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Abstract

Purpose Children diagnosed with a brain tumor (BT) in the first years of their life are at high risk of cognitive and neuropsy-
chological problems, more school difficulties, and an increased need for educational support. To improve this condition, it will be
beneficial to be able to identify the neuropsychological variables that are early predictors of school competences at later ages.
Methods We longitudinally assessed 30 school-age BT children with a diagnosis before the age of 5 who were administered
cognitive and neuropsychological evaluations before entering school or in the first 2 school years and who were followed up for
academic performance at least one year after the first evaluation. A discriminant function analysis was conducted to detect the
early neuropsychological profile that best predicted those children who turned out to need school support or not; we tested 5
block multiple regression models, one for each academic variable entering as predictors the neuropsychological variables that
significantly discriminated the two groups.

Results A total of 93.3% of the cases were correctly classified according to the discriminant function in “with vs. without”
educational support. Visual attention abilities were highly correlated with resulting school problems, both for reading (accuracy
and speed) and math (operations) at school age.

Conclusions Analysis provided evidence that the early neuropsychological profile may predict academic difficulties for both
reading and math at school age and that visual attention seems to play an important role in both these academic abilities, allowing
clinicians to identify children with major difficulties in/from early years and to intervene beforehand.

Keywords School support - Visual attention - Reading - Math - Brain tumor

Introduction

Brain tumors (BTs) are the most common solid tumor in chil-
dren, and when a diagnosis of BT and consequent medical care
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occur before the age of 5 years, the majority of children enter
school after having already finished the treatments [1]. The pre-
school and first school years are critical periods for the acquisi-
tion of new cognitive abilities preparatory for reading, writing,
arithmetic, and understanding complex texts [1, 2], but also for
the sensitivity of the brain development processes to environ-
mental agents [2, 3]. Accordingly, several studies have reported
that a younger age at diagnosis and treatment is a high-risk factor
for a worse cognitive and neuropsychological outcome [1, 4, 5],
demonstrating the child’s developmental state is influenced by
the neurological sequelae related to the tumor, the chosen treat-
ments, and the possible complications [1].

Patients who have been diagnosed with cancer “grow into
deficit”: initial intellectual difficulties associated with illness
and treatments are followed by later decline in higher-order
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cognitive functions: (i.e., attention, executive functions, and
processing speed) [6, 7] even many years after the end of the
therapies [7].

Impairments in cognitive functions increase the risk for
young BT patients to develop more school problems than their
peers [1, 7], with an excessive amount of time spent on their
homework, difficulties in learning, in completing their school
career and carrying on with further education, and in acquiring
independence [7].

Research on preschool children with cancer and investiga-
tions into the correlations between early cognitive functioning
and the development of late effects on academic performance
is lacking [1, 2].

The main aim of this study is to understand the extent to
which cognitive and neuropsychological assessment in pre-
school age or in the first 2 years of primary school can predict
the need for school support in patients with BT. Identifying
the neuropsychological variables that are early predictors of
school competences at later ages can help with tailoring spe-
cific neuropsychological interventions aimed at strengthening
the points of weakness and minimizing the gap caused by the
tumor and its treatments.

With this aim, we longitudinally assessed 30 school-age
children with a diagnosis of BT before the age of 5 who were
administered cognitive and neuropsychological evaluations
before entering school or in the first 2 school years and who
were followed up for academic performance at least one year
after the first evaluation.

Methods
Participants

Data on children with BT were retrospectively collected from
the medical records of a pediatric rehabilitation center in Italy,
the Scientific Institute .LR.C.C.S. E. Medea (Bosisio Parini).
They included information on the presence or not of school
support (assigned after a functional assessment or reported by
parents) on the basis of which we subsequently divided the
subjects into two respective groups.

At each evaluation session, all parents signed written in-
formed consent for the use of the neuropsychological data of
their children in an aggregate form for research purposes. The
study protocol was approved by the local research Ethics
Committee (Research no.14486).

Participants were eligible for the research if they met the
following: (a) they were diagnosed with a BT at the age of
5 years or earlier; (b) they had a cognitive and neuropsycho-
logical evaluation including the Wechsler scales after 2 years
and six months of age and before entering primary school or in
the first 2 school years; (c) they had a follow-up evaluation of
academic abilities at least one year after the first assessment;
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(d) they completed the treatments before the second assess-
ment; and (¢) they did not have any previous cognitive or
sensory impairment. See Fig. 1.

