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Abstract

Purpose To understand the influence of disease and
treatment on the health-related quality of life (HRQOL) of
children with brain tumors, compared to the HRQOL of
children with other cancers, from the viewpoints of chil-
dren and parents.

Methods A total of 133 children aged 518 years and 165
parents of children aged 2—18 completed questionnaires of
the Pediatric Quality of Life Inventory Cancer Module
(Pain and Hurt, Nausea, Procedural Anxiety, Treatment
Anxiety, Worry, Cognitive Problems, Perceived Physical
Appearance, and Communication scales); higher scores
indicate a better HRQOL. The Cancer Module scores,
weighted by age and treatment status, were compared to
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those obtained in a previous study of children with other
cancers (mostly leukemia).

Results The weighted mean scores for Pain and Hurt
(effect size d = 0.26) and Nausea (d = 0.23) from child
reports and the scores for Nausea (d = 0.28) from parent
reports were higher for children with brain tumors than
scores for children with other cancers. The scores for
Procedural Anxiety (d = —0.22) and Treatment Anxiety
(d = —0.32) from parent reports were lower for parents of
children with brain tumors than the scores for parents of
children with other cancers. The child-reported Pain and
Hurt score of the Cancer Module was higher (d = 0.29)
and in less agreement (intraclass correlation coeffi-
cient = 0.43) with scores from the Brain Tumor Module,
indicating that assessments completed with the Cancer
Module misesteem pain and hurt problems in children with
brain tumors.
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Conclusions The profiles of cancer-specific HRQOL in
children with brain tumors differ from those of children
with other cancers; we therefore suggest that these children
receive specific psychological support.

Keywords Brain neoplasms - Child - Japan -
Quality of life - Questionnaires

Introduction

While modern treatment methodologies have improved the
outcome for pediatric cancer survival to approximately
70-80 % [1, 2], managing health-related quality of life
(HRQOL) during and after treatment becomes a more
important part of treatment. Brain tumors are the second most
common (27 %) form of pediatric cancer after leukemia
(33 %) [3]. Children with brain tumors often experience pain,
nausea, lack of energy, and emotional distress [4, 5] and may
also experience late effects, such as endocrinological prob-
lems, cognitive impairment, neurological (motor and sen-
sory) disability, and posttraumatic stress symptoms [6—8].
Consequently, survivors of brain tumors who receive inten-
sive treatment [9, 10] are at higher risk of physical, psycho-
logical, social, and developmental difficulties than survivors
of other cancers [11-14]. By understanding the HRQOL
profile of these children, medical practitioners can design
targeted interventions to maintain and improve HRQOL in
this population during and after treatment.

Global profiles of HRQOL (for example, physical,
emotional, and social) in children with brain tumors are
lower than those of children with other cancers or without
cancer [15-18]. However, little information is available on
disease-specific HRQOL profiles in children with brain
tumors. Meeske et al. compared cancer-specific HRQOL
between children with brain tumors and those with acute
lymphoblastic leukemia (ALL) using the parent-reported
Pediatric Quality of Life Inventory (PedsQL) Cancer
Module [17], finding that parents of children with brain
tumors and acute lymphoblastic leukemia report different
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experiences for their children during and after treatment.
This highlights the need to understand how children with
brain tumors perceive their own HRQOL.

The disease-specific HRQOL of patients with brain
tumors can be measured with one of several cancer-specific
tools [19-21], such as the PedsQL Cancer Module, or with
a brain-tumor-specific tool [15, 22, 23], such as the PedsQL
Brain Tumor Module. Different tools may provide different
measures of HRQOL, as the questionnaire structure,
number, and time of the questions differ among available
tools. Here, we compared cancer-specific HRQOL in
children with brain tumors with the HRQOL of children
with other cancers, the reported views of children and their
parents, and the HRQOL as measured by two PedsQL
modules—the PedsQL Cancer and the PedsQL Brain
Tumor Modules.

Methods

This study was conducted jointly with the development of
the Japanese version of the PedsQL Brain Tumor Module
[24].

Study population

Children with brain tumors and their parents were recruited
from six hospitals across Japan and from the Children’s
Cancer Association of Japan (CCAJ) between September
and December 2008. Inclusion criteria were as follows: age
5-18 years for children (the parent was included if their
child was 2-18 years) and at least 1 month had passed
since diagnosis. Children and parents were excluded if
physicians at the hospital or social workers of the CCAJ
determined that the family found the subject of the child’s
condition too uncomfortable to discuss.

Procedure

Researchers presented the study aims to 101 children and
122 parents at participating hospitals verbally and in
writing, and the CCAJ sent a written notice to all families,
inviting them to a meeting regarding brain tumors. Of 55
families from the CCAJ that provided informed consent or
assent, 2 families were bereaved, 1 had an adult survivor, 6
children were aged 2—4 years, and 1 child old enough to
provide his own consent opted out. A total of 98 children
and 120 parents from the hospitals as well as 45 children
and 52 parents contacted directly by the CCAJ agreed to
participate. Questionnaires were distributed to 143 children
and 172 parents.

Questionnaires for children were either self-adminis-
tered or administered by an interviewer. When providing
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informed consent, parents determined whether or not their
child was able to self-administer the questionnaire. In
accordance with the PedsQLTM administration guidelines,
children aged 5-7 years or who were otherwise determined
incapable of self-administration were administered the
questionnaire by either their parents or a researcher (chil-
dren were allowed to decide). In both cases, the instruc-
tions and each item were read to the child. Parent report
questionnaires were simultaneously self-administered.

