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ABSTRACT

Introduction: Cancer diagnosis during childhood can negatively impact cognitive and emotional development. Objective: To investigate the
cognitive performance of children undergoing diagnostic evaluation or beginning oncological treatment at a pediatric oncology outpatient clinic of
the Brazilian National Health System. Method: Cross-sectional descriptive study with 43 children aged 6 to 11 years, using a neuropsychological
test battery to assess executive functions, memory, attention, and behavioral changes, as well as questionnaires to collect sociodemographic,
developmental, behavioral, and disease-related information. Results: Most children (90.8%) were undergoing diagnostic investigation, and in
many cases neoplasia was not confirmed. Nonetheless, most showed below-average performance compared to normative data, with significant
difficulties in working memory, inhibitory control, and cognitive flexibility. Additionally, approximately 64% of children reported behavioral
changes, with anxiety being the most prevalent. Conclusion: The study revealed overall cognitive performance below normative standards
regardless of diagnostic or treatment phase, along with behavioral changes, particularly anxiety. It highlights the importance of studies in specific
subgroups, adapted evaluations, and interventions addressing cognitive and emotional aspects. Despite competing with patient activities and the
lack of appropriate space, it was possible to administer the tests at the outpatient setting. Socioeconomic, educational, emotional, and illness-
related factors may have negatively influenced cognition. Adapting evaluations to the outpatient/hospital setting, creating a safe and welcoming
environment, is essential to facilitate the assessment process. The development of specific tools for this population is necessary.

Key words: Mental Status and Dementia Tests/statistics & numerical data; Neoplasms/psychology; Neuropsychological Tests; Executive

Function; Child Development.

RESUMO

Introdugio: O diagnéstico de cAncer durante a infancia pode impactar
negativamente o desenvolvimento cognitivo ¢ emocional. Objetivo: Investigar
o desempenho cognitivo de criangas em investigagao diagndstica ou inicio de
tratamento oncoldgico atendidas em um ambulatério de oncologia pedidtrica
do Sistema Unico de Satde. Método: Estudo descritivo transversal com 43
criangas de 6 a 11 anos, utilizando uma bateria de testes neuropsicoldgicos para
avaliar fungoes executivas, meméria, aten¢io e mudangas comportamentais,
assim como questiona'rios para coletar informa(;(’)es sociodemogr:iﬁcas, de
desenvolvimento, comportamentais ¢ relacionadas 2 doenca. Resultados:
A maioria das criancas (90,8%) estava em investigagao diagnéstica e, em
muitas, a neoplasia nio foi confirmada. Mesmo assim, a maioria apresentou
desempenho abaixo da média normativa, com dificuldades significativas em
memoria operacional, controle inibitério e flexibilidade cognitiva. Além disso,
cerca de 64% das criangas relataram mudangas comportamentais, sendo o
comportamento ansioso o mais prevalente. Conclusao: O estudo evidenciou
desempenho cognitivo, no geral, inferior s normas, independentemente da fase
diagndstica ou tratamento, ¢ alteragoes comportamentais, sobretudo ansiedade.
Ressalta-se a importincia de estudos em subgrupos especificos, avaliagoes
adaptadas e intervengoes integrando aspectos cognitivos e emocionais. Foi
possivel aplicar os testes no ambulatério, apesar de concorrer com atividades dos
pacientes e falta de espago apropriado. Fatores socioecondmicos, educacionais,
emocionais e do adoecimento podem ter influenciado negativamente a cognicio.
E essencial adaptar as avaliagses s condioes do ambiente ambulatorial/
hospitalar, promovendo um espago seguro e acolhedor favorecendo o processo
avaliativo. Faz-se necessdrio o desenvolvimento de instrumentos especificos
para essa populagio.

Palavras-chave: Testes de Estado Mental e Deméncia/estatistica & dados
numéricos; Neoplasias/psicologia; Testes Neuropsicolégicos; Fungio Executiva;
Desenvolvimento Infantil.

