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Abstract

Deficits in neurocognitive functioning are the most commonly reported adverse late effect in children diagnosed with brain tumors.  However, few studies have examined this decline in functioning prospectively.  The aim of this study is to validate the acceptability, feasibility, and initial proof of concept of a protocol designed to assess pediatric brain tumor patient’s neurocognitive functioning prior to surgery and longitudinally over time.  Thirty-three children (aged five months – 16 years) with heterogeneous tumor diagnoses were enrolled in the study.  Neurocognitive tests were administered prior to surgery, one month post-surgery, and six months post-surgery.  Analyses showed that children diagnosed with brain tumors appear to function normally prior to surgery, but differ from their healthy peers on measures of nonverbal (t  = – 2.37, p  = .031) and full scale intelligence (t  = – 2.67, p  = .016) one month following surgery.  Further, brain tumor patients evidence deficits in verbal (t  = -1.98, p  = .068), nonverbal (t  = – 2.09, p  = .055), and full scale intelligence (t  = – 2.73, p  = .015) six months after surgery.  Despite significant differences from healthy peers, brain tumor participants’ level of functioning did not change significantly between the three time points.  This is the first study to document pediatric brain tumor patients’ neurocognitive functioning prior to surgery and to successfully retain participants to determine change over time.  Expansion of this study will provide insight into the nature of change of neurocognitive functioning in children diagnosed with brain tumors and will illuminate variables that are associated with change.        

A Prospective Examination of Neurocognitive Functioning

in Pediatric Brain Tumor Patients
Brain tumors are the second most common form of childhood cancer, making up approximately 22% of all pediatric cancer diagnoses (National Cancer Institute (NCI), 2001).  Further, their diagnosis has reached a prevalence of 4.5 cases per 100,000 children per year (Central Brain Tumor Registry of the United States, CBTRUS, 2008).  Although brain tumors are the leading cause of death from childhood cancer, the 5-year survival rate following diagnosis of a primary malignant brain and CNS tumor for children under the age of 20 has reached 66.0%, due largely to clinical trials and the subsequent modifications in treatment protocols involving a combination of surgery, radiation therapy, and chemotherapy (CBTRUS, 2008; Gottardo & Gajjar, 2008; Partap & Fisher, 2007).   
As survival rates following diagnosis of a pediatric brain tumor have increased, a wider range of long-term deficits has surfaced.  For example, the Childhood Cancer Survivorship Study, which is the largest multi-institutional study to examine long-term effects of childhood cancer, found that survivors of pediatric brain tumors are at increased risk for late occurring effects including endocrine deficiencies, osteoporosis, cardiac impairment, various physical limitations, and emotional distress (Gurney et al., 2003; Ness & Gurney, 2007; Zebrack et al., 2004).   Foremost among the long-term effects in children with brain tumors are adverse effects on neurocognitive development and function.

Neurocognitive Effects  

One of the most frequently observed late effect in childhood brain tumor survivors involves disruptions in cognitive development.  Over 50 independent studies have reported adverse long-term neurocognitive effects in survivors of pediatric brain tumors (e.g., Glauser & Packer, 1991; Mulhern, Hancock, Fairclough, & Kun, 1992).  Such deficits have been identified in global intelligence, executive functioning, working memory, processing speed, and sustained attention, which subsequently lead to problems in intellectual and academic functioning due to difficulties in the acquisition and storage of new knowledge (Mulhern & Butler, 2004).  These deficits vary on a case-by-case basis and are influenced by tumor diagnosis, treatment, and patient characteristics (e.g., Armstrong et al., 2002; Clarson & Del Maestro, 1999; Danoff et al., 1982; Mulhern et al., 1992; Nathan et al., 2007).  

Research on the neurocognitive sequelae of pediatric brain tumor has been summarized in a recent meta-analysis conducted by Robinson et al. (2010), which examined long-term neurocognitive effects in pediatric brain tumor survivors.  In addition, Robinson (2009) examined factors that may influence or moderate the degree of the deficit (i.e., specific histological type of tumor, tumor location, type of treatment received, age at diagnosis, time since treatment, and patient gender).  Domains of neurocognitive functioning that were measured included overall cognitive functioning, academic achievement (reading, arithmetic, and spelling), attention/concentration, executive functioning, information processing speed, psychomotor skill, verbal memory, visuospatial skill, and visuospatial memory.  Comparisons were conducted relative to normative data and revealed that the mean effects for all domains were significant and in the negative direction, suggesting that, even without regard to tumor histology, location, or characteristics of the patient, survivors of brain tumors as a composite group demonstrate relative deficits in a wide range of neurocognitive areas.  More specifically, Robinson et al. (2010) demonstrated that survivors showed deficits of significant small to large effects in the areas of overall cognitive ability, verbal intelligence, nonverbal intelligence, academic achievement in reading, math, and spelling, attention, psychomotor skill, visual-spatial skill, verbal memory, and language, with the magnitude of these effects ranging from a Hedges’ g = -1.43 to -0.45.  The Hedge’s g statistic is used in meta-analyses to illustrate the effect size in both direction and magnitude of a given variable; it is expressed as a standard deviation and is weighted such that larger studies carry more weight in analyses.  Further, these findings suggest that neurocognitive deficits found in survivors of pediatric brain tumors exceed those documented in a meta-analysis of the neurocognitive sequelae of pediatric acute lymphocytic leukemia (Campbell et al., 2007).
In regards to sources of variability in these neurocognitive deficits, Robinson (2009) demonstrated that survivors of a tumor diagnosis of medulloblastoma showed a greater decline in functioning than other tumor types.  Furthermore, analysis revealed that tumor location in the posterior fossa, the area below the tentorium that encompasses the brainstem, fourth ventricle, and cerebellum, was related to overall poorer cognitive ability, verbal intelligence and nonverbal intelligence.  This is noteworthy as 60% of tumors arise in this area of the brain (Robinson, 2009).  Analysis of patient characteristics revealed that children treated at a younger age performed significantly more poorly when tested on overall cognitive ability, as did survivors for whom more time had elapsed since time of treatment.  Analyses of treatment type and gender differences were unable to be conducted due to limited sample sizes.  

