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Abstract

Background—Little is known regarding the health-related quality of life (HRQL) trajectory of
children with sickle cell disease or thalassemia (“hemoglobinopathies”) following hematopoietic
stem cell transplantation (HSCT).

Procedure—We serially evaluated the HRQL of 13 children with hemoglobinopathies who
received HSCT during two prospective multi-center studies using the Child Health Ratings
Inventories (CHRIs). The HRQL scores among children with hemoglobinopathies, as reported
separately by the children and their parents were compared using repeated measures models to
scores of a comparison group of children receiving HSCT for malignancies or severe aplastic
anemia.

Results—The sample included 13 children with hemoglobinopathies (median age: 8 years, range
5-18) and 268 children in the comparison group (median age: 11 years, range 5-18). There were
similar rates of early infection, chronic GVHD and all-cause mortality between the two groups.
There was no significant difference in recovery to baseline scores for physical, emotional, and role
functioning by three months for either group. Children with hemoglobinopathies had higher
HRQL scores for physical (beta=12, se=5.5, p=0.01) and baseline emotional functioning
(beta=11.6, se=5.5, p=0.03) than the comparison group. For all domains for both groups, parent
reports demonstrated a nadir at 45 days with recovery to baseline by three months following
transplant. Children’s ratings were higher than those of their parents in both diagnostic groups.

Conclusions—Children with hemoglobinopathies had higher physical and emotional
functioning scores prior to HSCT and experienced a similar pattern of recovery to their baseline
functioning by three months post-HSCT when compared to children receiving HSCT for acquired
conditions.
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INTRODUCTION

Sickle cell disease (SCD) and thalassemia major (“hemoglobinopathies™) are common
diseases worldwide responsible for a large burden of disease[1, 2]. Research demonstrates
the negative effects of SCD on the HRQL of both children and adults[3-7]. Factors
associated with poorer HRQL in children with SCD included physical pain, older age,
female gender, and neurobehavioral comorbidities[4, 8, 9]. The HRQL of adults with SCD is
severely compromised. One study reported that the HRQL pattern seen in adults with SCD
was similar to patients undergoing hemodialysis[6]. Similarly, the life-long need for
transfusion and iron chelation impairs the HRQL for children and adults with thalassemia
and puts families with lower socio-economic status at greatest risk [10-12].

HSCT offers a cure for children with hemoglobinopathies [13, 14]. The complex, shared
decision-making between families and physicians to undergo HSCT for hemoglobinopathies
involves weighing acute and chronic complications of HSCT against the shortened lifespan
and long-term burden of these chronic illnesses[15-17]. A cross-sectional study of 24
children and adults who underwent HSCT for thalassemia found that HSCT survivors
experienced higher HRQL than 74 similar patients treated with transfusion and
chelation[18]. More understanding of HRQL post-HSCT may help families and physicians
decide when or if to proceed to HSCT for these conditions.

We described the 12-month HRQL trajectory of 13 children with SCD or thalassemia,
treated with HSCT and enrolled in the “Journeys to Recovery Study” (JTR) or HSCT-
Comprehensive Health Enhancement Support Study (CHESS™)[19, 20]. The principal
outcome in both studies was HRQL, as rated from the Child Heath Rating Inventories
(CHRIs)-General Health module[21, 22] which was augmented with demographic and
clinical information. The purpose of this study was to describe the HRQL trajectory of
children with hemoglobinopathies and to compare their results to a contemporaneous
comparison group of 268 children with acquired disorders, (malignancies and aplastic
anemia), who were also included in the two studies. We hypothesized that children with
hemoglobinopathies may have a better HRQL at the time of HSCT than children undergoing
HSCT for acquired disorders due to a lack of prior treatment with chemotherapy, radiation,
and/or immunosuppressive therapy. Beyond baseline, because of treatment similarities
during and following HSCT, we did not expect to see persistent differences in the HRQL
trajectories.

METHODS

Participants

Subjects ages 5-18 years were drawn from the JTR study and the HSCT-CHESS™ study,
two prospective studies of pediatric HSCT on parent-child dyads conducted at eight HSCT
centers in the United States from 2003 to 2011. The objective of the JTR study (N=165
parent-child dyads) was to describe the 12-month HRQL trajectory of pediatric patients
following HSCT, as reported by the child and their parents in the 12 months following
HSCT, using the CHRIs-General[19]. The HSCT-CHESS™ study was a randomized
controlled trial of a web-based eHealth intervention of integrated health information and
support for parents of pediatric HSCT recipients designed to improve the health-related
knowledge, skills, and quality of life of parents of children undergoing HSCT [20]. The
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HSCT-CHESS™ trial included 198 parent-child dyads; 147 were between the ages of 5-18
years. For both studies, individual transplant centers determined the criteria for HSCT.

