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Abstract

To study the factors associated with poorer health-related quality of life (HRQOL) at 1-year post-
allogeneic hematopoietic cell transplantation (alloHCT), a secondary analysis of a prospective
feasibility study was performed. PedsQL ™ questionnaires were collected in 76 children
undergoing alloHCT at baseline (within 30 days before transplantation), day 100, 6-months and
12-months post-transplantation. The global score improved post-HCT (baseline: 67.1, 12-months:
76.6). Females (OR:6.5, 95% CI:1.002-42.17, p=0.04) and patients with low baseline scores (OR:
7.2,95% CI:1.07-48.63, p=0.04) had lower scores at 12-months post-HCT and suggest a target
group for early interventions such as physical exercise, stress management, and cognitive behavior
therapy.
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Background

Allogeneic hematopoietic cell transplantation (alloHCT) is increasingly used as a curative
option for many malignant and non-malignant hematological conditions. According to a
recent publication from the Center for Blood and Marrow Transplant Research (CIBMTR),
the number of allogeneic transplantations in the US nearly doubled in the last 15 years
(2000: n=4,250; 2015: n=8,351)[1]. Survival post-HCT continues to improve because of
better donor selection and availability, and improvement in supportive care during the pre-
and post-transplant periods [2]. It is estimated that there will be about half a million
transplantation survivors in the US by 2030[3]. As survival rates increase, it is paramount to
focus on patients’ health-related quality of life (HRQOL) post-HCT. HRQOL is best
measured as directly reported by patients, patient-reported outcome (PRO), the importance
of which in patients with acute and chronic medical conditions is being increasingly
recognized [4,5]. Despite this growing evidence, PROs are not routinely collected in the
clinical practice of HCT.

Very few studies involving pediatric alloHCT recipients have taken a prospective
longitudinal approach to study changes in HRQOL in the peri-transplantation period [6,7].
Previous studies have shown that QOL is lower early post-HCT and returns to baseline or
better at 1-year post-HCT, but have not investigated specific at-risk groups [8,9]. Therefore,
it is important to identify at-risk groups who continue to have poor HRQOL at 12 months
post-HCT in order to focus on early interventions. In this study, we aimed to identify the
patient-, disease- and transplantation-related factors associated with poor QOL at 12 months
post-HCT in a pediatric population undergoing alloHCT.

Materials and Methods

The Center for International Blood and Marrow Transplant Research (CIBMTR) maintains a
large international research database with clinical outcomes data of more than 465,000
patients who have undergone HCT. The CIBMTR conducts observational and prospective
research to further the field of HCT. From 2011 to 2013, a prospective multi-center study
was conducted by the CIBMTR to assess the feasibility of routine PRO collection in patients
undergoing alloHCT [10]. This manuscript considers secondary analysis in the pediatric
patient subset (2-18 years of age) of that study. PRO data was collected at 4 time-points: at
baseline (within 30 days prior to HCT), at 100 days, 6 months, and 12 months post-HCT.
Routine clinical data was collected at each of these time-points through the CIBMTR’s
proprietary data collection forms. Data regarding patients’ socio-demographics (age, sex,
race/ ethnicity, annual household income) were also collected. PRO data was collected using
the Pediatric Quality of Life Inventory™ (PedsQL ™) measurement model [11]. The 23-
item PedsQL ™™ generic core scale and 4 multidimensional subscales were used to generate
a global QOL score and domain specific scores, respectively. Subscales included 4 domains;
physical functioning (8 items), emotional functioning (5 items), social functioning (5 items),
and school functioning (5 items). Global and domain specific-scores were computed on a
scale of 0-100, where higher scores indicated better functioning. A well-defined cut-off for
ill health has been derived from the normal population for self-report (69.7) and proxy-
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report (65.4) [12]. Children between the ages of 5-18 years completed a self-report, and
parents of children aged 2-18 years submitted a proxy-report at each time-point.

