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Abstract

Several studies have emphasized the need for comprehensive neuropsychological assessment in pediatric cancer. To date, no study has analyzed Executive functions (EF) in children with Acute Lymphoblastic Leukemia (ALL) undergo treatment by means of both the Childhood Executive Functioning Inventory (CHEXI), parent form and performance-based measures. The aims of the present study were: (1) to explore the sensitivity of ratings vs. cognitive measures of EF to identify executive functions deficits in children with ALL and (2) to analyze the relationship between the parent-rated data and performance-based measures of EF in children with ALL. We assessed EF in typically developing (TD) children (n = 70) and children with ALL (n = 20) aged 6 to 12 years by means of performance-based measures of EFs (including working memory, cognitive flexibility, and inhibition) and the CHEXI parent form, also including IQ, depression, and anxiety measures. When controlling for age, IQ, depression and anxiety, children with ALL exhibited greater difficulties than their TD peers on working memory, cognitive flexibility (spontaneous and reactive) and inhibitory control tasks. Equally, at a behavioral level, differences between groups were observed regarding the CHEXI´s inhibition and WM subscales. However, the CHEXI parent related poorly to EF performance-based measures, supporting earlier research that suggests that ratings and laboratory measures would assess distinct underlying mental constructs. Overall, our results stress the importance of considering both measures when assessing EF in children with ALL as they would offer distinctive but relevant information. The clinical implications of findings are discussed.
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Introduction
In the last few years, due to a breakthrough in the diagnosis and treatment of cancer, there have been raising survival rates. This chronic disease has important consequences eventually affecting the quality of life of cancer patients (Netson et al., 2016). The low mortality rate has shown that the toxic effects of antineoplastic treatments produce deficits in a wide range of neuropsychological functions at short- and long- term (Kreitler, Ben-Arush, & Martin, 2012; Mucci & Torno, 2015). The National Pediatric Cancer Registry (ROHA) published in 2010, reported 11,445 cases of children under 15 years with cancer diagnosis between 2000 and 2008.  According to the International Classification of Childhood Cancer (ICC-3), implemented during 2000-2008, Acute Lymphoblastic Leukemia (ALL) is the most frequent childhood cancer, followed by CNS tumors. ALL survivors have neurocognitive sequelae that compromise academic outcomes (Holland, Clem, Lampson, Stavinoha , 2020) further impacting negatively on the life of surviving adults (Calonge, 2009; Ellenberg et al., 2009). 
Data from earlier neuropsychological studies have reported cognitive deficits in pediatric cancer, mainly in Executive functions (EF) (Campbell et al., 2009; Harman et al. 2018; Kesler, Lacayo, & Jo, 2011; Spiegler, et al., 2004). EF are defined as a set of higher-order cognitive processes necessary for goal-directed behavior (Luria, 1966; Stuss & Benson, 1986). It is considered a diverse-but-unitary construct composed of three separate but related main components, namely, (1) working memory, (2) inhibition and (3) shifting (Lehto, Juujärvi, Kooistra, & Pulkkinen, 2003; Miyake et al., 2000). EF deficits have been observed in children diagnosed with cancer when being assessed through laboratory tasks or rating scales (see e.g., Anderson, Godber, Smibert, & Ekert, 1997; Buizer, de Sonneville, & Veerman, 2009; Harman et al. 2018; Spiegler, Bouffet, Greenberg, Rutka, & Mabbott, 2004; Viola et al., 2017; Walsh et al., 2015). Indeed, deficits have been found in performance-based measures of working memory (Ashford et al., 2010; Campbell et al., 2009; Caron et al., 2009; Peterson et al., 2008; Robinson et al., 2010), cognitive flexibility (Annett et al., 2015; Caron et al., 2009; Kingma et al., 2002; Peterson et al., 2008), and inhibitory control (Jain, Brouwers, Okcu, Cirino, & Krull, 2009; Winter et al., 2014) both in survivors of ALL and brain tumors after craniospinal radiotherapy (Conklin et al., 2012) and in patients with ALL treated with chemotherapy (Campbell, 2009; Peterson et al., 2008). Regarding the assessment of EF by means of ratings, recent studies have also found that parents of children with cancer (ALL and brain tumors) reported a weakness in their children´s executive functioning (Harman et al., 2019; Viola et al., 2017). Therefore, in addition to performance-based measures, ratings are also suggested to obtain an ecological measure of the children’s everyday problems in these domains. However, to date, only few studies have considered parents and/or teachers’ assessment of executive functioning in children with cancer (see e.g., Balsamo et al., 2019; Harman et al., 2019; Howarth et al., 2013; de Vries et al., 2018; Viola et al., 2017). Since impairment in executive processes could be associated with difficulties in emotional adaptation and regulation, as well as with academic and learning performance of childhood cancer survivors (Campbell et al., 2009) a comprehensive assessment of these higher-order cognitive process is essential.
Performance-based measures vs ratings scales of executive function in clinical samples


