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A B S T R A C T

Purpose
We describe the health-related quality of life (HRQoL) of a cohort of children with brain tumors
treated with proton radiotherapy.

Patients and Methods
We recruited 142 pediatric patients with brain tumors (age 2 to 18 years) and parents of such
patients treated with proton radiation at Massachusetts General Hospital from 2004 to 2010.
HRQoL was assessed using the PedsQL core, brain tumor, and cancer modules (range, 0 to 100).
Assessments took place during radiation and annually thereafter. We examined correlations of
HRQoL with disease, treatment, and cognitive and behavioral data.

Results
Overall reports of HRQoL during treatment were 74.8 and 78.1 for child self-report (CSR) and
67.0 and 74.8 for parent proxy report (PPR) for the core and brain tumor modules, respectively.
PPR demonstrated lower HRQoL scores than CSR, but the two were highly correlated. Higher
HRQoL scores were significantly associated with Wechsler Full Scale Intelligence Quotient
scores (administered via the age-appropriate version) and better scores on two behavioral
measures. Disease type also correlated with PPR core total HRQoL score at the beginning of
treatment: medulloblastoma or primitive neuroectodermal tumors, 57.8; germ cell tumors, 63.5;
ependymoma or high-grade glioma, 69.8; low-grade glioma, 71.5; and other low-grade neoplasms,
78.0 (P � .001). Craniospinal irradiation and chemotherapy were negatively correlated
with HRQoL.

Conclusion
This is the first study to our knowledge of HRQoL in a cohort of children with brain tumors treated
with proton radiation. This prospective study demonstrates the effect of disease type and intensity
of treatment on HRQoL. It further suggests that where CSR is not possible, PPR is appropriate in
most circumstances.

J Clin Oncol 30:2079-2086. © 2012 by American Society of Clinical Oncology

INTRODUCTION

Radiation therapy is an integral part of therapy for
many pediatric brain tumors. However, radiother-
apy is also associated with significant long-term tox-
icities in survivors. Radiation therapy to the brain
can cause cognitive deficits, abnormal endocrine
function, and hearing loss. These effects are corre-
lated with radiation dose and volume and patient
age and may also be influenced by chemotherapy or
surgery.1-4 The toxicities are often associated with
overall decreases in children’s quality of life.

Proton radiotherapy can significantly reduce
the dose of radiation to normal tissues, with a signif-

icant reduction in integral dose with protons
compared with external-beam photons. This has
been shown in numerous dosimetric studies.5-7

This reduction in radiation delivered to normal
tissue should result in less toxicity and improved
overall health outcomes, which has been seen in
the rhabdomyosarcoma and medulloblastoma
populations.6,8,9 This article seeks to build on the
limited data of health outcomes with both patient-
and parent-reported quality of life outcomes in
a pediatric brain tumor cohort at baseline and
follow-up.

This study is the first to our knowledge to re-
port on the health-related quality of life (HRQoL)
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outcomes in a proton radiotherapy–treated pediatric cohort.
Herein we describe the HRQoL of children with brain tumors who
were treated with proton therapy and examine associations of
HRQoL with cognitive and behavioral status, treatment character-
istics, and tumor type. We further examined the trajectory of HRQoL
for the cohort with data at 3 years after completion of radiation
therapy. We hypothesized that poorer HRQoL would be associated
with more aggressive treatment and lower scores on cognitive and
behavioral measures. We also anticipated that HRQoL would increase
over time since treatment.

PATIENTS AND METHODS

Patient Population

Institutional review board approval was obtained before enrollment of
patients. We approached all eligible (N � 285) English- or Spanish-speaking
patients and parents of patients between the ages of 2 and 18 years treated with
proton radiation at the Massachusetts General Hospital within 2 weeks of the
start of irradiation. Of these, 242 (85%) agreed to participate; 142 had brain
tumors and formed the study cohort presented here. Among these 142, data
from both child self-report (CSR) and parent proxy report (PPR) were avail-
able for 101 children. Children age 2 to 5 years were not eligible to provide
self-reported data. In addition, some children were too sick to provide self-
reported data. At 3 years after treatment, 43 patients were available for trend
analysis with time. This number is smaller than the original cohort for several
reasons: patients were removed from study because of tumor progression or
death (n � 12); patients had not been in the study long enough to reach the
3-year assessment (n � 57); patients did not respond to the 3-year assessment
(n � 23); and patients were older than 18 years of age and thus did not receive
the PedsQL for this assessment (n � 7).