Patient characteristics were summarized using descriptive statistics. Continuous variables
were described using means and standard deviations (SD), and categorical variables with
frequencies and proportions. We studied the temporal trends of global PedsQL™ and
subscale scores. Scores were further explored using baseline characteristics, and continuous
measure comparison was performed between groups using Wilcoxon rank sum test. PRO
scores were also compared for cross-informant variance, for patients having both self- and
parent-proxy scores available at each time-point. Student’s t-test was utilized to assess
statistically significant difference between self- and parent-proxy PRO scores. A score-point
difference (Mu0) of 4.3 was allowed due to difference in ill-health cut-off scores (self: 69.7,
proxy: 65.4). Univariate logistic regression was performed for each variable to test their
effect on the primary outcome of having a self-reported PRO score less than ill-health cut-
off (<69.7) at 12 months post-HCT. Odds ratio (OR) and 95% confidence interval (CI) were
calculated. Potential predictors included sex (male vs female), ethnicity (Caucasian vs others
vs unknown), Karnofsky/ Lansky performance score (=90 vs <90), disease type (malignant
vs non-malignant), use of total body irradiation (yes vs no), HCT- comorbidity index (0 vs
>1), conditioning intensity (myeloablative vs reduced intensity/ non-myeloablative), graft
source (bone marrow vs others), annual household income (<$60,000 vs =60,000), and year
of transplantation (2011 vs 2012 vs 2013). Age was tested as a categorical variable (grouped
as: 2-4 vs 5-7 vs 8-12 vs 13-18 years) for feasibility. A statistical significance (alpha) level
of 0.05 was used throughout, and SAS version 9.4 (SAS institute Inc, Cary, NC, USA) was
used to perform all statistical analyses.

Patient characteristics

A total of 76 patients completed PedsQL ™ report (self or parent-proxy or both) at baseline.
The baseline characteristics of these patients are described in table 1. Median age at
transplantation was 7 years (range: 2—18 years). Forty-two (55%) patients were males.
Patients were predominantly of white/ Caucasian race (82%). Forty-three (57%) patients
received HCT for non-malignant diseases. Total body irradiation (TBI) was used for 26
(34%) patients. Post-HCT complications such as acute and chronic GVHD were seen in
39% and 21% of the patients, respectively. Disease relapse or progression was seen in 21%
of patients with malignant disease at baseline. Among patients surviving to each time-point,
PedsQL ™ self -reported measures were completed by 45 (62%) at day 100, 46 (67%) at 6
months and 36 (55%) at 12 months post-HCT. There was no major difference in clinical
characteristics of patients who did and did not complete the PRO measures at 12-months
post-HCT (supplement table 1, Supplemental Digital Content 1, http://links.lww.com/JPHO/
A258).

Temporal trends of PedsQL™ scores

The temporal trends of PedsQL ™ scores (global and subscale) at the 4 time-points are
depicted in figure 1a. The mean global score was below the ill-health cut-off at baseline
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(67.1+17.8), but improved post-HCT (76.6+20.3 at 12 months). The subscale score
trajectories were dissimilar to those for the global score. Particularly, the scores for school
and studies was the lowest at baseline (52.9+28.1), and continued to be low including at the
6-month time-point (day 100: 65.2+25.1, 6 months: 65.5£19.9, 12 months: 72.4+20). In
comparison, the scores for physical (baseline: 69.7+£23.6, day 100: 69.8+23.1, 6 months:
71.2+22.9, 12 months: 78.5+22.7) and social health (baseline: 77.8+19.8, day 100:
75.1+15.7, 6 months: 78.6+17.3, 12 months: 80.2+19) stayed above the ill-health cut-off at
all time-points. Scores were further explored in relation to patient, disease-, and transplant-
related factors. The most significant difference in temporal trends was noted when
comparing scores between males and females. Figure 1b and 1c depict the global and
physical health scores according to patient sex, respectively. Notably, the scores were down-
trending for females at 12-months.