Although executive functioning is greatly assessed through laboratory tasks, recently, there has been an increasing interest in its evaluation through ratings scales such as the Behavior Rating Inventory of Executive Function (BRIEF) (Gioia, Isquith, Guy, & Kenworthy, 2000; Gioia, Isquith, Guy, & Kenworthy, 2017a, 2017b) or the Childhood Executive Functioning Inventory (CHEXI) (Thorell & Nyberg, 2008). CHEXI is an EF 24-item rating scale for parents and teachers, that has been translated into different languages including English, Spanish, Chinese, French and Swedish, being available for free download (see www.chexi.se). A two-factor structure, i.e., working memory and inhibition, has proved to best fit the data in English (Camerota, Willoughby, Kuhn, & Blair, 2018), Swedish (Thorell & Nyberg, 2008), French (Catale, Lejeune, Merbah, & Meulemans, 2013; Catale, Meulemans, & Thorell, 2015) and Spanish (Gutierrez, Arán Filippetti & Lemos, in press) -speaking children. The relevance of the CHEXI to the clinic and educational neuropsychology fields has been expressed in several studies, addressing its validity as a screening measure for the detection of poor school performance and early learning difficulties in children from different countries (Thorell, Veleiro, Siu, & Mohammadi, 2013), and for identifying children with ADHD (Catale et al., 2015; Thorell, Eninger, Brocki, & Bohlin, 2010). 

Ratings significantly contribute to EF assessment in applied research, given that laboratory and behavioral measures would explore, at least partially, different aspects of EF (see Toplak, West, & Stanovich, 2013, for a review). Indeed, discrepancies between the results obtained by both measures (i.e., rantings vs. performance-based measures) has been observed when working with both clinical samples (Anderson, Anderson, Northam, Jacobs, & Mikiewicz, 2002; Conklin, Salorio, & Slomine, 2008; Davidson, Cherry, & Corkum, 2016; McAuley, Chen, Goos, Schachar, & Crosbie, 2010; Vriezen & Pigott, 2002) and typically developing children (Camerota et al., 2018; Catale et al., 2013; Pino-Muñoz & Arán Filippetti, 2019; Thorell & Nyberg, 2008). This emphasizes the importance of considering both assessment approaches when examining EF in clinic-referred samples. 

