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Abstract

BACKGROUND—The objective was to quantify the health-related quality of life (HRQL) of

children treated for acute lymphoblastic leukemia (ALL) and identify specific disabilities for

remediation.

PROCEDURE—Two types of subjects were included: ALL patients 5 plus years old in a multi-

center clinical trial; and general population control groups. Patients were assessed during all 4

major phases of active treatment and approximately 2 years after treatment. Health status and

HRQL were measured using HEALTH UTILITIES INDEX® (HUI®) Mark 2 (HUI2) and Mark 3

(HUI3). HRQL scores were used to calculate quality-adjusted life years (QALYs). Excess

disability rates identified attributes for remediation.

RESULTS—HUI assessments (n=749) were collected during the 5 phases. Mean HRQL

increased from induction through the post-treatment phase (p<0.001). There were no significant

demographic or treatment effects on HRQL, except for type of asparaginase during continuation

therapy (p=0.005 for HUI2 and p=0.007 for HUI3). Differences in mean HRQL scores between

patients and controls were important (p<0.001) during the active treatment phases but not during

the post-treatment phase. Relative to controls, patients lost approximately 0.2 QALYs during
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active treatment. Disability was evident in mobility/ambulation, emotion, self-care and pain, and

declined over time.

CONCLUSIONS—Patients with ALL experienced important but declining deficits in HRQL

during active treatment phases: equivalent to losing approximately 2 months of life in perfect

health. HRQL within the 2-years post-treatment phase was similar to controls. The policy

challenge is to develop new treatment protocols producing fewer disabilities in mobility/

ambulation, emotion, self-care, and pain without compromising survival.
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INTRODUCTION

Worldwide, thousands of children and adolescents are diagnosed with acute lymphoblastic

leukemia (ALL) each year. Approximately 2,300 cases occur annually in the United States.

Major advances in treatment have increased survival rates from less than 50% in the 1970s

to more than 80% currently [1]. The increases have been achieved with more intensive and

often toxic treatments, leading to concerns about the health-related quality of life (HRQL) of

patients. Information about HRQL of patients should inform the development of therapeutic

protocols with fewer or less severe disabilities. Although the literature is replete with reports

about treatment effectiveness and the health of survivors, there are few reports describing

the health of patients during phases of active treatment [2,3] and none across all major

discrete phases [4].

This study was undertaken to quantify the experiences of patients treated according to the

Dana Farber Cancer Institute (DFCI) Childhood ALL Consortium 95-01 (DFCI 95-01) trial

protocol [5], using the only generic utility-based instrument fulfilling a complete set of

measurement performance criteria [6]: HEALTH UTILITIES INDEX® (HUI®) [Health

Utilities Inc., 88 Sydenham Street, Dundas ON L9H-2V3, Canada]. Previous publications

using HUI reported about patients with ALL during continuation (maintenance) therapy

[7,8] or after the completion of treatment [9-16]. HUI health status was assessed from three

perspectives. This report focuses on the parental perspective because many of the children

were too young to self-report, the parental perspective is important in the clinical

management of children's health, and there is ample evidence of acceptable reliability for

parental assessments [14,16-20]. Quality-adjusted life years (QALYs) quantify the HRQL-

weighted time for each treatment phase.

At the onset of the study, the major hypotheses, informed by published evidence and clinical

experience, were as follows. HRQL during active treatment would be low relative to the

general population. HRQL would increase from a minimum during induction of remission to

a maximum after completion of active treatment. Excess disability rates (rates of attributes

at deficit levels for patients over-and-above control rates) for attributes of HRQL would be

found in ambulation/mobility [7,16], emotion [7,10,11,13,14,16], cognition [9-11,13,14,16]

and pain [7,11,13,21].
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METHODS

Study design

The trial had a prospective cohort (N=491) design with a series of treatment randomizations.