Eligibility for both studies included working knowledge of English and having a parent/legal
guardian who could consent on behalf of the child. After consulting with clinical providers
and deciding that the child would proceed to transplant, eligible dyads were approached for
recruitment. Parental informed consent and age-appropriate assent were obtained. The
studies were approved by the institutional review board (IRB) at Tufts Medical Center and
at each clinical site; IRB approval was also obtained to combine data from the two studies.

Our analytic sample was restricted to 281 parent-child dyads from both studies based on
child age (5 to 18 only) and diagnosis. The diagnostic category of hemoglobinopathies was
comprised of patients with SCD or thalassemia. The comparison group of patients with
acquired disorders was comprised of patients with malignancies or severe aplastic anemia.
Thirteen children with SCD or thalassemia were identified with 85% complete data by 12
months. The remaining 268 children, serving as a comparison group, had a completion rate
of 64% by 12 months.

The CHRIs-General contains 20 items forming three general health status domains:
physical, role, and emotional functioning. The measure is designed to assess the child’s
status in the week prior to the assessment using separate parent and child versions. The
measure also contains a summary item of the child’s general health (parent report, only). For
all items, the voice of the child is standard, re-worded for parental ratings from ‘you’ to
‘your child.” Responses to all health status questions are a five-point Likert scale. For
children 5-12 years of age, the responses are pictorially represented; for adolescents and
parents, the responses are text-based. Using the half-scale rule, which requires that at least
half the items in a scale be completed, the items were averaged together to create a summary
score and transformed to a 100-point scale. Higher scores for the CHRIs-General domains
indicate better functioning; higher scores for the general health summary item indicate better
health. The ten-item CHRIs-HSCT module was also used at each of the follow up
assessments. This module contains 10 transplant items forming three dimensions: hassles,
body image, and distress/preoccupation. In contrast to the CHRIs-General, higher scores on
the CHRIs-HSCT connote more transplant impact (i.e., greater distress or more hassles).
The CHRIs-General measure and its HSCT module were used in both studies based on
demonstrated psychometric performance in prior applications for children and their parents
within the HSCT population [21, 22]. The baseline CHRIs-General assessment was
collected before the hematopoietic stem cell infusion. Following transplant, CHRIs-General
and CHRIs-HSCT assessments were conducted at 45 days, and three, six, and 12 months.

Medical and Demographic Information

At baseline parents completed the CHRIs demographic questionnaire. Trained research staff
recorded information on causal diagnosis, hematopoietic stem cell source, donor type, and
intensity of the conditioning regimen.

At the end of the transplant hospitalization and at all follow-up assessments, trained study
staff conducted chart reviews to collect clinical information. Major outcomes including
engraftment, infections, acute and chronic graft versus host disease (aGVHD, cGVHD,
respectively), end-organ toxicity, and death, were collected and scored using standard
toxicity scales[23-27].
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Data Analysis

Data were stratified by those who received HSCT for hemoglobinopathies versus the
comparison group. Demographics and clinical characteristics were described for each patient
in the hemoglobinopathies group and summarized using medians, ranges, frequencies, and
percentages. Baseline demographic and clinical characteristics for the comparison group
were summarized. Psychometric properties of the CHRIs-General were described separately
for each of the diagnostic groups (hemoglobinopathies vs. comparison group) and by rater
(parent vs. child). Mean, standard deviation (SD), percent missing, percent ceiling, percent
floor, and internal consistency reliability (ICR) of all CHRIs-General domains were
calculated. ICR was based on Cronbach’s alpha coefficient, where a>0.70 indicates
acceptable consistency [28, 29].

Recovery by three months was a binary variable for physical, emotional, and role
functioning and general health and was defined as surpassing the baseline score at 45 days
or three months. For those at the ceiling at baseline, scoring at the ceiling at 45 days or three
months was also considered recovery. Recovery was defined separately for parent and child
ratings. Due to small cell size, Fisher’s exact test was used to compare the proportion
recovering among the hemoglobinopathies group and the comparison group.

Mean summary scores for parent and child assessment were computed for each CHRIs-
General and CHRIs-HSCT domain. Parent assessment only was used to compute the general
health scores. Domain scores over time by rater and general health over time were plotted,
comparing children in the hemoglobinopathies group to the comparison group.

