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Summary
Background The ELIANA trial showed that 61 (81%) of 75 paediatric and young adult patients with relapsed or 
refractory B-cell acute lymphoblastic leukaemia achieved overall remission after treatment with tisagenlecleucel, a 
chimeric antigen receptor targeted against the CD19 antigen. We aimed to evaluate patient-reported quality of life in 
these patients before and after tisagenlecleucel infusion.

Methods ELIANA, a global, single-arm, open-label, phase 2 trial, was done in 25 hospitals across Australia, Austria, 
Belgium, Canada, France, Germany, Italy, Japan, Norway, Spain, and the USA. Patients with B-cell acute lymphoblastic 
leukaemia aged at least 3 years at the time of screening and 21 years or younger at the time of initial diagnosis who were 
in second or greater bone marrow relapse, chemorefractory, relapsed after allogeneic stem-cell transplantation, or were 
otherwise ineligible for allogeneic stem-cell transplantation were enrolled. Patients received a single intravenous 
administration of a target dose of 0·2–5 × 10⁶ transduced viable T cells per kg for patients weighing 50 kg or less or 
0·1–2·5 × 10⁸ transduced viable T cells for patients weighing more than 50 kg. The primary outcome, reported previously, 
was the proportion of patients who achieved remission. A prespecified secondary endpoint, reported here, was patient-
reported quality of life measured with the Pediatric Quality of Life Inventory (PedsQL) and European Quality of 
Life-5 Dimensions questionnaire (EQ-5D). Patients completed the questionnaires at baseline, day 28, and months 3, 6, 
9, and 12 after treatment. The data collected were summarised using descriptive statistics and post-hoc mixed models 
for repeated measures. Change from baseline response profiles were illustrated with cumulative distribution function 
plots. The proportion of patients achieving the minimal clinically important difference and normative mean value were 
reported. Analysis was per protocol. This study is registered with ClinicalTrials.gov, NCT02435849.

Findings Between April 8, 2015, and April 25, 2017, 107 patients were screened, 92 were enrolled, and 75 received 
tisagenlecleucel. 58 patients aged 8–23 years were included in the analysis of quality of life. At baseline, 50 (86%) 
patients had completed the PedsQL questionnaire and 48 (83%) had completed the EQ-5D VAS. Improvements in 
patient-reported quality-of-life scores were observed for all measures at month 3 after tisagenlecleucel infusion (mean 
change from baseline to month 3 was 13·3 [95% CI 8·9–17·6] for the PedsQL total score and 16·8 [9·4–24·3] for the 
EQ-5D visual analogue scale). 30 (81%) of 37 patients achieved the minimal clinically important difference at month 
3 for the PedsQL total score and 24 (67%) of 36 patients achieved this for the EQ-5D visual analogue scale.

Interpretation These findings, along with the activity and safety results of ELIANA, suggest a favourable benefit–risk 
profile of tisagenlecleucel in the treatment of paediatric and young adult patients with relapsed or refractory B-cell 
acute lymphoblastic leukaemia.

Funding Novartis.

Copyright © 2019 Elsevier Ltd. All rights reserved.

Introduction
Acute lymphoblastic leukaemia represents 75–80% of 
acute leukaemias in children and is the most common 
paediatric cancer in the USA.1,2 Approximately 85% of 
children diagnosed with acute lymphoblastic leukaemia 
have B-cell lineage.3 With current multiagent chemo
therapy, the survival at 5 years for paediatric acute 

lymphoblastic leukaemia is almost 90%, but is lower in 
adolescents and young adults.4 However, outcomes 
are poor for children who relapse or are refractory to 
standard treatments.5,6

Patient-reported quality of life is an increasingly 
important component in the assessment of new oncology 
therapies. Certain symptoms and functional losses in 
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patients with cancer might not be measurable with 
clinical tests or procedures.7–11 Previous studies in children 
with acute lymphoblastic leukaemia have generally 
reported a substantial decline in patient-reported quality 
of life during active therapy (usually lasting years) 
followed by improvements in patients who achieved 
remission.12–18 Quality of life in children with acute 
lymphoblastic leukaemia treated with chimeric antigen 
receptor-expressing T cells (CAR T cells) has not been 
previously reported and might be different from that in 
children given cytotoxic chemotherapy, given the distinct 
toxicity profiles and different durations of therapy.19

Tisagenlecleucel (approved by the US Food and Drug 
Administration) is an autologous immunocellular 
therapy consisting of CD3 T cells that have undergone 
ex-vivo T-cell activation, gene modification, expansion, 
and formulation in infusible cryomedia.20 The transgene 
expressed via lentiviral vector transduction is a CAR 
targeted against the CD19 antigen.