Robinson et al. (2010) have provided the first comprehensive meta-analysis of the literature on long-term neurocognitive effects found in pediatric brain tumor survivors.  The findings of this review are important because they demonstrate that neurocognitive deficits are both pervasive and specific to various domains of cognitive function.  Although tumors tend to originate in the posterior regions of the brain, adverse effects are found in functioning that is attributed to anterior brain regions that compromise survivor’s neurocognitive abilities.  Examining possible mediators and moderators will be helpful in understanding how this process occurs and the mechanism through which survivors are affected.  For example, if the tumor or treatment type affects survivors’ early visual processing, these deficits in early visual processing might account for the downstream manifestation of neurocognitive deficits.  Furthermore, changes in white matter density could explain the pattern of feed forward and feed back communication between posterior and anterior regions of the brain and help explain why a tumor in the posterior fossa hurts neurocognitive functioning in anterior brain regions.  As discussed in detail below, a major limitation of this research is the absence of prospective longitudinal studies in which cognitive function of children is followed from before, during, and after treatment. 

Social Functioning
Another aspect of functioning that is compromised in survivors of pediatric brain tumors is in social functioning and social relationships.  A disruption in social functioning is the most commonly reported long-term effect in survivors of pediatric brain tumors (Vannatta, Gartstein, Short, & Noll, 1998).  For example, survivors are perceived by others as more isolated and withdrawn, and are also less likely to be named as a best friend than their healthy peers (Vannatta et al., 1998).  Furthermore, Willard, Hardy, and Bonner (2009) reported that parents rated survivors of pediatric brain tumors as significantly less socially competent on parent report questionnaires.  As many neurocognitive skills (such as nonverbal processing, including attention, working memory, and processing speed) underlie social perception, deficits in these processes may lead to deficits in social functioning, as evidenced by survivors treated with cranial radiation treatment making more errors in facial expression recognition tasks than both their healthy counterparts and children with juvenile rheumatoid arthritis (Bonner, Hardy, Willard, Anthony, Hood, & Gururangan, 2008; Willard et al., 2009).  Facial expressions are one of the richest sources of nonverbal social information; therefore, showing that cancer survivors perform poorly on tasks of facial expression recognition is strong evidence that these children are experiencing not only neurocognitive long term deficits, but also social deficits.  

The late occurring social effects are also thought to arise from compromised emotion regulation processes, although the link is still unclear (Lemerise & Arsenio, 2000).  The argument is that how skilled children are at regulating their emotions influences how well they function socially.  Deficits in emotional functioning have surfaced in the form of higher rates of anxiety and depression when survivors of pediatric brain tumors are compared to healthy peers (Schultz et al., 2007).  Therefore, it is plausible that as emotional functioning declines in survivors, their social functioning will suffer as well.  Given the above evidence, it is important to examine the link between neurocognitive functioning, social functioning, and emotion regulation in survivors of childhood brain tumors. 

In addition to identifying the links between neurocognitive functioning, social functioning, and emotion regulation, limitations in previous research have made it important to investigate why some children are more affected than others in these various domains, as little research has been done to highlight possible individual differences.  Along these same lines, since much research has been done to illustrate the breadth of neurocognitive deficits in survivors of pediatric brain tumors, it is necessary to understand why children are affected differentially across domains of neurocognitive functioning and which areas of the brain are specifically affected. 

Previous Research
 To describe the nature of long-term neurocognitive and social functioning of pediatric brain tumor patients, it is important to consider the relatively few prospective studies that exist in the literature.  Prospective data are essential for several reasons.  First, they provide a baseline measure of functioning to be established.  Baseline data are extremely important because they establish patients’ level of functioning when it is only affected by the tumor itself.  Because children have not yet received surgery, radiation, chemotherapy, or other forms of treatment, baseline measures will give an accurate representation of where patients start and how the tumor itself is affecting their neurocognitive functioning.  While a baseline measure of functioning is ideal in theory, it has proven difficult to carry out in practice.  Typically, patients present with symptoms (e.g., headaches, impaired vision) through the Emergency Room and are scheduled to receive surgery within several days.  Thus, neurocognitive testing must occur during this small window of time.  If testing can be scheduled, it often occurs under extremely difficult conditions.  Not only is the child likely to be confined to a hospital bed in the Pediatric Intensive Care Unit and distressed by his diagnosis, he is also surrounded by distressed family and members of the health care team preparing the child for surgery.  Nevertheless, these are often the only conditions under which testing can occur and it is imperative to document this baseline measure of functioning.  

Second, prospective data is essential because subsequent measures can be compared to data at baseline, so change over time within individuals can be quantified both in direction and magnitude.  It is important to document change over time because subsequent analyses can identify which variables, if any, are related to the change (e.g., age at diagnosis, type of treatment received).  Quantifying change over time is also useful because it illustrates the nature of change in neurocognitive and social functioning (i.e., whether it is linear, exponential, or hyperbolic).  The rate and shape of change over time is important for health care professionals to be aware of so that they can better inform patients and their families about what to expect in their son or daughter’s level of functioning when he or she is diagnosed with a brain tumor.     