Predictors of PedsQL™ score <69.7 at 12 months post-HCT

Results of univariate analysis are summarized in table 2. Unadjusted odds of having global
self-reported PedsQL ™ score <69.7 at 12 months post-HCT were significantly higher in
females compared to male patients (OR 6.5, 95% ClI: 1.002, 42.17, p=0.04), Low baseline
self-score (<69.7) was also significantly associated with a low 12-months score (OR: 7.2,
95% ClI: 1.07, 48.63, p=0.04). When studying the subscale scores, only poor physical
function score (<69.7) at 12-month post-HCT was predicted by low baseline score (OR 10.0,
95% ClI: 1.56, 64.2, p=0.01) and female sex (OR 9.1, 95% CI: 1.39, 59.6, p=0.02) in
univariate analysis. None of the baseline predictors were significantly associated with poor
emotional, school, or social health at 12-months post-HCT. We compared the baseline scores
between males and females using a continuous measure (data not shown) and did not find
any significant difference (p=0.24).

Temporal trends of parent-proxy scores and Cross-informant variance

Additionally, we studied the cross-informant variance comparing self and parent-proxy score
at each time-point for patients who had both scores available at each timepoint (Figure 1d).
Parent-proxy scores were noted to be lower than self-reported scores at each time-point;
65.5+20.2 at baseline, 63.7+21.1 at day 100, 70.5+19.7 at 6 months, and 73.4+19.6 at 12
months post-HCT. Significant difference in global score was noted between self and parent-
proxy score only at day 100 (p=0.01). To compare the self and proxy scores further, we
attempted to replicate the results of univariate analysis using 12-month low global parent-
proxy score (<65.4) as the outcome (data not shown). Low baseline global proxy score was
significantly associated with poor global parent-proxy score at 12-months post-HCT
(p=0.016). However, patient sex (p=0.08) did not significantly predict the low parent-proxy
score at 12-months post-HCT.

Discussion

Herein, we have reported the longitudinal changes in global and individual domains of
HRQOL in pediatric patients undergoing allogeneic HCT. Overall, the self-reported global
PedsQL ™ scores were worse at baseline and continued to improve post-HCT, which was
reassuring. Our results were comparable to Felder-Puig and colleagues, who used
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PedsQL ™ measures at 2 timepoints pre-HCT (4-6 weeks before, 7 days before) and 5
timepoints post-HCT (day 10, 28, 100, 180, 360) [6]. The scores declined immediately post-
HCT (day 10) but steadily improved and were better at 12-months compared to pre-HCT
scores, similar to our study. While studying the subscale score trajectory in our study, we
noted that patients reported having good physical and social function throughout the course.
Patients are usually out of school during the transplantation process, which would account
for the poor school and studies scores up to 6 months post-HCT. Similar subscale score
trajectory, especially for social function was reported by Bhatia et al, who used PedsQL ™
measures in children undergoing HCT for sickle cell diseases [13]. However, none of these
studies explored the scores in relation to patient-, disease-, or transplant-related factors or
assessed the factors associated with poor HRQOL at 12-months post-HCT.