The questionnaires were returned by 138 children and
167 parents. We excluded questionnaires from 5 children
and 2 parents who did not answer any scales of the PedsQL
Cancer Module, and we analyzed answers from 133 chil-
dren and 165 parents. Next, we analyzed answers from 124
children and 143 parents after omitting questionnaires with
missing data for any scale of the PedsQL Cancer Module.
Given the lack of any significant differences between the
results of the former and latter analyses, we report only the
latter.

Ethical considerations

This study was approved by the review boards of all seven
participating institutions. Children aged >12 years and the
parents of all children provided written consent prior to
participation. Children aged <12 years provided informed
verbal assent.

Measurements

The cancer-specific HRQOL of the PedsQL Cancer Module
[21, 25] has eight scales: Pain and Hurt (two items), Nausea
(five items), Procedural Anxiety (three items), Treatment
Anxiety (three items), Worry (three items), Cognitive
Problems (five items), Perceived Physical Appearance (three
items), and Communication (three items).

Respondents were asked to describe the extent to which
each item troubled them over the past month. Although the
PedsQL Cancer Module comprises the standard (covering
the previous month) and acute versions (covering the pre-
vious 7 days), we used the standard version, because it
served as a historical control (described in the next sec-
tion). For the child reports for ages 8—18 and all parent
reports, a S-point Likert response scale was used
(0 = never a problem; 1 = almost never; 2 = sometimes;
3 = often; 4 = almost always). For the child report for
children ages 5-7, a 3-point face scale was used. Items
were reverse scored and linearly transformed to a 0-100
scale, with higher scores indicating a better HRQOL. To
account for missing data, scale scores were computed as
the sum of the items divided by the number of items
answered. If more than 50 % of the items were missing or
incomplete, the scale score was not computed.

1061
Table 1 Characteristics of participants
This study Tsuji
et al. [25]
All - Corr}p}ete (N = 245)
participants  participants
(N=165) (N = 143)"

n % n % n %

Gender

Male 91 555 84 592 135 551
Female 73 445 58 40.8 110 449
Age (years)

2-4 25 152 23 16.1 41 167
5-7 31 188 21 147 62 253
8-12 56 339 48 336 75 30.6
13-18 53 32.1 51 357 67 273
Tumor pathology

Embryonal tumors 47 29.2 39 279 - -
Germ cell tumors 36 224 34 243 - -
High-grade glioma 24 149 19 13.6 - -
Low-grade glioma 39 242 33 236 - -
Other tumors 15 9.3 15 10.7 - -
Treatment status

On-treatment 63 394 56  39.2 88 359

Off-treatment < 12 months 23 14.4 21 147 33 135
Off-treatment > 12 months 74 46.3 66 46.2 124 50.6
Age of guardian (years)

21-28 7 43 4 28 5 21
29-34 23 140 18 12.7 40 169
35-39 47 287 41 289 72 304
40-60 8 524 78 549 120 50.6
>61 1 0.6 1 0.7 0 00
Relationship to patient

Mother 152 921 133 93.0 230 96.2
Father 10 6.1 8 56 9 38
Other guardian 3 1.8 2 1.4 0 00
Guardian’s academic background

Junior high school 3 1.9 2 1.4 4 1.7
High school 63 389 49 350 87 36.6
Vocational school 28 173 27 193 44 185
Junior college 29 179 28 20.0 48 20.2
University 36 222 32 229 52 218
Graduate school 3 1.9 2 1.4 1 04
Other 0 0.0 0 00 2 08

Missing data were excluded

4 Sample without missing data for any scale of the PedsQL Cancer
Module

The PedsQL Brain Tumor Module [15, 24] has six
scales. Questions about Nausea, Procedural Anxiety, and
Worry scales are identical to those in the PedsQL Cancer
Module, whereas questions on the Pain and Hurt scale
(three items) and Cognitive Problems scale (seven items)
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differ from those in the PedsQL Cancer Module. The
parent report for toddlers (ages 2—4) does not include the
Cognitive Problems scale. The Movement and Balance
scale is not reported here. Agreement between the parent
and child reports (intraclass correlation coefficient [ICC])
was described previously as follows: 0.41 (Pain and Hurt),
0.65 (Nausea), 0.62 (Procedural Anxiety), 0.18 (Worry),
and 0.49 (Cognitive Problems) [24].

Respondents were asked to describe the extent to
which each item troubled them over the previous 7 days.
Although the recall period of the questionnaire differed
from that of the Cancer Module, no published studies
using the Brain Tumor Module as the standard (1 month)
version were available when the present study was plan-
ned and designed. Because the PedsQL Brain Tumor
Module adopts the acute version (covering the previous
7 days) as a standard, we employed the acute version.
The respondents, response scale, and scoring method were
identical to the PedsQL Cancer Module. Parents were also
asked to record their child’s gender, date of birth, age,
tumor pathology, date of diagnosis, and date of therapy
completion.

Historical control

We used data reported by Tsuji et al. [25] as a control. This
study reported scores from for Japanese children with
cancer (67.8 % had leukemia, 9.0 % had malignant lym-
phoma, followed by neuroblastoma, Wilm’s tumor, rhab-
domyosarcoma, and hepatoblastoma) using the Japanese
version of the PedsQL Cancer Module. Children with brain
tumors were excluded in that study.