The ELIANA trial assessed the efficacy and safety of 
tisagenlecleucel in children and young adult with 
relapsed or refractory B-cell acute lymphoblastic 
leukaemia. Efficacy analyses demonstrated that 61 (81%) 
of 75 patients who received the infusion achieved 
complete remission with or without complete blood 
count recovery within 3 months. Safety analyses showed 
that 52 (69%) of 75 patients had treatment-related 
grade 3–4 adverse events within 8 weeks of tisagen
lecleucel infusion, which decreased to 12 (17%) of 75 after 
8 weeks.20 In this study, we aimed to evaluate the impact 
of a single one-time infusion of tisagenlecleucel on 
patient-reported quality of life.

Methods
Study design and participants
ELIANA, a global, single-arm, open-label, phase 2 trial, 
was done in 25 hospitals across Australia, Austria, 
Belgium, Canada, France, Germany, Italy, Japan, Norway, 
Spain, and the USA (appendix p 7). The entry criteria of 
this trial have previously been described.20 Briefly, the 
treatment population consisted of paediatric and young 
adult patients aged at least 3 years at the time of screening 
and 21 years or younger at the time of initial diagnosis 
with B-cell acute lymphoblastic leukaemia who were in 
second or greater bone marrow relapse, chemorefractory, 
relapsed after allogeneic stem-cell transplantation, or 
were otherwise ineligible for allogeneic stem-cell trans
plantation and had 5% or more lymphoblasts in the bone 
marrow during screening. Patients were required to have 
adequate renal, hepatic, pulmonary, and cardiac function, 
and could not have received previous CD19-directed 
therapy. Patients were also required to have a Karnofsky 
(ages 16 years and older) or Lansky (ages younger than 
16 years) performance status of 50% or greater at 
screening. Full eligibility criteria are listed in the protocol 
(appendix pp 61–65). Although trial recruitment is not 
active, follow-up is ongoing among enrolled patients.

The study was approved by the institutional review 
board at each participating institution, and patients or 
their guardians provided written, informed consent or 
assent.

Procedures
All patients included in this quality-of-life study were 
given a single one-time tisagenlecleucel intravenous 
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Research in context

Evidence before this study
Tisagenlecleucel is an anti-CD19 chimeric antigen receptor 
therapy that induced complete remission in 81% of children 
and young adults with relapsed or refractory B-cell acute 
lymphoblastic leukaemia treated in the ELIANA trial, and had a 
manageable safety profile. Before our study, there was a 
paucity of information about quality of life in patients treated 
with chimeric antigen receptor therapy. We searched PubMed 
for articles published in English between inception and 
March 20, 2019, with the following search terms: “quality of 
life” or “patient reported outcomes” and “chimeric antigen 
receptor” or “tisagenlecleucel.” The search yielded one 
publication providing an overview of the opportunities and 
challenges of incorporation of patient-reported outcomes in 
clinical trials of chimeric antigen receptor cell therapy. We did 
not identify any papers reporting the results of 
patient-reported outcomes or quality of life in patients 
receiving this therapy.

Added value of this study
We present patient-reported quality-of-life data that were 
prospectively collected and analysed in the global, single-arm, 

open-label, phase 2 ELIANA trial of tisagenlecleucel for children 
and young adults with relapsed or refractory B-cell acute 
lymphoblastic leukaemia. Our study findings suggest that 
broad-based clinically meaningful improvements in 
patient-reported quality of life occur as soon as 1–3 months 
after treatment with tisagenlecleucel and persist for 12 months. 
To our knowledge, these results represent the first report of 
patient-reported quality of life associated with a novel 
treatment that has demonstrated remarkable efficacy in 
children and young adults with relapsed or refractory B-cell 
acute lymphoblastic leukaemia.

