1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Qual Life Res. Author manuscript; available in PMC 2018 September 01.

-, HHS Public Access
«

Published in final edited form as:
Qual Life Res. 2017 September ; 26(9): 2541-2550. doi:10.1007/s11136-017-1583-8.

Parent-reported Cognitive Function is Associated with
Leukoencephalopathy in Children with Brain Tumors

Jin-Shei Lai, Ph.D., OTRIL,
Medical Social Sciences and Pediatrics, Feinberg School of Medicine at Northwestern University,
Chicago, IL 60611, js-lai@northwestern.edu

Corey Bregman, MD,
Medical Imaging (Radiology), Ann & Robert H Lurie Children’s Hospital, Chicago, lllinois 60611,
CBregman@luriechildrens.org

Frank Zelko, Ph.D.,
Pediatric Neuropsychology Service, Department of Child and Adolescent Psychiatry, Ann &
Robert H. Lurie Children’s Hospital of Chicago, Chicago, IL 60611, fzelko@Iluriechildrens.org

Cindy Nowinski, MD, Ph.D.,
Medical Social Sciences, Feinberg School of Medicine at Northwestern University, Chicago, IL
60611, c-nowinski@northwestern.edu

David Cella, Ph.D.,
Medical Social Sciences, Feinberg School of Medicine at Northwestern University, Chicago, IL
60611, d-cella@northwestern.edu

Jennifer J. Beaumont, MS, and
Medical Social Sciences, Feinberg School of Medicine at Northwestern University, Chicago, IL
60611, j-beaumont@northwestern.edu

Stewart Goldman, MD
Hematology/Oncology, Ann & Robert H. Lurie Children’s Hospital of Chicago, Chicago, IL 60611,
SGoldman@luriechildrens.org

Abstract

Corresponding author: Jin-Shei Lai, Ph.D., OTR/L, Professor, Medical Social Sciences and Pediatrics, Feinberg School of Medicine
at Northwestern University, 633 N St Clair, #19-039, Chicago, IL 60611, TEL: 312-503-3370, FAX: 312-503-9800, js-
lai@northwestern.edu.

Compliance with Ethical Standards

Ethical approval

This study was approved by the Institutional Review Boards of both Northwestern University and Lurie Children’s Hospital of
Chicago. All procedures performed in studies involving human participants were in accordance with the ethical standards of the
institutional and/or national research committee and with the 1964 Helsinki declaration and its later amendments or comparable
ethical standards.

Informed consent

Informed consent was obtained from all individual participants included in the study.

Disclosure of potential conflicts of interest
All authors (Lai, Bregman, Zelko, Nowinski, Cella and Goldman) report no disclosures and no conflicts of interest relevant to the
manuscript.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Lai et al.

Page 2

Purpose—Coghnitive dysfunction is a major concern for children with brain tumors. A valid,
user-friendly screening tool could facilitate prompt referral for comprehensive neuropsychological
assessments and therefore early intervention. Applications of the pediatric perceived cognitive
function item bank (pedsPCF) such as computerized adaptive testing can potentially serve as such
a tool given its brevity and user-friendly nature. This study aimed to evaluate whether pedsPCF
was a valid indicator of cerebral compromise using the criterion of structural brain changes
indicated by leukoencephalopathy grades.

Methods—Data from 99 children (mean age =12.6 years) with brain tumors and their parents
were analyzed. Average time since diagnosis was 5.8 years; time since last treatment was 4.3
years. Leukoencephalopathy grade (range: 0—-4) was based on white matter damage and degree of
deep white matter volume loss shown on MRI. Parents of patients completed the pedsPCF. Scores
were based on the US general population-based T-score metric (mean=50; standard deviation=10).
Higher scores reflect better function.

Results—L eukoencephalopathy grade distributions were as follows: 36 grade 0; 27 grade 1; 22
grade 2; 13 grade 3, and 1 grade 4. The mean pedsPCF T-score was 48.3 (SD=8.3; range: 30.5 to
63.7). The pedsPCF scores significantly discriminated patients with different leukoencephalopathy
grades, F=4.14, p=0.0084. Effect sizes ranged from 0.09 (grade 0 versus 1) to 1.22 (grade O versus
31/4).