The average age of children with cancer was 10.5 years
(standard deviation [SD] = 3.9 years), and 55.1 % of
patients were boys (Table 1). Mothers answered 93.9 % of
the questionnaires, and parents’ ages ranged between 40
and 60 years.

Statistical analysis

Statistics were calculated using IBM SPSS software, version
19 (SPSS, Inc., Chicago, IL, USA), and the level of signifi-
cance was defined as 0.05. We calculated the sample char-
acteristics as follows: age distribution, disease, and treatment
characteristics; and scale characteristics as follows: mean,
SD, minimum and maximum scores. The internal consis-
tency of each subscale was estimated using Cronbach’s alpha
coefficient [26] (good consistency > 0.70). The agreement
between the child and parent reports was estimated using
ICC in a two-way mixed effects model [27] (ICC value of
0.20 indicates fair agreement, 0.40 moderate, 0.60 good, and
0.80 high agreement).

@ Springer

The cancer-specific HRQOL of children with brain
tumors was compared to the HRQOL of children with
other cancers. We compensated for the effect of age
(toddler, young child, school child, or adolescent) and
treatment status (on-treatment, soon after treatment, or off-
treatment) differences using the weighted means and SDs
of the PedsQL Cancer Module scale scores, adjusted for
age and treatment status. The age distribution of leukemia
and brain-tumor onset differs [29, 30], and previous reports
have found that treatment status affects the PedsQL Cancer
Module score [21, 25]. We also found in this study that the
treatment status affected the PedsQL Cancer Module score
(see electronic Supplementary Table 1).

These values were calculated by dividing the total
sample into different groups based on age and treatment
status. The control study sample size (Ncy,) Was 245, and
the brain-tumor sample size (Ny,) Was 165 if all respon-
dents completed the PedsQL Cancer Module scale. The
control and study populations were divided into groups
(Nc;; and N;j) separated by treatment status (on-treatment,
off-treatment <12 months, or off-treatment >12 months;
i = 1-3) and by age (2-4, 5-7, 8-12, or 13-18 years;
j = 1-4). The weighted means [31] were calculated as
follows:

Nmu\l Nmtul
Weighted mean(X) = Z WX/ Z Wre.
k=1 k=1
Nlom]
(The common mean = Z X/ Nmm) .
=1

NC," N,"
- ()6
N Ctotal N total

where X, was the PedsQL Cancer Module scale score of
each respondent that belonged to treatment status i and age
J; the weights for each respondent (W)) were calculated
from the ratio of the age and treatment status of the stan-
dard population, divided by the proportion of the age and
treatment status in this study.

The weighted SDs were calculated using the same
weight (W)) as follows:

N total N total
Weighted SD = Z Wi (X, — X)*/ (Z Wy — 1) .
k=1 k=1

Nootal

Z(Xk - X)z/(Ntotal - 1)

k=1

The common SD =

We compared the cancer-specific HRQOL using Welch’s
t test and calculated the effect size d from the difference
between the two means divided by the pooled SD of both
samples.
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Module scores of children it Men  SD M Max  Aph’ ICCY

brain tumors (N = 143) Child report (n = 124)
Pain and Hurt 90.4 17.6 0 100 0.62 0.20
Nausea 87.5 20.6 15.0 100 0.86 0.68
Procedural Anxiety 74.5 30.8 0 100 0.88 0.70
Treatment Anxiety 92.8 19.0 0 100 0.88 0.41
Worry 81.9 234 0 100 0.76 0.27
Cognitive Problems 73.6 22.4 0 100 0.78 0.44
Perceived Physical Appearance 73.8 26.3 0 100 0.71 0.28
Communication 68.5 29.9 0 100 0.77 0.45
Parent report (n = 143)
Pain and Hurt 84.5 20.0 0 100 0.83

. ) Nausea 84.7 22.6 15.0 100 0.93

ICC intraclass correlation .

coefficient, Max. maximum, Procedural Anxiety 59.8 354 0 100 0.96

Min. minimum, SD standard Treatment Anxiety 79.7 23.1 0 100 0.93

deviation Worry 78.3 22.3 0 100 0.86

* Cronbach’s alpha coefficient Cognitive Problems 66.0 23.8 0 100 0.89

® ICC values for child and Perceived Physical Appearance 70.6 24.6 0 100 0.81

parent reports in the two-way o munication 595 296 0 100 0.89

mixed effects model (n = 124)

The agreement of the two modules was evaluated using
paired t tests; the effect size d (the mean score difference
divided by SD of the mean score difference) [28] desig-
nated as small (0.20), medium (0.50), and large (0.80) in
magnitude and by the ICC calculated from a one-way
random effects model [27].

Results
Sample characteristics

The median age of the children with brain tumors was
10.0 years (range: 2—18) (Table 1), and the sample was
heterogeneous for tumor pathology. Most children pre-
sented with embryonal tumors, low-grade gliomas, and
germ cell tumors. Median age at diagnosis was 6.0 years;
63 children (39.4 %) were still receiving treatment, while
97 (60.6 %) had completed treatment, and the interval from
completion of treatment to the survey ranged from 0.1 to
13.3 years. Most children on treatment were younger than
the children who had completed treatment.

With the exceptions noted below, no significant differ-
ences were observed between the characteristics of the
children and their parents and those of the historical control
(Table 1). The differences were as follows: The present
study enrolled fewer children between the ages of 5 and
7 years and more between the ages of 13 and 18 years
(P = 0.069, Chi-square test).

