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Abstract

Introduction: There is limited understanding of pain, patient-reported outcomes (PROs) of 

health-related quality of life (HRQoL), psychological factors, and experimental pain sensitivity 

before and following hematopoietic cell transplant (HCT) in children with sickle cell disease 

(SCD).

Methods: Individuals aged 8 years and older, English speaking, and scheduled for a HCT were 

invited to participate in an observational study where they completed assessments of pain, PROs, 

psychological factors, and qualitative interviews before and around 3 months, 6 months, 1 year, 

and 2 years post-HCT. An optional substudy of experimental pain sensitivity before and around 6 

month, 1 year, and 2 years post-HCT was also offered.

Results: Data from eight participants (median age 13.5 years, 25% female) with sickle cell 

anemia (SCA) or similarly severe genotype, and successful donor-derived erythropoiesis post-
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HCT are reported. We found that collection of pain, PROs, psychological factors, and qualitative 

data were feasible in the context of HCT. We found moderate to large differences in pain and 

some PROs between baseline to 1 year and baseline to 2 year post-HCT based on effect sizes, 

but only some differences were statistically significant. We found moderate to large differences in 

pressure pain threshold and moderate differences in cold pain threshold between baseline to 1 year 

and baseline to 2 year post-HCT based on effect sizes, but these differences were not statistically 

significant. Qualitative data indicated an improvement in pain and HRQoL post-HCT.

Conclusion: This study provides a framework for the conduct of multimodal pain assessments 

before and after HCT, which is feasible but faced with unique barriers.
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pain; patient-reported outcomes; pediatric hematology/oncology; quality of life; sickle cell 
disease; transplantation

1 | INTRODUCTION

Pain is the hallmark of sickle cell disease (SCD) and is a significant cause of morbidity 

in SCD.1 Hematopoietic cell transplantation (HCT) is a curative therapy for SCD,2 and 

recurrent SCD pain episodes are a common indication for HCT.3 Pain is also a frequent 

consideration in the decision to pursue HCT.4 After successful HCT, resolution of pain in 

adults with SCD is a gradual process which may take a year or more following HCT.5 

For adults with chronic pain associated with SCD, pain may not resolve by a year after 

transplant and may persist despite successful HCT.6 Similarly, pain and health-related 

quality of life (HRQoL) improve following HCT,7 though there is variability in HRQoL 

in response to HCT.7–10 Thus, change in pain and its characteristics after successful HCT 

serves as a unique model system to investigate the reversal of the pain state in SCD. The 

insights gained from such a study may shed light on the multiple factors associated with the 

pain experience in SCD.

There is limited understanding of pain, psychological comorbidities associated with pain and 

HRQoL following transplantation for SCD. This study aimed to determine the feasibility 

and acceptability of collecting data on pain, patient-reported outcomes (PROs), HRQoL and 

experimental pain sensitivity using quantitative sensory testing (QST), and to compare these 

before and following HCT in patients with SCD. We hypothesized that there would be a 

decrease in pain burden following HCT and improvement in pain-associated psychological 

comorbidity.

2 | METHODS

We invited patients with SCD who were aged 8 years and older, English speaking, and 

scheduled for an HCT to participate in this observational cohort study. Potential participants 

were required to be able to access the internet via a smartphone or a computer to complete 

an electronic pain diary. If they did not have access to the internet, they could participate 

in all aspects of the study except for the pain diary. Potential participants were excluded if 
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they had severe medical comorbidities or cognitive difficulties that would potentially limit 

understanding of study procedures, as determined by the primary investigator.

We collected data at five timepoints: pre-HCT, post-HCT days 90, 180, 365, and 2 years. 

The pre-HCT study assessments were done up to 12 weeks before the scheduled HCT. To 

limit missing data post-HCT and increase flexibility for participants, study assessments were 

performed up to 30 days prior or 60 days after post-HCT day 90, up to 60 days prior or 

60 days after post-HCT day 180, up to 60 days prior or 90 days after post-HCT day 365, 

and up to 90 days before or after 2 years post-HCT. Study visits were scheduled to coincide 

with clinical care as much as possible. Participants were asked to complete assessments 

of pain, pain-related PROs, psychological factors, functioning, and HRQoL, an electronic 

multidimensional pain diary and a qualitative interview at each timepoint. Study participants 

were also offered enrollment on to an optional substudy of experimental pain using QST 

performed at all times except at the day 90 timepoint as the other procedures.