RESUMEN

Introduccién: Un diagnéstico de cdncer durante la infancia puede impactar
negativamente el desarrollo cognitivo y emocional. Objetivo: Investigar
el desempefio cognitivo de nifios en evaluacion diagnédstica o al inicio del
tratamiento oncoldgico en un servicio ambulatorio de oncologia pedidtrica del
Sistema Unico de Salud del Brasil. Método: Estudio descriptivo transversal con
43 nifios de 6 a 11 afios, utilizando una baterfa de pruebas neuropsicoldgicas
para evaluar funciones ejecutivas, memoria, atencién y cambios conductuales,
ademds de cuestionarios para recopilar informacién sociodemogréfica, del
desarrollo, conductual y relacionada con la enfermedad. Resultados: La
mayoria de los nifios (90,8%) fue sometida a investigacién diagndstica y en
muchos casos no se confirmé la neoplasia. A pesar de ello, la mayoria presenté
un desempefio inferior al promedio normativo, con dificultades significativas
en memoria de trabajo, control inhibitorio y flexibilidad cognitiva. Ademds,
alrededor del 64% reporté cambios conductuales, siendo la ansiedad la conducta
més prevalente. Conclusién: El estudio evidencié un desempefio cognitivo,
en general, inferior a las normas independientemente de la fase diagnéstica o
del tratamiento, junto con alteraciones conductuales, especialmente ansiedad.
Se subraya la importancia de estudios en subgrupos especificos, evaluaciones
adaptadas e intervenciones que integren aspectos cognitivos y emocionales.
Aunque hubo competencia con las actividades de los pacientes y falta de
espacio adecuado, fue posible aplicar las pruebas en el servicio ambulatorio.
Factores socioeconémicos, educativos, emocionales y relacionados con la
enfermedad pudieron influir negativamente en la cognicién. Es esencial adaptar
las evaluaciones al entorno ambulatorio/hospitalario, promoviendo un espacio
seguro y acogedor que favorezca el proceso de evaluacién. Es necesario el
desarrollo de instrumentos especificos para esta poblacion.

Palabras clave: Pruebas de Estado Mental y Demencia/estadistica & datos
numéricos; Neoplasias/psicologia; Pruebas Neuropsicoldgicas; Funcién
Ejecutiva; Desarrollo Infantil.
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INTRODUCTION

Mental health and development issues can be
compromised due to events that occur in the development
phase of the child. In terms of biological evolution, the
human brain develops and establishes most of the neuronal
connections during the first infancy’. The context, the
intensity of the damage, biological, environmental,
genetic, psychosocial factors, education or income can
determine the appearance of child development disorders®.

The development of the pre-frontal cortex occurs from
infancy through the end of adolescence, a brain region
related to the gradual acquisition of important skills for the
adaptive behavior. These skills, called executive functions,
encompass planning, judgement and decision-making,
including the control over some behaviors, divided into
a coordinating component of the executive process and
the product resulting from cognitive processes®.

Although the executive functions are anatomically
related to frontal lobes, it is understood nowadays that
the executive control and executive functions are located
in different areas of the pre-frontal lobe and that these
are related to the emotional modulation of behavior. The
paucity of studies addressing the influence of the frontal
lobe over these behaviors hampers the understanding of
the relation among executive functions and affectionate
and emotional aspects®.

Miyake et al.* indicated that the ability to update and
monitor the working memory, inhibition of prepotent
responses and shifting mental operations are essential
executive functions to understand the execution of
complex tasks, frequently associated with the frontal
lobe. Complex executive functions would be the result
of cognitive flexibility, working memory and inhibitory
control’.

Cognitive performance refers to the domains of
hierarchical functioning since basic sensory and perceptual
processes through more complex executive functions of
execution and cognitive control related to the brain area
where they are processed. Cognitive abilities are organized
in attention and concentration, memory, executive
functions, processing speed and language in addition to
sensory, perception and motor. The domains can present
subdomains as verbal and spatial working memories,
selective attention and sustained attention®.