Scale descriptions

The child-reported scores were higher than parent-reported
scores on all scales of the PedsQL Cancer Module and
were internally consistent for all scales except for the Pain
and Hurt scale (Cronbach’s alpha coefficient = 0.62);
parent-reported scores were internally consistent for all
scales (Table 2). Agreement between the child and parent
reports was good for the Nausea and Procedural Anxiety
scales, moderate for the Treatment Anxiety, Cognitive
Problems, and Communication scales, and fair for the Pain
and Hurt, and Perceived Physical Appearance scales.

Cancer-specific HRQOL in children with brain tumors
compared with the HRQOL of children with other
cancers

We noted small but significant differences between the
children’s reports for Pain and Hurt (d = 0.26) and Nausea
(d = 0.23) and the parents’ reports for Nausea (d = 0.28),
Procedural Anxiety (d = —0.22), and Treatment Anxiety
(d = —0.32) (Table 3). The scores for Pain and Hurt and
Nausea were higher for children with brain tumors than for
children with other cancers, indicating better HRQOL.
However, the scores for Procedural Anxiety and Treatment
Anxiety were lower for children with brain tumors than for
children with other cancers, indicating worse HRQOL. The
direction of the effects was the same for the scales reported
by parents and children.

@ Springer
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Table 3 Comparison of cancer-specific HRQOL in children with brain tumors and those with other cancers

This study® Tsuji et al. [25]° P Effect size d*
Mean SD n Mean SD

N =143

Child report (n = 124)
Pain and Hurt 89.8 19.3 202 84.7 19.7 0.024 0.26
Nausea 88.0 20.0 199 83.0 24.0 0.044 0.23
Procedural Anxiety 72.5 32.8 203 72.9 31.0 0.910 —0.01
Treatment Anxiety 90.7 22.8 203 93.1 17.0 0.302 —0.12
Worry 81.0 25.8 202 76.6 25.9 0.140 0.17
Cognitive Problems 72.3 23.8 200 71.5 22.1 0.775 0.03
Perceived Physical Appearance 71.9 28.7 204 70.3 28.6 0.639 0.05
Communication 65.5 32,6 204 67.0 27.0 0.656 —0.05

Parent report (n = 143)
Pain and Hurt 84.9 20.9 242 82.9 22.0 0.367 0.09
Nausea 87.0 20.8 233 80.5 25.7 0.008 0.28
Procedural Anxiety 55.7 36.6 242 63.2 31.8 0.043 -0.22
Treatment Anxiety 77.9 244 241 84.9 19.0 0.004 -0.32
Worry 79.0 23.6 242 81.4 21.9 0.334 —0.10
Cognitive Problems 65.8 249 243 69.4 21.6 0.151 —0.15
Perceived Physical Appearance 71.7 253 243 73.8 24.9 0.437 —0.08
Communication 60.1 31.1 241 62.2 25.4 0.496 —0.07

HRQOL health-related quality of life, SD standard deviation

4 Means and SDs of the PedsQL Cancer Module score in children with brain tumors adjusted for age and treatment status to subjects reported by

Tsuji et al. [25]
" Previously reported data in children with the other cancers
¢ P value from the Welch 7 test

4 Effect size d defined by Cohen [28] is the difference between two means divided by a pooled SD with two samples. A positive value indicates
that children with brain tumors have higher HRQOL scores compared with children with other cancers

Agreement between the PedsQL cancer and the PedsQL
Brain Tumor Modules of the PedsQL

Children and parents reported higher Pain and Hurt scores
(d =0.29, P =0.001 and d = 0.22, P = 0.010, respec-
tively) on the Cancer than on the Brain Tumor Module
(Table 4). Children reported higher Procedural Anxiety
(d =0.31, P =0.001) and Cognitive Problems scores
(d=0.28, P=10.003) on the Cancer Module. The
agreement between the PedsQL Cancer and the PedsQL
Brain Tumor Modules was very high (ICC > 0.80) except
for the Pain and Hurt scale for the child report where the
agreement was moderate (ICC = 0.43). The agreement
according to treatment status is shown in Supplementary
Table 2.

Discussion

We report here that children with brain tumors perceive
their HRQOL differently from children with other cancers.

@ Springer

Several aspects of HRQOL were more difficult (for
example, procedural and treatment anxiety) for patients
with brain tumors, while other aspects (nausea, pain and
hurt) were less difficult, and a number of factors may be
responsible for these differences. In particular, the brain is
the center of multiple functions. The brain integrates the
information received from, and coordinates the physical
and mental activity of, the whole body. Thus, the unique
HRQOL of children with brain tumors likely reflects the
vast complexity of brain function. Knowledge of these
differences should help medical practitioners design-spe-
cific support and care strategies for these children.

A total of 29 % of children in this study suffered from
embryonal tumors (mainly medulloblastomas), and treat-
ment for these tumors requires surgery, radiation, and
chemotherapy [32, 33]. The main treatments for children
with germ cell tumors (mainly germinomas) include sur-
gery, radiation, and chemotherapy [34], with chemotherapy
representing the main treatment for children with leukemia
(controls). Each treatment method will affect a child’s
HRQOL differently.
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Table 4 Comparison of cancer-specific HRQOL using the PedsQL cancer and PedsQL Brain Tumor Modules

n Dif.? 95 % CI of the Dif. P° Effect size &  ICC (5-18 years)?  ICC (2-18 years)®
Lower Upper