The selection of patients is shown in Fig. 2. From the whole
group of children with BT diagnosed before 5 and evaluated
twice, we excluded children that did not undergo school as-
sessment, the ones that were assessed as being too young (e.g.,
at the age of 3 and then 5 years old) or too old (e.g., at the age
of 13 and then 17 years old).

Measures

Children’s cognitive, neuropsychological, and academic as-
sessment is shown in Table 1.

Statistical methods

All the test results were expressed as z scores to allow direct
comparison between tests.

First, we identified which demographic, clinical, cognitive,
and academic variables differ between the two groups of chil-
dren (with and without school support). Independent-sample ¢
tests (two-tailed) were used to compare continuous variables
between the two groups or Fisher’s exact test (2 sided) for
nominal dichotomous ones.

Second, a discriminant function analysis (DFA) was con-
ducted using the neuropsychological variables (see Table 1,
“Neuropsychological functioning”), as predictors to identify
the preschool neuropsychological profile of children who later
needed school support or did not. A DFA classifies unknown
individuals and the probability of their classification into a
certain group. This way we could compare the real informa-
tion about school support with theoretical information obtain-
ed from the algorithm of the DFA and test the efficiency of
neuropsychological variable categorization.

The third step involved entering variables that significantly
differentiated the two groups in the discriminant analysis into
5 multiple regression models, one for each academic variable.

The significance threshold was set at p < 0.05 in all statis-
tical tests. Effect sizes were expressed as Cohen’s d.

Results
Phase 1

Demographic, clinical, cognitive, and academic variables
of whole group and of children with vs. without school
support are reported in Tables 2 and 3. The majority of
patients were females (56.66%), and most of the frequent
diagnosis is medulloblastoma (33.33%), and followed by
ependymoma (30%), of which 20% were of low grade. A
large proportion of tumors were infratentorial (63.33%).
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Fig. 1 Assessment timeline

Treatments undergone included both chemotherapy
(83.33%) and radiotherapy (76.66%), with prevalence
for focal treatment (43.33%). Hydrocephalus was present
in 10 patients, with a consequent ventriculo-peritoneal
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Table 1 Cognitive and neuropsychological assessment
Domain Test Age Measures
Cognitive functioning Wechsler Preschool and Primary Scales of Intelligence, Revised (WPPSI-R) [8] 3-7.3 years  Verbal IQ

Wechsler Preschool and Primary Scales of Intelligence Third Edition (WPPSI-III) [9]
Wechsler Intelligence Scale for children, Third Edition (WISC III) [10]

Common subtests

2.6-7.3 years Performance 1Q
6-16.11 years Full-scale 1Q

Block design Age scaled
Information score
Vocabulary
Comprehension
Picture completion
Similarities
Neuro-psychological Memory Rey Complex Figure, Recall [11] From 4 years Correctness
functioning Corsi block-tapping test [12] From 5 years Correctness
Selective Word Recall, immediate and delayed (BVN) [12] From 5 years Correctness
Attention Conners’ Kiddie Continuous Performance Test [13] 4-7 years Omissions
Continuous Performance Test (CPT) [14] From 8 years
Selective visual attention (from BVN) [12] From 5 years Correctness
Executive function =~ Modified Card Sorting Test (MCST) [15] 4-13 years Categories
Wisconsin Card Sorting Test (WCST) [16] 6-70 years
Praxic abilities Rey Complex Figure, Copy [11] From 4 years Correctness
Visuo-spatial Rey Complex Figure, Copy [11] From 4 years Correctness
abilities Corsi block-tapping test (from BVN) [12] From 5 years Correctness
Academic functioning Reading MT-2 reading tasks for primary school [17] 6-11 years Correctness
New MT reading tasks for the 1st grade of secondary school [18] 11-14 years  Speed
Evaluation of text comprehension: proposal of a deepening battery ~ 8-14 years Correctness
[19]
Mathematic AC-MT 6-11 test. Test for evaluating calculation abilities [20] 6-11 years Math operations
AC-MT 11-14. Test for evaluating arithmetic and problem-solving ~ 11-14 years  Time problems

abilities [21]

1Q, intelligence quotient; BVN, neuropsychological evaluation battery for the developmental age

motor impairment (including hemiplegia or deambulation
problems) followed by visual difficulties (such as nystagmus
or double vision). Only a minority of the children developed
auditory, language difficulties, or epilepsy. None of these se-
quelae were associated with the school support assignment
(p > 0.05). See Table 2.