Patients with cancer experience physical and
psychological suffering’. Pediatric cancer is a rare disease,
7,930 new cases of cancer are estimated annually in
Brazil for the triennium 2023-2025% for children and
adolescents up to 19 years of age. Early diagnosis and
multidisciplinary treatment conducted in specialized
centers increase the possibility of cure. Nearly 80% of
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pediatric oncologic patients initiate treatment within 30
days after the diagnoses’, however, suffering is experienced
during diagnostic investigation and treatment. Children
survivors of cancer usually present cognitive and
emotional alterations as irritability, aggressiveness, sleep
disorders, attentional deficits, frequent crying'®'" and
damages in social interaction'?.

Cognitive evaluation facilitates the identification of
cognitive impairment and guide rehabilitation. Early
interventions in cognitive deficits present positive
results. A model of preventive and scaled monitoring of
neuropsychological care for pediatric patients has been
proposed as part of clinical assistance in oncologic centers,
revealing the importance of this approach®.

Given the changes that occur in children’s evolution and
the potential impact of sickening on their development,
it is relevant to evaluate the cognitive development to
detect cognitive damages that may require rehabilitation
for social adaptation.

The objective of this study is to evaluate the cognitive
performance of children in diagnostic investigation or
in oncologic treatment assisted at a pediatric oncology
outpatient clinic of the Brazilian National Health System
(SUS) in the city of Rio de Janeiro, Brazil.

METHOD

Descriptive, cross-sectional study about cognitive
performance of children assisted at an outpatient pediatric
oncology unit at a reference pediatric cancer center of
SUS.

The list of children scheduled for other than cognitive
evaluation at the outpatient pediatric oncologic unit
was checked on a daily bases. Children aged 6-11 who
attended the outpatient unit between September 2022 and
October 2023 in diagnostic investigation or beginning the
treatment have been invited. The age-range was defined
given the age determination of the evaluation instruments
utilized. Children under investigation were at strong
suspicion of cancer, not always with confirmed diagnosis
and enrolled because of the celerity between diagnosis and
beginning of the treatment. At the end of the study, the
diagnoses were updated based on the charts.

After the parents or legal guardians signed the informed
consent form (ICF) they filled out a questionnaire to
collect sociodemographic information, development and
behavior of the child, list of pediatric symptoms (LPS)"
that is a 35-item questionnaire to screen emotional and
psychosocial problems perceived by them. For each
item, the frequency of occurrence was assigned a score: 0
(never), 1 (sometimes) and 2 (frequently). Total score > 28

indicates possible emotional and psychosocial issues'*".
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Cognitive evaluation is made through neuropsychological
tests utilized to measure cognitive domains and subdomains.
A seven-test battery has been utilized. Global intelligence
(IQ) was measured by the Wechsler Abbreviated Scale
Intelligence (WASI)', indicated for research environments,
whose parameter is a mean of 100 and standard deviation
(SD) + 15. The results were presented as categories of
performance: < 69 very low; 70-79 borderline; 80-89 low
average; 90-109 average; 110-119 high average; 120-129
superior; > 130: highly superior.

Rey Auditory Verbal Learning Test (RAVLT)Y consists
in a list of words and a second list of interference words
to evaluate the ability to learn, retain, recall and recognize
the information. The participants should try four times
to repeat the words they recall from the first list after the
evaluator reads them. Next, the evaluator reads the list of
interference and the participant should repeat those they
recall. Later, they should repeat the words they recall from
the first list and after a certain time, repeat them. At the
end, they should recognize the words of the first list after
the evaluator reads them. The time to perform the task is
measured in minutes.

The executive function was evaluated by tests that
assess the working memory, inhibition, flexibility
and planning. Rey Complex Figure Test'® evaluates
organizational strategies, planning, visuospatial abilities
and late memory. The test can use two figures A and B and
is divided into two parts: copy and reproduction of the
copy of the figure. Drawing and minutes to perform the
task are evaluated. Figure A evaluated the interference of
time over learning and 20-minute interval between copy
and recall of the figure''® for late memory'*%.