Conclusions—This study demonstrates that the pedsPCF is a valid indicator of
leukoencephalopathy and provides support for its use as a screening tool for more comprehensive
neurocognitive testing.

Keywords

Brain Tumor; Pediatrics; Leukoencephalopathy; Perceived Cognitive Function; Patient-centered
Outcome

INTRODUCTION

Brain tumor survivors are vulnerable to adverse cognitive outcomes[1; 2] and often
demonstrate a myriad of cognitive symptoms such as memory loss, distractibility, and
difficulty with multitasking,[3-5] all of which can contribute to poor health-related quality

of life.[6-8] Clinicians’ awareness of these adverse effects can facilitate patient surveillance,

enhancing early identification of cognitive dysfunction and intervention. However, timely
intervention requires regular assessment to identify and monitor the late effects of cancer
and its treatment.[9] Neuropsychological testing (NPT) is considered the gold standard for
identifying neurocognitive deficits, by measuring how a patient performs on a series of

standardized tasks within a controlled environment.[10] However, practical constraints (e.g.,
cost, time-consuming, labor intensive) make it difficult to integrate NPT into routine clinical
care of cancer survivors.[11-13] To utilize NPT in a more efficient and effective manner, a

user-friendly standardized tool that can facilitate timely referral by identifying children

likely developing cognitive decrements is needed. Standardization allows for comparisons of

scores over time in a psychometrically sound manner. A user-friendly instrument allows
families to complete the tool routinely, particularly if it is brief and parents/patients can
complete it outside of the clinic.
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Research has suggested that perceived cognitive function (i.e., self- or proxy-reported
cognition), PCF, can be related to structural imaging abnormalities,[14—19] though most
previous studies have been limited to adults. For example, in a population-based study, de
Groot et al[16] suggested that cognitive complaints (CC) might be an early warning sign
related to progression of white matter lesions (WML) and imminent cognitive decline. In
children, Mahone et al[14] found parent ratings of working memory in typically developing
children to be correlated with frontal gray matter volumes. Several previous studies have
considered parent-report questionnaires such as the Child Behavior Checklist (CBCL),[20]
the Conners Parent Rating Scale (CPRS),[21] and the Behavior Rating Inventory of
Executive Function (BRIEF)[22] as screening devices for surveillance of pediatric cancer
survivors.[23] Yet these scales were developed using classical test theory (CTT), limiting
their efficiency at discerning individual differences due to a fixed questionnaire format.

An ideal screening tool should be designed to sample neurocognitive deficits in pediatric
cancer survivors, provide a brief-yet-precise score, be easy to administer, and be tailored to
the pediatric patient’s current functional status. The latter feature is particularly important as
it allows scores obtained at different times to be compared regardless of whether the same
items are administered. The pediatric perceived cognitive function item bank (pedsPCF; as
described in the METHODS section) was developed to fill this need.[24; 25] The pedsPCF
was developed using qualitative data from patients, parents, clinicians and teachers,
calibrated using item response theory models (IRT), normed on the US pediatric general
population, and validated by analyses of its associations with clinical variables in pediatric
cancer samples. The pedsPCF is available in both child- and parent-report forms. The
pedsPCF can be administered using computerized adaptive testing (CAT) or in a short-form
fixed questionnaire format.[26] Details of an item bank and its application can be found
elsewhere, including several national efforts supported by the National Institutes of Health
such as the Patient Reported Outcomes Measurement Information System (PROMIS; http://
www.nihpromis.org), and will not be described here.

The parent-report pedsPCF has been found to be associated with computerized
neuropsychological measures[25]. In this study, we took a further step to evaluate the
association between the pedsPCF and leukoencephalopathy (i.e., degree of cerebral deep
white matter injury), an important indicator of brain dysfunction in children with brain
tumors. We used leukoencephalopathy to represent structural brain abnormalities in this
study because it is an important adverse event in children with brain tumors, especially those
who receive radiation and chemotherapy, and because it provides an objective validation
criterion for parent-reported PCF. Leukoencephalopathy was graded with reference to the
Common Terminology Criteria for Adverse Events (version 4.0).[27] PCF was reported
using a brief version of the validated Perceived Cognitive Function Item Bank[24; 25]
(pedsPCF; parent-report version).