Therapy included four treatment phases (induction of 4 weeks duration, followed by CNS

therapy of 3 weeks duration, intensification of 30 weeks duration and continuation of 71

weeks duration), administered in total for 25 months from diagnosis [5,22,23]. Standard and

high risk patients were treated with one of two types of asparaginase, E.coli or Erwinia L-

asparaginase, beginning in the induction phase. High risk patients received doxorubicin

during induction with or without dexrazoxane, a potential cardioprotectant agent. Standard

risk patients received treatments of the central nervous system (CNS) with or without cranial

radiation and high risk patients received CNS treatment with hyper-fractionated or daily

cranial radiation [5]. The HRQL study enrolled patients at diagnosis or, for patients too

young to be eligible at diagnosis, at later assessments. HUI assessments were scheduled to

provide representative measures of patients' health status for each phase.

Subjects

The study involved two types of subjects: ALL patients and general population control

groups. ALL patients had to be 5 years of age or older at the time of assessment to be

eligible for the HRQL study, as this is the minimum age recommended for use of HUI [8].

Five centers participated in the HRQL study (DFCI/Children's Hospital Boston, Boston MA,

USA; Hôpital Sainte Justine, Montreal QC, Canada; Le Centre Hospitalier de L'Universite

Laval, Quebec City QC, Canada; Maine Children's Cancer Program and Barbara Bush

Children's Hospital at Maine Medical Center, Portland ME, USA; McMaster Children's

Hospital, Hamilton ON, Canada). For control groups, we selected published summary

results from a study country (Canada) with gender and age distributions similar to the

sample of clinical participants: approximately equal numbers of males and females; ages 12

thru 16 years for HUI2 mean utility scores [24] and proportions of patients in disabled HUI2

attribute levels [25], ages 5 thru 12 years of age for HUI3 mean utility scores [21] and ages

15-19 for proportions of patients in disabled HUI3 attribute levels [26]. The research ethics

review board for each participating institution approved the study and informed consent was

obtained for each patient prior to enrolment.

Measurement

Clinical and demographic data were collected from medical records. Assessments were

collected using standard self-complete HUI questionnaires with “past one-week” recall

duration from three types of assessors according to published guidelines [27]: parent and

clinician assessors for patients 5 years and older, as well as patient reports for those age 12

years and older. Assessors were eligible if literate in either English or Canadian French.

Parental assessment perspective was defined for primary analyses by the original trial

protocol to maximize the number of eligible patients, by including patients too young to

self-report.

HUI assessments were collected for each of the following phases: remission induction (on

day 23); CNS therapy (in the second week for those not requiring general anaesthesia or at
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initiation of the intensification phase); intensification (on week 3, day 14 of a cycle with

asparaginase); continuation (on week 1, day 0 of a cycle); initial 2-years post-treatment

(approximately 4 years after diagnosis); second 2-years post-treatment (approximately 6

years after diagnosis). HUI questionnaires collect information for both HUI Mark 2 (HUI2)

and HUI Mark 3 (HUI3) health status classification systems [27]. Each classification system

consists of a set of attributes, or domains, and a set of levels within each attribute. HUI2 has

7 attributes (sensation, mobility, emotion, cognition, self-care, pain, fertility) with each

attribute having 3 to 5 levels [28]. HUI3 has 8 attributes (vision, hearing, speech,

ambulation, dexterity, emotion, cognition, pain), each having 5 or 6 levels. The constructs of

emotion, cognition and pain differ between HUI2 and HUI3. Emotion focuses on anxiety in

HUI2 but depression in HUI3 [29,30], cognition on learning in HUI2 but solving day-to-day

problems in HUI3, and pain on frequency in HUI2 and severity in HUI3. HUI2 fertility is

not measured by HUI questionnaires and is considered uncompromised for calculating

HRQL scores [27]. A comprehensive health state is a vector of one level for each attribute.