2.1 | Assessments of pain, pain-related PROS, psychological characteristics, functional 
outcomes, and HRQoL

Participants were asked to complete the following measures:

1. Patient-Reported Outcomes Measurement Information System (PROMIS) short-

form measures of pain intensity, pain interference, physical function, anxiety, 

depression, fatigue, sleep disturbance, and peer relationships. Most pediatric 

PROMIS measures have been previously validated and used in SCD11–13 to 

measure pain, pain-related interference, and pain-related outcomes. PROMIS 

measures use a 7-day recall, and yield a T-score, which is a standardized score, 

and higher scores indicate greater presence of trait.

2. Pain Catastrophizing Scale (PCS),14 a 13-item measure that measures thoughts 

and feelings about pain catastrophizing, and the child/adult version was used in 

this study. The PCS has high internal consistency in children with SCD.15 Scores 

range from 0 to 52, and higher scores indicate greater pain catastrophizing.

3. Functional Disability Inventory (FDI)16–18 is a well-established measure that 

evaluates perceived difficulty to perform daily activities across home, school, 

recreational, and social settings in youth with chronic pain, and the FDI has high 

internal consistency in children with SCD.19 Scores range from 0 to 60, and 

higher scores indicate greater disability.

4. PedsQL™ Generic Quality of Life (QoL)20–26 and PedsQL™ SCD Specific 

QoL27–29 scales are valid and reliable measures that assess generic and SCD-

specific HRQoL, respectively. These measures use a recall period of 1 month. 

Scores range from 0 to 100 and higher scores indicate better HRQoL.

All measures were obtained by child self-report. Participants received $25 at each timepoint 

for completion of the questionnaires.
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2.2 | Multidimensional pain diary

Participants were asked to complete a twice daily web-based electronic multidimensional 

pain diary validated for measuring pain in SCD for 2 weeks using their smartphone or 

computer.30 Participants reported their pain intensity on an 11-point numerical rating scale 

from 0 to 10. If a pain intensity score >0 was reported, they then were asked to report on 

cause of pain, pain impact on sleep, school, work, daily activities, interactions with friends 

and family, and treatments for pain. Participants were compensated $0.50 for completing 

each pain diary, for up to $1/day and $14 for each 2-week period.

2.3 | Qualitative interviews

Participants were invited to participate in a qualitative interview. The interview script 

focused on their experience of pain, its impact on their life, and the role of their pain 

experience in the decision to pursue HCT. For post-HCT time points, we explored their 

perspectives on their posttransplant pain and quality of life. Participants were compensated 

$25 for completion of the qualitative interview at each timepoint. Parents were also invited 

to participate but did not receive any compensation.

2.4 | Experimental pain sensitivity (QST)

We evaluated sensitivity to pressure, mechanical, and thermal stimuli. For detection 

thresholds, participants indicated when they first felt the stimuli; for pain thresholds, 

participants indicated when they first felt pain; and for pain tolerance, indicated when they 

could no longer tolerate the pain. We measured pressure pain threshold (PPTh), pressure 

pain tolerance (PPTo), mechanical pain threshold (MPTh), mechanical pain tolerance 

(MPTo), cold detection threshold (CDT), cold pain threshold (CPTh), heat detection 

threshold (HDT), heat pain threshold (HPTh), and heat pain tolerance (HPTo). We13,31 and 

others32 have previously published methods to determine these QST parameters in children 

with SCD. To determine MPTh, as pinprick probes were unavailable, we used a series of 

Von-Frey filaments (Touch Test™ Sensory Evaluator) weighing 0.008–300 g, applied from 

the lowest to the highest weight to determine the pain threshold. If the participant did 

not perceive pain with the 300 g filament, this was entered as 300 g. We calculated the 

arithmetic mean of three pain thresholds to determine the final MPTh.32 At the end of the 

QST session, participants completed the Gracely Box Scale,33,34 a 21-point scale to rate 

pain intensity and unpleasantness, and the situational PCS35 to measure catastrophizing in 

response to the QST session. Participants could stop QST procedures at any time or omit 

portions of the QST procedures if they so desired. The timing of QST was preferably >2 

weeks from the last pain episode. If a patient had chronic pain, the timing of QST was based 

on patient readiness, and away from the time of an exacerbation of chronic pain as much as 

possible. Participants were compensated $50 for the completion of QST procedures at each 

time point.