In this study, female patients were noted to have poor HRQOL at 12 months post-HCT
compared to males according to their self-reported PRO measures. We also found significant
association of low global and physical function scores at baseline with having low 12-
months PRO scores. However, when exploring the patients with low scores at baseline, there
was no significant difference between males and females. Two prior studies that have
explored associations between patient sex and HRQOL in pediatric patients undergoing
HCT have failed to demonstrate a significant relationship [14,15]. In contrast, Meade et al.
reported females having significantly lower physical, psychological, and autonomy domain
scores compared to males using KIDSCREEN-27 questionnaire in Australian adolescents
(n=403) suggesting gender vulnerability [16]. Similarly, girls from 13 European countries
also had lower scores in same domains when compared with boys (total n=22,827) [17].
Lower HRQOL have also been reported in females with chronic health conditions such as
sickle cell disease and cystic fibrosis irrespective of PRO tools [18,19]. A Study using
PedsQL ™ questionnaires in Norwegian children noted lower emotional subscale scores in
females compared to males [20]. In our study, we did not see any significant difference
between males and females in terms of their baseline self-reported scores, underlying
diagnosis, or cumulative incidence of post-HCT complications such as acute or chronic
GVHD, or disease relapse/ progression. Therefore, we speculate that the worse HRQOL
reported by females at 12-months is not necessarily due to severity of their health, but rather
associated with how they perceive and cope with their chronic health condition. Due to small
sample size we were unable to further explore the causes of worse HRQOL in females at 12-
months compared to males in our study. We also noted that patients with low global and
physical function scores were at significantly higher risk for having lower HRQOL at 12-
months post-HCT. Baseline scores lower than ill-health cut-off have been previously
reported and are likely secondary to physical deconditioning from prior treatment and
anxiety of undergoing an intense procedure [13]. However, post-HCT improvement in
HRQOL is expected and has been reported [6,7]. While it is concerning that a small patient
subset still reported having poor HRQOL at 12-months timepoint, this finding requires
further evaluation. While studying other baseline characteristics, unlike the results of
previous publications, our study did not document significant association of younger patient
age (<3 years), and lower socio-economic status with poor HRQOL post-HCT [14,21].

We also studied the cross-informant variance in PRO scores between patients and parents.
Self-reports are considered standard in adult PRO measures, however parent-proxy reports
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are utilized in pediatric population especially when children are either sick, too young, or
have cognitive impairment to complete the questionnaires [11]. The ability to use proxy
score as a surrogate for self-report has been a topic of debate, however it is recommended to
use both scores in the pediatric population [11]. In general, parents as proxies are known to
score lower than self-report mainly because of difference in perception of the illness and
expectations regarding short-term and long-term complications and overall prognosis. In our
study, parents scored their children lower than the patient themselves at each time-point;
however, the only significant difference in scoring was noted at day 100. Moreover, the
higher odds in females of having low 12-month PRO score were not replicated when parent-
proxy PRO measure was taken into account. While these findings are interesting, we were
not able to explore the causes for cross-informant variance due to small number of patient-
parent pairs.

There are limitations to the study that need to be recognized. This is a secondary data
analysis of a pilot study, which was performed to test feasibility of routine PRO collection;
therefore, the sample size is small, and caution should be exercised in drawing strong
conclusions. Due to the small sample size and lack of adequate events, we were not able to
perform a multivariable analysis using pre- and post-HCT time dependent variables to study
the predictors of poor QOL at 12 months post-HCT.

Our study results are important in clinical practice as HRQOL is getting recognized as an
important treatment outcome post-HCT along with overall survival and disease-free survival.
PRO scores returned to baseline or improved from baseline at 12-months post-HCT in
majority of patients. However, certain subgroups especially females and patients with lower
scores had significantly lower HRQOL at 12 months and suggest a target group for early
interventions. These patients may benefit from delivering interventions such as 1) physical
exercise, 2) stress management/ cognitive behavior therapy, 3) virtually joining school
classrooms, and 4) early psychosocial assessment/ maintaining social connections directed
towards improving specific HRQOL components of physical, emotional, school, and social
function, respectively [4]. We anticipate future studies to identify ways to effectively deliver
these interventions using time and resources in judicial manner. Further research in the
pediatric population is warranted using a larger cohort to further understand the impact of
patient sex on post-HCT HRQOL. Our study also advocates for routine longitudinal PRO
collection in HCT practice in order to identify an at-risk population early in their
transplantation course, to whom interventions should be directed to avoid long-term decline
in HRQOL.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Temporal trends of PedsQL ™ scores at 4 time-points based on available data. Dotted line

