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Abstract

Long-term immunosuppression leads to systemic complications affecting health-related quality of 

life in pediatric liver transplant recipients. We serially assessed health-related quality of life using 

PedsQL™ Generic, Multidimensional Fatigue, Family Impact, and Transplant modules as part of a 

multicenter prospective immunosuppression withdrawal trial between 2012–2018.

Participants received a primary liver transplant ≥4 years ago, were on stable immunosuppression 

with normal liver tests and without rejection in the prior 2 years. Immunosuppression was 

withdrawn in 7 steps over 36–48 weeks. Health-related quality of life was assessed at regular 

intervals. The primary endpoint was change in disease-specific health-related quality of life 

measured by the PedsQL™ Transplant Module. Generic health related quality of life was 
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measured by the PedsQL™ Generic module and was compared to an age and gender matched 

multi-center cohort. Of the 88 participants, 39 were male, median age was 11 years (range 8–

13years) and time since transplant was 9 years (range 6–11years). Over 36 months, disease-

specific health-related quality of life improved for all participants, while generic health-related 

quality of life was unchanged. Neither generic nor disease-specific health-related quality of life 

changed for the 35 participants who developed acute rejection during immunosuppression 

withdrawal.

Conclusion: In the first of patient-reported outcome measures during immunosuppression 

withdrawal trial, we found improvements in disease-specific health-related quality of life in all 

participants and no lasting detrimental effects in those who experienced rejection.

Trial registration: ClinicalTrials.gov identifier: NCT01638559
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1. INTRODUCTION

Sustained optimal patient and allograft health are the ultimate goals after pediatric liver 

transplantation (LT). In the hierarchy of patient outcomes, once survival and recovery are 

achieved, sustainability of health and minimization of adverse consequences of maintenance 

therapy become the next areas of focus.[1] Long-term pediatric LT recipients report health-

related quality of life (HRQOL) below that of healthy controls, even in the setting of normal 

graft function.[2, 3] Although some functional deficits may be due to static insults incurred 

prior to transplantation, the cumulative toxicities of immunosuppression (IS) including 

infection, nephrotoxicity, cardiovascular disease, obesity, and malignancy undoubtedly play 

a role.[4–7]

The multiple systemic complications associated with standard IS, mandates research to 

explore the potential benefit of IS minimization or elimination. Single-center reports have 

demonstrated that selected LT recipients tolerate reduced doses of IS.[8, 9] Prospective 

clinical trials have shown >40% of selected pediatric LT recipients can safely withdraw from 

IS [10]which is important as these patients face decades of drug exposure. Regimens that 

substitute standard IS for less toxic medications may hold promise, but evidence of the 

efficacy and toxicity of these newer approaches in children is still forthcoming.[11] Side 

effects of long-term IS including detrimental cognitive changes and alterations of renal 

function may take decades to become apparent, and possibly longer to reverse.[12, 13] The 

incidence of cancer increases considerably in LT recipients in their second decade of 

life[14], therefore medical outcomes, such as incidence and/or severity of hypertension, 

metabolic derangements, or infectious complications, as indicators of the benefit of 

immunosuppression withdrawal (ISW) are impractical trial endpoints due to the 

heterogenous population and duration of follow-up required.

Generic and disease-specific patient-reported outcome measures (PROMs) may provide 

crucial real-time information to assess potential benefits of ISW while measurable medical 
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benefits may take many years to emerge.[10, 15] Generic surveys of HRQOL (measuring 

physical, emotional, social, and cognitive function) have been applied to several chronic 

disease populations to determine how responses differ from those of a healthy population. 

While generic surveys permit comparisons among conditions, disease-specific surveys 

capture variables unique to a particular patient population, such as IS medication side effects 

in transplant recipients.

We hypothesized that prospective measurement of both generic and disease-specific 

HRQOL in patients who are in the process of eliminating IS would reveal significant 

improvements in disease-specific symptoms, regardless of the ISW outcome. Additionally, 

we expected to observe improvement in HRQOL for tolerant participants without sustained 

deterioration in the HRQOL of non-tolerant participants.

