Changes in Executive Function over time in Pediatric Cancer Survivors
Rachel K. Peterson1,2 & Lisa A. Jacobson1,2
1 Department of Neuropsychology, Kennedy Krieger Institute, Baltimore, MD
2 Department of Psychiatry and Behavioral Science, Johns Hopkins University School of Medicine, Baltimore, MD

Correspondence: 
Rachel Peterson, Ph.D.

1750 E. Fairmount Ave.

Baltimore, MD 21231

Phone: 442-923-7908

Fax: 443-923-4403
Email: PetersonR@KennedyKrieger.org
Abstract word count: 250

Manuscript word count: 1818
Tables: 2

Running title: EXECUTIVE FUNCTION CHANGES IN PEDIATRIC ONCOLOGY

Key words: Working Memory, Neuro-Oncology, Leukemia, Oncology, Neuropsychology
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	Full-Term

	ALL
	Acute Lymphoblastic Leukemia

	BRI
	Behavior Regulation Index

	BT
	Brain tumor

	BRIEF
	Behavior Rating Inventory of Executive Function

	BRIEF-2
	Behavior Rating Inventory of Executive Function, Second Edition

	DAS-II
	Differential Ability Scales, Second Edition

	EF
	Executive Function

	GEC
	Global Executive Composite

	MI/CRI
	Metacognitive Index/Cognitive Regulation Index

	PBWM
	Performance-based working memory

	WISC-IV
	Wechsler Intelligence Scale for Children, Fourth Edition

	WISC-V
	Wechsler Intelligence Scale for Children, Fifth Edition

	WAIS-IV
	Wechsler Adult Intelligence Scale, Fourth Edition

	WM
	Working memory


Abstract
Objective. Pediatric oncology survivors are at risk for executive function (EF) and working memory (WM) deficits, which can be measured via performance-based measures or rating scales. Previous studies have shown these measurement methods to be weakly correlated. This study aimed to describe parent rated EF and performance-based working memory (PBWM) in pediatric cancer survivors; examine change in EF and PBWM across time; and investigate the relationship between parent rated WM and PBWM.
Method. The sample included 59 patients (50 brain tumor, 9 Leukemia) diagnosed in childhood (Mage=6.92 years; SD=4.12) seen twice for clinical neuropsychological evaluation. PBWM was examined via the auditory working memory scale from a Wechsler intelligence measure or Differential Ability Scales-II. Parents completed the BRIEF/2 as a measure of global EF (GEC), metacognitive skills (MI/CRI), and behavioral regulation (BRI). 
Results. MI/CRI and GEC at Time 1 were significantly above the mean (p<.01), while PBWM did not differ from the normative mean. GEC, MI/CRI, and BRI were significantly higher than the normative mean at Time 2 (p<.05). PBWM was both clinically and statistically elevated (p<.001). There was a significant change across time in GEC, MI/CRI, and PBWM (p<.05), but not BRI. PBWM was only weakly correlated with the BRIEF WM subscale at Time 1 and Time 2 (all p>.05). 
Conclusions. Multiple measures of EF should be considered when providing diagnoses and recommendations for pediatric cancer survivors. Furthermore, given declines across time, findings document need for continued monitoring and re-assessment of pediatric survivors as they get further out from treatment.