2.5 | Clinical characteristics

Clinical characteristics were abstracted from the medical record. We collected pertinent 

SCD-related history such as genotype, prior healthcare utilization for pain, and 

complications and treatments for SCD and pain. Healthcare utilization for pain was 
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calculated by the sum of all Emergency Department visits and hospitalizations for SCD pain. 

HCT-related history included donor characteristics, presence of donor-derived erythropoiesis 

post-HCT, and presence of acute and chronic graft-vs-host disease (GvHD).

2.6 | Statistical analysis

We used descriptive statistics to report the feasibility of completing study procedures 

including QST. We used descriptive statistics to describe the clinical characteristics of 

the study sample, as well as to describe pre- and post-HCT assessments. Where feasible, 

measurements at 1 year post-HCT and 2 years post-HCT were compared with baseline using 

paired Wilcoxon signed-rank tests; moreover, due to small sample size, standardized effect 

sizes (ESs) were further calculated to quantify the paired differences. ESs were calculated by 

dividing the absolute Wilcoxon signed-rank statistic (Z) by the square root of the number of 

pairs, and interpreted as small (0.1), moderate (0.3), and large (0.5).

To analyze pain diary data, we calculated the number of days where participants completed 

at least one pain diary; if only one of the two daily diaries were completed, then available 

data for the day were used. We calculated the mean and maximum daily pain for each 

participant at every timepoint. Subsequently, we described median of mean and maximum 

pain intensity scores across timepoints for every participant that submitted at least 3 days of 

data at each timepoint.

p Values <0.05 were considered as statistically significant, and all analyses were conducted 

using CRAN R v.4.0.2 and RStudio.

2.7 | Qualitative data analysis

Participant and parent interviews were transcribed verbatim. Interviews from parents were 

analyzed along with patient participant interviews. We used a content analysis approach that 

allowed for the organization of participant narratives. We developed categories a priori based 

on study goals, such as describing the patient experience of pain pre-HCT, the role of the 

pain experience in decision making regarding HCT, and pain and quality of life post-HCT. 

If post-HCT interviews included perspectives on any aspects of the pre-HCT experience, or 

experience at prior timepoints, then these were analyzed with the data at that respective prior 

timepoint. Coding was done by two coders and verified by a third coder for accuracy and 

agreement. Analyses were completed in NVivo Version 11.

The study was approved by the Institutional Review Board at Emory University, and written 

informed consent and assent, as applicable, was obtained prior to study procedures.

3 | RESULTS

3.1 | Participant recruitment

The study was open to new enrollment between April 2017 and November 2020. We 

enrolled a convenience sample of 10 participants between April 2017 and August 2019, 

of which eight consented for QST assessments. One patient withdrew consent following 

enrollment, and HCT was cancelled for one participant, so they were no longer followed on 

the study.
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3.2 | Demographic and clinical characteristics

The median age of participants pre-HCT was 13.5 years (IQR 10.75–16.00), and two 

participants were female. Participants had sickle cell anemia (SCA) or similarly severe 

genotype. Participants had a median of two episodes of healthcare utilization for pain in the 

1 year prior to HCT, and a median of 4.5 episodes in the previous 2 years. One participant 

had avascular necrosis of the hip. Most participants received disease modifying therapies for 

SCD. One participant received long-acting opioids, and two received one or more adjunctive 

medications for pain.

3.2.1 | HCT characteristics—Six participants (75%) received transplant from a 

matched sibling donor, and the others from alternative donors. All participants had 

successful donor-derived erythropoiesis posttransplant. Three participants experienced acute 

GvHD and two experienced chronic GvHD. Demographic and clinical characteristics of the 

study sample are reported in Table 1.