2. METHODS

2.1 Trial design and participants

We studied HRQOL as part of a multicenter, longitudinal, prospective trial of ISW, titled 

Immunosuppression Withdrawal for Stable Pediatric Liver Transplant Recipients 

(iWITH;NCT01638559). Eligible participants received primary living or deceased donor LT 

for non-viral, non-autoimmune liver disease at 6 years of age or younger at least 4 years 

prior to trial entry. Participants were required to have alanine aminotransferase (ALT) and 

gamma-glutamyl transferase (GGT) values consistently <50 U/L on a stable dose of 

calcineurin inhibitor monotherapy and without rejection during the preceding 2 years. Final 

eligibility was determined by central assessment of a liver biopsy according to strict criteria 

for inflammation, fibrosis, and other histopathology.[16] The institutional review board at 

participating centers approved the trial and written informed consent was obtained from all 

parents or guardians prior to participation. Assent was obtained from children as required by 

individual institutions.

2.2 Trial procedures and endpoints

IS was withdrawn in 7 steps, each lasting 4 to 6 weeks (eFigure 1). Liver tests were 

monitored biweekly for at least 48 weeks. For-cause biopsies could be performed at any time 

per clinical discretion but were mandated if ALT or GGT values exceeded 100 U/L. Local 

histologic assessment guided clinical decision-making; central histologic assessment was 

utilized for data analysis. Participants who completed ISW and maintained stable liver tests 

without rejection were evaluated 1 year after the last dose for the primary endpoint of 

operational tolerance, defined as ALT and GGT values <50 U/L and liver biopsy (tolerance 

assessment biopsy) with no more than minimal change compared to the eligibility biopsy.

[16]

2.3 HRQOL measures

Three generic and 1 disease specific HRQOL survey instruments were administered at 

baseline, 6, 12, 18, 24, and 36 months. These time points were chosen to capture a wide 

array of possible health events that may occur during trial participation. The baseline survey 

was performed prior to ISW, and the 6- and 12-month surveys captured health events 
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occurring during active ISW. The 24-month survey corresponded to the tolerance assessment 

biopsy, performed 1 year after complete ISW for those who did not have rejection. The last 

survey occurred at a time of stability, when no interventions were being undertaken. Figure 

1A depicts the clinical status at each HRQOL data collection after the initiation of ISW. 

Figure 1B shows the 4 HRQOL surveys and their relationship to the participant.

Survey Instruments

1. PedsQL™ 4.0 Generic Core Scales (PedsQL™ 4.0): A 23-item scale that 

measuring child and parent perception of HRQOL through 4 subscales: physical, 

emotional, social, and school function.[17]

2. PedsQL™ Multidimensional Fatigue Scale (PedsQL™ MF): An 18-item scale 

measuring child and parent perceptions of fatigue through3 subscales: General 

Fatigue, Sleep/Rest Fatigue, and Cognitive Fatigue

3. PedsQL™ Family Impact Module (PedsQL™ FIM): A measure of parental 

HRQOL, included to provide data on the impact of a child’s chronic illness on 

parents and family. It encompasses 6 subscales: Parental Physical Functioning, 

Emotional Functioning, Social Functioning, Cognitive Functioning, 

Communication, and Worry, as well as an additional 2 scales that measure 

parent-reported family functioning: Daily Activities and Family Relationships.

[18]

4. PedsQL™ 3.0 Transplant Module (PedsQL™ TxM): A 46-item disease-specific 

scale measuring aspects of HRQOL directly impacted by LT recipients’ state of 

health through 8 sub-scales: About My Medicines I (barriers to medical regimen 

adherence), About My Medicines II (medication side effects), My Transplant and 

Others (social relationships and transplant), Pain and Hurt (physical discomfort), 

Worry (worries related to health status), Treatment Anxiety (fears regarding 

medical procedures), How I Look (impact of transplant on appearance), and 

Communication (communication with medical personnel and others regarding 

transplant issues).[19]

The PedsQL™ 4.0 and PedsQL™ MF assess a broad array of domains related to physical, 

social, emotional, school, and cognitive functioning. The PedsQL™ TxM was considered 

the primary endpoint PROM as it is specific to the solid organ transplant population and 

considered to be the most sensitive to IS medication changes. The PedsQL™ FIM was 

chosen to measure changes to family functioning because of the child’s ISW.