Working memory was evaluated with the subtests digit
span (DG), recalling numbers in forward and backward
order and sequence of numbers and letters (SNL) that
are part of the Working Memory Index (WMI) of the
Weschler Intelligence Scales for Children 4* edition®'. The
subtest DG consists in the evaluator speaking a sequence
of digits, whose number increases progressively and the
individual repeats in forward order; after the reading, the
individual repeats the sequence in backward order’*?.
Regarding SNL, the evaluator presents verbally a series
of number and letters and the individual should organize
orally the numbers in ascending order and the letters in
alphabetic order?. The sum of the raw points of DG and
SNL was converted in scores and WMI (mean 100; SD +
15) according to the tests norms. Performance categories
were presented as: < 69 very low; 70-79 borderline; 80-
89 low average; 90-109 average; 110-119 high average;
120-129 superior; = 130: highly superior.

Visuospatial working memory was evaluated with
subtest DG (inverse order) of Neupsilin-inf*, which
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consists in the presentation of eight squares the evaluator
indicates in a certain order and repeated by the children
in inverse order®. The results were presented as “Score Z”
and classified as low, low average, average, high average
and superior.

The Five Digit Test — FDT?® evaluated the cognitive
processing speed, cognitive flexibility and inhibitory
control, addressing reading or counting tasks from visual
stimuli represented in a rectangle with digits or signs that
range between 1 and 5%. The FDT results were presented
in percentiles (P) and performance categories: low, low
average, average, high average and superior.

Attention was evaluated with the Trail Making Test
(TMT)"?, containing part “A numbers” and “A letters”
(TMT-A) and another part “B numbers/letters” (TMT-B).
The trajectory in ascending order of the numbers 1 to 12
should be drawn in part “A” and the letters from A to L
as well. The alternate trajectory among numbers 1 to 12
and letters A to L*® should be drawn in part “B”

TMT-A evaluates attention, visual search, information
processing, speed of the coordination between motor
function and vision, while TMT-B, additionally, evaluates
the executive functions, including working memory
and ability to switch between sets of stimuli (divided
attention). There is still TMT-I, a score calculated by
the subtraction of the results of parts A and B (B-A)
which minimizes the impact of the individual variation
of TMT-B, representing purer measure of the executive
functions®. The time of performance of each part is one
minute or three errors. The standard score is evaluated
according to raw scores and interpreted according to the
classification: < 70: very low; 70 and 84: low; 85 and 114:
average; 115 and 129: high; > 130: very high®.

Sociodemographic, development and behavioral
variables investigated were: sex (male, female), race/color
(white, black), type of childbirth (normal, C-section),
weight at birth (low or insufficient, satisfactory, excess
weight), age when started to walk (before 12 months,
at 12 months or more), age when spoke the first words
(before 12 months, between 12 and 18 months, after 18
months), education of the child (literacy 1* year, 2"-4"
year, 5"-7" year), type of school (public, private), attended
school (yes, no), behavioral changes (yes, no), type of
behavioral change (anxious, crying more, more forgetful,
playing less, nightmares, more inattentive, aggressiveness,
insomnia, sleeping more), COVID-infected (yes, no),
been hospitalized (yes, no), use of continuous medication
(yes, no), parents live together (yes, no), parent’s education
(illiterate, elementary school, high school or more, does
not know), grade of kinship of whom provided the
information (mother, father, uncle, aunt, grandmother,
grandfacher etc.).
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Disease-related variables were type of tumor (benign
disease, benign neoplasm, malignant neoplasm of the
central nervous system and other malignant neoplasms)
and phase of the treatment (diagnostic investigation,
surgery, chemotherapy) referenced to the date when the
child underwent cognitive evaluation.

Elementary and high-school education were
categorized as complete and incomplete and race/color
grouped Brown and Black in Black race. There was no
claimed Yellow or indigenous race/color. Weight at birth
was classified according to the World Health Organization
(WHO)?. The categories low weight and insufhicient
weight were grouped (low weight or insufficient weight).