We looked principally at change from baseline to three months only because of small
sample size and because the plots indicated that most changes in HRQL occurred within 100
days post-HSCT. To assess whether CHRIs-General domain scores varied from baseline to
three months, and whether there were differences in scores among the two groups, six
separate models were constructed representing each CHRIs-General and rater combination:
(1-2) child and parent rating of the child’s physical functioning, (3—4) child and parent
rating of the child’s emotional functioning, and (5-6) child and parent rating of the child’s
role functioning. An additional model was constructed for the parent rating of the child’s
general health. An indicator for diagnostic group, time, and an interaction between group
and time were included in the models. Time was treated categorically (with baseline as the
reference) because of its non-linear relationship with the domain scores. Separate models
were constructed for each domain score to assess whether there were differences in parent
and child ratings from baseline through three months. An indicator for rater (parent or
child), time, and an interaction between rater and time was included. Due to small sample
size, we could not explore interactions in rater, time, and diagnostic group in the same
model, so we then ran the same three models restricted the to the hemoglobinopathies group.
Finally, three models were constructed to look at changes over time by diagnostic group for
the three CHRIs-HSCT domains (hassle, body image, distress/preoccupation). In contrast to
previous models, only the child rater was used and all times post-HSCT were included. We
used maximum likelihood estimation with repeated measures in SAS Proc Mixed to account
for the correlations over time, with an unstructured covariance matrix.

RESULTS

Summary of parent and child characteristics

The hemoglobinopathies group included 13 parent-child dyads (Table I). Median ages of
parent and child were 36 years (range, 26-54) and 8 years (range, 5-18), respectively.
Parents were predominantly female (77%), college-educated (69%), and married (85%). Just
over half had private insurance (54%). Most children were male (62%) and Black (55%).
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Seven transplants were performed for SCD (54%) and six for thalassemia (46%). Most graft
sources were bone marrow (85%) while the rest were umbilical cord. Most donors were
related (69%) and most of the conditioning regimens were myeloablative (62%). The
comparison group consisted of 268 parent-child dyads. Median ages of the parent and child
were 40 years (range, 21-59) and 11 years (range, 5-18), respectively. Parents in the
comparison group were mostly female (84%), college-educated (68%), and married (78%);
most had private insurance (66%). Half of the children in the comparison group were male
and only 5% were Black. Children in the comparison group received HSCT for hematologic
malignancies (71%), solid tumors (17%), or aplastic anemia (12%). Most (74%) underwent
allogeneic HSCT and 69 (26%) underwent autologous HSCT. Within the subgroup
receiving allogeneic transplants, 66 (33%) grafts were from matched family donors and 133
(67%) were from unrelated donors.

All patients in the hemoglobinopathies group successfully engrafted, whereas eight (3%)
children in the comparison group did not, resulting in a subsequent transplant. The rates of
infection and GVHD were similar between the hemoglobinopathies group and the
comparison group; 23% in both groups developed systemic infection within the first three
months post-HSCT. Late-onset systemic infection was documented in 8% of the
hemoglobinopathies and 14% of the comparison group. Three patients with
hemoglobinopathies (23%) developed aGVHD of grade 2 or greater in the first three months
post-HSCT, similar to 30% (of the 187 evaluable allogeneic HSCT recipients) in the
comparison group. Three patients (23%) with hemoglobinopathies developed cGVHD; two
cases (15%) were extensive. Both received unrelated donor transplants. One of these
children also had substantial end-organ toxicity by three months and subsequently died.
Within the comparison group, 77 of the 187 (41%) allogeneic recipients evaluable for
cGVHD developed it, of which 33 (18%) were extensive. The one-year rate of all-cause
mortality was 8% for the hemoglobinopathies group and 18% for the comparison group.

Summary of CHRIs-General psychometrics

In the hemoglobinopathies group, acceptable ICR was demonstrated for most CHRIs-
General domains, as assessed by the parent (physical, a=0.96; emotional, a=0.73; role,
a=0.91) and child (physical, a=0.78; emotional, a=0.54; role, a=0.83) (Table II). Similar
ICR was demonstrated in the comparison group for measures completed by the parent
(physical, =0.91; emotional, a=0.88; role, a=0.87) and child (physical, a=0.78; emotional,
a=0.80; role, a=0.80). Relatively high ceiling effects (>20%) were observed for baseline
physical and role functioning as assessed by the parent and child among those with
hemoglobinopathies. In the comparison group, child-rated ceiling effects were seen in 10%
of the physical functioning scores and in 21% of the role functioning scores; parent-rated
ceiling effects in the comparison group were similar. In contrast, floor effects were
infrequent at baseline (<10%) as reported by parents and children in both groups. There was
almost no missing data (<1%) (Table I1).