There are three noteworthy studies that have employed a prospective design to measure pediatric brain tumor patients’ neurocognitive functioning over time.  First, Spiegler and colleagues (2004) assessed patients with malignant posterior fossa tumors treated with cranial radiation on measures of intellectual functioning, receptive vocabulary, visual-motor functioning, memory, executive functioning, and fine motor ability.  This group found that children observed from baseline (i.e., assessed within 6 months of diagnosis) performed comparably to normative samples at their initial assessment, with an estimated Full Scale IQ of 97.86 (Spiegler et al.).  However, the group of patients assessed at baseline showed evidence of significant declines in overall neurocognitive functioning, averaging an estimated decline of three to four IQ points per year at various time points beyond six months after diagnosis (Spiegler et al.).  Average baseline functioning and subsequent declines were also true of patients’ Verbal and Performance IQ, processing speed, and visual-motor functioning.  It should be noted however, that assessment across time points was not uniform.  For example, while 34 patients were included in the study, only 17 were initially assessed within 6 months of diagnosis (Spiegler et al.).  Of the 17 patients assessed at baseline, the number of participants assessed prior to any treatment (e.g., surgery or radiation) was not reported.  In addition, the number of patients assessed for each measure varied across time.  Thus, the growth curve analyses reported by Spiegler et al. had insufficient power to detect meaningful change in scores over time from diagnosis.

Second, Stargatt, Rosenfeld, Maixner, and Ashley (2007) assessed 35 children aged 4 to 16-years-old at baseline and then yearly for 3 years on measures of intelligence, attention, and information processing.  While other studies in the literature have assessed children at a relatively arbitrary baseline (e.g., within 6 months of diagnosis), Stargatt et al. are the only group to report assessing children prior to surgery.  Although every attempt was made to measure functioning at this time point, the researchers were only able to do so in six of the 35 participants.  Nevertheless, Stargatt and colleagues found that children with brain tumors (n=35) performed worse than healthy counterparts at baseline on measures of attention, but performed comparably to normative samples on intelligence tests.  Similar results were found one, two, and three years after diagnosis (Stargatt et al.).  When their sample of pediatric brain tumor patients was divided into groups based on whether they received cranial radiation therapy or not, the two groups did not differ from each other on IQ scores at any of the time points (Stargatt et al.).  Finally, when the authors assessed change in Full Scale IQ over time, they found no significant change in the group who did not receive cranial radiation therapy.  However, there was a significant decline from baseline to the 3-year follow up in the group of children who received cranial radiation therapy (Stargatt et al.).  However, these analyses were somewhat limited as the authors did not test for main effect of time, group, or for an interaction between the two variables.                   

Finally, Merchant, Conklin, Wu, Lustig, and Xiong (2009) measured neurocognitive, endocrine, and hearing deficits in pediatric low-grade glioma patients treated with conformal radiation therapy.  Seventy-eight participants were enrolled over a period of nine years and participants were assessed at baseline, six months, and yearly through five years, although baseline was not operationally defined.  As a result, the number of patients assessed prior to surgery cannot be determined.  The authors observed a main effect for time, with participants’ internalizing symptoms and academic achievement in reading and spelling declining over time; on the other hand, participants’ visual auditory learning improved.  There was no significant change over time for Full Scale IQ, math ability, memory, or externalizing symptoms.  These findings should be interpreted with caution as only 30 to 56 participants out of 78 were assessed two or more times on the various measures used to assess cognitive and psychosocial functioning.  With two scores, the authors were able to calculate participants’ change in functioning over time; however, having only two data points meant that either participants’ functioning at baseline or after five years was estimated.  In addition, having only two measures meant that only linear effects could be estimated models for cognitive effects.  If assessments were conducted at more than two time points, more complex models (i.e., linear, exponential, or hyperbolic) of cognitive change could be tested.  Finally, although change in IQ did not obtain statistical significance, Merchant et al. reported that younger age and a dose of 30-60 Gy radiation therapy were both risk factors for a greater decline in IQ over time.              

In summary, prior research on prospectively measuring neurocognitive functioning of pediatric brain tumor patients is limited because of the difficultly enrolling patients prior to surgery and because of difficulties retaining participants.  As noted previously, enrolling patients prior to surgery is extremely difficult because of the small window of time between diagnosis and surgery, because of the number of essential medical appointments patients have and the demands of treatment during this short time, and because of the emotional impact of being diagnosed with a brain tumor.  Similarly, it is difficult to retain participants over time because many participants go on to receive treatment in other areas of the country, requiring travel by the research team, because participants and their families are under significant stress, making it difficult to commit time and effort to follow up assessments, and because of complications that arise due to the disease and treatment.   

To contribute to the growing body of literature in this area and to address the stated limitations of previous work, the current ongoing study is examining prospectively the neurocognitive functioning of recently diagnosed pediatric brain tumor patients in relation to their emotional functioning and adjustment.  In addition, the study will address the feasibility, acceptability, and initial proof of concept for an under-examined area of research.  Through close collaboration between the surgical and psychological teams, the study attempted to effectively enroll and retain participants across time points to provide evidence for the typical neurocognitive course experienced by children diagnosed with a brain tumor.  Once the neurosurgical team introduces the study to incoming patients and immediately contacts the psychological team, patients are consented and complete several neurocognitive assessments as well as age-appropriate questionnaires to assess their emotional and psychosocial adjustment.  