The complete battery was not finalized by all the
children and tests results were presented according to the
number of children who completed them, with simple
frequency and proportion of the variables. The mean
performance of the group by sex for IQ and WMI was
compared. Shapiro-Wilk® test evaluated the normality
and Lavene® test for homoscedasticity of the variances.
When normality was met, Student® 7 test was applied,
otherwise, the Mann-Whitney’s®'.

The information were stored and processed through the
Research Electronic Data Capture (RedCap)*. The analyzes
were performed with software R, version 4.3.3%, utilizing the
packages tidyverse, fmsb RVAideMemoire, car and rstatix.

The Ethics Committee of the National Cancer
Institute (INCA) approved the study, report number
5724693 (CAAE (submission for ethical review):
56884422.7.0000.5274) in compliance with Directive
466/201234 of the National Health Council (CNS)
and conducted within the scope of the Cognition and
Neuroscience Research Group of Epidemiology of Cancer
(GP-CONEPC), whose main focus is to understand the

effect of oncologic treatment over cognition.
RESULTS

43 children have been evaluated with mean age of
9.2 years, 58.1% females, 76.7% Blacks, 5.8% born by
C-section, 71.8% with satisfactory weight at birth, 58.1%
who walked after 12 months and 48.8% spoke their first
words before 12 months. 48.8% were between 5% and
7% school grades, 72% in public schools and 25.6% were
not attending school when they were evaluated. Most
of them have already been hospitalized (65.1%), 13.5%
were COVID-infected and 20.9% were in continuous use
medication. The majority were in diagnostic investigation
(90.8%) and 34.9% were malignant tumors (Table 1).
Proportionally, more children in private schools (27.3%)
were not attending school when they were evaluated
compared to those in public schools (22.6%).
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The mother was the main responsible for providing the
information (78.0%) followed by the father (9.3%). More
than half of the parents (55.8%) did not live together,
54.5% of the mothers and 41.9% of the fathers completed
high school or university.

The LPS was responded by 33 parents or legal
guardians and 12.1% presented score > 28. The full seven
tests battery was applied to 23 children (53.5%), of which
60.9% were females.

Behavioral changes recorded in the questionnaire were
reported by 21 children (49%), anxiety, crying more, more
forgetful and playing less were more frequent (Figure 1).

The results of the Shapiro-Wilk tests indicated that
the assumption of normality was preserved only for
IQ (p = 0.159); these tests were applied to all children,
performance mean of the group was 83 and SD, 14.7,
equivalent to the low average of the normative group,
the females’ mean (mean 86.4; SD = 12.1) was higher
than males’ mean (mean 78.2; SD = 16.8), but without
statistical significance (p = 0.071). The performance of
the group was more frequent in the categories average
and borderline (Figure 2).

Phonological working memory evaluated for 34
children presented mean 85.6 (SD = 10.7). Performance
by sex was higher in females (mean 87.0, SD = 9.7) than
in males (mean 84.0, SD = 11.8), but not significant (p =
0.203). The mean of the visuospatial working memory (n
= 31) was -0.7 with SD of 1.2, higher in females (mean
-0,7, SD = 1.3), than in males (mean -0.8, SD = 1.2).
Average and low average performance were more frequent
for both types of memory (Figure 3).

The average standardized performance score of the
group according to RAVLT (n=29) in Rey Complex
Figure-recall (n=28) was, respectively, mean -0.9 (SD =
1.1) and mean -2.4 (SD = 2.1). In RAVLT and Rey Figure-
memory, the most frequent results were average and low
average; and Rey Figure-copy, low category occurred more
frequently. The mean time of Rey Figure-copy was 0.5
minute and SD = 2.0.

FDT was applied in 24 children, of which, 14 were
females, and lower p values for performance. Regarding
flexibility, two children failed to reach similar performance
of the normative group (P0); nine children presented
performance above 5% of the group (P5); six, presented
performance above 25% of the group (P25) and five
presented average performance (P50). For inhibitory
control, two children presented PO, ten, P5 and seven, P25.
Performance according to categories, cognitive flexibility
and inhibitory control of the group reflected more frequent
performance in low average and low (Figure 4).

