type and estimated household income (Supplemental Table S3). An a priori alpha level was set to 0.05.

RESULTS

Demographic and clinical characteristics

Demographic and clinical patient characteristics grouped by race/ethnicity are presented in Table 1. For
subsequent analyses, patients were categorized as White (46.5%), Black (11.6%), Hispanic (33.7%), or Native
Americans (8.1%). The median follow-up time between HSCT and last follow up was 7.23 years. Of the
86 patients included in the study, an equal number (n = 43, 50%) had been diagnosed with malignant
and non-malignant conditions. Across racial/ethnic categories, there were no significant differences in the
types of conditioning regimen received by the patients, the donor type (match), the donor source, and CMV
status of donor and recipient. There were significant differences in the insurance type of patients across
racial and ethnic categories. While 86.2% of Hispanic patients, 70% of Black patients, and 71.4% of Native
American patients had Medicaid insurance, most White patients (62.5%) had private insurance (p = 0.0005).
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In addition, there were differences in household income by patient race; most patients receiving transplants
lived in areas where the median household income is above $50,000 (72.4% for Hispanic patients, 82.0% for
White patients, and 80.0% for Black patients), where only 28.6% of Native American patients lived in areas
with this higher median income (p = 0.03).

QoL scores across race and ethnicity

Post-transplant QoL scores across four main domains (physical, work/school, emotional, social) were com-
pared by patient race and ethnicity using ANOVA (Figure 1). Without any adjustments, there were signifi-
cant differences in all four QoL scores, driving a difference in overall functioning across patients from White,
Black, Hispanic, and Native American groups (p = 0.009).

QoL scores across diagnosis

Post-transplant QoL scores also were compared between patients with malignant and non-malignant condi-
tions (Supplemental Table S1). Patients receiving HSCT for non-malignant conditions had a significantly
higher physical functioning score (80.47) compared to those with malignant conditions (70.34; p = 0.04).
Similarly, on average patients with non-malignant conditions had a higher work/school functioning score
(74.93) compared to those with malignant conditions (64.30; p = 0.02).

Multivariate adjusted analyses

After adjusting for transplant-associated variables, race was not found to be associated with patient reports
of QoL post-HSCT (Table 2). Inclusion of socioeconomic variables in these analyses, such as income (Table
3) and insurance type (Table 4) did not result in significant associations between patient race and QoL
scores.

Unlike patient race, patient diagnosis associated with physical functioning scores, indicating that patients
with non-malignant conditions were likely to have greater physical functioning than patients with malignant
conditions (p = 0.039). This effect persisted when analyses evaluated potential interactions of race and esti-
mated household income (Table 3, p = 0.04), but was not significant in analyses highlighting the interaction
of race and insurance type (Table 4).

In supplementary analysis, White patients were used as the control group (exponentiated coefficient = 1)
to be able to probe more specific two-group analyses. Hispanic, Black, and Native American patients did
not have QoL scores that differed from those of White patients across all five types of functioning when
controlling for transplant characteristics (Supplemental Table S2) and socioeconomic factors (Supplemental
Table S3).

DISCUSSION

We examined potential racial disparities in QoL two or more years post-HSCT in a regional cohort of pediatric
patients. Our results demonstrate no significant racial disparities in QoL across a variety of functioning scales
during this post-transplant window. Socioeconomic factors did not appear to have any significant impact
on this relationship between race and QoL in our patient cohort. However, transplant -related factors did
impact certain QoL metrics, even after accounting for certain socioeconomic factors. These findings can
provide critical information to providers and patient families concerning potential avenues for growth in
managing long-term patient wellbeing following HSCT.

Given multiple reports of racial disparities affecting clinical outcomes related to HSCT.19-22, the current
findings of no effect of patient race in long-term QoL scores were surprising. Prior published studies that draw
upon much larger databases or registries and include participants from varied socioeconomic backgrounds
have found racial and socioeconomic disparities in access to fully-matched unrelated donors for HSCT and
in overall completion of HSCT for malignancy.18,27,28 There are numerous explanations for the lack of
racial disparities in QoL scores post-HSCT within the current study. As a single institution evaluation in
a moderately-sized pediatric hospital, the absence of racial disparities in readjustment rates at least two
years post-HSCT may not necessarily indicate a lack of racial disparities in transplant outcomes within the
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United States. For example, it was noted in this study that a significant majority of patients (74.1%) came
from estimated annual income bracket of above $50,000; this indicates a patient population with a higher
socioeconomic status than that of the general population, which had a median income of $55,000 in 2015.26

Such higher income levels could allow patients and families to better handle post-HSCT life and afford
resources to improve their physical and emotional health.29-31