METHODS

Sample

Patients and one of their parents were recruited from Lurie Children’s Hospital of Chicago,
between November 2013 and January 2015. The inclusion criteria were 1) a diagnosis of a
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brain tumor (any type, stage), 2) chronological age between 5 and 21 years, 3) any type of
treatment (e.g., chemotherapy, radiation, or surgery), and 4) any stage in the disease
continuum (including pre- and post-treatment and long-term survival). Parents of all
patients, and patients age 8 and older, were required to have sufficient English literacy to
read and understand consent/assent forms and respond to age appropriate questions in the
survey. All parents were asked to complete a 10-item short-form questionnaire derived from
the pediatric perceived cognitive function item bank[25] and a symptom distress scale.[29]
Patients age 8 and older completed the computerized adaptive testing version of the
PROMIS Fatigue,[26] Mobility,[30] Upper Extremity,[30] Depressive Symptoms,[31]
Anxiety,[31] and Peer Relationships item banks.[32] Self-report versions of those
instruments are not available for patients 5-7 years of age. Clinical information was
extracted from patients’ medical records. Data from patients who received magnetic
resonance imaging (MRI) brain scans as a component of routine clinical care were analyzed
for this project. The MRI scans were used to determine leukoencephalopathy status.
Leukoencephalopathy status was graded by the study team (CB, SG) using an enhanced
version of the Common Terminology Criteria for Adverse Events — CTCAE (v4.02)[27] (see
‘Leukoencephalopathy grading criteria’ below). The enhancement was made to increase
objectivity of grading. Grading was done independently of all other assessments, with the
grader blinded to patient information.

Pediatric Perceived Cognitive Function Item Bank (pedsPCF)

The 43-item pedsPCF was developed using a mixed methods approach. Items were
generated via interviews with patients, parents, teachers and clinicians. Its psychometric
properties were evaluated using both classical test theory and item response theory models
(IRT). IRT was used to estimate final item parameters using data from 1,409 parents of
children aged 7-17 drawn from the US general population[24] and validated on 515 children
with cancer (53.3% were brain tumor patients).[25] For the general population sample,
pedsPCF demonstrated stable measurement properties (i.e., no item bias) across child age,
child gender, parent gender, and parent education. It also discriminated children with and
without elevated levels of attention, social and thought problems as measured using the
Child Behavior Checklist.[20] In a pediatric cancer sample, pedsPCF discriminated patients
with presence vs. absence of a brain tumor, moderately correlated with years since diagnosis
for children who received craniospinal or whole brain radiation, and moderately correlated
with computerized neuropsychological testing. Its platform for CAT is available via the
PROMIS Assessment Center™. Multiple short-forms of pedsPCF are available which
provide scores predictive of the total score obtained when all 43 pedsPCF items are
administered, as demonstrated by a high correlation between an example short-form and the
full-length pedsPCF. The 10-item short-form was created by the study team based on the
content and psychometric properties of pedsPCF items (e.g., high information function and
high slope in IRT results). PCF scores are reported as T-scores relative to a general
population (parents of the US pediatric general population) mean of 50, with a standard
deviation of 10, with higher scores indicating better PCF.
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Leukoencephalopathy grading procedures and criteria

For the purpose of grading in this study, all indications of white matter damage, including
the subjective degree of deep white matter volume loss, were considered in determining the
overall degree of leukoencephalopathy. This is a more broad and inclusive strategy than
leukoencephalopathy grading secondary to post treatment radiation or chemotherapy alone,
as used by the current CTCAE. For example, any process resulting in signal abnormality or
volume loss such as infiltration of the white matter by tumor as well as anatomic injury to,
or inclusion of, the deep white matter in a surgical bed or intervention path, was also
considered during the grading process.