Implications of all the available evidence
Tisagenlecleucel was approved by the US Food and Drug 
Administration in 2017 and European Medicines Agency in 
2018 for children and young adults up to age 25 years with 
B-cell acute lymphoblastic leukaemia that is refractory or in 
second or greater relapse. The rapid improvement in 
patient-reported quality of life scores presented here suggest 
that tisagenlecleucel is a promising treatment option for this 
patient population. Clinical trials of tisagenlecleucel in earlier 
lines of therapy are warranted.



Articles

1712	 www.thelancet.com/oncology   Vol 20   December 2019

infusion of a target dose of 0·2–5 × 10⁶ transduced viable 
T cells per kg for patients weighing 50 kg or less and 
0·1–2·5 × 10⁸ transduced viable T cells for patients 
weighing more than 50 kg. Baseline clinical char
acteristics were collected at the time patients met study 
enrolment criteria. Tumour response was assessed from 
day 28, every month, to month 6, then every 3 months 
until month 12, and is ongoing. Patients are being 
followed-up for 5 years for efficacy and safety unless 
withdrawn from study by patient or investigator choice 
or lost to follow-up.

Patient-reported quality of life was assessed before and 
after infusion of tisagenlecleucel. No disease-specific 
instruments were available to assess the burden and the 
effect of symptoms associated with B-cell acute 
lymphoblastic leukaemia; thus, the impact of the treat
ment was assessed in broader concepts associated with 
patients’ overall quality of life using two validated 
instruments: the Pediatric Quality of Life Inventory 
(PedsQL) and the European Quality Of Life-5 Dimensions 
(EQ-5D) questionnaire. Self-reported data were collected 
on paper.

Both instruments are widely used and have been 
previously described and evaluated.21–24 Briefly, the 
PedsQL is a standardised, generic assessment of health-
related perceptions of quality of life in paediatric patients. 
The PedsQL consists of emotional, social, and school 
functioning subscale scores (five items each); physical 
(eight items) and psychosocial health summary scores; 
and a total score (sum of all the items over the number of 
items answered on all the scales). All PedsQL scores 
range from 0 to 100, with higher scores indicating better 
quality of life. The EQ-5D questionnaire is a standardised 
measure of health status applicable to a wide range of 
health conditions and treatments. The EQ-5D question
naire consists of a descriptive system comprising 
five dimensions (mobility, self-care, usual activities, 
pain/discomfort, and anxiety/depression) and a visual 
analogue scale (VAS) that records self-rated overall health 
state (range 0 to 100, with higher scores indicating better 
quality of life).

Patients completed the PedsQL and EQ-5D 
questionnaires at baseline, day 28, and months 3, 6, 9, and 
12 after treatment, with data collection ongoing. The 
results presented in this analysis include data from 
baseline to month 12 of follow-up. For the PedsQL, patients 
aged 8–12 years completed the Children version, patients 
aged 13–17 years completed the Teens version, and patients 
aged 18 years and older completed the Adults version. The 
youth-friendly version of the EQ-5D (EQ-5D-Y) was 
completed by patients aged 8–12 years, whereas the 
standard 3-level EQ-5D (EQ-5D-3L) questionnaire was 
completed by patients aged 13 years or older.

Outcomes
The primary endpoint was the proportion of patients 
who achieved overall remission, and secondary endpoints 

included the proportion of patients who achieved 
complete remission or complete remission with 
incomplete haematological recovery with undetectable 
minimal residual disease, duration of remission, event-
free survival, overall survival, cellular kinetics, and safety. 
Results for these aforementioned endpoints have been 
reported.20 Patient-reported quality of life assessed by 
PedsQL and the EQ-5D questionnaire was a prespecified 
secondary endpoint. A comprehensive list with detailed 
definitions of all trial endpoints is provided in the 
appendix (pp 54–57).