Introduction
Executive functions (EF) are a set of inter-related abilities that facilitate the achievement of goal-oriented behaviors1. These abilities emerge early in life and continue to develop into early adulthood2. EF can have a downstream effect on many other cognitive domains, including academic achievement3-4, learning and memory5, social-emotional skills6, and adaptive functioning7. 
Survivors of pediatric cancer are at risk for cognitive deficits attributable to disease and treatment factors that impact the central nervous system (CNS)8. CNS-directed therapies such as cranial radiation, intrathecal chemotherapy, and neurosurgery impact cerebral white matter composition, which leads to functional deficits in white matter-related skills, such as EF and working memory9. Theoretical models have suggested that core deficits in EF secondary to cancer treatment have a cascading effect on other cognitive skills such as overall intellectual functioning and academic achievement10-11.
Rating scales, such as the Behavior Rating Inventory of Executive Functioning (BRIEF)12, are one efficient way to assess the application of EF in daily settings. Some research has suggested that rating scales may be associated with performance-based measures of EF13-14. Other work, however, suggests that rating scales and performance-based measures assess different constructs in pediatric medical samples15-18. Given the conflicting findings in various clinical populations, more research is needed to examine the utility of rating scales in populations with recognized EF deficits.
Among pediatric oncology survivors, deficits in EF emerge following treatment and often appear exacerbated across time19. These ‘late effects’ have been documented via performance-based measures, and research has shown that survivors show greater neuropsychological deficits as they get further out from time of treatment20. However, to our knowledge, no studies have examined whether this change in EF is also present via rating scales within the pediatric oncology population.
Thus, the aims of this study were to (1) describe parent ratings of EF and performance-based measures of working memory (PBWM) in a sample of pediatric cancer survivors; (2) examine change in EF and PBWM across time; and (3) assess the relationship between parent rating scales of working memory and PBWM. It was hypothesized that survivors would evidence weaknesses on performance-based measures, which would be less apparent on parent rating scales. In addition, PBWM was anticipated to decline across time, while parent rating scales were expected to remain stable. It was also hypothesized that PBWM and rating scales of working memory would be weakly associated.  
Methods
Sample 
Approval for this study was provided by the hospital’s Institutional Review Board. Data were acquired from retrospective chart review of youth with a history of a pediatric brain tumor or Acute Lymphoblastic Leukemia (ALL) referred for neuropsychological evaluation at an academic medical center. Eligible participants were 18 years or younger at time of diagnosis, had at least 1 year between the two neuropsychological evaluations, and had the same BRIEF version at Time 1 and Time 2. Given the small number of patients assessed with BRIEF-P at Time 1 and Time 2 (n=6), they were excluded from this study.
Measures
Clinical Treatment-related Variables 

Medical and treatment related variables were gleaned from review of medical records. A majority of brain tumor survivors underwent surgical procedures, which included biopsy, subtotal resection, near total resection, or gross total resection. History of any of these procedures was categorized dichotomously. Similarly, treatment with chemotherapy and/or cranial radiation therapy was categorized dichotomously. 

Rating-Based Measures of Executive Function 
Parents completed the Behavior Rating Inventory of Executive Function (BRIEF)12 or BRIEF, Second Edition (BRIEF-2)21 at time of clinical neuropsychological assessment. The BRIEF12/BRIEF-221 is a parent-rated measure for assessing application of EF in youth between 5 and 18 years of age. The BRIEF consists of 86 items and provides three index scores: Behavioral Regulation Index (BRI), Metacognitive Index (MI), and Global Executive Composite (GEC). The BRIEF-2 has 63 items derived from the original 86 items, with four indices: BRI, Emotional Regulation Index (ERI), Cognitive Regulation Index (CRI), and GEC. BRIEF/2 T-scores have a mean of 50 and SD of 10, standardized by age and sex. Only scores common to both versions were used in analyses (correlation coefficients for BRIEF/2: BRI r=.81; CRI/MI r=.91; GEC r=.97). Aim 3 examined the Working Memory subscale from the BRIEF/2; WM scales are well-correlated (r=.96) across versions of the BRIEF.  

Performance-Based Measures of Working Memory
Participants were administered a measure of auditory working memory as part of a clinical neuropsychological evaluation. Depending on the child’s age at time of evaluation, they were administered either the Digit Span Backwards subtest from a Wechsler measure of intellectual functioning (Wechsler Intelligence Scale for Children-Fourth or -Fifth Edition)22-23 or Wechsler Adult Intelligence Scale-Fourth Edition (WAIS-IV)24 or Recall of Digits Backward from the Differential Ability Scales, Second Edition (DAS-2)25. Scores are presented as scaled scores with a mean of 10 and SD of 3. A composited performance-based working memory (PBWM) score was derived from these subtests. 
Statistical Analysis Plan
Descriptive statistics were used to characterize the medical, demographic, and neuropsychological characteristics of the sample. One-sample t-tests were used to compare the sample performance to normative means on outcome measures (PBWM and BRIEF/2 indices). A repeated measures ANOVA was performed to examine change in neuropsychological outcomes (PBWM and BRIEF/2 indices) across time. To examine associations between PBWM and parent rated working memory, Pearson correlations were performed at Time 1 and Time 2. 
Results
Participants

The sample consisted of 59 patients (50 brain tumor, 9 ALL). Participants were diagnosed in mid-childhood (M=6.92 years, SD=4.12). They were on average 9.94 years old at Time 1 (SD=3.10), with 2.18 years (SD=0.89) between Time 1 and Time 2. Thirty-eight parents completed the BRIEF; twenty-three parents completed the BRIEF-2. Medical and demographic characteristics of the sample are provided in Table 1. 
Time 1
Parent ratings of EF as measured by the BRIEF/2 are presented in Table 2. EF ratings at Time 1 were significantly different from the normative mean on MI/CRI (p=.001) and GEC (p=.002), but not BRI. Of note, while statistically significant, neither scale was clinically elevated and all scores fell in the average range (T<60). PBWM was average at Time 1 (ScS=9.29) and did not differ significantly from the normative mean (p=.083).
Time 2

At Time 2, parent ratings on the GEC (p<.001) and MI/CRI (p<.001) remained significantly higher than the normative mean. BRI was also higher than the mean (p=.04). Again, none of these elevations were clinically meaningful (all T<60). Mean PBWM was low average at Time 2 (ScS=7.64), and both clinically and statistically significant (p<.001).