Published utility functions were used to calculate two HRQL scores for each patient: one for

the HUI2 comprehensive health state [31]; and one for the HUI3 comprehensive health state

[32]. HRQL scores have interval-scale properties and represent mean community

preferences on a scale such that dead = 0.00, perfect health = 1.00 [8]. QALYs, measuring

combined quality and quantity of life, were calculated as the mean HRQL score times the

treatment phase duration in years [33]. Disability categories for attribute levels are defined

by validated schemes [34]. The clinically important difference between mean HRQL scores

is ≥0.03 [27,35].

Data management and analysis

HUI variables were derived from questionnaire responses according to standard algorithms

[36]. Statistical analyses were completed using Minitab Release 13.20 and SPSS Release

15.0.1.

Treatment randomization groups were defined by intent-to-treat. Differences in means were

assessed using analysis of variance. Chi-square and Fisher exact tests assessed differences of

proportions. Statistical significance was set at the 5 percent level with Bonferroni adjustment

for multiple testing. Mean HRQL scores provided quality-adjusted weights, and the trial

protocols provided the durations, for calculating QALYs. Differences in QALYs between

patient and control groups represent gains or losses of time-weighted HRQL for ALL

patients. QALYs were transformed to quality-adjusted life days (QALDs), equivalent to

days living in perfect health, to provide a readily interpretable metric. Attribute-specific

excess disability rates (disability rates greater among patients than control groups), and

differences in rates between phases, identify types and patterns of disability for remediation.

Sampling effects were assessed by sensitivity analysis. HRQL score reliability was assessed

by inter-rater agreement using the single-measure two-way intra-class correlation coefficient

(ICC) and a published interpretive labeling scheme. ICC scores <0.20 represent poor

agreement; 0.21 to 0.40 fair agreement; 0.41 to 0.60 moderate agreement; 0.61 to 0.80 good

agreement; and 0.80 to 1.00 very good agreement [37].
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RESULTS

Subjects

Demographic and clinical characteristics of the study population (N=375) are summarized in

Table I. An accounting of eligibility, collected assessments and completed assessments is in

Table II.

Measurements

The percent of overall trial patients eligible for HUI assessment varied across phases from a

minimum of 46.9% during induction to a maximum of 84.3% during the initial 2-years post-

treatment (p<0.001). Patient age less than 5 years was the primary reason for ineligibility

during active treatment: 52.0% during induction; 51.2% during CNS therapy; 49.9% during

intensification; and 32.8% during continuation. Disease relapse was the most common

reason for exclusion during post-treatment phases: 10.4% during initial 2-years; and 12.8%

during second 2-years.

Parental questionnaire completion rates varied among treatment phases from 71.6% during

induction to 84.5% during continuation (p=0.007), and between post-treatment phases from

59.5% for initial 2-years to 38.6% for second 2-years (p<0.001). The missing assessment

rate varied from a minimum of 16% during continuation to a maximum of 62% for the

second 2-years post-treatment. More than 99% of missing assessments were for unknown

reasons. Because there were no significant differences in mean HRQL scores between the

post-treatment phases (p=0.651 for HUI2 and p=0.877 for HUI3), and completion rates were

less than 40% during the second 2-years, further analyses were limited to the treatment and

initial 2-year post-treatment phases. There were no differences between the overall trial

population (N=491) and patients with HUI assessments (Table II) in the proportions of

females and males during all phases (p>0.480), and risk status during continuation and post-

treatment phases (p>0.050). Standard risk patients with HRQL assessments were under-

represented relative to the trial population (55%), due in large part to the exclusion of

patients <5 years of age during: induction (37%, p<0.001); CNS therapy (40%, p=0.002);

and intensification (41%, p=0.003). Patients were a mean age of 9.8 (minimum = 5.0,

maximum =20.8) years at assessment.