The present study
 
The neuropsychological assessment in pediatric cancer should be able to account for cognitive changes and should be comprehensive since the cognitive profiles related to cancer and its treatment can give rise to several impairments. For that reason, there is need for comprehensive neuropsychological assessment (Balsamo et. al., 2019), including not only young survivors but also children who are on treatment (Harman et al., 2018), considering the impact that the executive deficit has on their quality of life (Netson et al., 2016). Although previous studies have examined the sensitivity of both performance-based EF measures and ratings in children with brain disease (Anderson et al., 2002), brain tumor (de Vries et al., 2018) and epilepsy (Parrish et al., 2007), to our knowledge, there are no studies analyzing EF in children with cancer by means of both the CHEXI and laboratory tasks including the three EF dimensions (i.e., working memory, cognitive flexibility, and inhibition). Equally, to date, there are no studies examining the association between performance-based EF measures and parent´s reports in children with ALL. This is of great relevance, considering that previous studies have demonstrated that ratings and performance-based measures assess different aspects of the EF construct (Anderson et al., 2002; McAuley et al., 2010; Pino-Muñoz & Arán Filippetti, 2019), for they should not be granted as equivalent or interchangeable (Toplak et al., 2013). Finally, most studies have focused on ALL survivors (Olson, & Sands, 2016). However, studying the impact of cancer on cognitive development in children at school-age who are on treatment is important for the repercussions it has on learning and academic performance and for the prevention of more serious sequelae. Thus, focusing on children that are on treatment is also indicated (Harman et al., 2018). Based on the expressed, this study aims to examine the sensitivity of both laboratory and ratings EF measures in ALL children undergo treatment or follow-up and analyze the relationship between the CHEXI parent form and performance-based measures of EF. Considering the model proposed by Miyake et al. (2000) and further replicated with children by Lehto et al. (2003), the present study analyzed the EF of (a) Working Memory, (b) Cognitive Flexibility and (c) Inhibition. To tap these EF dimensions, we employed tasks that have been shown to integrate the EF construct in previous confirmatory factor analytic studies (see Arán Filippetti, 2013; Arán Filippetti & Richaud, 2017). The structure of the CHEXI inventory has also been investigated in previous confirmatory studies conducted with Spanish-speaking children (Gutierrez et al., in press).
Method
Participants
The sample consisted of 90 children of both sexes (37 girls, 53 boys), aged between the 6 to 12 years (M = 8.80; SD = 1.78). The sample was subdivided into two groups: (1) typically developing (TD) children (n = 70; Mage = 8.79; SD = 1.72) and (2) children with ALL (n = 20; Mage = 8.85; SD = 2.03). Inclusion criteria for the TD group included no clinical, neurological or psychiatric history, school regularity and no school repetition. All children attended a private school and most of them belonged to middle socioeconomic status (SES) families (95.71%). Prior to assessment, we certified with the psychopedagogy school department that children authorized to participate in the study met the inclusion criteria. In turn, inclusion criteria for ALL children were that children were under treatment or follow-up and without a history of neurological or psychiatric disorders. Prior to assessment, heads of service confirm that children included in the study met the inclusion criteria. Based on the family income required to cover the basic food basket (Canasta Básica Alimentaria, Argentina), 6 children (20%) lived under the poverty line belonging to low-SES and 14 children (80%) belonged to middle-SES. All children from this middle-SES group have access to paid medical services. No significant differences were found (all p values > 0.05) on EF according to SES (ALL low-SES group: WM: M = 18.17, SD = 4.89; SVF: M = 17.17, SD = 5.85; PVF: M = 10.83, SD = 12.00; TMT-A: M = 46.83, SD = 25.73; TMT-B: M = 101.83, SD = 53.29; K-T: M = 21.33, SD = 6.38. ALL Middle-SES group: WM: M = 20.86, SD = 6.43; SVF: M = 16.29, SD = 7.26; PVF: M = 10.29, SD = 6.91; TMT-A: M = 42.36, SD = 29.65; TMT-B: M = 106.36, SD = 48.66; K-T: M = 23.07, SD = 4.29). Tests were individually administered to children within the hospital, in two or three sessions of approximately 30-40 minutes each. This was possible as children evaluated were hospital inpatients or were from other provinces and should stay in transitional houses provided by hospitals during treatment. Table 1 shows the sociodemographic characteristics of the samples. 
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Instruments
Childhood Executive Functioning Inventory (CHEXI) (Thorell & Nyberg, 2008). 