Statistical analysis
The enrolment target of the ELIANA trial was 95 patients 
to allow infusion in 50 patients younger than 18 years at 
the time of screening. Based on the null hypothesis of 
20% or less patients achieving overall remission, at least 
76 patients were required to provide 95% power to reject 
the null hypothesis at an overall one-sided 2·5% level of 
significance, if the underlying proportion of patients 
achieving overall remission was 45% or greater. The 
study was not powered for the analysis of quality of life, 
which was added as a secondary objective by protocol 
amendment on May 22, 2015. All p values in this analysis 
were generated in a post-hoc exploratory manner and 
should be interpreted as descriptive statistics. Eligible 
patients for the current quality-of-life study were limited 
per protocol to the subset of patients who were aged 
8 years and older at enrolment to restrict the data to self-
reported outcomes. We tabulated the numbers of patients 
with available patient-reported quality-of-life data at each 
study visit for all patients and responders only (ie, patients 
who achieved either complete remission or complete 
remission with incomplete haematological recovery). 
Patients without baseline data were excluded from 
analyses at postbaseline visits.

We used descriptive statistics to summarise demo
graphic and baseline characteristics of infused patients 
who did and did not complete at least one patient-
reported instrument. The proportion of patients 
reporting no problems (level 1) on each dimension of the 
EQ-5D questionnaire was summarised at each study 
visit.

We characterised mean quality-of-life scores and 
changes from baseline in PedsQL scores and the 
EQ-5D VAS with descriptive statistics among patients 
with non-missing data at baseline and each relevant 
postbaseline visit. We used a post-hoc mixed models for 
repeated measures analysis to evaluate the magnitudes 
of changes from baseline for the PedsQL total score and 
EQ-5D VAS.

For the PedsQL instrument and EQ-5D VAS score, 
minimal clinically important differences (MCIDs)23,24 and 
normative means for healthy children25,26 from literature 
point estimates were used. We based our MCID analysis 
of the EQ-5D VAS on the range reported by Pickard and 
colleagues.23 In a post-hoc analysis, we computed the 
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proportion of these patients with a change from baseline 
greater than or equal to the MCID for each instrument 
on the basis of observed data, in which the number of 
patients with a score greater than or equal to the MCID 
was divided by the number of patients with non-missing 
data at the relevant study visit. Additionally, we used the 
worst-case scenario approach to address potential bias of 
missing patient-reported quality-of-life data in which it 
was assumed that all patients with missing data at 
postbaseline visits did not achieve the MCID. We 
generated cumulative distribution function plots to show 
the quality-of-life response profiles for the PedsQL total 
score and EQ-5D VAS score. These plots depict the 
proportion of patients achieving a change from baseline 
in patient-reported quality-of-life score by at least a 
specific amount.

We computed the proportion of patients achieving 
normative mean values in the PedsQL and EQ-5D VAS 
using the worst-case scenario approach and on the basis 
of observed data.

Post-hoc subgroup analyses of change in quality of life 
were based on severe (grade 3 or 4) cytokine release 
syndrome and neurotoxicity status.

All 95% CIs were derived from observed standard 
errors based on the t distribution. All statistical analyses 
were done with SAS (version 9.4).

This study is registered with ClinicalTrials.gov, number 
NCT02435849.

Role of the funding source
The study was designed by representatives of the funder, 
in conjunction with the lead investigators. The funder 
had a role in data collection, data analysis, data 
interpretation, and writing of the report in collaboration 
with the authors. The corresponding author had full 
access to all data and the final responsibility for the 
decision to submit for publication.

Results
Between April 8, 2015, and April 25, 2017, 107 patients 
were screened for the ELIANA trial, 92 were enrolled, 
75 received tisagenlecleucel, and 58 were aged 8–23 years 
and included in this analysis (figure 1). 50 (86%) of 
58 patients had completed PedsQL data and 48 (83%) had 
completed EQ-5D VAS data at baseline, and, of 48 (83%) 
of 58 patients with treatment response, 43 (90%) had 
PedsQL data and 40 (83%) had EQ-5D VAS data at 
baseline (table 1). The median follow-up of this group of 
patients was 9·9 months (IQR 5·3–13·5). The number of 
patients who remained on study and thus eligible to 
submit patient-reported quality-of-life data decreased at 
each successive study visit. 