Assessments in this ongoing study are being conducted across five time points: 1) prior to surgery, 2) 1 month post-surgery/pre-adjuvant treatment, 3) 6-months post-diagnosis, 4) 12-months post-diagnosis, and 5) 24-months post-diagnosis.  At each assessment, parents also provide reports about the family, their own adjustment, and the child’s neurocognitive functioning and emotional adjustment.  The results of this study will provide evidence as to whether pediatric brain tumor participants can be successfully recruited and followed prospectively, whether neurocognitive tests can be administered successfully in emotionally distressed newly diagnosed pediatric brain tumor patients, and what effect a brain tumor alone has on a child’s functioning prior to any treatment, including surgery.  With only six documented participants assessed prior to surgery in previous studies, answering this question is of utmost importance.  Finally, determining why certain children are affected more than others and why they are affected differentially across domains could lead to the identification of at risk subgroups and later more personalized, safer forms of treatments.

Method

Participants

Thirty-three children aged 5 months to 16 years (M = 7.20, SD = 4.72) were enrolled in the study after being recruited at the Vanderbilt Monroe Carrel Jr. Children’s Hospital between November 2009 and March 2011.  Of the 33, 29 participants’ neurocognitive functioning was assessed prior to surgery, 21 were assessed 1-month post-surgery, and 17 participants were assessed 6-months following diagnosis and surgery.  Based on the number of children eligible for assessment at each time point, 88% (i.e., 29 of 33) completed testing pre-surgery, 75% (i.e., 21 of 28) completed testing 1-month post-surgery, and 68% (i.e., 17 of 25) completed testing 6-months post-surgery.  All central nervous system (CNS) tumor diagnoses that were identified during this time period were invited to participate in the study, with the exception of recurrent cases.  As a result there was a wide range of tumor types and locations, the most common type being medulloblastoma, followed by astrocytoma and ependymoma, and the most common location being the infratentorial regions of the brain (i.e., posterior fossa).  While 33 participants have been recruited, enrolled, and retained to date, the analyses presented here focus on a subset of 25 participants. Table 1 presents demographic and medical data for these participants.        

Measures  

Demographics.  Family demographics were assessed with a questionnaire that has been used successfully in previous research.  This measure assesses marital status, parents’ education, parents’ occupation, family income, and number and age of children.  
Medical Information.  To obtain medical information, permission for a review of the child’s medical records was obtained as part of the consent procedure.  Information on type of diagnosis, date of diagnosis, types of treatment (e.g., chemotherapy, surgery, radiation), illness or treatment-related complications, and prognosis was obtained from the physician members of the research team in Pediatric Hematology/Oncology and in Pediatric Neurosurgery. 

Neurocognitive function.  Parallel forms of tests of three aspects of neurocognitive function (intelligence, memory, executive function) were administered at the five time points. 

Intelligence. The Wechsler Abbreviated Scales of Intelligence (WASI; Wechsler, 1997) is an abbreviated measure of intelligence that can be used with children and adults from 6 years through 89 years of age.  It includes similar subtests to the other Wechsler assessment tests, but with different individual items, reducing the likelihood of practice effects given repeat testing in the study.  The WASI yields verbal and performance indices of ability, as well as an estimate of overall intelligence.  For this study, two subtests of the WASI were used at each of the first two assessments (Vocabulary and Matrix Reasoning pre-surgery, Similarities and Block Design post-surgery).
The Wechsler Adult Intelligence Scale – Fourth Edition (WAIS-IV; Wechsler, 2008) is a measure of cognitive ability for individuals 16 to 90 years of age.  The full battery was used in the present study to assess participants 16 – 20 years of age six months after their initial surgery.  For analyses presented here, the WAIS-IV provided a measure of Verbal IQ, Performance IQ, and Full Scale IQ.

The Wechsler Intelligence Scale for Children – Fourth Edition (WISC-IV; Wechsler, 2003) was used to assess participants between the ages of 6 to 15 on measures of cognitive functioning.  The full battery was administered six months post-surgery and yielded Verbal, Performance, and Full Scale IQ scores to be used in analyses.      

The Wechsler Preschool and Primary Scale of Intelligence – Third Edition (WPPSI-III; Wechsler, 2002) was used to estimate an overall intelligence quotient as well as verbal and performance indices of ability for participants between the ages of two and a half to six years.  As with the WASI, different subtests were used across time points to reduce the likelihood of practice effects.  The subtests used before baseline were Receptive Vocabulary and Object Assembly for children aged 2 years, six months to 3 years, 11 months while Vocabulary and Matrix Reasoning was used for children aged 4 years to 5 years, 11 months.  One month post-surgery, Information and Block Design were used.  At the third time point (6 months post-surgery), the full battery was administered to encompass more of the participants’ overall cognitive functioning.    