The study population includes patients who were enrolled from
March 2004 to March 2010, with follow-up data extending into March
2011. When two parents were available, the parent who spent the most
time with the child was asked to complete the survey. Children age 5 years
or older also completed self-report forms. Study staff approached families
in the radiation waiting room and offered to meet with them in a private
space. After obtaining consent, parents filled out the parent proxy forms, and
children filled out the self-report forms. A research assistant was available to
read the questions to children. Families were allowed to take the assessments
home and return the completed surveys via mail. Assessments were conducted
in English and Spanish.

Follow-Up

Children were assessed twice over their radiation treatment course: dur-
ing the first and last 2 weeks of treatment. We subsequently assessed them
annually thereafter for up to 5 years. We report the 3-year trend, because our
cohort with available data for later years after treatment is too small for
analysis. All of the data shown here are from assessments at the beginning of
treatment except for the trend data shown in the figures. Post-irradiation
assessments were administered in person or by mail within 3 months of the
annual anniversary of the end of radiation therapy.

Assessment Tools

HRQoL was assessed using the PedsQL core, brain tumor, and cancer
modules. We used the age-appropriate versions. The PedsQL is a widely used
generic pediatric HRQoL tool with a generic core scale suitable for use with
both healthy populations and populations with acute and chronic health
conditions. Physical, emotional, social, and school functioning are measured
and reported as subscores. Parents respond based on a five-point Likert scale.
The PedsQL has good psychometric properties and has been used in a wide
variety of populations.10-12 All PedsQL scores are scaled from 0 to 100, with
higher scores indicating better HRQoL. Normative samples composed of
healthy children have scored on the high end of this scale, with an average score
of 82.3 for a general group of children and 73.1 for children with chronic

medical conditions.12 Mean HRQoL scores for healthy child samples range
from 78 to 88, depending on the child’s age.13

The PedsQL brain tumor module is similar to the PedsQL, but it consists
of the following six scales: pain and hurt, nausea, procedural anxiety, worry,
cognitive problems, and movement and balance.14 We also administered three
scales from the PedsQL cancer module that are not part of the brain tumor
module. They included treatment anxiety, perceived physical appearance,
and communication.10

At the time of proton treatment, a total of 106 patients with brain tumors
had data available for both QoL assessment and baseline cognitive and behav-
ioral testing. Not all patients complied with neurocognitive and behavioral
testing, but it was the policy to offer it to all patients.

Direct assessment of intelligence was conducted with children using an
age-appropriate measure (eg, Wechsler Intelligence Scale for Children, fourth
edition; Wechsler Preschool and Primary Scale of Intelligence, third edition).
Measures of intelligence yielded a single score (IQ) summarizing overall
intelligence and were comparable between tools. The IQ score is a standard
score with a mean of 100 and standard deviation of 15. Child behavioral
problems were assessed using the Behavior Assessment System for Chil-
dren–Parent Form (second edition; BASC-2), a standardized written parent-
reported measure with age-matched norms for ages 2 to 21 years (mean
T-score, 50; standard deviation [SD], 10).15 The BASC-2 produces a compos-
ite T-score that describes the degree of overall problem behaviors (ie, BSI). We
present data for children with scores of � 60 (defined as problem behavior)
or � 60 (defined as normal behavior). Adaptive behavior was assessed using
the Scales of Independent Behavior–Revised (SIB-R), a standardized written
questionnaire completed by the parent to assess child adaptive behavior and
functional independence. The SIB-R yields a measure of functional indepen-
dence expressed as a standard score (mean, 100; SD, 15).16 For the SIB-R, we
examined a cutoff of � 90 to identify children with below-average func-
tional independence.