Of the 58 patients aged 8 years and older at baseline, 
48 (83%) had an assessment of the PedsQL or EQ-5D 
VAS at baseline and at least one postbaseline visit 
(table 2). Patients who completed a baseline and at 
least one subsequent patient-reported quality-of-life 

instrument were similar in their distributions of sex, age, 
race, Karnofsky or Lansky performance status, previous 
haemopoietic stem-cell transplantation, and disease 
status compared with patients who did not (table 2).

At day 28, quality-of-life data was submitted by 37 (77%) 
of 48 responders for each measure, and six (60%) of 
ten patients with no response submitted PedsQL data 
and seven (70%) submitted EQ-5D VAS data. Although 
the protocol allowed patients with no response to 
continue to contribute quality-of-life data, few patient-
reported quality-of-life instruments were completed by 
non-responders beyond day 28, because most of these 
patients discontinued study, were lost to follow-up, or 
died shortly thereafter. Among the 48 treatment 
responders, seven (15%) patients underwent stem-cell 
transplantation while in remission.

107 patients screened

15 excluded
  11 did not meet clinical eligibility criteria
  2 died
  1 physician decision
  1 apheresis product not accepted by 
  the manufacturing facility

92 enrolled

75 had tisagenlecleucel infusion

58 included in this self-reported quality-of-life analysis

17 excluded
 7 had tisagenlecleucel related issues
 7 died
 3 adverse events

17 younger than 8 years of age at 
 enrolment

Figure 1: Trial profile

Baseline 
(n=58)

Day 28 
(n=57)

Month 3 
(n=47)

Month 6 
(n=34)

Month 9 
(n=25)

Month 12 
(n=14)

Pediatric Quality of Life Inventory

Treatment responders 43 37 36 30 21 14 

All patients 50 43 38 32 21 14 

EQ-5D visual analogue scale

Treatment responders 40 37 36 29 21 14 

All patients 48 44 39 31 21 14 

Treatment responders (n=48) defined as patients with complete remission with or without complete blood count 
recovery. Patients without baseline data were excluded from analyses at postbaseline visits. EQ-5D=European Quality 
of Life-5 Dimensions questionnaire.

Table 1: Overall compliance with patient-reported quality-of-life assessments by responder status
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Mean baseline values for all patient-reported quality-of-
life scores were less than the normative means, ranging 
from a relative 43% reduction for the physical health 
summary score (mean baseline score 48·4 [SD 27·1]; 
normative mean 84·4) to a relative 17% reduction for 
social functioning (mean baseline score 72·4 [20·3]; 
normative mean 87·4; table 3). For the EQ-5D VAS, the 
mean baseline score (66·8 [SD 21·8]) was a relative 23% 

less than the normative mean (86·2). The proportion of 
patients reporting no problems (level 1) on each 
dimension of the EQ-5D questionnaire at baseline 
ranged from 16 (33%) of 49 patients for pain/discomfort 
to 32 (65%) of 49 patients for self-care (appendix p 1).

For the EQ-5D questionnaire, the proportions of 
patients reporting no problems were greater at day 28 and 
months 3, 6, 9, and 12 than at baseline for all dimensions 
except self-care, for which the day 28 proportion was 
lower than the baseline proportion (appendix p 1).

Mean change from baseline to month 3 in the PedsQL 
total score was 13·3 (95% CI 8·9–17·6). Mean change 
from baseline in PedsQL scores at day 28 was greatest for 
emotional functioning (7·3 [95% CI 1·6–13·1]) and least 
for school functioning (0·2 [–8·3 to 8·8]; figure 2). 
Between months 3 and 12, improvements from baseline 
in patient-reported quality of life were observed for all 
measures, which increased over time. Generally, these 
improvements from baseline were smallest for social 
functioning and greatest for physical functioning 
(figure 2). For the EQ-5D VAS, mean change scores 
increased from baseline and were 16·8 (95% CI 9·4–24·3) 
at month 3, 17·4 (9·0–25·7) at month 6, 18·8 (7·8–29·9) 
at month 9, and 24·7 (13·5–35·9) at month 12. Results 
from post-hoc mixed models for repeated measure 
analyses supported these observations of improvements 
in scores from baseline (appendix p 4).