Mean age at radiotherapy was 44.38 months. Treatment
lasted about 1 year for the majority of patients. Age at first
(mean 66.588 months) and second assessments
(117.530 months) had a comparable distribution in both
samples.

The group without educational support showed significant-
ly higher scores in Verbal Intelligence Quotient (1Q; 104.53 +
11.38 vs. 88.69 +13.11; £,5=3.53, p=0.001), Performance
IQ (103.65+14.65 vs. 88.15+12.15; 1,5=3.08, p=0.005),
and Full-Scale 1Q (102.76 £ 11.91 vs. 85.85+11.64; t,3=
3.89, p=0.001). For age at diagnosis, age at lst and 2nd
evaluation, and delta between 2nd and 1st evaluation, we did
not find any significant differences. Comparison of the aca-
demic performance measures revealed that the two groups
significantly differed only in Reading Speed, with patients
without school help showing significantly higher scores (—
0.299 + 0.864) than children with educational support (—
1.652 £1.253; t,3=3.5, p=0.002). Non-significant differ-
ences were found for Reading Accuracy and Comprehension
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and Math Speed (all p>0.1), but a trend for greater impair-
ment in children who received school support at Math
Operations was noted (— 1.2+ 1.17 vs. —0.37+£1.27; trg=
1.83, p=0.078) (see Table 3).

Phase 2

A DFA was conducted to detect the early neuropsychological
profile that best predicted the need for school support. The
best canonical discriminant function had an eigenvalue of
2.112 and a canonical correlation of 824 (y* =24.408, df=
13, p =0.028). A total of 93.3% of the cases were correctly
classified according to this function, with no children who did
not receive school support being classified as requiring it (i.e.,
false alarms), and 2 children who received school support
being classified as not requiring school support (i.e., false
negatives). Thus, the classification power of the discriminant
analysis procedure was quite good, with nine predictors sig-
nificantly differentiating them (see Table 4, significant p-
values flagged as *).

Phase 3

To better delineate which specific aspects of academic perfor-
mance were predicted by each early neuropsychological
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Table 2 Demographic, clinical

variables, and related Fisher Whole group No educational Educational p value
exact-test comparisons NV=30) support support (N=13)
(N=17)
N (%)
Sex (males) 13 (43.33%) 8 (47.05%) 5 (38.46%) 0.721
Diagnosis 0.461
Medulloblastoma 10 (33.33%) 5(29.41%) 5 (38.46%)
Ependymoma 9 (30%) 4 (23.52%) 5 (38.46%)
Glioma 8 (26.66%) 6 (35.29%) 2 (15.38%)
Low grade 6 (20%) 5(29.41%) 1 (7.69%)
High grade 2 (6.66) 1 (11.76%) 1 (7.69%)
Other 3 (10%) 2 (11.76%) 1 (7.69%)

Carcinoma of the choroid plexuses 1(3.33%) 1 (5.88%) 0 (0%)

Meningioma 1 (3.33%) 0 (0%) 1 (7.69%)

Teratoid rhabdoid tumor 1 (3.33%) 1 (5.88%) 0 (0%)

Tumor location 0.708
Supratentorial 11 (36.66%) 7 (41.17%) 4 (30.76%)
Infratentorial 19 (63.33%) 10 (58.82%) 9 (69.23%)

Cerebellar vermis 5 (16.66%) 3 (17.64%) 2 (15.38%)

Brain stem 3 (10%) 1 (5.88%) 2 (15.38%)

Posterior cranial fossa 3 (10%) 2 (11.76%) 1 (7.69%)

IV ventricle 7 (23.33%) 4 (23.52%) 3(23.07%)

Radiotherapy 23 (76.66%) 12 (70.58%) 11 (84.61%) 0.672
Type of radiotherapy 0.697