Clinical data used to correlate with HRQoL scores include tumor
type, radiation volume, (craniospinal irradiation [CSI] v partial brain
irradiation), total radiation dose (low: � 45 GyRBE [ie, relative biologic
effectiveness (RBE) –weighted absorbed dose] or high: � 45 GyRBE), and
surgery type. We classified children into four treatment groups: radiation
only; radiation and surgery; radiation and chemotherapy; and radiation,
surgery, and chemotherapy. We also extracted sociodemographic data
(race/ethnicity [white v other], age at radiation therapy, and sex) from the
clinical data.

Statistical Analyses

Patient demographics and basic clinical data are reported in Table 1.
Mean HRQoL scores for the core, brain tumor, and cancer modules were
computed, and PPR and CSR reports were correlated. We examined bivariate
associations of the HRQoL summary scores with demographic, cognitive and
behavioral functioning, and clinical data using two-sided P values. Finally,
HRQoL scores were reported longitudinally and by irradiation field. Patients
who underwent CSI received radiation therapy to the whole brain and spine as
well as a boost to the tumor bed. Those patients who were treated with
involved-field radiation required radiation only to the remaining tumor and
tumor bed. Some patients with CNS germ cell disease were treated with whole-
ventricle irradiation followed by a tumor bed boost. No patient in the IF
irradiation group received whole-brain radiotherapy. Germ cell tumor pa-
tients who received whole-ventricle radiotherapy were grouped in the
involved-field patients.

The protocol objectives were originally described with the primary aim
of monitoring the pattern of HRQoL outcomes over time. The study was not
designed to detect a prespecified effect size between defined patient subgroups
at a fixed overall level of significance. The comparisons in Tables 2 and 3
explore whether differences in HRQoL are associated with baseline demo-
graphics, cognitive and behavioral status, tumor diagnosis, and treatment
type. Because the marginal error rates rather than experiment-wise rates are of
primary interest, the data analyses in Tables 2 and 3 have not been adjusted for
multiple comparisons.
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RESULTS

Table 1 lists the characteristics of the population. Mean age at the
initiation of treatment was 8.5 years, with 46% of patients being
female and 81% white. Approximately half of the population re-
ceived IF radiotherapy, which targets the tumor or tumor bed and
the surrounding area at risk and only irradiates part of the brain,
and approximately half received CSI, which incorporates whole-
brain and spine irradiation for a portion of the treatment followed

by an additional dose to the tumor bed as well. A vast majority
received at least 45 GyRBE (96%), and a majority of patients (62%)
were treated with chemotherapy before, during, and/or after radio-
therapy. The most common combination of treatments was the
trimodality of radiation, surgery, and chemotherapy (53%), and
the second-largest subset comprised those patients treated with
irradiation and surgery (31%).

For those patients who received baseline cognitive and behavioral
testing (n � 106), a majority had average to above-average overall
intelligence (82%) as well as age-appropriate or advanced adaptive
abilities and functional independence (80%). Only 12% had signifi-
cant overall problem behavior (BASC-2 BSI T-score � 60) at the time
of proton therapy.

Figure 1 shows the trend in the reports of HRQoL over time for
the two PPR measures for the 43 children for whom we had annual
data up to 3 years after treatment. The data show an increase in
HRQoL between the start and end of radiation treatment. Overall
HRQoL scores rose from 68.1 at the beginning of treatment to 76.5 at
year 3 after treatment, a statistically significant rise (P � .0057). For
the tumor total HRQoL score, scores rose from 76.2 at the begin-
ning of treatment to 79.9 at year 3, approaching statistical signifi-
cance (P � .0599). Figure 2 shows similar findings by irradiation
field. The overall trend toward increasing HRQoL occurred in both
groups, reaching statistical significance in the total core PedsQL
score in the CSI group (P � .0202).

Table 2 compares mean HRQoL scores at the beginning of treat-
ment. For all core measures, parents reported worse HRQoL for their
children than their children self-reported. PedsQL total summary
scores were 74.8 based on CSR and 67.0 based on PPR (P � .001).
Parent and child reports were significantly correlated, with Pearson
correlation coefficients ranging from 0.38 (social score) to 0.80 (phys-
ical health score). Parents reported worse HRQoL than their children
did for most of the tumor module scores.