This inventory consists of 24 items with five response options ranging from 1 (definitely not true) to 5 (definitely true). Highest scores reflect higher EF deficits. It includes four subscales: working memory (9 items), planning (4 items), inhibition (6 items) and regulation (5 items) that are grouped into two factors, namely WM and inhibition. Cross-cultural studies (Kayhan, 2010; Catale, Lejeune, Merbah, & Meulemans, 2011; Catale et al., 2015) have consistently identified two broad factors named working memory (working memory and planning subscales) and inhibition (inhibition and regulation subscales).
Digit Span and Letter–Number Sequencing subtests of the WISC-IV (Wechsler, 2003). It consists of two main subtests: digits (D) that provides a measure of immediate oral retention when assessed with digit forward (DF), and maintenance and manipulation of information when using digit backwards (DB). Letters and numbers (LN), includes a series of numbers and disorganized letters for participants to recall, order the numbers from lowest to highest and arrange the letters alphabetically. The WISC IV has been standardized in Argentina. The average internal consistency using the two-half method is .85 for LN, .82 for DF and .74 for DB. The test-retest reliability coefficient is .77 for LN, and .76 and .68 for DF and DB (Wechsler, 2010).
Knock and Tap, NEPSY (Korkman, Kirk, & Kemp, 1998).  It assesses self-regulation and inhibition. Subjects must suppress a motor action to produce a conflicting motor response. NEPSY battery has been standardized in Spanish-speaking children (Aguilar-Alonso, Torres-Viñals, & Aguilar-Mediavilla, 2014). Several recent studies have used this task to assess inhibition in English (Pratt, Leonard, Adeyinka, & Hill, 2014), French (Mainville, Brisson, Nougarou, Stipanicic, & Sirois, 2015) and Spanish (Aguilar-Alonso & Moreno-González, 2012) -speaking children. 
Trail Making Test (TMT; Reitan & Wolfson, 1992). It includes two subtests, A and B. It enables to get a measure of sequencing, attention, motor functioning, visual search speed and mental flexibility (Spreen & Strauss, 1998). In each case, the time and number of errors are recorded. The test-retest reliability coefficient ranges from .60 to .90 (Spreen & Strauss, 1998). Exploratory and Confirmatory factor-analytic studies have showed that the task taps shifting (Lehto, et al., 2003). 
Semantic Verbal Fluency (SVF) and Phonologic Verbal Fluency (PVF) (FAS fluency test; Benton & Hamsher, 1989). Subjects are instructed to retrieve and utter all possible words, belonging to a certain category (i.e., fruits and animals) or beginning with a specific letter (i.e., F, A and S) within 60 seconds. VF tasks have standards for Spanish-speaking children (Arán Filippetti & Allegri, 2011; Ardila & Rosselli, 1994). 
Raven's Colored Progressive Matrices (RPM) (Raven, Court & Raven, 2008). It measures abstract reasoning ability, valuing a common component to all operations (factor g). It is a 36-item test, organized in 3 series (A, Ab, B) of 12 items each, increasing in difficulty progressively. Each correct answer is given a point, eventually obtaining a partial (for each series) and a total score. Series A consists of simple, perceptual problems, which assess the ability to complete a continuous pattern. Ab series assesses the ability to apprehend discrete figures as a related whole. Series B evaluates the ability to think by analogies. Items show relationships between discrete or discontinuous elements (Raven et al., 2008). 
Spielberger State-Trait Anxiety Inventory (STAI) (Spielberger, 1990). It was initially constructed as a tool for the study of anxiety of school-age children. It consists of two independent self-assessment scales in order to measure two different aspects: anxiety-state (A-S) and anxiety-trait (A-T). Each scale contains 20 items where children can express how they feels at a given time (A-S) and in general (A-T) on a 3-point response scale.  A-S scale aims to assess the anxiety-transient states, i.e., those feelings (subjectively and consciously perceived) of apprehension, tension and worry that fluctuate and vary in terms of severity over time. In contrast, A-T scale aims to assess relatively stable differences in anxiety propensity, i.e., differences between children in their tendency to show anxiety states. The reliability using Spearman-Brown’s split-half coefficients is .89 for A-S and .85 for A-T. Values
obtained by applying the Kuder-Richardson Formula 20 are .91 for A-E and .87 for A-R.
Child Depression Inventory (CDI) (Kovacs, 1992; Spanish adaptation from Barrio & Carrasco, 2004).  This questionnaire was initially constructed following Beck's theory of depression point of view and based on the Beck Depression Inventory (BDI). The current CDI structure includes 27 items, each of them listed in three sentences that rates the different intensity or frequency of its presence in children or adolescents (e.g., "I am occasionally sad", "I am sad many times "," I am always sad"). It is possible to obtain a total depression score, as well as a score by scale: dysphoria (depressive mood, sadness, worry, etc.) and negative self-esteem (judgments of inefficiency, ugliness, malice, etc.). The reliability obtained by Cronbach's alpha and from the two halves method is .80 and .79 respectively.
Ethics procedures
This research was approved through Resolution 1/9.2018 by the Research Ethics Committee of the Faculty of Health Sciences (FHS) of the Universidad Adventista del Plata, with number CE000237 of the National Health Research Registry (NHRR). Authorization to evaluate children under treatment was requested to the Director of Oncology and/or Oncohematology service of the hospitals selected. After such approval, parents whose children met the inclusion criteria received explanation of the research's objectives, as well as the task involved. It was clarified that participation was voluntary and confidential. Parents or legal guardians provided their written consent before assessment and completed the CHEXI to assess their perception of their children's executive functioning. All research process development attended the Declaration of Helsinki - Ethical Principles for Medical Research Involving Human Subjects (WMA, 2014) and the APA Code of Ethics, 2010. 
As regards the typical developing sample, school principals were first interviewed who receive information on the research characteristics. Likewise, teachers got acquainted of the objectives of the study and particularities of data collection. Written consent was obtained from all parents or legal guardians before beginning the assessment, explicitly clarifying that collaboration was voluntary and confidential. The CHEXI parent form was attached to the informed consent to assess parental perception of their children's executive functioning. 
Statistical Procedures