Craniospinal 10 (33.33) 6 (35.29%) 4 (30.76%)

Focal 13 (43.33%) 6 (35.29%) 7 (53.84%)
Hydrocephalus 10 (33.33%) 5(29.41%) 5 (38.46%) 0.705
Visual impairment 9 (30%) 4 (23.52%) 5 (38.46%) 0.443
Auditory impairment 4 (13.33%) 1 (5.88%) 3 (23.07%) 0.290
Motor impairment 13 (43.33%) 5(29.41%) 8 (61.53%) 0.138
Language impairment 6 (20%) 1 (5.88%) 5 (38.46%) 0.061
Epilepsy 3 (10%) 2 (11.76%) 1 (7.69%) 0.100

variable identified, we tested 5 block multiple regression
models, one for each academic variable (i.e., Reading
Accuracy, Speed and Comprehension, and Math Operations
and Speed), entering as predictors the neuropsychological var-
iables that significantly differentiated the two groups
(Table 5). Only the immediate but not the delayed score of
the Selective Word Recall subtest was entered to avoid collin-
earity. A preliminary check ensured the absence of collinearity
between the remaining 8 predictors (all —0.025 < r <0.669),
ensuring that less than 45% of variance was shared by any two
predictors.

The regression model with Reading Accuracy as dependent
variable was significant (adjusted R*=0.292; F. 520=2.5,p=
0.044), with Selective visual attention and M/WCST Category
scores being the best predictors (p < 0.01); the Selective Word
Recall score was also marginally significant as a predictor

(p=0.038), but it surprisingly showed a negative association
with Reading Accuracy.

The regression model with Reading Speed as dependent
variable was also significant (adjusted R>=0.35; Fgo0=
2.96, p=0.022), but only Selective visual attention was a
significant predictor (p =0.021). Conversely, the model did
not reach significance for Reading Comprehension (adjusted
R’= 0.228; Fg9=2.07, p=0.087); and no predictors were
significant, with the exception of a tendency for the M/
WCST category score (p =0.069).

Non-significant models were found for both Math
Operations (adjusted R* =0.223; Fgs128 =2, p =0.099) and
Speed (adjusted R? =0.082; Fg,7 =1.3, p =0.3).
Nevertheless, Selective Visual Attention was a significant pre-
dictor of Math operation abilities (p = 0.04), while Wechsler
Vocabulary significantly predicted Math Speed (p = 0.033).
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Table 3  Descriptive statistics and related ¢ test comparisons

Whole group ~ No educational support Educational support ¢ df pvalue

(N=30) (N=17) (N=13)

M (SD)
Age at diagnosis (months) 39.40 (19.06)  40.70 (19.96) 40.07 (17.7786) 0.090 28 0.929
Age at radiotherapy (months) (N =24) 44.38 (20.46)  40.25 (20.86) 46.18 (19.29) -0395 22 0.697
Treatment duration (months) 11.57 (17.05)  12.12 (22.43) 10.85 (5.58) 0225 28 0.825
Age at 1st assessment (months) 68.07 (12.09)  66.58 (10.94) 70.00 (13.65) -0.760 28 0453
Age at 2nd assessment (months) 119.07 (25.88) 117.53 (24.59) 118.31 (21.46) -0.091 28 0.928
Time occurring between 1st and 2nd assessment (months) 51.00 (26.37)  50.94 (24.51) 48.30 (25.12) 0.288 28 0.775
Verbal 1Q 97.67 (14.36)  104.53 (11.38) 88.69 (13.11) 3536 28 0.001*
Performance 1Q 96.93 (15.51)  103.65 (14.65) 88.15 (12.15) 3.083 28 0.005*
Full-scale IQ 95.43 (14.39)  102.76 (11.91) 85.85 (11.64) 3890 28 0.001*
Reading accuracy 0.04 (0.66) 0.22 (0.53) =0.17 (0.77) 1.673 28 0.105
Reading speed -0.88(1.23) —0.29(0.86) —1.65(1.25) 3.501 28 0.002*
Reading comprehension —0.30(0.92) —0.09 (0.83) —0.57 (0.98) 1.453 28 0.157
Math operations -074(1.27) —-036(1.27) -1.20(1.16) 1.833 27 0.078
Math speed -0.57(3.09) —037(3.79 —0.84 (1.94) 0.393 26 0.698