In Table 2, among the core subscales, the school score was
lowest, followed by the physical health and emotional scores. For
the brain tumor and cancer modules, total mean score was 74.8 for
PPR. Among the brain tumor and cancer module subscales based
on PPR, HRQoL was lowest for procedural anxiety, followed by
treatment anxiety, worry, and pain and hurt. CSR data mirrored
PPR data.

Table 3 presents associations of HRQoL at the beginning of
treatment with clinical variables. There were no statistically signif-
icant differences by age, sex, or race. The diagnoses of medulloblas-
toma or primitive neuroectodermal tumors (PNETs) and germ cell
tumors had worse HRQoL based on the core total score by CSR and
PPR at the time of treatment. Patients who underwent CSI re-
ported worse core HRQoL scores, but reported tumor HRQoL
scores similar to those of other patients. Extent of surgery type was
not related to reported HRQoL. Chemotherapy adversely corre-
lated with HRQoL on all measures except the CSR tumor module
(where the differences were not significantly different). For each of
the summary HRQoL measures, children in the lower IQ group
reported worse HRQoL. Patients who showed evidence of problem
behavior and who scored low on measures of functional indepen-
dence tended to report lower levels of HRQoL on the sum-
mary scores.

Table 1. Child Demographics and Clinical Characteristics

Characteristic No. %

Total No. of children 142 100
Demographics

Sex
Female 65 45.8
Male 77 54.2

Race
White 115 81.0
Other 27 19.0

Cognitive and behavioral functioning
IQ at baseline

� 90 19 17.9
� 90 87 82.1

BASC-2 BSI T-score
Problem behavior (� 60) 13 12.3
Normal (� 60) 93 87.7

SIB-R
� 90 21 19.8
� 90 85 80.2

Clinical data
Diagnosis

Medulloblastoma/PNET 50 35.2
Ependymoma/malignant glioma 31 21.8
Low-grade glioma 20 14.1
Other low-grade neoplasm 23 16.2
Germ cell tumor/germinoma 18 12.7

Tumor location
Posterior fossa 72 50.7
Other 70 49.3

Irradiation type
Craniospinal and boost 61 43.0
Involved field 81 57.0

Radiation dose, GyRBE

Low (� 45) 6 4.2
High (� 45) 136 95.8

Surgery type
No surgery/biopsy only 23 16.2
Definitive surgery 119 83.8

Chemotherapy
Yes 88 62.0
No 54 38.0

Treatment type
Radiation only 10 7.0
Radiation and surgery 44 31.0
Radiation and chemotherapy 13 9.2
Radiation, surgery, and chemotherapy 75 52.8

Abbreviations: BASC-2, Behavior Assessment System for Children, second
edition; BSI, Behavioral Symptoms Index; IQ, Wechsler Full Scale Intelligence
Quotient; PNET, primitive neuroectodermal tumor; RBE, relative biologic
effectiveness; SIB-R, Scale of Independent Behavior–Revised.
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DISCUSSION

The overall PPR HRQoL score at the beginning of radiation treatment
(67.0) was considerably lower for the entire cohort of patients with
brain tumors treated with proton radiation than for the normative
populations of children overall (82.3) or by age group as well as for a
general population of children with chronic conditions (73.1).12

However, overall HRQoL rose to 76.5 at the 3-year follow-up, closing
the gap between healthy children and surpassing children with non-
cancer chronic health conditions. Among the domains on the core
module, both parents and children reported physical health scores
slightly lower than psychosocial health scores. Within the psycho-
social score, school functioning was the worst, followed by the
emotional and social scores. That the school score would be the
worst among the psychosocial scores was to be expected for chil-
dren receiving treatment, because the treatment disrupts the ability
to attend school, and in most circumstances, patients traveled from
out of state to receive radiation treatment and did not have the
option of attending school at all.

Among the brain tumor– and cancer-specific subscores, proce-
dural anxiety stood out as the domain of HRQoL ranked lowest by
both parents and children. In another study of children with brain
tumors, procedural anxiety also ranked as the lowest reported score
based on both parent and child reports (PPR, 61.8; CSR, 68.2).17

However, treatment anxiety was not ranked nearly as low as proce-
dural anxiety.