Finally, the Bayley Scales of Infant and Toddler Development – Third Edition (Bayley-III; Bayley, 2005) were used for participants younger than two and a half years of age to estimate an overall intelligence quotient.  Only the cognitive developmental domain was assessed, so Verbal and Performance IQ could not be estimated.     
Memory. Three different standardized tests were administered to assess working, verbal, and visual memory function.  The Digit Span subtest of the WISC-IV was used as a brief indicator of working memory ability and attention.  The California Verbal Learning Test for Children (CVLT-C; Delis et al., 1994), which is a task for children age 5 years to 16 years 11 months, requires a child to remember as many items from a list, repeated several times, as possible.  An interference task is given, followed by short-delay free recall and cued recall trials.  This generates measures of short- and long-term memory performance and provides data on encoding strategies and errors such as intrusions and perseverations.  The Children’s Memory Scale (CMS; 

Cohen, 1997) was also administered.  The CMS assesses memory functioning in children from age 5 to 16 years.  For this study, three subtests were given: Dot Locations, Stories, and Sequences. The Dot Locations subtest is an indicator of visual-spatial memory, while the Stories subtest is an indicator of verbal memory.  The Sequences subtest assesses working memory. 

Executive function. Two methods, direct testing and a parent-report questionnaire, were used to assess executive function skills.  The Delis-Kaplan Executive Function System (D-KEFS; Delis, Kaplan, & Kramer, 1999), a standardized test of executive function for children and adults age 8 to 89 years.  Three subtests were administered: Verbal Fluency, Color-Word Interference, Trail Making subtests). The Verbal Fluency subtest assesses the rate with which a child can generate simple, over-learned verbal responses, versus the rate with which he or she can generate more effortful responses. The Color-Word Interference subtest assess a child’s ability to inhibit or stop responding to incorrect, salient cues in order to allow for correct responding to less salient cues.  The Trail Making subtest is a measure of mental flexibility and assesses a child’s ability to switch back and forth between two competing activities (connecting numbers and letters in sequence).  Additionally, the Behavior Rating Inventory of Executive Function (BRIEF; Gioia et al., 2000) will be given to parents at each assessment point. This questionnaire assesses difficulties with skills such as working memory, initiation, planning and organizing, and emotional control. Scores yielded include an index of metacognition, an index of behavioral regulation, and a broader general executive composite. 

Psychosocial function.  

Psychological distress at time of testing. Patient, their parents, and the examiner will complete a brief measure of the patient’s current level of emotional distress to account for possible effects of distress on test performance.  

Emotional and behavioral problems and competencies. The Achenbach Child Behavior Checklist (CBCL; Achenbach & Rescorla, 2001), a widely used parent-report measure, will be used to assess emotional and behavioral problems, as well as social and academic competencies. It includes 113 items scored on a three-point scale to indicate how descriptive the items are of the child during the preceding six months.  

Adaptive functioning/quality of life. The CNS tumor and ALL versions of the Pediatric Quality of Life Inventory (Peds-QL; Varni et al., 2002) questionnaire will be used to assess parents’ perceptions of their child’s functioning across several domains. Specifically, index scores are derived for cognitive problems, pain and hurt, movement and balance, procedural anxiety, nausea, and worry.  

Procedure

Neurocognitive testing was conducted (a) at diagnosis, (b) 1-month post-diagnosis, and (c) 6-months post-diagnosis.  Questionnaires were completed by parents at the time of their child’s diagnosis.  These time points were selected because they represent clinically significant points in the treatment course of CNS tumor patients.  Conducting an assessment prior to the initiation of treatment is crucial in that it will enable us to disentangle the effects of treatment from the patient’s functioning.  The 1-month assessment represents a time at which CNS tumor patients were recovering from surgery but not yet initiated adjuvant treatment.  The 6-month post-diagnosis assessment provides a relatively distal time-point to assess neurocognitive and psychosocial adjustment.  Finally, conducting repeated assessments allows us to look at functioning over time.  

The pediatric neurosurgery and hematology/oncology teams identified newly diagnosed CNS tumor patients between the ages of 1 month and 20 years.  Participants came from three primary sources, the Emergency Department, the Pediatric Neurosurgery Clinic or the Hematology/Oncology Clinic at Vanderbilt Children’s Hospital.  The pediatric neurosurgeon or oncologist introduced the study to families of newly diagnosed patients and asked if they would be willing to be contacted by a research team member.  If interested, the physician supplied patient contact information within 24-hours of diagnosis to the study coordinator who then contacted the parents of identified patients either over the phone or face to face.  Upon participant consent, neurocognitive testing was administered and participants and their parents completed appropriate questionnaires and measures. 
Analyses

First, enrollment and retention rates were calculated to address the acceptability of assessing children’s neurocognitive functioning prior to surgery and over time.  Second, Pearson correlation coefficients were calculated to determine the feasibility of assessing children’s neurocognitive functioning during an emotionally distressing time under less than ideal testing conditions.  Third, descriptive statistics were calculated to describe the sample’s level of functioning prior to surgery, 1-month post-surgery, and 6 months post-surgery.  Because of the sample’s wide age range, all neurocognitive scores were converted to standard scores (M = 10, SD = 3) so that descriptive statistics could be computed.  Fourth, one sample t-tests compared neurocognitive performance of brain tumor patients to normative data.  Finally, a general linear model for repeated measures was computed to compare change over time across measures of neurocognitive functioning.                        
Results

Feasibility, Acceptability, and Initial Proof of Concept

With close collaboration between the Neurosurgical, Hematology/Oncology, and Psychological teams, the study approached and enrolled 33 patients to make a 100% enrollment rate. Thus, although there is an extremely small window of time between tumor diagnosis and surgery, the aims of the current study have proven to be acceptable to children and their families upon enrollment.  Furthermore, of the 29 children assessed prior to surgery, 21 completed testing 1 – 2 months (M = 1.60) after surgery and 17 completed testing approximately six months after surgery. A retention rate of approximately 70% at 6 months post-resection provides further evidence for the acceptability of this study’s aims.