Grading was performed based on abnormal hyperintense signal on T2 FLAIR MRI
sequences. MRI scanner manufacturer and technical sequence parameters were not held
constant due to the retrospective nature of the study, as MRI scans were done as part of
routine clinical care. Grading fell into 5 categories (0-4) as described in Table 1, from
normal (grade=0), mild abnormality/minimal volume loss/limited to one lobe (grade=1),
moderate abnormality/volume loss/limited to two lobes (grade=2), severe abnormality/
volume loss/involving at least three lobes (grade=3), to near complete loss of white matter
volume or complete infiltration of the white matter by signal abnormality throughout the
entire hemisphere (grade=4). Patients” MRI scans were graded for the degree of cerebral
deep white matter injury as an analogue of leukoencephalopathy by a board certified neuro-
radiologist (CB) from April to June 2015. A random subset of 20 patients was selected for
verification of grading relative to a board certified pediatric neuro-oncologist (SG) in July
2015. Perfect (100%) agreement was found between the two raters. All reviewers were
blinded to pedsPCF scores and all clinical information.

Analysis

We used Spearman’s rho to evaluate the relationship between leukoencephalopathy grades
and PCF scores. Analysis of variance (ANOVA) was used to evaluate whether PCF scores
could differentiate patients with different grades of leukoencephalopathy at the level of the
total score (using T-scores) and also for individual pedsPCF items (using ordinal rating scale
responses). Effect sizes (ES) for comparisons between adjacent grades were calculated to
determine the magnitude of difference between comparison groups; in which ES was
considered small between 0.2 and 0.5 (exclusive), medium between 0.5 and 0.8 (exclusive),
and large = 0.8.[33]

RESULTS

Ninety-nine patient/parent dyads were recruited. Demographic and clinical characteristics of
the sample are presented in Table 2. The average age of patients was about 12 years, roughly
half were male, and about 3/4 were white. Most were attending school and about 2/3
received some form of special education services. The sample was composed primarily of
children with medulloblastoma, astrocytic tumors, and gangliogliomas. Many had been
treated with chemotherapy, about half with cranial radiation, about 2/3 had undergone brain
tumor-related surgery, and about 1/5 had received all three types of treatment. Average years
since diagnosis was 5.8 (SD=4.6) and years since last treatment was 4.3 (SD=3.7; 36.4% < 1
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year and 63.6% > 1 year). A majority of the parent respondents were married mothers with
at least some college education. A majority of parents rated their children’s quality of life
positively.

Leukoencephalopathy grade distributions were as follows: 36 grade 0; 27 grade 1; 22 grade
2; 13 grade 3, and 1 grade 4. Data from patients with grades 3 and 4 were combined for
analyses since only one patient had a grade of 4. The mean pedsPCF T-score was 48.3
(SD=8.3; range: 30.5 to 63.7). PedsPCF was significantly correlated with
leukoencephalopathy grades, r=—0.36, p<-0.001. ANOVA results showed that pedsPCF
scores significantly differentiated patients with different leukoencephalopathy grades,
F=4.14, p=0.0084. Post-hoc Tukey tests indicated that parents of patients with grades of 3 or
4 reported significantly (p<0.05) lower pedsPCF scores than parents of patients with a grade
of 0 (see Figure 1). A negligible ES (0.09) was found between grade 1 versus 2, and a large
ES (1.22) was found between grade 0 versus 3 or 4. ESs for other comparisons were either
small (0.43) or moderate (0.50-0.62).

At the individual item level, 7 of 10 items significantly differentiated patients with different
leukoencephalopathy grades (see Table 3 and Figure 2). Table 3 shows ESs for comparisons
between adjacent grades (i.e., grade 0 vs. 1, 1 vs. 2 and 2 vs. [3 or 4]) for each item, ranging
from 0.02 to 0.78, with all but 4 comparisons being in the expected direction. Of those, 5
comparisons had moderate ESs (all between grades 0 versus 1), 16 were small, and 8 were
negligible. There was no systematic pattern to the magnitudes of differences between grades,
although all but one item had either small or moderate ESs between grades 0 vs. 1. As
shown in Figure 2, the item “It takes your child longer than other people to get his/her
school work done” showed steadily decreased scores with increased leukoencephalopathy
grades, with ESs ranging from 0.33 (grade 2 vs. [3 or 4]) to 1.27 (grade 0 vs. [3 or 4]).
Another example was the item “Your child has to use written lists more often than other
people his/her age so he/she will not forget things”, with ESs ranging from 0.23 (grade 1 vs.
2) to 1.08 (grade O vs. [3 or 4]). Either of these two items could potentially serve as a
screening device if a single screening item were preferred. The three non-significant items
were 1) It is hard for your child to pay attention to one thing for more than 5-10 minutes
(F=1.55, p=0.2091), 2) Your child has trouble keeping track of what he/she is doing if he/she
gets interrupted (F=1.73, p=0.1687), and 3) Your child has trouble paying attention to the
teacher (F=1.49, p=0.2231). However, effect size comparisons among specific
leukoencephalopathy grades for these items approached the upper boundary of a small ES
(0.47 and 0.49) between grades 0 and 1 or between grades 2 and 3 or 4.