Improvements in mean change score values at 
months 3, 6, 9, and 12 were greater than the PedsQL 
MCIDs for the total score, psychosocial health summary 
score, and physical and emotional functioning subscales, 
and mean change score values were positive and near the 
MCIDs for social and school functioning subscales. 
Similarly, improvement in mean change score values for 
the EQ-5D VAS at months 3 to 12 was greater than the 
MCID (figure 2). 

On the basis of observed data, 18 (46%) of 39 patients 
achieved the MCID for the PedsQL total score at day 28, 
30 (81%) of 37 at month 3, and 23 (72%) of 32 at month 6. 
With the worst-case scenario approach, 18 (36%) of 
50 patients achieved the MCID for the PedsQL total score 
at day 28, 30 (60%) of 50 at month 3, and 23 (46%) of 
50 at month 6. Assuming a conservative MCID of 10, 
21 (53%) of 40 patients achieved the MCID for the 
EQ-5D VAS on the basis of observed data at day 28, 
24 (67%) of 36 at month 3, and 18 (62%) of 29 at month 6. 
With the worst-case scenario approach, 21 (44%) of 
48 patients achieved the MCID for the EQ-5D VAS at 
day 28, 24 (50%) of 48 at month 3, and 18 (38%) of 48 at 
month 6. 21 (70%) of the 30 patients who achieved 
the MCID at month 3 sustained that achievement at 
month 6 for the PedsQL total score and 15 (54%) of 28 for 
the EQ-5D VAS. As a supportive approach to allow assess
ment of different threshold values, illustrations of the 
change from baseline response profiles of the PedsQL total 
score and EQ-5D VAS at months 3 and 6 are presented as 
cumulative distribution function plots (appendix pp 2–3).

Patients with 
quality-of-life 
assessment at baseline 
and at least one 
postbaseline (n=48)

Patients without 
quality-of-life 
assessment at baseline 
and at least one 
postbaseline (n=10)

Sex

Female 19 (40%) 6 (60%)

Male 29 (60%) 4 (40%)

Age, years

Mean (SD) 14·3 (4·5) 11·9 (3·6)

Median (IQR) 14·0 (10·0–17·5) 11·5 (9·0–14·0)

Race

White 38 (79%) 8 (80%)

Other 10 (21%) 2 (20%)

Karnofsky or Lansky performance status

90–100% 28 (58%) 5 (50%)

<90% 20 (42%) 5 (50%)

Previous haemopoietic stem-cell transplantation

0 18 (38%) 5 (50%)

1 or 2 30 (62%) 5 (50%)

Disease status

Primary refractory 5 (10%) 0

Relapsed disease 43 (90%) 10 (100%)

Data are n (%) unless otherwise stated. Quality-of-life assessment defined 
non-missing data for either the European Quality of Life-5 Dimensions visual 
analogue scale or Pediatric Quality of Life Inventory total score.

Table 2: Demographic and baseline characteristics according to data 
availability at baseline and postbaseline visits

Baseline 
score, 
mean (SD)

Normative 
mean*

Absolute 
difference

Relative 
difference

Minimal 
clinically 
important 
difference*

Pediatric Quality of Life Inventory 58·0 (20·1) 83·0 –25·0 –30% 4·36

Emotional functioning 61·0 (20·5) 80·9 –19·9 –25% 8·94

Social functioning 72·4 (20·3) 87·4 –15·0 –17% 8·36

School functioning 57·6 (22·7) 78·6 –21·0 –27% 9·12

Physical functioning 48·4 (27·1) 84·4 –36·0 –43% 6·66

Psychosocial health summary score 63·3 (18·6) 82·8 –19·5 –24% 5·30

Total score 58·0 (20·1) 83·0 –25·0 –30% 4·36

EQ-5D visual analogue scale 66·8 (21·8) 86·2 –19·4 –23% 7–10

Absolute differences were calculated as the difference between the mean baseline score and the normative mean. 
Relative differences were calculated as the absolute difference divided by the normative mean. EQ-5D=European 
Quality of Life-5 Dimensions questionnaire. *From literature point estimates. 