Mean HRQL increased from induction into the post-treatment phase (Table III). Differences

in mean HRQL scores between ALL patients and the control groups were significant

(p<0.001) for each of the active treatment phases but not (p>0.05) for the post-treatment

phase. As is typical, mean HUI3 scores are lower than mean HUI2 scores [25].

Effects on HRQL scores of six patient factors, applicable during or before each phase, were

tested to identify potential sub-groups for further analyses: gender; diagnostic risk group;

age at diagnosis; type of asparaginase; CNS radiation fractions; cardioprotectant. There were

no significant effects except during one phase for one factor: continuation, and the type of

asparaginase received during intensification. The difference (E. coli minus Erwinia) in mean

HRQL scores for HUI2 was -0.05 (0.88 – 0.93, p=0.005) and for HUI3 was -0.07 (0.85 –

0.92, p=0.007). Thus, E. coli asparaginase was associated with more morbidity than the

Erwinia product. Such differences were not apparent following completion of all treatment.
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However, it has been determined [5,38] that Erwinia asparaginase, when dosed once-weekly

as it was in DFCI 95-01, was associated with a higher risk of relapse than E. coli; therefore,

this dosing regimen for Erwinia is no longer a component of contemporary treatment

protocols. For these reasons, subsequent analyses excluded continuation data of patients

randomized to Erwinia and represent the experience of patients of contemporary interest:

those receiving E. coli asparaginase.

QALYs for ALL survivors and control groups are illustrated in Figure 1. The upper panel

shows HUI2 results and the lower panel HUI3 results. The upper bounds of the shaded areas

represent the mean HRQL scores of controls and the lower bounds represent the mean

HRQL scores of ALL patients. The shaded area represents the difference in QALYs

experienced by controls and patients. The HUI2 results show that patients experience a loss,

relative to controls, of 0.172 QALYs or 63 QALDs. Most (86%) of the loss was during

intensification (30%) and continuation (56%). The HUI3 results are similar but reveal a

higher burden of morbidity.

The proportions of patients with varying numbers of disabled attributes differ across phases

(p<0.001 for each of HUI2 and HUI3): strongly skewed towards four or more disabled

attributes during induction through strongly skewed towards zero disabled attributes during

continuation. Disability rates of control and patient groups at induction (baseline) vary

among attributes (Table IV). Excess disability rates of patients vary among attributes.

Differences in excess rates vary among pairs of sequential phases. Excess disability rates

decreased for HUI2 mobility, emotion (anxiety), self-care, and pain (frequency); and for

HUI3 ambulation, emotion (depression), and pain (severity). Patterns differed for HUI2

emotion (anxiety) and HUI3 emotion (depression). There were residual excess disability

rates during continuation for four HUI2 and four HUI3 attributes.

Sensitivity analyses of sampling effects compared the primary results based on all available

HUI assessments to results based on the sub-group of patients having a complete set of

HRQL assessments across treatment phases. During the four active treatment phases, there

were 87 patients with a complete set of HUI2 scores and 86 patients with a complete set of

HUI3 scores. The sub-sample was 43% female (similar to that of the study population), 9.8

years of age at diagnosis (tendency toward being older than the study population), and 63%

high risk (tendency toward greater proportion of high risk than in the study population). The

95% confidence intervals of all pairs of mean HRQL scores for the full sample and sub-

samples overlap, all the differences in mean HRQL scores were not clinically important

(absolute difference ≤0.02), the directions of the differences in mean HRQL scores were not

consistent across the assessment periods, and the difference in total QALY loss was <7%.