To examine depression and anxiety in children with ALL according to treatment t student was used. To analyze the relationship among IQ, depression, anxiety and EF measures, Pearson’s r correlation was performed. To examine differences between children with ALL and comparison peers regarding age, IQ, depression, and anxiety ANOVA and MANOVA were used. To analyze the effect of diagnosis on EF (performance-based measures and rating), when controlling for age and IQ, two MANCOVA were employed. Effect sizes were calculated using Cohen’s d. Finally, the relationship between CHEXI parent form and EF performance-based measures was analyzed through Pearson’s r correlation.
Results

Depression and anxiety in children with ALL according to treatment
Given that the clinical sample included children who were transient different status treatment, it was ascertained that there were no differences in the variables under study according to treatment status. No significant differences were found regarding treatment status, except for depression (see Table 2). Oncological children on treatment scored lower in depression (M = 55.75; SD = 3.62) than pediatric outpatient attending hospital after completion of radiation or chemotherapy treatment (follow-up) (M = 62.50; SD = 6.05). 
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Relationship between study variables and control variables: clinical sample vs TD


In the ALL sample, laboratory EF tasks were significantly related to IQ. Specifically, better performance on Raven was correlated with better performance on working memory (r = .617), SVF (r = .556), PVF (r = .536) and inhibition tasks (r = .646). Besides, a poor Raven task performance was associated with poor performance in reactive cognitive flexibility (range from r = -.563 to r = -.580). However, no significant relationship was found between the parent rated data and IQ (r = -.115). Finally, a relationship was found between state anxiety and TMT-A (r = -.473). Children who perceived themselves with greater transient anxiety completed TMT-A task in less time. Consistently, in the TD group, performance on laboratory tasks was significantly related to IQ. Specifically, the higher the performance in the Raven, the better the performance in working memory (r = .461) and phonological verbal fluency (r = .385) tasks. A negative correlation between IQ and reactive cognitive flexibility (r = .399) was also observed. However, no significant relationship was found between the CHEXI and IQ (r = -.121). Finally, a relationship was found between state anxiety and working memory (r = -.348), reactive cognitive flexibility (TMT-B) (r = .302) and the CHEXI (r = .324). Finally, a significant relationship was found between depression and the CHEXI (r = -.366) (see Table 3).
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Age, IQ, Depression and anxiety in children with ALL and TD