N =143

Child report (n = 124)
Pain and Hurt 124 5.41 2.12 8.70 0.001 0.29 0.43 -
Nausea 124 0.91 —-0.91 2.72 0.325 0.09 0.88 -
Procedural Anxiety 123 4.34 1.80 6.87 0.001 0.31 0.89 -
Worry 124 1.95 —-0.39 4.30 0.102 0.15 0.84 -
Cognitive Problems 124 3.64 1.29 5.99 0.003 0.28 0.81 -

Parent report (n = 143)
Pain and Hurt 143 2.50 0.60 4.40 0.010 0.22 0.82 0.91
Nausea 143 0.59 —1.20 2.39 0.515 0.05 0.91 0.89
Procedural Anxiety 142 2.14 —-0.77 5.05 0.148 0.12 0.88 0.87
Worry 143 1.46 —0.20 3.11 0.084 0.15 0.90 0.90
Cognitive Problems 124# —0.99 —2.89 0.91 0.304 —0.09 0.89 -

CI confidence interval, Dif. difference, HRQOL health-related quality of life, /CC intraclass correlation coefficients, PedsQL pediatric quality of
life inventory, SD standard deviation

# Mean score differences (PedsQL Cancer Module—PedsQL Brain Tumor Module). A positive value indicates that participants (children with
brain tumors or parents of children with brain tumors) have higher scores in the PedsQL Cancer Module (fewer problems) than in the PedsQL
Brain Tumor Module

® P value from the paired ¢ test

¢ Effect size d defined by Cohen [28] is the mean score difference divided by SD of the mean score difference. A positive value indicates that
participants (children with brain tumors or parents of children with brain tumors) scored higher in the PedsQL Cancer Module (fewer problems)
than the PedsQL Brain Tumor Module

9 ICC values for the PedsQL Cancer Module and the PedsQL Brain Tumor Module in the one-way random effects model among children aged
5-18 years

¢ ICC values for the PedsQL Cancer Module and the PedsQL Brain Tumor Module in the one-way random effects model among children aged

2-18 years
f Missing data for the Brain Tumor Module (n = 1) were excluded

€ The PedsQL Brain Tumor Module parent report for toddlers (ages 2—4) does not include the Cognitive Problems scale

Children with brain tumors reported less difficulty with
pain and hurt than children with other cancers; however,
we believe it unlikely that these children actually experi-
enced less pain, as here and in a previous study [17],
parents reported similar difficulty with pain and hurt irre-
spective of cancer type. Children with brain tumors
reported pain and hurt more frequently than children with
lymphoma at a similar frequency to children with leukemia
and less frequently than children with solid tumors [4].
These inconsistencies may arise due to scale characteris-
tics. The agreement between Pain and Hurt scores in the
Cancer and Brain Tumor Modules was moderate, while the
agreement on other scales was high. These findings suggest
that the Pain and Hurt scale of the PedsQL Cancer Module
may not consider problems for children with brain tumors
compared with the Brain Tumor Module.

The Pain and Hurt scale of the Cancer Module asks
about generalized body pain but does not localize the pain.
For example, “I ache or hurt in my joints and/or muscles,”
versus “I hurt a lot.” Further, the Brain Tumor Module

measures two items present in the Cancer Module and,
uniquely, “I get headaches.” Thus, the Brain Tumor
Module includes a question about headaches, which are
frequent in patients and survivors of brain tumors [35].
Headache is the most frequently reported initial symptom
of pediatric brain tumors in children aged >2 years and
may be interpreted with particular meaning for these
children [36]. Headache would remind the children and
parents of the first brain tumor and induce worry about a
relapse. Such headaches cause physical distress and psy-
chosocial concern. Therefore, we prefer to use the Brain
Tumor to the Cancer Module to measure disease-specific
HRQOL for these children.

Children with brain tumors and their parents reported
less difficulty with nausea than children with other cancers.
Causes of nausea may include side effects of chemother-
apy, radiation sickness, postoperative reactions, tumors
close to the area postrema, intracranial hypertension, gas-
trointestinal pathology, and anxiety [37, 38]. Here, at least
1 month had passed since diagnosis, and factors such as
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postoperative reaction, brain-tumor activity, and intracra-
nial hypertension would have been controlled, resulting in
less difficulty with nausea [39, 40].

Patients may experience strong nausea and vomiting at
the onset of brain tumors as well as in the perioperative
period; therefore, pediatric patients may evaluate their
experience with treatment-induced nausea and vomiting as
less trying than that experienced perioperatively. In con-
trast, children with ALL (control group majority) are
treated at the first remission-induction phase using mod-
erately emetogenic chemotherapy (i.e., vincristine, dauno-
rubicin, L-asparaginase) [41], and severe emetogenic
chemotherapy (i.e., cyclophosphamide, ifosfamide) is
added during the intensification phase. Treatment type and
course will affect a child’s experience, so a longitudinal
study will be required to assess how the experience of
children with brain tumors changes after diagnosis and
treatment.

Parents of children with brain tumors reported more
procedural and treatment anxiety for their children than did
the parents of children with other cancers. The PedsQL
Cancer Module evaluates children’s and parents’ percep-
tion of a child’s anxiety about needle sticks, blood tests,
seeing a doctor, and hospitalization, which relate to trauma
and stressor-related symptoms that are classified as anxiety
disorders. Perceived life threat and treatment intensity are
directly associated with posttraumatic stress disorder [42].
We assume that intensive symptoms and the treatment of
pediatric brain tumors increase anxiety.