All ICCs of reliability indicated significant (p<0.05) inter-rater agreement. Mean ICCs

across the 5 phases of parent-patient scores were 0.69 (min = 0.54, max = 0.81) for HUI2

and 0.65 (min = 0.49, max = 0.86) for HUI3; and of parent-clinician scores were 0.62 (min =

0.51, max = 0.72) for HUI2 and 0.60 (min = 0.49, max = 0.78) for HUI3. During all phases,

parent-patient and parent-clinician agreement was moderate to very good.
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DISCUSSION

Patients experienced important deficits in HRQL during all treatment phases but not during

the initial 2-years following treatment: severe deficits during induction of remission of

disease, reflecting the combined effects of disease and treatment; moderate and decreasing

deficits during CNS therapy through continuation treatment phases, reflecting remission of

disease and declining treatment intensity; and mild deficits not significantly different from

the general population after active treatment, reflecting no overall effects of active disease or

treatment. HRQL deficits during active treatment were equivalent to losing approximately 2

months of life in perfect health, with 86% of the loss during intensification and continuation

phases. The main explanatory attributes for increasing HRQL were mobility/ambulation,

emotion, self-care, and pain.

The study demonstrates a trade-off of treatment effects: disease relapse rates; and acute

health status. E. coli asparaginase treatment was associated with lower disease relapse rates

[5] but greater morbidity relative to Erwinia asparaginase when both preparations are dosed

once-weekly. Prevention of disease relapse has precedence over reduction in acute

morbidity that is not severe and not potentially life-threatening. The greater burden of

morbidity associated with E. coli, specifically in the attributes of HUI2 mobility and HUI3

ambulation during the intensification and continuation phases (Supplemental Table I), is

consistent with the lower frequency of side effects with the Erwinia product when both are

dosed once-weekly. It is possible that more frequent dosing of Erwinia asparaginase (known

to have a shorter half-life than E. coli asparaginase) might be associated with efficacy and

morbidity rates similar to that observed with once-weekly E. coli asparaginase. Why

asparaginase-related morbidity differences persisted in the continuation phase of therapy,

when no asparaginase was administered, is not clear, but may reflect persistent differential

toxicity that is no longer evident after treatment with this drug has been completed.

There is one published parental assessment HUI-based study of continuation treatment [7].

The difference between mean HRQL of patients randomized to E. coli asparaginase in the

current study (0.88) and those of DFCI 87-01 and 91-01 protocols (0.86) was not significant

(p=0.320).

Four published studies reported mean HUI scores of HRQL for patients after completion of

all treatment. There were no significant differences after adjusting for multiple testing

between mean scores in the current study and each of three other studies [11-13], indicating

that HRQL of survivors is similar across studies from Canada and Latin America. However,

the mean score in the current study is 0.18 higher (p<0.001) than that of the study from

Uruguay [16], indicating that the HRQL of ALL survivors is poorer in Uruguay than

elsewhere.

Contrary to the results of the current study are three published reports of important

differences in mean HUI scores of HRQL between ALL patients after completion of therapy

and comparison/control groups. All three report ALL survivors having lower HRQL than

controls. Two reports, from one underlying study of Canadian patients, reported differences

of 0.05 (p<0.001) for HUI2 and 0.10 (p<0.001) for HUI3, with point estimates for mean
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control scores being similar (p=0.340) and ALL patient scores being lower (p=0.036) than in

the current study [12,13]. The other study, from Uruguay [16], reported a controls minus

ALL survivors difference in means of 0.08 (p=0.018) for HUI3, with mean scores for both

controls and ALL survivors being ≥0.15 lower than in the current study (p<0.001).

Differences in mean HRQL between controls and ALL survivors across the 3 studies are

somewhat inconsistent in size and not entirely unexpected given the variability in many

study design factors including country, assessment perspective and language, and mode of

questionnaire administration. The previous studies used convenience samples for controls

and had relatively small sample sizes, compared to the current study, but the most important

factor may be time off therapy for patients. Time off therapy in the current study was

relatively short, 2.0 years, compared with 1.0 to 13.6 (mean = 5.4) years for the Canadian

patients and 4.9 to 7.5 years for the Uruguayan patients. Two years off-therapy may be too

short for disabilities to be manifested and detected.