Recovery on CHRIs-General domains by three months

There were no statistically significant differences between the proportion recovering to their
baseline scores in the hemoglobinopathies group and the comparison group (Table I11). For
the child report, the majority of the hemoglobinopathies group had recovered their physical
(62%) and role (85%) functioning, but not emotional functioning (38%). Nearly two-thirds
of the comparison group had recovered by three months for all domains as reported by the
child. The majority of parents reported their child recovering by three months for physical,
emotional, and role functioning across the hemoglobinopathies and comparison groups.
More parents of children in the hemoglobinopathies group reported recovering their general
health (75%) than the comparison group (44%) (p=0.08).
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Figure 1 plots mean CHRIs-General and general health over time, by rater and diagnostic
group. Child ratings of their physical functioning were higher among the
hemoglobinopathies group than the comparison group (beta=12.0, se=5.5, p=0.03). The
three-month physical functioning score was higher than baseline for all children (beta=4.7,
se=1.8, p=0.01). Child ratings of baseline emotional functioning were higher for the
hemoglobinopathies group (beta=11.6, se=5.5, p=0.03) than the comparison group. The
hemoglobinopathies group experienced a larger drop in emotional functioning at 45 days
than the comparison group (beta=-12.4, se=6.1, p=0.04), but their three-month scores were
not statistically different than their baseline scores (p=0.13). The comparison group
exceeded their baseline emotional functioning scores by nearly four points at three months
(beta=3.7, se=1.4, p=0.01). There were no time or group effects for the child rating of role
functioning.

For all parent of child ratings of physical, emotional, and role functioning, there was no
effect of group. Each parent rating had a nadir at 45 days (p<0.05 for physical and emotional
functioning; p=0.06 for role functioning) and returned to the baseline score at three months
(no significant difference from baseline score, p>0.1 for all domains). The interaction
between diagnostic group and time in the parent of child physical functioning model showed
a sharper decrease in scores from baseline to 45 days compared to the comparison group
(effect size = —0.3, p=0.35) and a sharper increase in scores from 45 days to three months
(effect size= 0.3, p=0.37). For the general health model, parents of children in both groups
rated their child’s general health as similar at baseline. However, parents of children with
hemoglobinopathies rated their child’s general health as 18 points higher than the
comparison group at three months (se=9.0, p=0.04).

The model that compared rater differences over time regardless of diagnostic group found
children rate their functioning higher than their parents. A significant interaction between
time and rater indicated that parents reported a drop in scores at 45 days, but children did
not. By three months, parents and children had returned to their baseline scores across all
domains. The model restricted to those with hemoglobinopathies found that child ratings
were higher than parent ratings for physical (beta=17.1, se=8.8, p=0.07), emotional
(beta=13.2, se=5.5, p=0.03), and role (beta=18.3, se=7.7, p=0.04) functioning. The
interaction between rater and time was not significant.

Figure 2 plots mean CHRIs-HSCT over time, by rater and diagnostic group. The models
examining child ratings of CHRIs-HSCT domains (hassle, body image, distress/
preoccupation) found no effect of diagnostic group. However, effect sizes indicate some
evidence that the hemoglobinopathies group had lower scores than the comparison group
(hassle: effect size= -0.6, p=0.09; body image: effect size= —-0.5, p=0.12; distress/
preoccupation: effect size= -0.4, p=0.35).. The scores decreased at 45 days for both
diagnostic groups (p<0.05 for one or more time points after 45 days for each domain).

DISCUSSION

This is the first longitudinal evaluation of HRQL of children with SCD or thalassemia post-
HSCT. Because many physicians are more familiar with HSCT among children with
malignancies or aplastic anemia, we created a comparison group to guide physicians about
the similarities and differences between children with hemoglobinopathies who undergo
HSCT and others.