3.3 | Completion of study procedures

In Table 2, we describe the number of participants who completed study procedures and 

describe the number of participants who completed a given study procedure across all 

timepoints. For pain diaries, the number of participants who completed at least 3 days of 

the pain diary at each timepoint are reported. For QST assessments, if pre-HCT QST was 

missing, post-HCT QST was omitted. Two patients declined at least one QST assessment 

post-HCT. Six of the eight participants completed at least one qualitative interview.

3.4 | Pain and pain-related PROs, psychological characteristics, functional outcomes, 
and HRQoL

As described in Table 3, pain and PROs appeared to improve after HCT. Though the 

differences observed were not statistically significant, moderate to large ESs were found for 

most outcomes (Table S1) at 1 and/or 2 years post-HCT. We found a large improvement 

in physical function at 3 months post-HCT (p = .022, ES = .81) and a large improvement 

in physical function at 6 months post-HCT (p = .052, ES = .69) compared with baseline. 

There was also a trend toward significance and large improvement in pain intensity at 3 

months post-HCT (p = .059, ES = .71). There was a trend toward significance and large 

improvement in sleep disturbance at 1 year post-HCT (p = 0.059, ES = .71) and peer 

relationships at 2 years post-HCT (p = .056, ES = .72). Compared with baseline, participants 

had an improved quality of life at 3 months (p = .031, ES = .88) and 6 months post-HCT (p 
= .031, ES = .88) and a trend toward significance and large decrease in total catastrophizing 

scores 6 months post-HCT (p = .063, ES = .83).

We found a heterogeneity in change in PROs and psychological factors across individuals, 

and across domains at 1 year and 2 years post-HCT, as shown for individual participants in 

Figure 1 respectively.

3.5 | Multidimensional pain diaries

The median number of diary days submitted was high overall, and median of mean pain 

intensity scores are reported in Table 4. There was a trend toward significance and large 
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decline in mean maximum daily pain intensity (p = .059, ES = .71) and proportion of days 

with pain (p = .059, ES = .71) between pre-HCT and 1 year post-HCT timepoint, otherwise 

all differences in post-HCT time points against post-HCT timepoints were not significant.

3.6 | Experimental pain sensitivity

In Table 5, we report results of experimental pain sensitivity testing. Moderate to large ESs 

were noted for change in PPTh (ES = .39–.58) at 1 year and 2 year post-HCT compared with 

pre-HCT, and a moderate ES (.39–.44) was noted for CPTh at 1 year and 2 year post-HCT 

compared with pre-HCT as reported in Table S2. We did not find a statistically significant 

change in experimental pain sensitivity post-HCT compared with pre-HCT.

3.7 | Qualitative data analysis

A total of 20 interviews were analyzed, and one interview could not be analyzed due to 

audio quality. The median age at enrollment of this subset was 13.5 (IQR 11–16), and 

four of the six were male (66.7%). We organized data largely in three major categories: 

(1) pre-HCT pain experience, including impact on various aspects of patient life, (2) role 

of the pain experience in the decision to pursue HCT, and expectations from HCT, (3) 

post-HCT pain experience. Although the pain experience differed between participants, most 

participants in this sample described a significant experience of pain pre-HCT. Pre-HCT, 

pain appeared to have an impact on aspects of life, particularly school, daily life activities, 

playing sports, and so on. Following HCT, they reported reduction or resolution of pain, 

improved quality of life, ability to do activities other children did or they could not do before 

without limitations, and some described improved energy. We also found that the experience 

of pain appeared to be a significant factor in their decision to pursue HCT. Categories and 

salient quotes are reported in Table 6.

4 | DISCUSSION

This study presents novel and unique contributions to investigating outcomes after HCT 

for SCD by the simultaneous use of multiple modalities of pain assessment including 

quantitative, qualitative, and experimental pain sensitivity methods to offer a comprehensive 

assessment of participant pain experience. This study highlights the heterogeneity of 

participant pain experience pre-HCT, and group and individual-level response post-HCT.