Except for the PedsQL™ FIM, all survey instruments include parallel child self-report and 

parent-proxy report that are age-specific according to the following: young child (5–7 years), 

child (8–12 years), and adolescent (13–18 years). Parent-proxy forms assess parents’ 

perceptions of their child’s HRQOL. Questions are formatted to ask how much of a problem 

each item has been during the preceding month and are scored on a 5-point Likert scale: 0= 

never a problem; 1= almost never a problem; 2= sometimes a problem; 3= often a problem; 

4= almost always a problem. Responses were reverse-scored and linearly transformed to a 

0–100 scale, with higher scores indicating better quality of life. The format, instructions, 
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Likert response scale, and scoring method for the PedsQL™ surveys have been previously 

validated[17] and are identical to ensure ease of use. Parents completed proxy versions of 

the HRQOL surveys while participants completed age-appropriate child self-report versions 

during scheduled follow-up. Trial personnel were available to answer any questions.

2.4 Statistical analysis

The sample size was determined based on power estimates for the primary endpoint of the 

iWITH trial, defined as the proportion of participants who attained operational tolerance. All 

participants completed at least 2 of the 6 surveys, with 79 (90%) of participants completing 

at least 5 surveys. For every time point and domain, a minimum of 72 (82%) of participants 

were represented (eTable 1A–D).

We used a multicenter cohort of pediatric LT recipients from the Functional Outcomes 

Group (FOG) study to create a matched comparison group to assess the HRQOL differences 

of our participants (iWITH) with a broader LT population.[3] A 1:2 matching model was 

used to match iWITH and FOG study participants. The iWITH sample was randomly 

matched to the FOG sample by age, gender, and race/ethnicity utilizing PROC 

SURVEYSELECT to select a simple random sample in SAS Version 8 (SAS Institute, Inc., 

Cary, NC, USA). The sample of healthy children was derived from the PedsQL™ literature.

[20] Comparisons were made using the Student’s t-test. The overall type 1 error was 

maintained at 0.05 by the Hochberg adjustment for multiple comparison.[21] An adjustment 

was made separately for each instrument and by each respondent on survey measures. All 

hypothesis testing was 2-sided and p<.05 was regarded as statistically significant.

To assess changes in HRQOL over time in relation to the outcome of ISW, each subscale 

was analyzed separately using a longitudinal repeated measures linear mixed model with 

covariates for tolerance status (tolerant or non-tolerant), time (treated as continuous and 

calculated as time from the initiation of IS withdrawal), and their interaction. Random 

intercept and slope were utilized to account for participant variation. An unstructured 

covariance structure was utilized to model intra-participant correlation. Slopes and their 

corresponding 95% confidence intervals were obtained using Restricted Maximum 

Likelihood.

To examine changes in HRQOL among participants who experienced rejection, a spline for 

time with a single knot at the time of rejection was applied to the longitudinal model 

described above. Thus, separate slopes were generated for change in HRQOL prior to 

rejection and after rejection. All available data were used in the linear mixed model; missing 

data were not imputed. All statistical analyses were performed using SAS Version 9.4 (SAS 

Institute, Inc., Cary, NC, USA).

3. RESULTS

Eighty-eight participants initiated ISW in iWITH, and 33 met the criteria for operational 

tolerance approximately 24 months after initiating ISW(Figure 1A). The remaining 55 

participants were classified as non-tolerant based on liver histology assessed at the end point 

biopsy(n=16) or allograft rejection(n=39).

Mohammad et al. Page 5

Liver Transpl. Author manuscript; available in PMC 2022 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Baseline characteristics of all participants by tolerance status are shown in Table 1, with no 

significant differences between groups. Differences in generic HRQOL, as measured by the 

PedsQL™ 4.0 at baseline, were compared to a large, previously described multicenter cohort 

of pediatric LT recipients, the FOG cohort(Table 2).[3] HRQOL scores of children enrolled 

in iWITH compared to those in FOG did not differ significantly, and were lower than those 

of healthy children on psychosocial, school, and social domains by child self-reports and all 

domains by parent-proxy report(Table 2).