Our findings here of increased anxiety in children with
brain tumors differ from those of a previous study con-
ducted in the United States [17]. Although we cannot
explain the reason for this discrepancy, pediatric oncology
practice differs between the United States and Japan [43],
and patients in Japan may not be fully informed of the
diagnosis, which affects posttraumatic stress disorder [44].
Cognitive problems of children with brain tumors might
also limit their understanding of disease and treatment
course. Each child’s psychological readiness for each stage
of the diagnosis and treatment may be affected by the
information provided and by the child’s cognitive ability.

Several limitations of the present study warrant mention.
First, the study and controls were heterogeneous and
included various pathologies. All children in this study
suffered central nervous system damage from invasion,
compression, or hydrocephalus as well as from therapy.
Further investigations of tumor types and treatment should
reveal how HRQOL differs between children with brain
tumors and those with other cancers.

Second, data obtained from children and parents were
not completely equivalent; the ages of self-reporting chil-
dren ranged between 5 and 18 years, whereas parental-
reporting included children 2—-18 years of age. Further, the
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varying degrees of patients’ impairments prevented opti-
mum accuracy of reporting [17]. However, the number of
children participating in the present study (133) was similar
to that of participating parents of children aged 5-18 years
(140) because of assisted administration. Further, HRQOL
reporting by children is not significantly influenced by the
administration technique [24, 45].

Third, the PedsQL Cancer and Brain Tumor Modules
employ different recall periods, as described above [15,
25]. This difference must be taken into account when
interpreting data. Although the items on the Procedural
Anxiety subscale are identical in both modules, children
with brain tumors studied here reported less difficulty with
procedural anxiety using the Cancer than with the Brain
Tumor Module. The recall period may alter a child’s per-
ception of procedural anxiety. Further research is required
to determine why children reported less anxiety over the
past month than over the previous 7 days.

Fourth, our ability to generalize the data is limited. For
example, at the CCAJ, several hundred families, including
those not eligible to participate, were notified of this study;
therefore, the true response rate is unknown. Families were
excluded if doctors or social workers determined that the
family found the child’s condition too uncomfortable to
discuss. Although the number of such excluded families
was not recorded, this exclusion may have limited data
collection.

Fifth, when comparing children with brain tumors to
those with other cancers, certain parental characteristics
could not be taken into account, as Tsuji et al. [25] did not
report them. Parental reports might have been influenced
by factors such as parental mental health, which may limit
comparability. However, all child and parent characteris-
tics reported here, except for age and tumor pathology,
were similar.

Conclusion

Here, we found that children with brain tumors reported
less difficulty with the categories of pain and hurt and
nausea than children with other cancers that included
mostly leukemia. Parents of the children with brain tumors
reported more procedural and treatment anxiety. The
information will help medical professionals and research-
ers to understand the influence of the disease and treatment
on the HRQOL of children with brain tumors regardless of
age and treatment status.

This study is the only comparison, to our knowledge, of
the PedsQL Cancer and Brain Tumor Modules. The
PedsQL Cancer Module compares cancer-specific HRQOL
of children with brain tumors and those with other cancers.
However, the PedsQL Brain Tumor Module is more
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sensitive for brain-tumor-specific aspects of the HRQOL
and should be used to assess HRQOL in children with brain
tumors.

Acknowledgments

This work was supported by a Grant-in-Aid for

Pediatric Cancer Treatment and Research from the CCAJ 2008 and a
Grant-in-Aid for Cancer Research from the Ministry of Health,
Labour and Welfare of Japan (No. 18-14) 2008.

References

10.

11.

12.

13.

. Gatta, G., Corazziari, 1., Magnani, C., Peris-Bonet, R., Roazzi, P.,

Stiller, C., et al. (2003). Childhood cancer survival in Europe.
Annals of Oncology, 14(Suppl. 5), v119-v127.

. Baba, S., Ioka, A., Tsukuma, H., Noda, H., Ajiki, W., & Iso, H.

(2010). Incidence and survival trends for childhood cancer in
Osaka, Japan, 1973-2001. Cancer Science, 101(3), 787-792.

. Siegel, R., Naishadham, D., & Jemal, A. (2012). Cancer statistics,

2012. CA: A Cancer Journal for Clinicians, 62(1), 10-29.

. Collins, J. J., Byrnes, M. E., Dunkel, I. J., Lapin, J., Nadel, T.,

Thaler, H. T., et al. (2000). The measurement of symptoms in
children with cancer. Journal of Pain and Symptom Management,
19(5), 363-3717.

. Hedstrom, M., Haglund, K., Skolin, I., & von Essen, L. (2003).

Distressing events for children and adolescents with cancer:
Child, parent, and nurse perceptions. Journal of Pediatric
Oncology Nursing, 20(3), 120-132.

. Oeffinger, K. C., Mertens, A. C., Sklar, C. A., Kawashima, T.,

Hudson, M. M., Meadows, A. T., et al. (2006). Chronic health
conditions in adult survivors of childhood cancer. New England
Journal of Medicine, 355(15), 1572-1582.

. Geenen, M., Cardous-Ubbink, M., Kremer, L., van den Bos, C.,

van der Pal, H., Heinen, R., et al. (2007). Medical assessment of
adverse health outcomes in long-term survivors of childhood
cancer. JAMA, 297(24), 2705-2715.

. Kamibeppu, K., Sato, I., Honda, M., Ozono, S., Sakamoto, N.,

Iwai, T., et al. (2010). Mental health among young adult survivors
of childhood cancer and their siblings including posttraumatic
growth. Journal of Cancer Survivorship, 4(4), 303-312.