These findings are potentially attributable to a very organized supportive care program present throughout
the transplant process within this institution. During both the immediate and later post-transplant periods,
we utilize dedicated mental health specialists, hospital-based schoolteachers, social worker services, inpatient
and outpatient pain services, multidisciplinary survivor clinics, and post-HSCT community engagement pro-
grams to optimize patient wellbeing; such programs may identify and resolve early declines in physical,
emotional, social, and school/work functioning following treatment.32-35Findings from our institution may
be able to provide insight to other transplant centers regarding global changes that can be made to ensure
patients from marginalized groups experience optimal outcomes. This includes educating transplant center
leadership and staff about racial disparities that may be present in transplant referral, ensuring racial and
ethnic minorities have adequate psychosocial support from community and hospital services, and imple-
menting multidisciplinary survivor clinics into other transplant centers to monitor all patients years after
transplant.36,37

The results from this study can be contrasted with other work evaluating QoL in healthy controls, cancer
patients, and transplant patients via the PedsQL TM 4.0 questionnaire (Table 5). While the QoL scores
of patients in this study were still slightly below those of healthy controls,23 their post-transplant QoL
scores were greater than those of pediatric cancer patients across all the categories of readjustment,38 and
were higher than cited transplant QoL scores for emotional and work/school functioning.39 The report
comprised of healthy controls evaluated a group of patients from California with similar racial and ethnic
demographics to the transplant population at our institution, making this a reasonable comparison.23,24The
study sample’s QoL scores were also comparable to that of pediatric liver transplant recipients 10 years
post-transplant39as well as pediatric HSCT recipients in other published studies .40,41 These non-statistical
comparisons indicate that patients undergoing HSCT at our institution are adaptive, on average exhibiting
nearly healthy functioning two years post-transplant. Further research should examine the role of institution-
specific influences, such as effective long-term monitoring of possible complications including heart failure
and endocrinopathies and an emphasis on psychosocial readjustment and transition to adult care.

When pediatric patients were divided based on their diagnosis of malignant or non-malignant conditions,
regardless of race, patients with malignant conditions reported significantly lower physical and work/school
functioning in preliminary analyses. Patients with malignant conditions likely face more physical limitations
due to their cancer diagnosis; the physical side effects of cancer therapies and myeloablative conditioning regi-
mens also likely persist for years following transplant, inhibiting long-term improvements in QoL. Those with
malignant conditions necessitating HSCT also likely spend a greater amount of time away from school or work
due to hospitalizations or treatments related to their diagnosis, impacting their work/school functioning.42

The significant relationship between type of diagnosis and physical functioning seen in multivariate regres-
sion analysis persisted when estimated household income was factored into the analysis, suggesting that even
those with higher income experience lasting physical challenges. Conversely, relationships of diagnosis and
school functioning were not present in multivariate analyses. These differences in outcomes highlight a need
for provider intervention and follow-up to optimize wellbeing in patients with malignancies. Outside of racial
and ethnic groups, particular care and focus should be given to patients with malignant conditions within
institutions and transplant centers to improve physical and academic outcomes.

Limitations of this study include retrospective data collection, which precludes inferring causal relationships
between covariates. The relationships we describe are based upon the inclusion of self-reported QoL from
pediatric patients and estimates of socioeconomic status based upon medical records; it is possible that the
nature of these metrics biased subsequent analyses. While there is no gold standard for measuring pediatric
QoL, the PedsQL not only has strong psychometric properties,23,24 but is also appropriate for use in our

6
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population of interest.38 Nonetheless, there is the potential for differences in self-reporting across race and
ethnicity that impact metrics like the PedsQL.43 We have no means of quantifying potential reporting bias,
but rely on previous research suggesting the strength of parent-reported health status of children.23,44 Lastly,
the results of our study should be interpreted in the context of a small sample size (n = 86) as a single center
experience. While we had a diverse sample, subsequent work would benefit from exploring the relationships
described herein using larger samples sizes and multi-center approaches.

CONCLUSION

Concern over racial and ethnic disparities in QoL following HSCT have become more prevalent with the
discovery of racial disparities in health outcomes from numerous other fields of medicine, including transplant
medicine.18-21,45-48 In this study, we did not find significant differences across racial and ethnic groups in
QoL scores of pediatric patients following HSCT after controlling for transplant-associated variables and
determinants of socioeconomic status. However, patients with malignant conditions were found to have
significantly lower physical and work/school functioning at least two years post-transplant as compared to
patients with non-malignant conditions. Such findings underscore the need for careful follow-up with patients
undergoing HSCT for malignancy to ensure they can regain physical and mental health to successfully
participate in school or work in the years post-transplant.
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Figure Legends

Figure 1: Mean Quality of Life (QoL) scores by function for pediatric bone marrow transplant survivors that
had lived more than two years post-transplant, presented by reported ethnicity. Higher scores are associated
with better functioning. Provided p values indicate variation in mean scores across ethnicities (One-way
ANOVA with a priori 0.05 level of significance).
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