As noted previously, the feasibility of the study should be addressed to determine if children’s neurocognitive function can be accurately assessed under suboptimal conditions.  These conditions make it important to investigate the effect of the child and parents’ distress on the child’s neurocognitive functioning at each time point.  Neurocognitive functioning prior to surgery did not correlate with child’s self-reported distress, the examiner’s report of child’s distress, or parent’s report of child’s distress, although the correlation between children’s self-reported distress and their Full Scale IQ was negative and approached significance (r = -.39, p = 0.072).  It is also noteworthy that, with regards to Full Scale IQ, Verbal IQ, and Performance IQ at Time 1, children’s self-reported distress was also negatively correlated with each of these scores.  The correlation coefficients ranged from -.39 to -.36 (FSIQ p = .072, VIQ p = .109, PIQ p = .131). Ultimately, the child’s self-reported distress may need to be taken into account when neurocognitive functioning is assessed prior to surgery.

   When children’s neurocognitive functioning was assessed 1-month post-surgery, the examiner rating of the child’s distress was the only measure of distress that significantly correlated with a measure of neurocognitive functioning (i.e., FSIQ; r = -.50, p = .033).  At Time 3, none of the measures of distress correlated significantly with measures of neurocognitive function, although several approached significance.  Of note, both children’s Full Scale and Verbal IQ was positively correlated both with parent-reported child distress (r = .44 and .48, respectively) and parent self-reported distress (r = .44 and .48, respectively), while children’s Performance IQ was negatively correlated with their self-reported distress (r = -.48).  The minimal impact of distress on neurocognitive functioning within 6 months of diagnosis supports the feasibility of the present study, although parent and child distress should be monitored as sample size increases.   
Neurocognitive Functioning Prior to Surgery

Table 2 presents descriptive information on neurocognitive test scores collapsed across age groups.  As noted previously, our sample’s age range included children aged 5 months to 16 years; thus, three different age-appropriate neurocognitive test batteries were employed to assess functioning.  All scores were converted to standard scores with a mean of 10 and standard deviation of 3 so that scores could be appropriately combined in descriptive analyses, which revealed that the sample had a mean Full Scale IQ of 9.09 (SD = 2.73), Verbal IQ of 8.67 (SD = 3.31), and Performance IQ of 9.63 (SD = 3.24) prior to surgery.  One sample t-tests revealed that while no comparisons were statistically significant, brain tumor patients’ scores did differ at least marginally from normative data (e.g., Verbal IQ t = - 1.71, p = .105; Full Scale IQ t = -1.56, p = .133).         
Neurocognitive Functioning One to Two Months Post-Surgery

Neurocognitive test scores were collapsed across age ranges, as previously described.  Descriptive information (Table 2) reveals that children had an estimated mean Full Scale IQ of 8.89  (SD = 1.81), mean Verbal IQ of 9.29 (SD = 3.04), and mean Performance IQ of 8.24 (SD = 3.07) one to two months after surgery (M = 1.60 months, SD = .48). One sample t-tests revealed that FSIQ (t = -2.67, p = .016) and PIQ (t = -2.37, p = .031) one to two months post-surgery differed significantly from the norm, by approximately half of a standard deviation in both cases (mean difference -1.11 and -1.76, respectively). The findings for the Full Scale IQ should be interpreted with caution as both Verbal and Performance IQ scores drive Full Scale IQ; therefore, it is likely that children’s lower FSIQ is driven in part by their lower PIQ scores.

Neurocognitive Functioning 6-months Post-Surgery

Table 2 presents descriptive information for brain tumor patients’ neurocognitive functioning six months post-surgery.  Descriptive analysis revealed a mean Verbal IQ of 8.33 (SD = 3.27), mean Performance IQ of 8.33 (SD = 3.09), and a mean estimated Full Scale IQ of 8.00 (SD = 3.02).  One-sample t-tests were conducted to compare these scores to those of a normative sample (M = 10, SD = 3).  The t-test revealed a statistically significant difference between estimated Full Scale IQ of the brain tumor sample and normative data (t = -2.73, p = .015).  This finding seems to be particularly robust because brain tumor participants functioned at two thirds of a standard deviation below that of other healthy children their age.  It is also noteworthy that even though the comparisons of brain tumor participants’ Verbal (t = -1.98, p = .068) and Performance IQ (t = -2.09, p = .055) to the norms only approached significance, the difference was in the negative direction and was over half of a standard deviation below the functioning of healthy children (mean difference = -1.67 for both).   
Neurocognitive Functioning Over Time
The neurocognitive functioning over time was assessed using a repeated measures general linear model (GLM) with time of measurement (pre-surgery, 1-month post-surgery, and 6-months post-surgery) as a within-subject factor.  Analysis revealed no statistically significant changes over time for VIQ (F =.74, p = .488) or PIQ (F = .47, p = .632), although change over time for Full Scale IQ approached significance (F = 2.18, p = .132).
Neurocognitive data for individual participants are presented in Figures 1 through 3.  Examining verbal performance (Figure 1) over time shows striking variability, with participants’ functioning improving or declining almost equally as often and never remaining stable across all time points.  Plots of participants’ Performance IQ (Figure 2) paint a much bleaker picture.  Only one participant stayed stable over time (despite a drop in functioning at time 2), three participants’ functioning increased, and the remainder (n = 11) declined within this 6-month time frame.        