. Werba, B. E., Hobbie, W., Kazak, A. E., Ittenbach, R. F., Reilly,

A. F., & Meadows, A. T. (2007). Classifying the intensity of
pediatric cancer treatment protocols: The intensity of treatment
rating scale 2.0 (ITR-2). Pediatric Blood & Cancer, 48(7),
673-6717.

Kazak, A. E., Hocking, M. C., Ittenbach, R. F., Meadows, A. T.,
Hobbie, W., DeRosa, B. W., et al. (2012). A revision of the intensity
of treatment rating scale: Classifying the intensity of pediatric
cancer treatment. Pediatric Blood & Cancer, 59(1), 96-99.
Armstrong, G. T., Liu, Q., Yasui, Y., Neglia, J. P., Leisenring,
W., Robison, L. L., et al. (2009). Late mortality among 5-year
survivors of childhood cancer: A summary from the childhood
cancer survivor study. Journal of Clinical Oncology, 27(14),
2328-2338.

Zebrack, B. J., Gurney, J. G., Oeffinger, K., Whitton, J., Packer,
R.J., Mertens, A., et al. (2004). Psychological outcomes in long-
term survivors of childhood brain cancer: A report from the
childhood cancer survivor study. Journal of Clinical Oncology,
22(6), 999-1006.

Zeltzer, L. K., Recklitis, C., Buchbinder, D., Zebrack, B., Casillas,
J., Tsao, J. C. L, et al. (2009). Psychological status in childhood
cancer survivors: A report from the Childhood Cancer Survivor
Study. Journal of Clinical Oncology, 27(14), 2396-2404.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

Gurney, J. G., Krull, K. R., Kadan-Lottick, N., Nicholson, H. S.,
Nathan, P. C., Zebrack, B., et al. (2009). Social outcomes in the
Childhood Cancer Survivor Study cohort. Journal of Clinical
Oncology, 27(14), 2390-2395.

Palmer, S. N., Meeske, K. A., Katz, E. R., Burwinkle, T. M., &
Varni, J. W. (2007). The PedsQL Brain Tumor Module: Initial
reliability and validity. Pediatric Blood & Cancer, 49(3), 287-293.
Bhat, S. R., Goodwin, T. L., Burwinkle, T. M., Lansdale, M. F.,
Dahl, G. V., Huhn, S. L., et al. (2005). Profile of daily life in
children with brain tumors: An assessment of health-related
quality of life. Journal of Clinical Oncology, 23(24), 5493-5500.
Meeske, K., Katz, E. R., Palmer, S. N., Burwinkle, T., & Varni, J.
W. (2004). Parent proxy-reported health-related quality of life
and fatigue in pediatric patients diagnosed with brain tumors and
acute lymphoblastic leukemia. Cancer, 101(9), 2116-2125.
Pogorzala, M., Styczynski, J., Kurylak, A., Debski, R., Wo-
jtkiewicz, M., & Wysocki, M. (2010). Health-related quality of
life among paediatric survivors of primary brain tumours and
acute leukaemia. Quality of Life Research, 19(2), 191-198.
Cella, D. F., Tulsky, D. S., Gray, G., Sarafian, B., Linn, E., Bo-
nomi, A., et al. (1993). The Functional Assessment of Cancer
Therapy scale: Development and validation of the general mea-
sure. Journal of Clinical Oncology, 11(3), 570-579.

Aaronson, N. K., Ahmedzai, S., Bergman, B., Bullinger, M., Cull,
A., Duez, N. J., et al. (1993). The European Organization for
Research and Treatment of Cancer QLQ-C30: A quality-of-life
instrument for use in international clinical trials in oncology.
Journal of the National Cancer Institute, 85(5), 365-376.
Varni, J. W., Burwinkle, T. M., Katz, E. R., Meeske, K., &
Dickinson, P. (2002). The PedsQL in pediatric cancer: Reliability
and validity of the Pediatric Quality of Life Inventory Generic
Core Scales, Multidimensional Fatigue Scale, and Cancer Mod-
ule. Cancer, 94(7), 2090-2106.

Weitzner, M. A., Meyers, C. A., Gelke, C. K., Byrne, K. S., Cella,
D. F., & Levin, V. A. (1995). The Functional Assessment of
Cancer Therapy (FACT) scale. Development of a brain subscale
and revalidation of the general version (FACT-G) in patients with
primary brain tumors. Cancer, 75(5), 1151-1161.

Osoba, D., Aaronson, N. K., Muller, M., Sneeuw, K., Hsu, M. A.,
Yung, W. K., et al. (1996). The development and psychometric
validation of a brain cancer quality-of-life questionnaire for use
in combination with general cancer-specific questionnaires.
Quality of Life Research, 5(1), 139-150.

Sato, I., Higuchi, A., Yanagisawa, T., Mukasa, A., Ida, K., Sa-
wamura, Y., et al. (2010). Development of the Japanese version
of the Pediatric Quality of Life Inventory Brain Tumor Module.
Health and Quality of Life Outcomes, 8(1), 38.

Tsuji, N., Kakee, N., Ishida, Y., Asami, K., Tabuchi, K., Naka-
date, H., et al. (2011). Validation of the Japanese version of the
Pediatric Quality of Life Inventory (PedsQL) Cancer Module.
Health and Quality of Life Outcomes, 9(1), 22.

Cronbach, L. J. (1951). Coefficient alpha and the internal struc-
ture of tests. Psychometrika, 16(3), 297-334.