Over 36 months, all participants maintained their generic HRQOL as measured by the 

PedsQL™ 4.0 and PedsQL™ MF scores (eTable 1A–B). Parental HRQOL and family 

dynamics, as measured by the PedsQL FIM™, improved specifically in the domains of 

communication and daily activity, which resulted in a significant increase in PedsQL FIM™ 
Total Scores(eFigure 2). The generic HRQOL was unaffected by tolerance status and 

episodes of acute rejection.

3.1 Primary efficacy endpoint: PedsQL™ TxM scores improved during ISW

Both child self-report and parent‒proxy-reported Total Scores of the PedsQL™ TxM, our 

primary outcome measure, improved. The largest sub-scale increase was noted in Treatment 

Anxiety for both child self-report and parent-proxy report (eFigure 3). Child self-report 

scores also improved in Communication, while parent-proxy reports improved in the About 

My Meds I sub-scale.

3.2 PedsQL™ TxM scores improved in tolerant participants

Figure 2 shows the Total Score (Panel A) and 3 subscale scores (About My Meds I, 

Treatment Anxiety, and My Transplant and Others; Panels B, C, and D, respectively) for the 

PedsQL™ TxM measure of tolerant(n=33) compared to non-tolerant(n=55) participants. 

Tolerant participants improved in Total Score, About My Meds I, and Treatment Anxiety by 

child self-report and My Transplant and Others by parent-proxy report. Non-tolerant 

participants improved in Treatment Anxiety by parent-proxy report. Tolerant participants 

also improved in the PedsQL™ FIM Total Score(eTable 2).

3.3 PedsQL™ TxM scores did not worsen with acute rejection

Thirty-nine trial participants were diagnosed with rejection; 4 of these were diagnosed with 

subclinical rejection by the tolerance assessment biopsy after the 24 month visit and so did 

not know they had rejection at the time of their HRQOL survey. The remaining 35 

participants who experienced rejection did not show a decrement in PedsQL™ TxM scores 

(Figure 3). One subscale of the PedsQL™ TxM, About My Meds II, improved after the 

rejection episode, while generic HRQOL scores were unchanged (eTable 3).

We also compared HRQOL of these 35 participants with rejection to the 53 participants who 

were off IS at the time of the tolerance assessment biopsy visit at month 24 (eFigure4). 

Participants who were off IS at this point reported significantly higher About My Meds I, 

Treatment anxiety, My Transplant and Others, and Total scores by child report. Parent-proxy 

report of About My Meds I and My Transplant and Others also improved.
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4. DISCUSSION

The iWITH clinical trial is the first to measure longitudinal changes in HRQOL during ISW 

for either adult or pediatric LT recipients. PROMs identified that ISW was associated with 

HRQOL benefits in participants over 36 months, regardless of tolerance status. These 

findings are novel and important as the medical benefits of ISW, will likely take many years 

to become apparent, particularly for healthy pediatric LT recipients. The iWITH inclusion 

criteria limited participants to those on monotherapy with normal liver enzymes and a strict 

definition of normal graft histology. These participants thereby represent the “best of the 

best” survivors of pediatric LT and would easily meet criteria set forth of a composite ideal 

LT survivor.[2]

The primary patient-reported endpoint for this trial was disease-specific HRQOL as 

measured by the PedsQL™ TxM. There were statistically significant improvements for the 

entire iWITH cohort in several domains during the first year. The Communication subscale, 

which speaks to the difficulties in discussing feelings with medical staff and explaining 

transplantation to others, also improved. We were concerned that disruptions in regular 

activities, (eg school), caused by more frequent interactions with the medical team and extra 

testing during the trial would have a detrimental impact; however, the increased interactions 

may have fostered a stronger relationship with the medical team, particularly in participants 

many years post LT.