ANOVA results showed significant differences between children with ALL and TD in terms of IQ (F (1, 88) = 17.064; p <.001, ηp² = .162, β-1 = .983) but not for age (F (1, 88) = .020; p = .888, ηp² = .000, β-1 = .052). Besides, MANOVA results showed that there were no significant differences between groups in state anxiety (Hotelling’s F (1, 88) = 2.714; p = .103, ηp² = .030, β-1 = .371), trait anxiety (Hotelling’s F (1, 88) = .871; p = .353, ηp² = .010, β-1 = .152), and depression (Hotelling’s F (1, 88) = .001; p = .976, ηp² = .000, β-1 = .050). Means and standard deviations for each age group are presented in Table 4.
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Performance on cognitive and rating measures of EF in children with ALL and TD
MANCOVA revealed a significant main effect of age, Hotelling’s F (6, 81) = 12.073; p = .000, ηp² = .472, β-1 = 1.000, but not for IQ, Hotelling’s F (6, 81) = 12.073; p = .564, ηp² = .057, β-1 = .304 on performance-based EF measures. Significant differences were found in favor of TD children for the variables WM (p < .001), spontaneous flexibility (p < .001), reactive flexibility (p = <.001) and inhibition (p < .001). d values indicated large effect sizes for all EF cognitive measures.  
Regarding the CHEXI inventory, MANCOVA revealed a significant effect of age, Hotelling’s F (2, 85) = 5.703; p = .005, ηp² = .118, β-1 = .853, but not of IQ, Hotelling’s F (2, 85) = .624; p = .538, ηp² = .014, β-1 = .151. Significant differences were found between groups as regards working memory (p = .024), inhibition (p = .002) and the total CHEXI score (p = .003). d values indicated a large effect size for both indicators. Table 5 shows means and standard deviations for each group. 
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Relationship between CHEXI scales and performance-based measure in the clinical sample
Findings revealed a significant relationship between the CHEXI inhibition subscale and both spontaneous (r = -.451) and reactive cognitive flexibility (r = -.492). Children whose parents reported greater problems in their children's inhibitory capacity had a worse performance in PVF and TMT-B tasks (see Table 6).
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Discussion
Children with ALL, one of the most common type of childhood cancer, have the highest risk of neurocognitive late effects. However, earlier research has mostly contemplated late cognitive effects in pediatric cancer survivors, being less studies that have examined EF in school-aged children under treatment (or during the follow-up) further considered both laboratory and ratings measures. The present study aimed to examine the sensitivity of the CHEXI and EF laboratory measures to identify executive functions deficits in pediatric ALL, further analyzing the relationship between performance-based EF measures and the parent-rated CHEXI.

First, when comparing performance between groups in performance-based measures, we found significant differences in favor of TD children in all domains under analysis. These findings are in line with previous reports that have consistently demonstrated executive deficits in oncopediatric population regarding working memory (Campbell et al., 2009; Caron et al., 2009), cognitive flexibility (Caron et al., 2009) and inhibition (Winter et al., 2014). Besides, in line with findings reported by Harman et al. (2019), the current research does not find significant differences in EF depending on state of treatment. When comparing CHEXI ratings between groups, we found that children with ALL exhibit greater problems in the inhibition and working memory subdomains compared to their TD peers. These data are in line with a recent study showing that parents of children with cancer reported statistically higher scores than the normative sample in the behavioral assessment of executive functioning (Harman et al., 2019; Viola et al., 2017), and suggested that ratings would offer distinguishing and complementary information of children's executive functioning. Thus, according to our results, both measures would be sensitive in the identification of executive deficit in children with ALL. 
Cognitive and behavioral deficits are common in pediatric cancer and continues to be a major concern for cancer survivors after treatment. It has been suggested that these impairments may emerge from both direct and indirect influences of the disease, as well as from the effects of treatment, including radiation (Mulhern, Merchant, Gajjar, Reddick, & Kun, 2004) and chemotherapy (Buizer et al., 2009; Iyer, Balsamo, Bracken, & Kadan-Lottick, 2015), due to an increase in oxidative stress (Caron et al., 2009). Previous studies have observed cancer-related brain structure and function injury after treatment for pediatric ALL (Edelmann et al., 2014; ElAlfy et al., 2014; Kesler et al., 2014; Tamnes et al., 2015; Zeller et al., 2013). Indeed, altered connectome organization has been observed in young ALL survivors compared to TD controls (Hosseini, Hoeft & Kesler, 2012; Kesler et al., 2016). Besides, ALL survivors with executive dysfunction showed lower global efficiency of functional and structural connectome compared with patients without executive dysfunction (Kesler et al., 2018). Younger age at diagnosis has been also indicated as a significant risk factor (Kahalley et al., 2013; Kesler et al., 2014; Reddick et al., 2014) with children diagnosed before age 6 being at greater risk of having impaired connection efficiency (Kesler et al., 2018). Another risk factor would be a higher dose of drugs administered during treatment (Kesler et al., 2018) since some medications have been associated with diverse neuropathological effects including the death of glial progenitor cells and the suppression of neurogenesis, among others (Shuper et al., 2002). Finally, the presence of life-threatening disease would jointly alter neural development and, eventually, cognitive, behavioral and emotional outcomes (Marusak et al., 2018).
Finally, we examined the relationship between performance-based EF measures and the parent-rated CHEXI. Though stressing the importance of considering a behavioral assessment when evaluating EF in children with pediatric cancer, earlier results have found that this type of measure has shown poor sensitivity and specificity to detect executive deficits based on performance (Howarth et al., 2013; de Vries et al., 2018) and identify patients with academic difficulties (Balsamo et al., 2019). Consistently, we found few and low correlations between performance-based measures and ratings as assessed by parents in children with ALL. Although some studies on children with cancer found significant correlations between parental behavioral assessment and performance-based measures (Howarth et al., 2011), a recent study reported that EF as valued by parents through rating scales was not significantly correlated with performance-based measures of EF in children with brain tumor (see e.g., de Vries et al., 2018). Therefore, without counting with conclusive empirical evidence to date, more studies are necessary in the oncopediatric population. These findings not only stress the need to count with detection measures with stronger sensitivity and specificity, but also to address the fact that ratings and laboratory measures would capture various aspects of the EF construct, providing distinctive and complementary information. Thus, neuropsychological assessment in pediatric cancer should include both behavioral and cognitive measures (Balsamo et al., 2019; de Vries et al., 2018) as they would provide information on different aspects of the EF construct. 