Bartko, J. J. (1966). The intraclass correlation coefficient as a
measure of reliability. Psychological Reports, 19(1), 3-11.
Cohen, J. (1988). The t test for means. In J. Cohen (Ed.), Sta-
tistical power analysis for the behavioral sciences (pp. 19-74).
New York: Lawrence Erlbaum Associates.

Gurney, J. G., Davis, S., Severson, R. K., Fang, J.-Y., Ross, J. A.,
& Robison, L. L. (1996). Trends in cancer incidence among
children in the U.S. Cancer, 78(3), 532-541.

Bernard, J. L., Bernard-Couteret, E., Coste, D., Thyss, A., Schei-
ner, C., Perrimond, H., et al. (1993). Childhood cancer incidence in
the south-east of France: A report of the Provence-Alpes-Cote
d’Azur and Corsica Regions Pediatric Cancer Registry,
1984-1991. European Journal of Cancer, 29(16), 2284-2291.

@ Springer



1068

Qual Life Res (2014) 23:1059-1068

31.

32.

33.

34.

35.

36.

37.

38.

Armitage, P., Berry, G., & Matthews, J. N. S. (2002). The method
of weighting. In P. Armitage, G. Berry, & J. N. S. Matthews
(Eds.), Statistical methods in medical research (pp. 215-218).
Oxford: Blackwell Scientific Publications.

Packer, R. J., Gajjar, A., Vezina, G., Rorke-Adams, L., Burger, P.
C., Robertson, P. L., et al. (2006). Phase III study of craniospinal
radiation therapy followed by adjuvant chemotherapy for newly
diagnosed average-risk medulloblastoma. Journal of Clinical
Oncology, 24(25), 4202-4208.

Gajjar, A., Chintagumpala, M., Ashley, D., Kellie, S., Kun, L. E.,
Merchant, T. E., et al. (2006). Risk-adapted craniospinal radio-
therapy followed by high-dose chemotherapy and stem-cell res-
cue in children with newly diagnosed medulloblastoma (St Jude
Medulloblastoma-96): Long-term results from a prospective,
multicentre trial. Lancet Oncology, 7(10), 813-820.

Matsutani, M., & Japanese Pediatric Brain Tumor Study, G.
(2001). Combined chemotherapy and radiation therapy for CNS
germ cell tumors—The Japanese experience. Journal of Neuro-
Oncology, 54(3), 311-316.

Ullrich, N. J. (2009). Neurologic sequelae of brain tumors in
children. Journal of Child Neurology, 24(11), 1446-1454.
Dobrovoljac, M., Hengartner, H., Boltshauser, E., & Grotzer, M.
(2002). Delay in the diagnosis of paediatric brain tumours.
European Journal of Pediatrics, 161(12), 663-667.

Hamada, Y. (2009). Nausea and vomiting. In: M. Maru, & Y.
Ishida (Eds.), Pediatric oncology nursing (pp. 237-240). Tokyo:
Herusu Shuppan. [In Japanese].

American Society of Health-System Pharmacists. (1999). ASHP
therapeutic guidelines on the pharmacologic management of

@ Springer

39.

40.

41.

42.

43.

44,

45.

nausea and vomiting in adult and pediatric patients receiving
chemotherapy or radiation therapy or undergoing surgery.
American Journal of Health-System Pharmacy, 56(8), 729-764.
Schwartz, C. E., & Sprangers, M. A. G. (1999). Methodological
approaches for assessing response shift in longitudinal health-
related quality-of-life research. Social Science and Medicine,
48(11), 1531-1548.

Sprangers, M. A. G., & Schwartz, C. E. (1999). Integrating
response shift into health-related quality of life research: a the-
oretical model. Social Science and Medicine, 48(11), 1507-1515.
Holdsworth, M. T., Raisch, D. W., & Frost, J. (2006). Acute and
delayed nausea and emesis control in pediatric oncology patients.
Cancer, 106(4), 931-940.

Stuber, M. L., Kazak, A. E., Meeske, K., Barakat, L., Guthrie, D.,
Garnier, H., et al. (1997). Predictors of posttraumatic stress
symptoms in childhood cancer survivors. Pediatrics, 100(6),
958-964.

Ishibashi, A. (1996). Four concepts that distinguish pediatric
oncology care in Japan from that in the United States: Telling the
diagnosis, length of hospitalization, home care, and support
systems. Journal of Pediatric Oncology Nursing, 13(4), 226-231.
Izumi, M., Ozawa, M., & Hosoya, R. (2002). Focusing on post-
traumatic stress of survivors of childhood cancer. Journal of
Japan Pediatric Society, 106(4), 464—471. [Abstract in English].
Sato, 1., Higuchi, A., Yanagisawa, T., Mukasa, A., Ida, K., Sa-
wamura, Y., et al. (2013). Factors influencing self- and parent-
reporting health-related quality of life in children with brain
tumors. Quality of Life Research, 22(1), 185-201.



	Cancer-specific health-related quality of life in children with brain tumors
	Abstract
	Purpose
	Methods
	Results
	Conclusions

	Introduction
	Methods
	Study population
	Procedure
	Ethical considerations
	Measurements
	Historical control
	Statistical analysis

	Results
	Sample characteristics
	Scale descriptions
	Cancer-specific HRQOL in children with brain tumors compared with the HRQOL of children with other cancers
	Agreement between the PedsQL cancer and the PedsQL Brain Tumor Modules of the PedsQL

	Discussion
	Conclusion
	Acknowledgments
	References