Overall, plots of Full Scale IQ (Figure 3) assessed prior to surgery and again 6 months after surgery reveal a negative slope; however, the fact that many participants show variability in their scores within this 6-month time frame (e.g., improve between time 1 and time 2, but decline from time 2 to time 3 or vice versa) deserves attention.  Furthermore, it is noteworthy that only one participant showed evidence of a stable score between any two time-points.  The variability in Performance, Verbal, and Full Scale scores refutes the notion that neurocognitive functioning follows a linear trajectory over time and highlights the need for consistent documentation of functioning over time in this population of children with brain tumors.

Discussion
asdf
As more effective treatments are developed and rates of survivorship in brain tumor patients increase, it becomes important for physicians and psychologists alike to vest an interest in monitoring the social and neurocognitive functioning of pediatric brain tumor patients before, during, and after treatment is completed.  If functioning is assessed within subjects over time, subsequent functioning can be compared to baseline scores and researchers can quantify individual rates of change over time.  With this knowledge, variables that influence change in neurocognitive functioning (e.g., age at diagnosis, treatment type, genetic markers of risk) can be pinpointed, made known to patients and their families, and taken into account such that treatment efficacy is maximized and toxicity is minimized.

Although several studies have attempted to assess the neurocognitive functioning of pediatric brain tumor patients over time, findings are limited because of difficulties enrolling patients prior to surgery and retaining participants over the course of treatment and recovery (e.g., Spiegler et al., 2004, Stargatt et al., 2007, Merchant et al., 2009).  It is extremely difficult to enroll patients before neurosurgical tumor resection because the time frame between diagnosis and surgery is typically very small (two days or less) and taken up by essential medical appointments and treatment demands.  Importantly, patients and their families are also coping with the stress of being diagnosed with a brain tumor during this short time period.  Even after being enrolled in the study, participants and their families are difficult to retain because they may live or receive treatment in other areas of the country, experience disease and treatment complications, or cannot commit the time and effort required for follow ups due to the significant stress they are under.

The current study was designed to address these limitations found in previous research.   Successfully enrolling participants prior to surgery required commitment, immediate responsiveness, and close collaboration between neurosurgery, hematology/oncology, and psychology teams.  Furthermore, to retain these enrolled participants the research team was required to facilitate follow up assessments, which was accomplished by scheduling subsequent assessments in conjunction with clinically meaningful appointments and requiring researchers the ability to travel wherever families were living or receiving adjuvant treatment if it was geographically removed from the primary research site.  

The current study addressed the feasibility, acceptability, and initial proof of concept of a protocol assessing pediatric brain tumor patients’ psychosocial and neurocognitive functioning prior to surgery and longitudinally over time.  An enrollment rate of 100% and retention rates ranging from 68 – 88% illustrates that the current protocol is both acceptable to participants and their families and relatively feasible to complete.  In other words, families of children with brain tumors understand the importance of their participation in a study that will give them more information about their child’s functioning and will inform other families in the future.  Because we were able to attain a 100% enrollment rate despite the challenges of assessing children prior to surgery and had no participants actively withdraw, we can safely say that this protocol is acceptable.  Further, despite significant obstacles during follow up assessments (e.g., distress, geographic distance, disease or treatment complications and stress), retention rates ranging from 68 – 88% and few correlations between measures of distress and neurocognitive performance illustrate that the protocol’s execution is feasible.  However, because distress did appear to negatively correlate with neurocogntive functioning in some instances, the psychosocial wellbeing of participants and their caregivers should continue to be carefully monitored as families move through the difficult phases of treatment and survival.  In particular, our results suggest that children’s distress prior to surgery and one month following surgery impacts their neurocognitive functioning negatively, while parents’ perception of their child’s and their own distress impacts their child’s functioning positively.  These enrollment and retention successes stand in stark contrast to prior research that has been unable to establish a baseline measure of pediatric brain tumor patient’s neurocognitive functioning prior to surgery or retain patients and survivors to determine the trajectory taken by their functioning. However, the 68% retention rate at the second follow-up assessment indicates that significant challenges have been encountered that resulted in missing data for a third of the sample at this time point.  This suggests that additional steps may need to be taken to try to retain the participation of families and data analytic methods that can account for missing data will need to be used to examine change over time when a larger sample has been enrolled in the study.  

While no definitive hypothesis testing can be done because of the small size of the current sample and low statistical power, preliminary analyses on neurocognitive test data for our sample of 25 participants provide support for initial proof of concept of a protocol designed to examine neurocogntive functioning of brain tumor patients over time.  Because of the heterogeneity of the sample, multiple cognitive tests were administered to account for age differences and for practice effects that could emerge with repeated testing in such a short time period.  Employing a wide range of cognitive tests also made it necessary to convert all data to standard scores so that it would be on a common metric and could be compared across age groups and over time.  Neurocognitive assessment at an established baseline prior to surgery revealed functioning comparable to that of healthy peers, although scores among brain tumor patients were somewhat lower.  These findings are consistent with other prospective studies that measured functioning at baseline (i.e., Spiegler et al., 2004, Stargatt et al. 2007) and are in fact much more compelling because of the number of assessments obtained and because baseline was operationally defined as prior to surgery.  Because children have not received any form of treatment prior to surgery, functioning at baseline illustrates the effect of the tumor alone.  Our analysis suggests that the tumor itself, when removed promptly, has little effect on children’s neurocognitive functioning.  A baseline measure of functioning is particularly important to establish before change over time can be quantified.  Results from the present study suggest that change is happening from relatively normal functioning. These are the first data obtained on neurocognitive function in children with brain tumors prior to their surgery and provide an important evidence of their baseline level of functioning.