Type of radiation received (“craniospinal or whole brain radiation” vs. others vs. no
radiation) was not associated with leukoencephalopathy grade, X2 =4.72, p=0.58. Though
patients who received craniospinal or whole brain radiation had worse pedsPCF scores
(T=46.3) than the other two groups, T=49.4 and 49.2 for others and no radiation,
respectively; these differences were not significant, F=1.37, p=0.33.
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DISCUSSION

The prevalence of cognitive dysfunction in pediatric cancer survivors highlights the need for
routine assessments to enable its early identification and timely intervention.[34] This is
particularly important for childhood brain tumor survivors. Studies have shown the
effectiveness of cognitive training strategies for pediatric cancer survivors who received
neurotoxic therapy.[35-37] For example, Moore and colleagues[38] demonstrated the
effectiveness of an early intervention program to improve mathematics abilities and visual
working memory of childhood leukemia survivors compared to controls who received
standard care. The impact of such interventions depends on effective identification of
children who need them. The significant association found between the pedsPCF and
Leukoencephalopathy grade in this study indicates that pedsPCF has the potential to identify
patients for prompt formal cognitive testing, who can then benefit from such early
interventions. Efforts have been made to develop brief neuropsychological testing batteries
to facilitate identification.[39-42] Though those brief assessments are less time consuming
than comprehensive neuropsychological assessment batteries, they still need to be
administered by trained professionals and so many of the typical obstacles (e.g., cost)
remain.

An alternative method of surveillance is via the use of self- or proxy-reported questionnaires
as screening devices to identify children who require formal psychometric assessment in the
form of either an abbreviated or comprehensive neuropsychological test battery. Bull et
al[13] found that scores from the self- and parent-report Pediatric Quality of Life Inventory
and from the teacher-report Behavior Rating Inventory of Executive Function discriminated
children with a full-scale Intelligence Quotient below versus above 80. Hardy et al[23] found
that parent-reported attention problems can serve as a valid indicator of cognitive deficits.
The pedsPCF is a comprehensive item bank which taps the content areas of attention,
concentration, executive function, language, spatial orientation, visuospatial ability, memory,
personal orientation, and processing speed,[43] producing a global cognitive index via IRT
scaling techniques. Hardy and colleagues[23] bemoan the lack of a validated rating scale
measuring impairments related to mental processing speed, because such a scale would a
particularly important predictor of neurocognitive late effects in pediatric cancer survivors.
Our recommended single screening item “It takes your child longer than other people to get
his/her school work done” taps this important domain.

The pedsPCF has been shown to be moderately correlated with neuropsychological test
results at various magnitudes depending on years since diagnosis and the cognitive domain
being measured.[25] The current investigation takes an additional step in evaluating the
relationship between parent-reported PCF and cerebral compromise as indicated by degree
of cerebral deep white matter injury. Results of this study provide initial empirical evidence
that the pedsPCF is a tool with the potential to differentiate patients with undetectable/mild
versus moderate/severe leukoencephalopathy, supporting the view that pedsPCF can be
broadly, efficiently, and economically used to screen, for referral, children who can benefit
from comprehensive neurocognitive testing.
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The pedsPCF can be administered in a variety of formats (e.g., CAT or fixed short-form) as
demonstrated in Lai et al,[24] and therefore it provides a range of administration and
reporting options, including internet, personal computer, handheld and paper formats,
making it accessible and affordable to all patients. Using a prototype symptom monitoring
and reporting system, SyMon-SAYS,[44] as an example, patients and parents can complete
the pedsPCF at home or in any location (such as a primary medical care office) using any
device accessible to the internet. Clinicians can review pedsPCF scores during or prior to
patient visits by accessing a data center on the internet or from a hardcopy printed at home
or in clinic. The flexibility and accessibility of this system offers the promise of an
innovative and practical screening tool that can identify patients who would benefit from
comprehensive assessment with NPT or neuro-imaging.