represents the ill-health cut-off for self-reported (69.7) and parent-proxy (65.4) PedsQL ™
scores. Y-Axis has been truncated (range: 45— 85) to emphasize on the score range
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a) Trend of mean global and subscale self-reported PedsQL ™ scores at 4 time-points; b)
Trend of mean global self-reported PedsQL ™™ scores at 4 time-points according to patient
sex; ¢) Trend of mean physical function subscale self-reported PedsQL ™ scores at 4 time-
points; d) Comparison of self-reported and parent-proxy mean global PedsQL ™ scores at
each time-point
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Table 1
Baseline Characteristics of the Pediatric Cohort Undergoing Allogeneic Hematopoietic Cell Transplantation
(n=76)
Variables N (%)
Median age at transplantation, year (range) 7 (2-18)
Age groups (years) 2-4 24 (32)
5-7 20 (27)
8-12 18 (24)
13-18 14 (18)
Sex Male 42 (55)
Female 34 (45)
Race White/ Caucasian 62 (82)
Other 13 (17)
Unknown/ declined 1(1)
Karnofsky/ Lansky score 290 67 (88)
<90 9(12)
HCT-comorbidity index 0 52 (68)
>1 22 (29)
Missing 2(3)
Annual household income < $20,000 15 (20)
$20,000- $39,999 11 (14)
$40,000- $59,999 6 (8)
$60,000- $79,999 9(12)
$80,000- $99,999 7(9)
>$100,000 13 (17)
Unknown/ Declined 15 (20)
Disease type Malignant 33 (43)
Non-malignant 43 (57)
Stem cell source Bone marrow 45 (60)
Peripheral blood 20 (26)
Cord blood 11 (14)
TBI use No 50 (66)
< 1200 cGy 20 (26)
>1200 cGy 6 (8)
Conditioning regimen Myeloablative 55 (72)
Reduced intensity/ Non-myeloablative 21(28)
Graft vs. host disease prophylaxis CNI + MMF + other(s) 12 (16)
CNI + MTX = other(s) 23 (30)
CNI * other(s) (not MMF or MTX) 26 (34)
Ex-vivo T-cell depletion/ CD34 selection 14 (18)
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Variables N (%)
Unknown 1(1)
Year of transplant 2011 9(12)
2012 50 (66)
2013 17 (22)
Median follow-up of survivors, months (range) 24 (3-46)
Post-HCT complications Acute graft vs. host disease 30 (39)
Chronic graft vs. host disease 15 (20)
Relapse/ progression (malignant diseases only) 7(21)
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HCT- hematopoietic cell transplant, TBI- total body irradiation, CNI- calcineurin inhibitor, MMF- mycophenolate mofetil, MTX- methotrexate
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Table 2

Univariate analyses of factors associated with having low global self-reported PedsQL ™ score (<69.7) at 12-

months post-HCT in pediatric patients undergoing allogeneic HCT from 2011-2013
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Characteristics Crude oddsratio (95% confidenceinterval) for having global self-score <69.7 | P value
Age (years) 0.65
5-7 1
8-12 2.0 (0.27, 14.78)
13-18 0.76 (0.1, 5.96)
Race/ Ethnicity 0.88
White/ Caucasian 1
Others 1.21 (0.09, 15.66)
Sex 0.04
Male 1
Female 6.5 (1.002, 42.17)
HCT comorbidity index 0.82
0 1
>1 0.82 (0.15, 4.5)
Disease type 0.33
Non-malignant 1
Malignant 2.29 (0.42,12.5)
TBI use 0.52
No 1
Yes 1.71(0.32,9.11)
Conditioning regimen 0.57
Myeloablative 1
RIC/ NMA 1.78 (0.24, 13.41)
Graft source 0.82
Bone marrow 1
Others (Peripheral blood, Cord blood) 0.82 (0.15, 4.5)
Annual household income 0.79
= $60,000 1
< $60,000 2.0 (0.24, 16.61)
Unknown 1.5(0.19, 11.53)
Year of transplant 0.98
2012 1
2011 1.2 (0.09, 16.4)
2013 0.96 (0.14, 6.7)
Baseline global score 0.04
269.7 1
<69.7 7.2 (1.07, 48.63)
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HCT- hematopoietic cell transplant, TBI- total body irradiation, RIC- reduced intensity conditioning, NMA- non-myeloablative conditioning
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