For CSR, communication and worry ranked relatively low
compared with other domains. Communication questions ask
about difficulty telling physicians how one feels, difficulty asking
questions, and difficulty explaining the illness to others. Worry
questions ask about worries related to treatment, adverse effects,

and tumor recurrence. If providers give children and families more
opportunities to express their concerns and address them, some of
this worry may be alleviated. However, a certain amount of worry
is appropriate given the seriousness of the condition, its treatment,
and the uncertainty of ultimate outcome. For PPR, worry and pain
and hurt followed procedural and treatment anxieties as the sub-
scales with the lowest mean HRQoL reports. More work is needed
to better understand what and how best to communicate with
families given the complexities of the disease and treatment and the
uncertainties of outcomes.

For all measures, parents reported worse HRQoL comp-
ared with children self-reports, which is consistent with other
studies,18-21 including a similar prospective study of children with
brain tumors, which showed consistently higher HRQoL for
CSR,22 and a study of home- and hospital-stay patients with can-
cer.23 Perhaps parents are considering the possible long-term im-
plications of their child having a brain tumor. PPR and CSR are
highly correlated on almost all domains. An Asian study of children
with brain tumors also showed high correlations between parent
and child reports, and the parents again reported measures lower
than the children did.24

HRQoL for this brain tumor proton cohort observed for 3 years
showed an improvement in HRQoL after treatment, from a score of
68.1 (PPR) at the start of radiotherapy to 76.5 3 years after radiother-
apy. This improvement was statistically significant overall and in the
CSI group. This overall trend is likely because acute and subacute
adverse effects from the tumor and treatments (radiotherapy with or
without surgery and chemotherapy) remit with time. Furthermore,
proton radiotherapy irradiates fewer normal tissues compared with
photon treatments, which may partially mitigate the late or chronic
adverse effects of therapy.25,26

Table 2. PedsQL Scores: Child Self-Report Versus Parent Proxy Report During Treatment

PedsQL Module
Total No.
of Pairs

Child Self-Report
Parent Proxy

Report
Pearson Correlation

Coefficient P� T ValueMean SD Mean SD

Core, score
Total 99 74.8 16.1 67.0 20.6 0.77508 � .001 5.93
Physical health 99 74.2 23.1 65.4 29.2 0.79839 � .001 4.99
Psychosocial health 99 75.3 15.1 68.3 17.5 0.64637 � .001 5.03
Emotional 99 73.8 20.4 63.7 19.7 0.63988 � .001 5.90
Social 99 83.3 18.1 78.7 20.0 0.37917 .0361 2.12
School 78 70.7 19.8 62.9 25.7 0.53473 .0030 3.06

Brain tumor, score
Total 101 78.1 12.1 74.8 13.0 0.57790 .0053 2.85
Pain and hurt 99 80.1 22.6 74.8 22.6 0.69397 .0036 2.98
Nausea 100 81.7 19.3 76.7 22.9 0.52031 .0198 2.37
Procedure anxiety 99 52.3 35.1 46.0 37.4 0.67398 .0373 2.11
Movement and balance 54 81.8 23.4 77.5 26.2 0.70576 .1042 1.65
Worry 97 73.1 26.2 72.6 26.4 0.47216 .8512 0.19
Cognitive problems 98 78.9 18.2 76.3 23.2 0.48291 .2460 �1.17

Cancer, score
Treatment anxiety 100 83.3 21.4 70.8 26.9 0.43013 � .001 4.80
Perceived physical appearance 98 81.4 22.1 75.9 24.4 0.39244 .0357 2.13
Communication 99 73.3 26.9 75.2 26.1 0.48807 .4745 �0.72

Abbreviations: PedsQL, Pediatric Quality of Life Inventory; SD, standard deviation.
�Paired t test.
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Table 3. Association Between PedsQL Total Core and Tumor Scores at Start of Treatment and Child Characteristics

Charateristic

Child Self-Report Parent Proxy Report

Core Score Tumor Score Core Score Tumor Score

Mean SD Mean SD Mean SD Mean SD

Demographics
Age at start of treatment, years

No. 96 98 130 131
2-4� — — — — 70.5 20.5 79.2 11.8
5-7 73.2 11.5 77.5 10.9 64.6 19.9 74.1 11.0
8-12 78.7 18.2 79.5 13.0 68.9 21.2 75.5 14.5
13-17 70.5 16.3 76.5 12.3 62.2 19.8 73.5 13.2
P† .0910 .5538 .4389 .3596
F value 2.46 0.59 �0.84 1.08