In much the same way, assessment one month following surgery illustrates the effect of surgery on children’s functioning, as this is the only form of treatment they have received at this point during their treatment course.  Analysis revealed that children’s Performance IQ was lower than that of their healthy peers.  This deficit in PIQ also surfaced in the form of a decline in Full Scale IQ, suggesting that tumor resection has at least a small impact on children’s cognitive abilities.  Whether the impact is permanent is unclear, which makes it all the more important to carefully monitor brain tumor patients’ neurocognitive functioning throughout their treatment course and into survivorship.     

Finally, children’s neurocognitive functioning was assessed six months post-surgery to determine the effect of adjuvant therapy, which is typically begun one month following surgery.  It is important to test for the effects of therapy on functioning, as it is well documented that treatment, and especially radiation, has deleterious effects.  The current sample displayed evidence of compromised Verbal, Performance, and Full Scale IQ scores six months following surgery, presumably as a result of the effects of adjuvant treatment.  This is consistent with Stargatt et al. (2007), who found that cranial radiation results in a significant decline in intelligence over time (i.e., in the three years following tumor diagnosis) while receiving no cranial radiation has no effect.  Examining change over time in functioning before surgery, one month after surgery, and six months after surgery was not found to be significant.  Because functioning was lower than that of healthy peers at multiple time points, these findings should be interpreted with caution, as the sample size made the GLM analyses underpowered and it is likely that these changes over time will attain significance if this protocol is continued.  

While the current protocol has important implications for future research and for health care professionals alike, it has several notable limitations.  First, because all tumor diagnoses, locations, and age groups were invited to participate, the heterogeneity of the sample was substantial.  This led to heterogeneity in neurocognitive tests administered, which then had to be converted to standard scores so that comparisons could be make across age groups and across time.  Converting these heterogeneous tests to standard scores decreased our sensitivity and ability to detect change over time since variability in scores was lost.  Being more selective among tumor types, locations, and ages would eliminate this problem and increase researchers’ ability to detect change in neurocognitive functioning over time. 

If the findings presented here were to hold up in a larger sample, they would have many implications for the treatment and maintenance of children diagnosed with a brain tumor.  Most importantly, it would challenge physicians to reassess treatment protocols so that they can more effectively balance treatment efficacy with toxicity so that neurocognitive functioning does not decline over time as a result of surgery and subsequent treatment.  In addition, it would call health care professionals to monitor the psychological well being of pediatric patients and their families since distress has been found to impact children’s cognition.  To further investigate these implications, future research should continue this proposed protocol on a larger scale as a multisite study with different tumor types, locations, grades, and ages.  Increasing the size of the study would allow finer grade distinctions to be made such that heterogeneity can be taken into account and variables that influence decline in neurocognitive functioning can be identified.  In addition to taking psychosocial functioning, age, and tumor diagnosis into account, genetic vulnerability should also be explored as a factor influencing susceptibility to neurocognitive decline.  If genetic markers were identified, safer, more personalize forms of treatment could be developed and neurocognitive functioning could be preserved.  Finally, continuing prospective research on the neurocognitive functioning of children diagnosed with brain tumors is of vital importance so that physicians can perfect treatment protocols, better inform families about how their child’s functioning will fare relative to their peers in the long run, and equip patients and their families with resources that will assist them into survivorship.  
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[image: image1.png]Table 1. Participant Demographic & Medical Data

N (%) Mean (SD)

Gender

Age (Years)
Tumor Type

Tumor Location

Tumor WHO
Grade

Female
Male

Astrocytoma

Choroid Plexus
Papilloma

Corticol Dysplasia
Dysembryoplastic
Neuroepithelial Tumor
(DNT)

Ependymoma
Ganglioglioma
Germinoma
Glioblastoma

Glioma

Hamartoma
Medulloblastoma
Meningioma
Neurocytic Neoplasm
Oligoastrocytoma
PNET

Supratentorial

Infratentorial
Midbrain
Frontal

9 (36)
16 (64)
7.20 (4.72)
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[image: image2.png]Table 2. Cognitive Test Scores Across All Ages

Std.
N Minimum Maximum Mean Deviation
Pre-Surgery
Full Scale IQ 22 5.00 14.50 9.09 2.73
Verbal 1Q 18 3.00 15.00 8.67 3.31
Performance 1Q 19 5.00 15.00 9.63 3.24
1 Month
Post-Surgery
Full Scale IQ 19 5.00 12.50 8.89 1.81
Verbal 1Q 17 5.00 15.00 9.29 3.04
Performance 1Q 17 4.00 14.00 8.24 3.07
6 Months
Post-Surgery
Full Scale IQ 17 3.00 14.00 8.0000 3.02076
Verbal 1Q 15 5.00 15.00 8.3333 3.26599

Performance 1Q 15 3.00 15.00 8.3333 3.08607
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Figure 1.  Verbal IQ (VIQ) over time.  Each colored line denotes an individual participant’s scores.
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Figure 2.  Performance IQ (PIQ) over time.  Each colored line denotes an individual participant’s scores.

  [image: image5.emf]3

4

5

6

7

8

9

10

11

12

13

14

15

Pre-Surgery 1 month Post-Surgery 6 months Post-Surgery

Time Point

FSIQ

1

2

3

4

5

6

7

8

9

10

11

12

13

16

17

18

19

20

21

22

23

24

25


Figure 3.  Full Scale IQ (FSIQ) over time.  Each colored line denotes an individual participant’s scores.