TMT, cognitive flexibility and inhibitory control were
applied in 25 children, 15 females. The standard mean
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Table 1. Characteristics of children and adolescents aged 6-11 years assisted at the pediatric oncology outpatient clinic. INCA, September

2022-October 2023

Characteristics n % Characteristics n %
Sex Type of school’
Mﬂle 18 41.9 Private 11 256
Female 25 58.1 Public 31 72.1
Attends school?
Race/color
) Yes 32 74.4
White 10 23.3 No 1 25.6
Black 33 76.7 Behavioral change??
Type of birth Yes 21 63.6
Normal 19 44.2 No 12 36.4
C-section 24 55.8 COVID-infected?'
Weight at birth? Yes 5 13.5
Low or insufficient weight 5 12.8 No 32 86.5
) . Hospitalized?
Satisfactory weight 28 71.8
Yes 28 65.1
ight 15.4
Overweig é > No 15 34.9
Age “I’L'e" started Continuous use
to wa medication?
Before 12 months 18 41.9 Yes 9 20.9
At 12 months or more 25 58.1 No 34 79.1
Age when first words Type of tumor!
were spoken Benign disease 21 48.8
Before 12 months 21 48.8 Benign neoplasm 7 16.3
Between 12 and 18 months 14 32.6 Malignant neoplasm of the
CNS 5 11.6
After 18 months 8 18.6
Other malignant neoplasms 10 23.3
Education
Treatment phase
Literacy at 1. year 8 18.6 Diagnostic investigation 39 90.8
2nd-4 year 14 32.6 Surgery 2 4.6
5t -7 year 21 48.8 Chemotherapy 2 4.6

'missings excluded.
CNS=central nervous system

obtained in TMT-A was 73.4 (SD = 43.6), in TMT-B,
94.3 (SD = 25.8) and in TMT-I, 104.6 (SD = 25.8).
The performance of the group in TMT indicated that
in TMT-A the categories average and low were the most
frequent, while in TMT-B it was in the category average.
In TMT-I, the most frequent performance was in the
category average or supetior (Figure 4).

DISCUSSION

The utilization of the tests battery in the cognitive
evaluation of oncologic pediatric patients allowed the
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assessment of different cognitive processes and, overall,
indicated low average scores compared to the reference
norms. However, the tests were standardized for children
in school and not hospital environment.

The group of children was mostly formed by public
school students born by C-section, with adequate weight
who began walking at 12 months of age. Lima et al.%
did not find association between birth by C-section and
intelligence quotient and Espirito Santo et al.*® identified
that premature low-weight 4-5 years old children
presented high prevalence of cognitive and behavioral
impairments.
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Figure 1. Behavioral changes reported by parents of children assisted at the pediatric oncology outpatient clinic. INCA, September

2022-October 2023

Intelligence Quotient

extremely low

borderline very superior

low average superior

average high average

Figure 2. Performance of the intelligence quotient of children
assisted at the pediatric oncology outpatient clinic. INCA,
September 2022-October 2023

A study with 6-9 years old children revealed that
public school students presented worse performance than
private schools students”, similar to the reported in the
study of Engel de Abreu®. Regarding the moment when
they started to walk, there is relation between motricity
and cognition, the first can be a predictor of cognition®.
Despite the singularities among the groups, the type of
school can influence the cognitive performance and there
is biological plausibility between the age when they started
to walk and cognitive performance.

Cognition precedes the first words and represents a
mental structure based on which the linguistic schema is
presented®. More than half of the children spoke the first
words after 12 months. It is possible that the environment
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where the children lived had not enough stimuli to foster
cognitive maturity, causing delays in verbal language
initiation.

The influence of the socioeconomic environment on
cognitive performance is addressed in some studies®>?. The
fact that children are predominantly public schools students,
users of SUS and high proportion of parents who have only
completed elementary school, suggests low socioeconomic
level, a potential cause for lack of stimuli and explain the low
average performance compared to the reference for children
in diagnostic investigation or beginning treatment.