Sex
No. 101 102 134 135
Female 74.5 15.5 77.6 10.6 66.2 21.4 74.7 12.7
Male 74.9 16.5 78.5 13.4 67.1 19.8 76.0 13.0
P‡ .8929 .6987 .7999 .5529
T value �0.13 �0.39 �0.25 0.59

Race
No. 101 101 134 135
White 74.5 15.9 77.6 12.1 66.2 21.1 75.3 12.7
Other 75.6 16.6 80.4 11.9 68.8 17.9 75.9 13.6
P‡ .7985 .3784 .5641 .8461
T value �0.26 �0.88 �0.58 �0.19

Cognitive and behavioral functioning
IQ at baseline

No. 75 75 100 101
� 90 64.8 17.7 71.7 13.8 52.2 18.4 68.2 11.3
� 90 76.5 15.2 78.3 11.5 68.6 20.6 76.8 12.3
P‡ .0091 .0496 .0024 .0076
T value �2.68 �2.00 �3.11 �2.73

BASC-2 BSI T-score
No. 75 75 100 101
Problem behavior (� 60) 58.1 14.0 66.3 10.3 46.6 19.6 61.6 14.8
Normal (� 60) 76.1 15.6 78.5 11.8 68.9 20.0 77.0 11.1
P‡ .0010 .0029 � .001 � .001
T value �3.43 �3.08 �3.67 �4.34

SIB-R
No. 74 74 100 101
� 90 60.4 14.2 69.6 12.5 52.1 18.3 65.1 11.2
� 90 76.8 15.6 78.3 11.7 69.8 20.4 77.5 11.8
P‡ � .001 .0159 � .001 � .001
T value �3.60 �2.47 �3.54 �4.25

Clinical data
Diagnosis

No. 101 102 134 135
Medulloblastoma/PNET 67.1 13.9 75.5 12.2 57.8 22.5 74.0 12.3
Ependymoma/high-grade glioma 78.8 13.5 80.0 11.3 69.8 19.5 75.8 13.7
Low-grade glioma 78.3 17.7 79.5 11.2 71.5 16.2 77.1 11.5
Other low-grade neoplasm 80.8 11.2 81.0 10.7 78.0 11.6 80.2 10.4
Germ cell tumor/germinoma 74.5 20.2 75.8 14.9 63.5 21.9 69.8 15.8
P† .0186 .4500 .0010 .1273
F value 3.12 0.93 4.91 1.83

Tumor location
No. 101 102 134 135
Posterior fossa 70.9 15.6 77.0 12.2 60.2 20.9 74.7 12.0
Other 77.6 15.7 78.9 12.1 72.9 18.1 76.1 13.6
P‡ .0373 .4438 � .001 .5251
T value �2.11 �0.77 �3.76 �0.64

(continued on following page)
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This study did not show significant differences in HRQoL
by sociodemographic characteristics. Data were not collected on
socioeconomic status (SES), but this is the subject of an ongoing
retrospective collection, and analysis to determine the effects of
SES status on HRQoL in this population will be the subject of a

future report. A majority of patients had to relocate to Boston
for the duration of treatment, implying that many families had
the means to do so, but there are also numerous low- or no-
cost housing options for families in need. Importantly, other
HRQoL reports have not found a relationship between SES

Table 3. Association Between PedsQL Total Core and Tumor Scores at Start of Treatment and Child Characteristics (continued)

Charateristic

Child Self-Report Parent Proxy Report

Core Score Tumor Score Core Score Tumor Score

Mean SD Mean SD Mean SD Mean SD

Irradiation type
No. 101 102 134 135
Craniospinal 68.4 16.7 74.7 13.2 57.4 22.3 72.3 13.0
Involved field 79.1 14.0 80.3 10.8 73.2 16.3 77.6 12.3
P‡ � .001 .0217 � .001 .0163
T value �3.50 �2.33 �4.74 �2.43