We were also interested in understanding how trial outcomes may have impacted HRQOL. 

Our 33 operationally tolerant participants had improved scores in the disease-specific 

PedsQL™ TxM throughout the 36 months of assessments for both child self-report and 

parent-proxy report. Parent-proxy report scores of non-tolerant participants demonstrated 

improvement in the Treatment Anxiety subscale. Parents may have been reassured that the 

rejection, which occurred under intense monitoring, was easily reversible and did not result 

in graft loss. The PedsQL™ FIM improved in those who were tolerant, suggesting ISW also 

has a positive impact on parental wellness and family dynamics.

These data show that the process of ISW did not harm HRQOL but yielded some benefits. 

The improvements in disease-specific and parental HRQOL measured by PedsQL™ TxM 

and PedsQL™ FIM, respectively, in tolerant participants suggests that the HRQOL 

improvement was driven largely by tolerant participants. Although the full range of benefits 

of ISW, may require decades of follow-up, we have shown that during the 36-month trial 

period, there were tangible benefits using a disease-specific HRQOL measure.

Balancing the risks and benefits of chronic IS to achieve and maintain optimal long-term 

health for both the allograft and the patient is challenging. In pediatrics, this goal has even 

greater importance as the median age at transplant is less than 2 years, necessitating decades 

of exposure to IS medications during critical cognitive and physical developmental stages. 

Despite the known risks the families and physicians of pediatric LT recipients may be 

reluctant to reduce IS. Factors influencing this reluctance include parents’/caregivers’ 

concerns about the risk of rejection, their desire to maintain the status quo, trust in the 

medical team, and their anxiety regarding the lack of comprehensive safety data from 
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previous ISW trials. iWITH was designed to maximize patient safety. Participants underwent 

regimented ISW with intense clinical and laboratory monitoring to identify possible signs of 

rejection quickly. Although many participants experienced rejection, they responded well to 

IS optimization with biochemical resolution of rejection and histological stability over 4 

years. Within this context, generic HRQOL was preserved and disease-specific 

improvements were reported. Embracing ISW in the clinical setting may not yield the same 

experience. Frequent monitoring to detect graft injury and maintaining a close relationship 

between the medical team and the family is essential to minimize detrimental effects on 

patient and family wellness. The use of disease specific PROMs in routine clinical practice 

may also provide additional data on the overall health of the patient. [22] Conversely, 

patients who choose ISW and fail may still have a positive view as it confirms the need for 

IS. Sharing results of this analysis with families as they consider participation in a 

withdrawal program, particularly the successful treatment of rejection without graft loss, 

will help frame the full spectrum of trade-offs inherent in the process.

Quality of life has been extensively studied in pediatric LT recipients. Factors influencing 

HRQOL include age at transplant, single parent household, diabetes, growth failure at LT, 

and number of days hospitalized.[5] HRQOL has been reported to be comparable to children 

with other chronic illnesses such as cancer.[23] Young adults who have successfully 

transitioned to adult care continue to demonstrate HRQOL stability, well into their fourth 

decade of life.[24, 25] While there are many factors associated with a successful transition 

of care, it remains a period of increased graft loss, medical non-adherence and death across 

all solid organ transplant recipients. Promoting self management strategies and improving 

HRQOL in adolescents may improve medication adherence, and decrease behavior and 

emotional difficulties, thus improving long term outcomes.[26, 27]

Our trial is the first to assess an intervention aimed at improving HRQOL longitudinally in 

pediatric LT. Although survival remains the benchmark in assessing LT outcomes, we expect 

with this publication, an increased focus on interventions seeking to improve HRQOL. 