We have demonstrated the feasibility of collecting questionnaire and pain diary data in 

the context of HCT for SCD. However, this study also highlights the challenges of 

studying pain-related outcomes and experimental pain sensitivity in SCD, a rare disease, 

in the context of an uncommon, serious, and intensive procedure like HCT. As expected, 

there is a small sample of potential participants who may be eligible, even in very large 

academic centers. As potential participants for such studies are approached pre-HCT, the 

limited window of opportunity may coincide with the multitude of clinical assessments and 

procedures performed pre-HCT. In this setting, it is possible that even an observational study 

may pose an unacceptably high burden to potential participants. Similarly, there appears to 

be participant burden in obtaining post-HCT assessments, likely due to the intensive nature 

of post-HCT clinical care. The burden of care may be particularly high in the first year after 
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HCT, and likely more so among those who experience severe or significant complications 

related to HCT. Future studies that seek to capture pre- and post-HCT outcomes, including 

long-term outcomes of HCT, should consider this participant burden. In this study, flexibility 

in obtaining post-HCT assessments was crucial to obtaining as many post-HCT assessments 

as possible. Despite this, we experienced missing data. The study overlapped with the 

COVID-19 pandemic, during which there were substantial barriers to obtaining follow-up 

data. Further, due to the pandemic, the study was closed to new enrollment sooner than 

planned, as non-urgent transplants were deferred during this time. Last, the long duration 

of follow-up, while necessary to capture the change in PROs, also increases the possibility 

of missing data and loss-to-follow-up. This study highlights the clear need for strategies to 

improve remote data collection to mitigate participant burden and minimize missing data at 

these later timepoints.

Recurrent SCD pain episodes are a frequent indication among those who undergo HCT 

for SCD.3 We did not find a statistically significant change in pain intensity or pain 

interference, or in mean maximum daily pain intensity as measured by a multidimensional 

pain dairy but did note moderate to large ES of the differences. Additionally, not all our 

study participants experienced high pain burden or high pain interference pre-HCT. Previous 

studies, however, have shown improvement in pain interference10 and bodily pain7 1 year 

post-HCT. Although we did not find statistically significant improvements in outcomes 

post-HCT, pain-related outcomes appeared to be stable or improved and did not appear to 

be worse after HCT, as indicated by moderate to large ES of the differences in outcomes 

post-HCT as compared with pre-HCT. These findings were also supported by participants’ 

reports of the impact of pain on their life pre-HCT, and perceived improvement in one 

or more domains of HRQoL post-HCT in qualitative interviews. It is possible that these 

perceived improvements coincide with increased confidence and self-efficacy that were not 

directly assessed in this study. The lack of statistically significant differences may be related 

to the small sample size, and the heterogeneity of our included sample, as not all participants 

experienced pain or impairment in domains of HRQoL pre-HCT. However, the moderate-

large ESs of differences in outcomes indicate potential effects and should be studied with 

larger sample sizes. Notably, published data indicate improvement in HRQoL post-HCT,36 

particularly in physical function,8,10 vitality,7 and psychosocial health.8 The role of post-

HCT complications on HRQoL has not been described, but among children with SCD in a 

trial of HCT, there was an improvement in the change in health domain of the Child Health 

Questionnaire despite high rates of chronic GVHD.9 Ongoing, large multicenter trials such 

as BMT CTN 1503 (NCT02766465) and BMT CTN 1507 (NCT03263559) are collecting 

PRO and HRQoL data in the context of HCT and will shed light on the change in these 

domains post-HCT. Last, we found that some individuals tend to experience substantial 

improvement in pain and outcomes post-HCT, though the magnitude of improvement varies 

across participants and across domains, suggesting there is likely both individual-level and 

domain-level heterogeneity in response to HCT. Hsieh et al.5 reported a gradual reduction 

in hospitalizations as well as opioid use in the first-year post-HCT in adults, suggesting 

that change in the pain phenotype is influenced by factors other than the presence of sickle 

hemoglobin. The framework provided by this study may serve as a useful guide for future 
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similar studies examining the pre- and post-HCT predictors of improvement in pain and 

HRQoL after HCT.