The pedsPCF uses a T-score metric referenced to the pediatric general population, mean=50
and SD=10. A cut-off of 40 (i.e., 1 SD worse than norm) has been suggested for further
exploration based on behavioral ratings and clinical variables.[24; 25] However, future
studies should be conducted to evaluate how well this cut-off score discriminates children
with (versus without) neurocognitive deficits and structural brain changes both cross-
sectional and longitudinally. Although pedsPCF is available in both child- and parent-report
forms, in this study we focused on parent-report rather than child-report cognition. We made
this decision in consideration that immature meta-cognition (especially in children with a
brain tumor whose cognitive function is likely compromised by tumors and/or neurotoxic
treatments) may adversely impact a child’s ability to accurately report their own cognition.
[28] As survivors need to eventually take the responsibility of managing their own late
effects, future studies should be done to evaluate to what extent child-report pedsPCF is
correlated with neuropsychological tests and brain imaging findings.

We modified the current grading system for leukoencephalopathy in order to make it more
inclusive of white matter injury related to the entire course of patients’ underlying brain
tumor, whether secondary to the primary lesion itself or the sequelae of treatment.
Especially in patients further along their treatment course, structural MRI brain findings can
be multifaceted and complex. MRI examinations may provide evidence of remaining tumor,
one or more surgeries, and post-radiation or - chemotherapy treatment white matter effects.
In many cases these etiological pathways are indistinguishable from an imaging standpoint,
involving the same regions of anatomy. For this reason, although measuring
leukoencephalopathy routinely in surveillance scans can provide objective information
regarding changes of brain structure, challenges in correlating its results to patients’
functioning and daily lives make it unrealistic to use leukoencephalopathy grades as a
screening tool. Instead, pedsPCF would be appropriate to serve this role, as described earlier.
A strength of our grading method is its simplicity in assessing injury regardless of cause,
especially in light of the complicated anatomic picture of many brain tumor patients. We
acknowledge the possibility that different etiological pathways of brain injury may yield
different clinical effects, so it is important to continue efforts to consider etiology in future
studies of neurocognitive outcome.

A grading system such as that devised for the current study should be reproducible. We
acknowledge that there remains room for improvement in the subjective elements of our
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criteria. The modifiers for our criteria included mild, moderate, and severe, and there is also
subjectivity in the perception of T2 FLAIR abnormality and volume loss. We hope to
improve the grading guidelines by better defining criteria for each grade, thereby increasing
the objectivity of the leukoencephalopathy grading system. In our study we had good inter-
observer agreement for a subset of cases between a neuro-radiologist and a pediatric neuro-
oncologist. However, further investigation of inter-observer agreement should be undertaken,
such as multiple neuroimaging specialists with pediatric brain tumor experience.
Additionally, prospective investigation of our grading scheme, holding technical MRI
parameters constant, would be highly desirable. It is acknowledged that subtle abnormalities,
including the T2 FLAIR signal intensity present, can be influenced by MRI equipment and
technique.