Understanding that minorities are under-represented in many studies, we must improve their 

access to clinical trials, to ensure a representative sample which guarantees both 

generalizability and equity.[28]

While limited in size, this is the largest clinical trial of ISW in pediatric LT recipients and 

the first to use PROMs prospectively to assess changes in HRQOL. The overall lack of 

difference in the generic HRQOL measures may be due to our selection of healthy 

participants, all with excellent graft function at the outset, which limited detection of a 

meaningful change in these generic measures. This selection may have resulted in a ceiling 

effect for the generic tool, whereby it was difficult to observe variability during the trial in 

participants with the highest function. However, comparison to healthy controls did reveal 

significant differences. Thus, it would follow that any clinically relevant change in generic 

HRQOL would have been detectable. We did not have a direct Control group, and there are 

no published longitudinal HRQOL data on LT recipients using the PedsQL™ TxM or other 

transplant specific HRQOL instruments as these have not been in widespread use. [29]
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Generic HRQOL at baseline was not significantly different from a matched cohort of LT 

recipients (FOG), however longitudinal follow up was unavailable. Our subjects did 

maintain their generic HRQOL over 36 months in the overall, tolerant and non tolerant 

groups.

Our findings may not be generalizable to all LT recipients particularly those with impaired 

graft function and multiple comorbidities, as these factors will also impact HRQOL.

We demonstrate for the first time among a highly selected cohort of pediatric LT recipients 

that ISW is safe and does not adversely affect HRQOL. Disease-specific HRQOL improved 

in all participants, with greater gains in participants who achieved operational tolerance. Our 

findings add a new dimension to the risk-versus-benefit assessment of IS minimization 

and/or discontinuation in pediatric LT recipients. These findings also reinforce the critical 

role of PROMs in future ISW trials and validate the need to include the patient perspective 

in assessing trial outcomes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Flow of 88 participants included in the trial, demonstrating the Timing of HRQOL data 

collection (arrows on left side) at 0,6,12,18,24 and 36 months corresponding to 

Immunosuppression events (in rectangles).

Tolerant participants met biochemical and histological criteria for tolerance. Non-tolerant by 

rejection participants had biopsy-proven rejection based on central pathology assessment 

according to Banff criteria or by clinical rejection, defined as elevated liver tests treated with 

increased or re-initiation of immunosuppression but without biopsy confirmation. Non-
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tolerant by subclinical rejection participants had biopsy-proven rejection on the protocol 

endpoint biopsy with normal liver tests. Non-tolerant by histology participants failed 

secondary to histological findings although they met biochemical criteria with normal liver 

tests.
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Figure 2. 
PedsQL™ TxM child self-report and parent-proxy report scores from baseline to 36 months 

in tolerant and non-tolerant groups. PedsQL™ TxM total score (A) and 3 subscales, About 

My Meds I (B), Treatment Anxiety (C), and My Transplant and Others (D), in tolerant 

(n=33) and non-tolerant (n=55) participants are shown. The mean predicted line (solid 

black) and corresponding 95% confidence band (light blue) are shown for each group. 

Individual participant trajectories are also shown (light grey).

Mohammad et al. Page 14

Liver Transpl. Author manuscript; available in PMC 2022 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 3. 
PedsQL™ TxM child self-report and parent-proxy report scores in participants experiencing 

rejection. PedsQL™ TxM total score (A) and 3 subscales, About My Meds I (B), Treatment 

Anxiety (C), and My Transplant and Others (D), in participants experiencing rejection 

(n=35) are shown. Time (x-axis) is expressed in relation to the rejection event with a 

reference line (dashed red) representing the time of rejection. All PedsQL™ TM scores to 

the left of the reference line represent values collected prior to rejection and scores to the 

right represent values collected after rejection. Mean predicted line (solid black) and 

Mohammad et al. Page 15

Liver Transpl. Author manuscript; available in PMC 2022 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



corresponding 95% confidence band (light blue) are shown. Individual participant 

trajectories are shown (light grey). Slopes represent a 12-month change in score with 

separate slopes for the change prior to and post rejection.
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Table 1.