Table 3: Normative means, minimal clinically important differences, and baseline scores for 
patient-reported quality-of-life outcomes
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For each patient-reported quality-of-life measure 
except social functioning, proportions of patients 
achieving the normative mean at all postbaseline study 
visits were greater than those at baseline even when all 
patients with missing data were assumed to not achieve 
the normative mean (figure 3A). Across all postbaseline 
visits, proportions were smallest in physical functioning 
and greatest in emotional functioning for the PedsQL. 
For the EQ-5D VAS, the proportions of patients 
achieving the normative mean value were 17 (39%) of 
44 patients at day 28, 21 (54%) of 39 patients at month 3, 
15 (48%) of 31 patients at month 6, 13 (62%) of 
21 patients at month 9, and nine (64%) of 14 patients at 
month 12 (figure 3B).

As expected, the proportion of patients achieving the 
normative mean at postbaseline visits were greater when 
based on the observed data than in the worst-case 
scenario (figure 3). However, overall results were similar 
between the two methods. Thus, notable global increases 
in quality-of-life scores were observed regardless of 
treatment of missing data.

Post-hoc subgroup analyses suggested that patients 
with severe cytokine release syndrome (23 patients for 
the PedsQL and 22 for the EQ-5D VAS) had lower mean 
improvement in quality of life at day 28 than patients 
without severe cytokine release syndrome (27 patients for 
the PedsQL and 26 for the EQ-5D VAS; mean of 0·3 [SD 
20·8] vs 7·1 [13·0] for PedsQL total score and 3·3 [27·5] vs 
12·2 [26·4] for EQ-5D VAS), but that improvements 
were similarly observed in both groups by months 3 and 
6 and sustained at month 12 (appendix p 5). Similar 
results were observed by severe neurotoxicity status 
(appendix p 6).

Discussion
The findings from this study suggest that rapid 
improvements in broad aspects of patient-reported 
quality of life occurred after one-time treatment with 
tisagenlecleucel. To our knowledge, this is the first report 
on patient-reported quality of life after CAR T-cell therapy 
for patients with relapsed or refractory B-cell acute 
lymphoblastic leukaemia. Patients began to report 
improvements in patient-reported quality-of-life scores at 
day 28 after tisagenlecleucel therapy across most 
domains. By month 3, observed increases in score were 
clinically meaningful (greater than or equal to the 
MCIDs), which persisted at months 6, 9, and 12. Some 
delay in quality-of-life improvement was noted in patients 
who had severe cytokine release syndrome or neuro
toxicity, but meaningful improvements in quality of life 
were still evident in these groups of patients by 
months 3–6. This temporal pattern of improvement is 
consistent with the temporal pattern of common side-
effects related to tisagenlecleucel. Cytokine release 
syndrome occurs a median of 3 days (range 1–22) after 
infusion and resolves after a median of 8 days (1–30),20 
and most neurological adverse events occur during 

cytokine release syndrome or shortly after its resolution. 
These findings, taken together with the preliminary 
activity and safety results,20 suggest a favourable benefit–
risk profile of tisagenlecleucel in the treatment of 
paediatric and young adult patients with relapsed or 
refractory B-cell acute lymphoblastic leukaemia.

This timeframe of improvement in quality of life is 
shorter than that of traditional therapy for relapsed or 
refractory B-cell acute lymphoblastic leukaemia, which 
might include months of chemotherapy followed by 
stem-cell transplantation and the potential for graft-
versus-host disease and other life-threatening toxicities. 
A recent systematic review27 on health-related quality of 
life in children on treatment for acute lymphoblastic 
leukaemia revealed substantial reductions in quality of 
life during treatment that were especially associated with 
intensive phases of chemotherapy and corticosteroid 
therapy. Furthermore, although quality of life improved 
over time in longitudinal studies, it remained lower than 
that of the general population after treatment, with 
lasting effects observed particularly in the social and 
emotional quality-of-life domains. Similarly, a long-term 
follow-up study28 of childhood survivors of acute 
lymphoblastic leukaemia reported that both medical and 
psychosocial conditions related to their original diagnosis 
persist into adulthood more than 20 years from diagnosis.