Across time comparisons

There was a significant change across time in GEC [F(1,58)=4.21, p=.045] and MI/CRI [F(1,58)=5.78, p=.019], such that parents reported more concerns at Time 2. BRI did not show change over time [F(1,58)=0.575, p=.451].  PBWM declined across time, with participants showing worse auditory working memory abilities at Time 2 [F(1,58)=17.21, p<.001].
Correlations

Pearson correlations were performed to examine the relationship between performance-based measures and parent rating scales of working memory. At Time 1, PBWM was weakly and non-significantly correlated with the BRIEF/2 WM subscale (r=-.18, p=.17). A similar pattern was observed at Time 2 (r=-.11, p=.42). 
Discussion

PBWM declined across time in this sample of pediatric oncology survivors, which is consistent with previous research that has demonstrated a decline in working memory skills in survivorship26-28. In fact, these cognitive declines can emerge on standardized tests as early as one year after treatment has concluded8,29-30. The cognitive declines observed in pediatric survivors are likely due to a multitude of factors, including medical (i.e., cranial radiation, the tumor itself, and the effects of surgery)31 and demographic factors (i.e., younger age at diagnoses, female sex32-33, and are thought to have a downstream effect on higher-level cognitive functions such as problem-solving, complex executive functions, and academic achievement. Likewise, parent ratings of EF worsened slightly across time in this sample. This may suggest that parents are detecting some change in functional application of EF as survivors get further out from time of treatment.
Somewhat surprisingly, then, given change in both measures over time, PBWM was not well-correlated with ratings of similar constructs (BRIEF WM subscale). These findings are consistent with research within the pediatric oncology population that has found generally non-significant correlations between rating scales and performance-based measures of EF.17,34 This may reflect two potential theories. First, it is possible that parent rating scales of EF are not measuring the same construct as performance-based measures. Consistent with research in other clinical populations15, 35-37, rating scales and performance-based measures may capture different aspects of the executive function construct. This supports the notion that neuropsychological evaluations gather information from multiple sources when examining this construct. 
Alternatively, it is possible that parents of medically-complex children are more likely to overlook or under-report symptoms. Research with other medical populations (i.e., sickle cell disease, traumatic brain injury) has shown that parent ratings are often not as elevated as would be expected based on performance-based measures.38-40 Within the neuro-oncology population, this may be due to a number of factors. First, perhaps patients are provided much more support for these daily EF demands, which is reflected in responses on rating scales. Or, it is equally feasible that parents are under-reporting symptoms in the context of a medical condition. This alteration in internal standards, known as response shift41-42, might make parents less apt to validly rate their child’s EF skills.
Limitations and Future Direction
There are several limitations to consider. First, patients with both ALL and BT were included in this study. While both populations have been shown to exhibit EF deficits, these patients differ in terms of treatment and age at diagnosis. Future examination of one oncology patient group at a time may reveal disease-specific medical and demographic factors that predict outcomes on performance-based measures and parent rating scales. Moreover, this study utilized a clinical sample with neuropsychological evaluations completed as part of clinical care, rather than assessing all oncology patients at designated and standardized time points. Conclusions thus reflect findings in a broad clinical sample seen over the course of their follow-up care, often as prompted by clinical concern, rather than at specific time points. Similarly, given the clinical nature of the data, there was a large time range between age at diagnosis and age at T1. Thus, results may suggest general trends in functioning across a broad time span, but do not reveal when these deficits emerge. Future studies could consider broadening the scope of the performance-based EF measures beyond measures of auditory working memory to determine relationships between these measures and other BRIEF scale constructs. 
Clinical Implications and Conclusions 
While rating scales have utility in a clinical setting due to ease of administration and speed of completion, these results add to existing evidence suggesting that multiple measures of functioning should be considered when providing diagnoses and appropriate recommendations to support children’s development following treatment for pediatric cancer.15,35-37. In addition, given declines in EF across time, these findings further document the need for continued monitoring and re-assessment of pediatric cancer survivors as they age and get further out from time of treatment.43 
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