The present study has some limitations that need to be addressed. First, although different tasks were used to assess working memory and cognitive flexibility, only one non-verbal task was used to assess inhibition. However, using different EF laboratory tasks and ratings scales (i.e., CHEXI and BRIEF) it has been consistently demonstrated the existence of low correlations between performance- and rater-based EF measures (see e.g., Camerota et al., 2018; Catale et al., 2013; Conklin et al., 2008; Davidson et al., 2016; Garon et al., 2016; McAuley et al., 2010; Pino Muñoz & Arán Filippetti, 2018; Thorell & Nyberg, 2008). Second, only parents completed the CHEXI form. Future studies would benefit from including teacher assessment, as well as children’s self-report of EFs. Finally, although we controlled for potential confounders variables such as IQ, depression, anxiety, treatment status and family income, we were not able to control for parental education.

This study has important clinical and educational implications for the assessment of EF in children. First, studying the impact of cancer on cognitive development in children at school-age and who are on treatment is of great relevance because of the direct effects it has on learning and academic performance. Likewise, the early identification of cognitive impairment can lead to interventions aim at preventing more serious complications. Second, considering that ratings and laboratory measures would capture different aspects of the EF construct (Anderson et al., 2002; Pino-Muñoz & Arán Filippetti, 2019; Thorell & Nyberg, 2008; Thorell, et al., 2010; Thorell & Catale, 2014), it becomes relevant to stress the need for a multiple assessment strategy when examining children's EF (Anderson et al., 2002; Thorell & Nyberg, 2008; Thorell, et al., 2010; Thorell & Catale, 2014) both in clinical and non-clinical samples. Indeed, our results stress the importance of considering both EF measures when assessing children diagnosed with ALL, considering that parents' assessment would not be enough to identify the executive deficit manifested in laboratory tasks. In this vein, it has been suggested that teachers' behavioral assessment of EF could better reveal general executive functioning in cancer patients, compared to that reported by parents (Thorell & Nyberg, 2008; de Vries et al., 2018). From these results and considering the susceptibility of the developing brain, it is suggested to closely monitor through neuropsychological evaluations children with cancer during treatment (Harman et al., 2018) and not only after it, as it could lead to a higher incidence or severity if not treated early. This has direct implications on prompt cognitive interventions for this population. Many pediatric cancers are diagnosed in early childhood, a time of significant growth and development that sets the stage for adjustment and overall functioning. Although the interruption of the maturation process during a critical period can be particularly damaging, causing a cessation of development or altering the course of future development (Kolb & Whishaw, 2006), it also appears that the plasticity and neural maturation that extends to early adulthood can provide a sensitive period for intervention in children with cancer (Jones & Pattwell, 2019). 
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