Radiation dose, GyRBE

No. 100 101 133 134
Low (� 45) 82.8 14.0 83.3 12.2 66.2 12.0 72.3 13.5
High (� 45) 74.3 16.0 77.8 12.1 66.7 20.8 75.6 12.8
P‡ .2459 .3203 .9542 .5394
T value 1.17 1.00 �0.06 0.38

Surgery type
No. 101 102 134 135
No surgery/biopsy only 76.9 13.8 77.3 11.9 69.3 15.2 74.0 10.8
Definitive surgery 74.3 16.4 78.2 12.2 66.2 21.3 75.7 13.2
P‡ .5248 .7782 .5302 .5814
T value 0.64 �0.28 0.63 �0.55

Chemotherapy
No. 101 102 132 135
Yes 71.6 16.7 76.5 12.7 61.6 21.5 73.6 12.8
No 79.5 13.6 80.4 10.9 74.5 16.1 78.3 12.4
P‡ .0146 .1143 � .001 .0374
T value �2.46 �1.59 �3.74 �2.10

Treatment type
No. 100 101 133 134
Radiation only 71.1 15.4 73.0 12.1 66.7 14.1 73.0 10.8
Radiation and surgery 81.2 12.8 82.0 10.1 76.1 16.2 79.3 12.5
Radiation and chemotherapy 80.6 11.9 80.1 11.5 71.2 16.2 74.7 11.2
Radiation, surgery, and chemotherapy 69.6 17.0 75.8 12.9 59.9 21.9 73.4 13.2
P† .0047 .0739 � .001 .0996
F value 4.61 2.38 6.55 2.13

Abbreviations: BASC-2, Behavior Assessment System for Children, second edition; BSI, Behavioral Symptoms Index; IQ, Wechsler Full Scale Intelligence Quotient;
PedsQL, Pediatric Quality of Life Inventory; PNET, primitive neuroectodermal tumor; RBE, relative biologic effectiveness; SD, standard deviation; SIB-R, Scale of
Independent Behavior–Revised.

�Children 2 to 4 years of age did not receive self-report forms.
†Analysis of variance.
‡t test.
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Fig 1. PedsQL total core and tumor scores for the cohort with at least 3 years
post-treatment follow-up (n � 43). QOL, quality of life.
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Fig 2. PedsQL parent proxy total core and tumor scores for the cohort with at least 3
years post-treatment follow-up by radiation type. CSI, craniospinal irradiation.
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and HRQoL,17,27 but it is certainly plausible that SES may have
an effect.

The relatively consistent relationships between HRQoL and clin-
ical variables suggest that HRQoL is influenced by disease, comorbid-
ity, and treatment. All of the 12 associations of HRQoL with cognitive
and behavioral measures indicated that worse cognitive and behav-
ioral functioning was associated with worse HRQoL reports during
treatment. Children with medulloblastoma or PNETs reported worse
HRQoL than children with other tumors. Treatment including extent
of irradiation or chemotherapy used also tracked with worse HRQoL
during treatment. These outcomes are to be expected, because the
greater the extent of irradiation, the more adverse effects, and the use
of chemotherapy is also associated with adverse effects. Patients with
medulloblastoma or PNETs received both CSI and chemotherapy,
which are also associated with greater acute symptoms than partial
brain irradiation alone. Furthermore, chemotherapy added to radio-
therapy often enhances the adverse effects of radiation and adds
known adverse effects to the treatment, which decreases HRQoL. To
summarize, our findings demonstrate that more aggressive treatments
such as combined modality therapies and poorer cognitive and behav-
ioral functioning negatively influence HRQoL.

This prospective study of children with brain tumors treated with
proton radiation demonstrates the effect on HRQoL of disease type
and intensity of treatment. It further shows that although parents
report lower HRQoL scores than their children, the reports of parents
and children are highly correlated, suggesting that when CSR is not
possible, PPR is appropriate in most circumstances. Findings
showing relatively poorer HRQoL scores in the anxiety, commu-
nication, and worry domains suggest that providers could improve
communication with patients to try to partially alleviate some
concerns. Additionally, enlisting the help of mental health provid-
ers such as psychiatrists, psychologists, and social workers may also
improve HRQoL outcomes.
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