Patient-reported quality-of-life outcomes in adults with 
relapsed and refractory acute lymphoblastic leukaemia 
treated with other immunotherapies have recently been 
reported. In the phase 3 TOWER study,11 blinatumomab 
delayed deterioration in quality of life compared with 
standard therapy, although minimal improvement in 
quality of life was seen with blinatumomab. In the 
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phase 3 INO-VATE study,10 inotuzumab ozogamicin 
resulted in improved physical, role, and social 
functioning compared with chemotherapy, with some 
improvement over baseline quality of life noted during 
the first cycle of therapy. It is important to note that when 
given with curative intent in the relapsed setting, 
blinatumomab and inotuzumab are frequently followed 
by allogeneic transplantation, and future studies 
evaluating quality of life following stem-cell trans
plantation in this patient population are necessary.

Notably, the greatest improvements from baseline 
occurred for physical functioning, for which patients had 
the lowest mean baseline score. Despite this, only 50% of 

patients who submitted data achieved the physical 
functioning normative mean score at 12 months. The 
contribution of tisagenlecleucel versus pre-existing 
toxicity in these patients who have been heavily pretreated 
remains to be elucidated.

A main limitation of this trial is its single-arm study 
design. As a result, change in patient-reported quality of 
life before and after an intervention was evaluated 
without the presence of a comparison group consisting 
of patients who received standard therapies. Rapid 
declines in quality of life have been noted in adults with 
relapsed or refractory leukaemia treated with standard 
chemotherapy in control groups in both the TOWER and 
INO-VATE studies.10,11 As our results are not directly 
comparable to these studies in adults, cautious inter
pretation is necessary; however, the remarkable activity 
of tisagenlecleucel and lack of an acceptable comparator 
group means that a randomised study in this patient 
population is not feasible.

Additional limitations of this study include the 
secondary nature of this objective on the ELIANA trial. 
Patients who completed patient-reported quality-of-life 
instruments represented a subset of the overall infused 
population based on age criteria to allow self-reporting. 
However, the majority of infused patients (83%) 
completed patient-reported quality-of-life instruments, 
and baseline characteristics were similar between patients 
who completed and did not complete the instruments.

Additionally, patients who are sicker and those who did 
not respond to treatment were less likely to complete 
patient-reported quality-of-life instruments, especially at 
the later postbaseline visits. Although common to 
oncology trials with patient-reported components, the 
missing data probably reflect patients with worse quality 
of life than those who submitted data. To address this 
potential bias, a worst-case scenario was included in the 
analysis in which patients with missing patient-reported 
quality-of-life data were assumed not to have achieved 
the normative mean values. Similar results were observed 
with this approach. Even in this worst case, improvements 
in the proportion of patients achieving normative mean 
values were observed. Because of the small sample size 
of the trial, it was not meaningful to apply more 
sophisticated statistical methods (eg, pattern mixture 
models) to explore further the potential effect of missing 
data on study findings. Future studies to evaluate the 
impact of baseline patient characteristics, including age, 
and side-effects beyond cytokine release syndrome and 
neurotoxicity will be of interest.

In this study, patient-reported quality-of-life scores 
were compared with universal normative scores rather 
than those from any age distribution profile, which 
could be a potential limitation in their interpretation.29 
The MCID values used in these analyses were not 
developed specifically for the population under 
examination. The MCID values for the PedsQL were 
based on published studies establishing important 
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differences in quality of life, and the MCID value for the 
EQ-5D VAS was based on a young adult rather than 
paediatric population. Although these values were not 
ideal, they represented the best estimates available 
from the literature. To help overcome this limitation, 
cumulative distribution function plots were presented 
for the PedsQL total score and EQ-5D VAS, which 
provided a comprehensive illustration of patient-
reported quality-of-life response in this population over 
all specified values, allowing the reader to interpret 
change from baseline at any threshold values of interest. 
The increase in patient-reported quality-of-life scores, 
along with the activity and safety results of the ELIANA 
study, suggest a favourable benefit–risk profile of 
tisagenlecleucel in the treatment of paediatric and young 
adult patients with relapsed or refractory B-cell acute 
lymphoblastic leukaemia.
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