Characteristics of 88 Participants Undergoing Immunosuppression Withdrawal by Tolerance Status

Characteristic
a Tolerant n=33 Non-tolerant 

n=55
Total N=88

Recipient Age at transplant (years) 1 (1–2) 1 (1–3) 1 (1–2)

Age (years) 11 (7–13) 11 (8–13) 11 (8–13)

Time since transplant (years) 9 (6–10) 8 (6–11) 9 (6–11)

Male gender 13 (39) 26 (47) 39 (44)

Race White 30 (91) 46 (84) 76 (86)

Transplant indication Acute Liver Failure 2 (6) 5 (9) 7 (8)

Biliary Atresia 20 (61) 31 (56) 51 (58)

Other 11 19 16 (18)

Transplant Whole graft 15 (45) 26 (47) 41 (47)

Previous rejection episode 9 (27) 23 (42) 32 (36)

Time since last rejection prior to enrollment (years) 8 (7–9) 6 (4–8) 7 (4–9)

At study entry Highest educational level of adults 

living within the household
b

Some high school 1 (3) 1 (2) 2 (2)

High school diploma or 
GED

2 (6) 2 (4)11 4 (5)

Vocational school 1 (3) 1 (2) 2 (2)2

Some college 10 (30) 11 (20) 21 (24)21

College degree 12 (36) 24 (44) 36 (41)36

Professional or graduate 
degrees

6 (18) 14 (25) 20 (23)20

Primary caregiver’s marital 

status
b

Single 1 (3) 5 (9) 6 (7)

Married 24 (73) 45 (82) 69 (78)

Divorced 6 (18) 3 (5) 9 (10)

School attendance
b Full-time 25 (76) 47 (85) 72 (82)

Part-time 2 (6) 3 (5) 5 (6)

Home school
c 4 (12) 2 (4) 6 (7)

No ongoing education
c 0 1 (2) 1 (1)

a
Continuous variables are summarized using median and interquartile range. Categorical variables are summarized by counts and percentages.

b
There was no response provided for 3 subjects on education level and for 4 subjects on marital status and school attendance.

c
Not medically indicated.
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Table 2.

Generic HRQOL at Baseline Compared to Healthy and FOG Populations

Scale
a iWITH FOG p-value

b
Healthy

c
p-value

d

Emotional Child 82
79.6 ± 18.4

125
75.2 ± 18.0 0.46 400

80.9 ± 19.6 0.57

Parent 87
75.6 ± 19.6

176
72.1 ± 19.7 0.17 718

82.6 ± 17.5 0.004

Physical Child 82
86.1 ± 13.9

125
82.2 ± 16.4 0.41 400

84.4 ± 17.3 0.57

Parent 87
83.6 ± 18.5

176
77.6 ± 22.0 0.09 717

89.3 ± 16.4 0.007

Psychosocial Child 82
77.8 ± 15.7

125
76.4 ± 14.1 0.94 399

82.4 ± 15.50 0.09

Parent 87
76.8 ± 14.9

176
72.4 ± 17.0 0.10 717

86.6 ± 12.8 <0.001

School Child 81
71.4 ± 18.7

120
72.1 ± 17.8 0.94 386

78.6 ± 20.5 0.01

Parent 85
71.0 ± 19.8

163
66.9 ± 20.1 0.17 611

85.5 ± 17.6 <0.001

Social Child 82
82.2 ± 19.9

125
82.0 ± 16.3 0.94 399

87.4 ± 17.2 0.12

Parent 87
83.2 ± 16.5

176
77.6 ± 20.6 0.09 716

91.6 ± 14.2 <0.001

Total Child 82
80.7 ± 13.7

125
78.3 ± 13.5 0.87 401

83.0 ± 14.8 0.52

Parent 87
79.2 ± 15.0

176
74.2 ± 17.3 0.09 717

87.6 ± 12.3 <0.001

HRQOL, health-related quality of life; FOG, Functional Outcomes Group study; iWITH, Immunosuppression Withdrawal for Stable Pediatric 
Liver Transplant Recipients study.

a
Scales are summarized with n, mean ± standard deviation. Higher values equal better health-related quality of life.

b
The Hochberg adjusted p-value represents the results of a two-sided t-test comparing of the mean score at baseline in the iWITH population vs. 

the FOG population.

c
Healthy cohort comes from data collected by Varni et al.

d
The Hochberg adjusted p-value represents the results of a two-sided t-test comparing of the mean score at baseline in the iWITH population vs. 

the normal population.
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