Like the findings from the qualitative interviews in this study, previous reports indicate 

that relief from pain is a key consideration for individuals with SCD in the decision to 

pursue HCT.4,37 Individuals with SCD who pursue HCT or gene therapy indicate that they 

perceive impairment in quality of life due to acute and chronic pain and seek potential 

curative therapies due to their debilitating pain.38 Improved understanding of the pre-HCT 

pain phenotype, beyond frequency of healthcare utilization for pain, remains essential to 

understand more about the role of pain in decision making about HCT, particularly in those 

with chronic pain associated with SCD.

The experimental pain sensitivity reported here was generally comparable to previously 

published data in children with SCD.13,32,39 Due to a small sample size and missing follow-

up QST measurements post-HCT, we were limited in the conclusions that can be drawn. 

Both somatosensory deficits and pain sensitization have been described in patients who 

have undergone stem-cell transplantation for acute lymphoblastic leukemia.40 Experimental 

pain sensitivity in SCD may also vary with age,32 sex,13 psychological factors,13,41 pain 

frequency,13 and may also change in response to interventions such as hydroxyurea.39 

Future studies should consider these confounding factors in studying experimental pain 

sensitivity in SCD in the context of HCT. Our data may also indicate the potential for 

pressure and cold pain sensitivity to be evaluated in future similar studies.

The strengths of this study include use of a robust multimodal framework of assessment, 

including medical records, PRO and psychological assessments, multidimensional electronic 

pain diaries, experimental pain sensitivity assessments, and in-depth qualitative interviews to 

provide a high-dimensional view of the pain phenotype pre- and post-HCT. The addition of 

qualitative interviews adds further rigor to the findings of this study. An in-depth multimodal 

strategy to study the pain phenotype adds to the rigor and the validity of the outcomes 

of a potentially curative therapy and has the potential to generate greater understanding 

to support patient-oriented shared decision making for HCT in SCD. The addition of 

qualitative research methods further complements the quantitative methods. The methods 

and results of this study provide a framework to conduct future similar studies with a larger 

sample size.

Limitations of this study include a small sample size and heterogeneity in the pre-HCT 

characteristics and pain burden. This may have contributed to the heterogeneity of response 

in pain-related PROs after HCT and a lack of statistical significance in the outcomes, 

possibly due to limited statistical power. Future studies should consider the heterogeneity 

in participant characteristics, pain burden, treatment response and the possibility of missing 

data and loss- to follow-up in their design, particularly with estimation of sample sizes. 

Future studies should also seek to identify participant characteristics associated with good 

pain-related outcomes post-HCT, especially amongst those who experience chronic pain.
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5 | CONCLUSIONS

This study provides a framework for the conduct of multimodal pain assessments before and 

after HCT, which is feasible but faced with unique barriers.
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FIGURE 1. 
Trends in pain and PROs following HCT for SCD
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TABLE 1

Demographic and clinical characteristics

Pre-HCT clinical characteristics

Age, median (IQR) 13.50 [10.75, 16.00]

Sex, n (%)

 Female 2 (25)

 Male 6 (75)

SCA/SCA-like genotype, n (%) 8 (100)

Number of episodes of healthcare utilization for pain 1 years prior to BMT, median (IQR) 2.00 [1.00, 7.50]

Number of episodes of healthcare utilization for pain 2 years prior to BMT, median (IQR) 4.50 [3.75, 12.75]

Presence of avascular necrosis (femoral/humeral head) 1 (12.5)

Pre-HCT disease modifying therapy, n (%)

 Hydroxyurea 6 (75)

 L-Glutamine 1 (12.5)

 Chronic transfusion therapy 2 (25)

Prescribed long-acting opioids, n (%) 1 (12.5)

Prescribed adjunctive medications for pain, n (%) 2 (25)

HCT characteristics

Type of donor, n (%)

 Matched sibling donor 6 (75)

 Matched unrelated donor 1 (12.5)

 Haploidentical donor 1 (12.5)

Presence of acute GvHD, n (%) 3 (37.5)

Presence of chronic GvHD, n (%) 2 (25)

Post-HCT donor-derived erythropoiesis, n (%) 8 (100)

IQR, interquartile range; Hb, hemoglobin; HCT, hematopoietic cell transplant; GvHD, graft-vs-host disease.
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