Cognition alterations are symptoms post-COVID-19
that can be associated with the severity of the infection*!,
however, only five children were affected, with unlikely
impact on the results.

Nearly 50% of the children were 5™ to 7" grade
students and one quarter were not attending school
when evaluated. Absenteeism involves social issues as
physical changes, bureaucratic barriers of the school®
that increase in face of emotional destabilization of the
families, socioeconomic pressure caused by the costs
of the treatment and sequelae®. A study conducted in
California* with elementary and high-school students
identified that school absenteeism is higher in Black
students, academic performance is more affected by
absenteeism of vulnerable students, and impacting school
grades differently, leading to unsatisfactory tests results in
addition to socioemotional aspects.

Emotional and psychosocial difficulties were identified
in 12.1% of the children. However, international studies
suggest differences for economically disadvantaged
4 and recommend to modify the cutoff to 24%,
that potentially would increase the proportion of children

identified in the present study.
O

families
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Figure 3. Performance of executive functions of children assisted at the pediatric oncology outpatient clinic. INCA, September

2022-October 2023
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Figure 4. Performance in inhibitory control and aftention tests in children assisted at the pediatric oncology outpatient clinic. INCA, Septem-

ber 2022-October 2023

Anxiety and other mood disorders negatively impact
cognitive functioning, damaging memory, inhibition,
planning, decision-making and cognitive flexibility*’. The
referenced study showed high proportion of behavioral
changes, mainly anxiety. A study with children and
adolescents with cancer identified episodes of severe
depression (69%), anxiety (61%), depression (58%) and

anger (33%) as the most common negative experiences®.
In addition, 76% of the parents reported social isolation
as the most damaging factor.

According to Castro and Lima®, children with
anxiety disorders have difficulties to plan and organize the
ideas. These authors present three models related to the
occurrence of cognitive dysfunction: cognitive processes,
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self-regulation deficits and difficulties of motivation or
arousal. Therefore, cognitive dysfunction is associated
with executive functions that can be grouped in cold
(logic, reasoning, problems planning and resolution)
and hot (emotional, desires, theory of mind and personal

5051 Hot executive functions related

152

interpretations)
to emotional regulation and impulsivity control®® may
impact the functioning of cold executive functions. This
model allows to understand how emotional behavioral
changes can influence cognitive performance and
contribute to understand performance below average of
some tests.

Notwithstanding the positive effect of oncologic
treatment, there are side effects on physical health and
cognitive disturbances that can be long lasting™. An
integrative review about the interference of chemotherapy
on cognition®® showed that poor standardization of
methodological designs and choice of instruments of
cognitive evaluation may impede the comparison of the
results. The authors highlight how different mechanisms
of action of chemotherapy agents cause cognitive
impairments. According to Ahles and Saykin®, cognitive
deficits in oncologic patients can be explained by different
mechanisms that cause cellular death and decreased cell
division in the subventricular zone of the hippocampus,
oxidative stress, cytokine-induced inflammation, low
plasticity, elevation of hormones estrogen and testosterone
and genetic changes of neurotransmitters.

Nearly 21% of the children evaluated in this study
were in use of continuous medication but were at different
moments of the diagnostic process and it was not possible
to determine the relation between treatment and cognitive
impairment.

The children exhibited predominantly average or
below the standard average performance of working
memory, either phonologically or visuospatial and
planning skills. Performance was slightly superior for
women tested for working memory while more intense
difficulties were observed in tasks requiring memory
and visuospatial memory. The analysis of visuospatial
skills, comparing with results in Neupsilin-inf with Rey
Complex Figure, suggests that children were challenged
in tasks requiring mental manipulation of visuospatial
information. In relation to Rey Complex Figure, which
measures visuospatial skills, planning and memory,
difficulties in organization and precise reproduction of
visual elements have been found. The average time of
copy of the group, 0.5 minute, may imply an impulsive
or less careful approach to the task with limitations in the
effectiveness of planning and execution of complex tasks.