There were several similarities in the clinical outcomes and the HRQL among the two
groups. Interestingly, the two groups had comparable rates of early infection, aGVHD, and
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cGVHD. Also the HRQL trajectory followed a similar pattern with a substantial proportion
of children in both groups surpassing their baseline physical, emotional, and role functioning
by three months post-HSCT. Parent ratings also followed this recovery pattern. For all
CHRIs-General domains for both groups, parents reported a nadir at 45 days with recovery
to baseline by three months. This pattern highlights the importance of measuring HRQL in
the initial weeks following HSCT. The 45-day assessment is necessary to capture HRQL
changes related to the intensity of the early transplant period. The lower parental ratings
observed across all three CHRIS-General domains at all time points as compared to child
reports mirror previous studies of HRQL in children with SCD, and other clinical
populations[4, 30-32]. For both diagnostic groups, the child ratings of the CHRIs-HSCT
domains improved over time.

There were several differences in HRQL trajectories between the two groups. For the
CHRIS-General domains, physical functioning and baseline emotional functioning were
higher in the hemoglobinopathies group. As we hypothesized, children with
hemoglobinopathies may have higher baseline functioning because they have not recently
undergone prior chemotherapy and/or radiation as many children with malignancies and
aplastic anemia do prior to HSCT. These higher baseline scores differ from cross-sectional
studies, which have shown lower HRQL among children with more severe disease features
[3, 4, 8, 33]. Of note, while published criteria for determining HSCT eligibility, principally
related to disease status and end-organ functioning, have been available for more than 15
years[13, 14], we did not routinely collect specific information on the high-risk features
prompting the decision to proceed with HSCT for children within our case series.

Further, we were struck by the significant drop in emotional functioning from baseline to 45
days among child raters in the hemoglobinopathies group, such that their 45-day emotional
functioning was similar to the comparison group. The effect size of —1.1 is within the range
of “clinically important difference” [34]. The parallel recovery by three months within the
context of comparable rates of clinical complications in both groups highlights the
similarities in functional outcomes within the acute post-HSCT period.

We also note that child-rated HRQL trajectories for the hemoglobinopathies group were
generally higher throughout the 12-month period (Figure 2) which has important
implications for considering HSCT in affected children. Similarly, effect sizes ranging from
0.4 to 0.6 indicated that children in the hemoglobinopathies group reported more favorable
scores (e.g., less hassle, distress) on the CHRIs-HSCT domains. Future investigations of
HRQL in children with hemoglobinopathies undergoing HSCT should include a larger
cohort with descriptive information of disease characteristics, baseline comorbidities, and
indications for HSCT.

We acknowledge limitations, principally the small size of the cohort with
hemoglobinopathies which likely resulted in insufficient power to detect other differences in
HRQL between the groups. Grouping together SCD and thalassemia was also a limitation.
While these diseases have similarities and result in chronic treatment and sequelae, there
may be important differences in the clinical course and HRQL trajectories post-HSCT,
which we are underpowered to investigate. We were also underpowered to explore the
impact of race on HRQL. A recent study demonstrated that African-American children
reported higher HRQL in the year following HSCT than other racial/ethnic groups.[35]
Since SCD is more common in African-Americans, the higher scores in our sample among
those with hemoglobinopathies could be due to race. Future research is needed to understand
the impact of both race and diagnostic group on HRQL.
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Despite these limitations, the investigation of HRQL in children who undergo HSCT for
SCD or thalassemia is important. SCD and thalassemia are heterogeneous conditions with a
wide spectrum of clinical outcomes. The decision to undergo HSCT for SCD or thalassemia
is complex. The risk of morbidity and mortality with HSCT must be considered alongside
the shortened life expectancy and chronic complications in adulthood without transplant[15,
16, 36, 37]. In a decision analysis that compared treatment with no intervention,
hydroxyurea, chronic transfusions, or HSCT for children with severe SCD, treatment with
hydroxyurea or HSCT was preferred [38]. However, the analysis was sensitive to HRQL
estimates of children treated with either hydroxyurea or HSCT, indicating that the preferred
treatment may change based on the HRQL estimates. Measurements of HRQL post-HSCT
are needed to make informed decisions regarding the optimal treatment for these poor-risk
patients.

Our results reveal that, based on this case series of 13 children, the HRQL trajectories for
children with hemoglobinopathies are similar to a comparison group, treated at the same
centers for acquired diseases. Future and more robust studies are needed to further
characterize HRQL outcomes for children by disease and severity so that physicians and
families can make informed decisions about the role of HSCT within the treatment
armamentarium for each child.
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Figure 1.
CHRIs-General domain and general health scores over time by diagnostic group assessed by
the child and parent.
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CHRIs-HSCT domain scores over time by diagnostic group as assessed by the child and

parent.
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