Limitations of this study are noted. We recruited a heterogeneous group of patients with
different types of tumors, locations and treatments in order to maximize generalizability of
the study results (i.e., relationship between leukoencephalopathy and PCF). We believe that
the heterogeneity of our sample (with respect to patients” ages and clinical histories) per se
does not necessarily increase concerns about recall bias and response shift, though we
recognize that these phenomena always exist in outcomes studies. We would expect limited
impact of our sample’s clinical heterogeneity upon associations between parent-reported
pedsPCF and leukoencephalopathy grades. These associations should be explored by future
multi-center studies with a larger sample size. Additionally, this heterogeneity limited our
ability to further evaluate potential contributing factors to leukoencephalopathy such as
specific types and intensity of radiation, due to the small sample sizes within each category.
Again, future multicenter studies with a larger sample should be conducted to determine
whether our findings can be replicated across different pediatric brain tumor survivor
subgroups. We did not collect information about parent health literacy, socioeconomic
status, and other variables measuring family functioning. Past research indicates that poorer
family functioning and greater social risk are associated with poorer executive function in
children with focal brain insults.[45; 46] A majority of the current sample was from
relatively educated families (87% of parents received at least some college), thus studies
including patients with a broader range of socioeconomic status should be done to evaluate
how these factors impact PCF scores and whether there are any differences in
leukoencephalopathy between patients with similar treatment protocols but different
socioeconomic status. This study focused on the association between PCF and
leukoencephalopathy. Future longitudinal studies should be conducted to evaluate the
predictive value of the PCF to imaging leukoencephalopathy analysis and
neuropsychological testing results, particularly for formal face-to-face comprehensive
testing, to develop a clearer understanding of the relationships among these three
measurement modalities. Ultimately, a fuller picture of the causal relationships between
cognition as measured via all three modalities and functional outcomes will be more clearly
discerned with a larger, heterogeneous group.

In conclusion, this study provided empirical evidence that the efficient, inexpensive parent-
report pedsPCF is significantly associated with cerebral compromise as indicated by
structural brain changes in pediatric brain tumor survivors. The pedsPCF holds promise as a
screening tool to efficiently refer patients for comprehensive neurocognitive testing in a
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timely manner to identify cognitive changes in childhood brain tumor survivors, making
effective early intervention possible. Further studies should be done to examine the
replicability of the current findings.
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Fig 1.

Comparisons of pedsPCF means (95% confidence intervals) across leukoencephalopathy

grades.

* F=-4.14, p=0.0084
** Post-hoc Tukey tests showed “grade=0" was significantly different from “grade=3 or 4”
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Mean comparisons of individual pedsPCF items across leukoencephalopathy grades
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Table 1

Leukoencephalopathy Grading

Grade Criteria
0 normal, injury not perceived
1 . mild generalized white matter signal abnormality;
. minimal or mild generalized volume loss; or
. signal abnormality/damage limited to 1 lobe of involvement.
2 . moderate generalized white matter signal abnormality;
. moderate generalized volume loss; or
. signal abnormality/damage limited to 2 lobes of involvement.
3 . severe generalized white matter signal abnormality;
. severe diffuse volume loss; or
. signal abnormality/damage involving at least 3 lobes
4 . near complete loss of the white matter volume; or

complete infiltration of the white matter by signal abnormality within the entire hemisphere
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Table 2
Sample demographic and clinical information
Variable Categories with the variable  Mean (SD) or percentage
Age (patient; in years) Mean=12.7 (SD=4.4)
Age (parent; in years) Mean=43.1 (SD=6.9)
Years since diagnosis Mean=5.8 (SD=4.6)
Years since last treatment Mean=4.3 (SD=3.7)
Years since last surgery Mean=7.1 (SD=13.3)
Years since last radiation Mean=4.6 (SD=3.7)
Years since last chemotherapy Mean=3.9 (SD=3.9)
Gender Male 47.4%
Female 52.6%
Histology Medulloblastoma 25.8%
Astrocytic (grade 1, 2 or 3) 23.7%
Ganglioglioma 20.1%
Ependymoma 6.2%
Ethnicity Hispanic origin (yes) 16.8%
Race White 73.7%
African American 7.4%
Attending School Yes 97.9%
Type of Classroom? Regular classroom; no IEP 38.3%
Regular classroom; with IEP 41.5%
Special education 13.8%
other 6.4%
Repeated grade Yes 11.3%
Treatment Chemotherapy 84.5%
Radiotherapy 54.6%
Surgery 69.1%
All of above 21.7%
None of above 5.2%
Radiation typeb Craniospinal 42.9%
Proton 36.7%
Limited field 14.3%
Karnofsky or Lansky performance status® 100 61.5%
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Variable Categories with the variable  Mean (SD) or percentage
90 31.9%
80 6.6%
Parent-rated child’s quality of life Excellent 24.2%
Very good 36.8%
Good 28.4%
Fair or Poor 10.5%

a . . - .
Only those attending school were included. IEP: Individualized educational program
b . . -
Based on patients who received radiation

Co. ..
Clinician rated
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