The result of the FDT indicated difficulties in
cognitive flexibility and inhibitory control with significant
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limitations in executive functions of the group. The result
of the TMT-A suggested attention and processing speed
below average and of the TMT-B and moderate executive
functions, but TMT-I suggested relatively good cognitive
flexibility. It is possible that FDT is more specific and
sensitive to detect difficulties of cognitive flexibility and
inhibitory control compared to TMT, especially in groups
with limitations in executive functions.

However, this hypothesis requires confirmatory
studies. Additionally, this discrepancy may suggest that
the group presents variability of the cognitive abilities
due to the nature and complexity of the tests’ tasks,
indicating, that, although some children successfully
handled simple sequencing and alternance tasks quite
well (TMT), they had more difficulties in tasks requiring
thorough inhibitory control and flexibility in challenging
conditions (FDT).

A research with children in chemotherapy treatment,
assisted through classes within a hospital pedagogic
context*, presented similar results of this study, indicating
expressive deficits in executive functions, particularly
in tasks demanding working memory, planning and
visuospatial abilities.

The present study showed performance predominantly
below the normative average on working memory
(phonologic and visuospatial), with intense difficulties
in visual organization and reproduction of complex
stimuli as shown in Rey Complex Figure. In addition,
the impulsivity observed in the average time of copy (0.5
min) may reflect a similar pattern described in the study
of Lima et al.>®, which suggests impairments in cognitive
self-regulation and strategy of tasks resolution. In relation
to superior executive functions, both investigations
detected limitations in cognitive flexibility and inhibitory
control. Although some children have presented preserved
performance in simple tasks, they face obstacles in
challenging tasks, showing the necessity of more focused
evaluations for educational and hospital contexts.

Despite the diversified context, it is important to draw
attention to the binomial emotion-executive functions.
Average IQ below the normative group can be the result
of emotional changes acting on executive functions, the
effect of treatment on the brain and a joint action of both.

The study findings indicate the necessity of evaluation
of subgroups. Studies in specific stages will allow to
separate the components that can act negatively on the
cognition, either emotional, environmental or treatment-
related. A prospective study of a cohort of pediatric
patients with confirmed malignant neoplasm in different
moments of the treatment or even in follow up off-therapy
will be important to guide measures of rehabilitation of
these patients.
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The implementation of the Cancer Prevention and
Control Network® in 2025 reinforces the necessity of
organization of integral care across every level of attention,
incorporating actions from promotion and prevention
through rehabilitation. In the context of pediatric
oncology, it is indispensable to consider the cognitive
aspects in the therapeutic planning, recognizing its
importance in rehabilitation and quality of life of children
and adolescents.

The study limitation refers to the conditions of
application of the tests, which in an outpatient assistance
routine have their own dynamics, competing with the
ideal conditions recommended for neuropsychological
evaluation. The necessity of ensuring ideal conditions for
tests application, adequate physical structure matched to
the children, parents and health professionals demands
and needs is challenging and raises topics for reflection
about how to make the evaluative process adjusted to an
institutional health environment that has its own logic
of care.

Furthermore, the context of sickening and anxiety
involving the hospital environment brings reflections
about the challenge of integrating tests results into this
scenario. The lack of specific tests for cognitive evaluation
of patients in the context outpatient/hospital and paucity
of national studies to discuss the results are simultaneously
challenges and limitations for studies of this nature.

CONCLUSION

This study showed that children in diagnostic
investigation or oncologic treatment at a SUS facility
presented, overall, low cognitive performance compared
to the normative group, possibly influenced by
socioeconomic, educational, emotional factors and by
the context of sickening. Anxiety and emotional demands
appear to negatively impact cognition, standing out the
binomial emotion-executive functions.

The findings reinforce the importance of cognitive
assessments adapted to the outpatient/hospital context
and suggest future studies to discern the effects of the
treatment from emotional and environmental factors, in
addition to intervention strategies that integrate cognitive
and emotional aspects in pediatric oncologic care.
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