Important excess disability rates in ambulation/mobility, emotion and pain during active

treatment were reported previously among patients during continuation phases of DFCI

87-01 and 91-01 protocols [7]. Excess disability rates in cognition, self-care, speech and

dexterity during active treatment phases represent new reports.

Important strengths of the current study include the use of two well-validated health

measurement systems with demonstrated intra-study reliability, a large multi-center study

population with contemporary treatment, large samples during active and off-treatment

phases, assessments from each discrete treatment phase, acceptable survey rates, and

commensurate results for control groups. Patients assessed were representative of the trial

population for gender and risk group status during the majority of treatment duration.

Limitations of this study include no HRQL measurements for patients <5 years of age, after

disease relapse, after bone marrow transplantation, and after initiation of palliative care. The

data suggest (Supplemental Table II) that the HRQL of patients with standard risk disease

may be greater than that of patients with high risk disease during and after the intensification

phase (high risk treatment is more intensive than standard risk treatment only during the

intensification phase) but this study may lack the power to detect the difference after

adjusting for multiple testing. This study did not detect a difference in overall HRQL

between ALL survivors during the post-treatment phase and control groups, but this should

not be interpreted as evidence that the health of the survivors will remain similar to the

general population because adult survivors of cancer in childhood have high rates of chronic

conditions, some of which develop many years after the completion of treatment [39].

Controls were not matched to patients at the individual level because recruiting controls was

beyond the scope of the trial that focused on assessing the HRQL experience of patients.

Finally, response rates for some phases were less than ideal, so generalizability of the results

may be limited.

This study reports on the comprehensive health status and HRQL assessments of patients

during all major phases of treatment for ALL in childhood, providing a much more complete

picture than was previously available in the literature. Children with ALL experience very

large HRQL deficits over the course of treatment: equivalent to losing approximately 2
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months of life in perfect health. Most of this loss is during the intensification and

continuation phases. Multiple disabilities are common. High excess disability rates for

ambulation/mobility, emotion and pain indicate there is much scope for improvement in

these areas. This study did not detect important HRQL deficits among survivors during the

2-year post-treatment phase, but this should not be extrapolated to longer term survivors

because other studies report higher rates of chronic conditions and/or health problems

among survivors.

The policy challenge is to focus on the development of treatment regimens involving fewer

and less severe disabilities, especially during intensification and continuation phases,

without negatively impacting rates of relapse and overall survival. Current treatment

protocols for ALL in children and adolescents contain many components that are similar to

DFCI 95-01, so the conclusions from this study are relevant to contemporary therapies.
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Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.
Quality-adjusted life years (QALYs) and days (QALDs) lost by ALL patients during active

treatment phases according to HUI2 and HUI3 systems. During induction, CNS and

intensification treatment phases there were no differences in mean HRQL scores between E.

coli and Erwinia asparaginase treatment groups so the results for these 3 phases are based on

pooled data from both groups. During continuation there were significant differences in

mean HRQL between the asparaginase groups so the results for this phase are based on data

from only the E.coli group.
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TABLE I

Demographic and Clinical Characteristics of the Patient Population (N=375)

Characteristic Statistics

Age at Diagnosis (years) Mean 6.11

Median 4.64

Standard deviation 4.25

Minimum 0.04

Maximum 18.00

Frequency Distributions

Characteristic Category n %

Gender Females 168 44.8

Males 207 55.2

Treatment Center * DFCI 135 36.0

Sainte Justine 131 34.9

Laval 36 9.6

Maine 28 7.5

McMaster 45 12.0

Diagnostic Group Standard risk 199 53.1

High risk 176 46.9

Treatment Response Complete remission 364 97.0

Induction failure 7 1.9

Induction death 4 1.1

Relapse No 321 85.6

Yes 48 12.8

Unknown 6 1.6

Status at End Of Study Alive 340 90.7

Deceased 32 8.5

Unknown / Lost to follow-up 3 0.8

n, number of patients;

*
, full names of treatment centers are in methods section of text.
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