1Q, intelligence quotient; M, mean; SD, standard deviation

*Significant p values at p <0.05

Discussion

In the present study, we aimed to identify which neuropsycho-
logical dysfunctions at an early age were more indicative of
the child’s need to receive school support in a population of 30
BT survivors diagnosed before the age of 5. Of these patients,
13 received school support and 17 did not at the time of the
study. Comparison of the clinical, neuropsychological, and

academic profile of the two groups revealed that children
who received educational support had lower 1Q scores, both
in verbal and non-verbal domains, which were in the border-
line functioning range.

In Italy, the assignment of a support teacher is only allowed
for children with a disability which is certified according to the
International Classification of Functioning, Disability and
Health, that does not consider the impairment, but the health,

Table 4 Means, standard

deviations, and correlations with No educational ~ Educational support ~ p value  Function

the discriminant function for support

every test Neuropsychological variables M (SD)
Selective Word Recall, immediate 0.13 (0.94) —1.79 (1.95) 0.001* 0.464
Selective Word Recall, delayed 0.45 (0.81) -0.83 (1.21) 0.002* 0.451
Wechsler Information 10.88 (2.11) 8.00 (2.73) 0.003* 0.423
Wechsler Comprehension 10.11 (2.20) 7.46 (2.81) 0.007* 0.377
Rey Complex Figure, Copy condition —0.37 (0.84) —1.77 (1.94) 0.012%* 0.348
Wechsler Block Design 10.88 (3.29) 8.23 (2.00) 0.016* 0.332
M/WCST Category 0.53 (1.24) —0.53 (1.09) 0.019* 0.323
Wechsler Vocabulary 10.58 (2.47) 8.84 (1.62) 0.037%* 0.286
Selective visual attention 0.001 (0.77) —0.70 (1.08) 0.045* 0.272
Wechsler Picture Completion 10.17 (2.24) 8.61 (3.06) 0.118 0.210
K/CPT Omissions -042(1.29) 0.14 (0.72) 0.163 —0.186
Rey Complex Figure, Memory condition —1.05 (1.04) —1.25(1.36) 0.657 0.058
BVN Corsi block-tapping test —0.17 (1.01) —0.30(0.92) 0.715 0.048

M, mean; SD, standard deviation
*Significant p values at p <0.05
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Table 5 Results of multiple regression analysis on neuropsychological
variables predicting academic competence

Reading Accuracy
t p value

Wechsler Block Design —0.199 —1.041 0.310
Wechsler Information —0.449 -1.612 0.122
Wechsler Vocabulary 0.448 1.863 0.077
Wechsler Comprehension 0.085 0415 0.682
M/WCST Category 0.594 2.844 0.010*
Rey Complex Figure, Copy condition 0.041 0.187 0.853
Selective visual attention 0.624 3.310 0.003*
Selective Word Recall, immediate —-0.511 —-2213 0.038%*

Reading speed

¥ t p value
Wechsler Block Design -0.274 —1.494 0.150
Wechsler Information 0.428 1.601 0.124
Wechsler Vocabulary -0.073 -0.319 0.753
Wechsler Comprehension 0.254 1.286 0.213
M/WCST Category —0.027 -1.137 0.892
Rey Complex Figure, Copy condition 0.287 1.371 0.185
Selective visual attention 0.451 2.499 0.021°*
Selective Word Recall, immediate -0.119 -0.539 0.596

Reading comprehension

¥ t p value
Wechsler Block Design 0.111 0.555 0.584
Wechsler Information —0.030 —0.104 0.918
Wechsler Vocabulary 0.185 0.738 0.469
Wechsler Comprehension —0.036 —0.168 0.868
M/WCST Category 0.418 1.914 0.069
Rey Complex Figure, Copy condition 0.203 0.889 0.384
Selective visual attention 0.108 0.549 0.589
Selective Word Recall, immediate 0.056 0.230 0.820

Math operation

s t p value
Wechsler Block Design 0.108 0.509 0.616
Wechsler Information 0.033 0.112 0.912
Wechsler Vocabulary 0.245 0.954 0.352
Wechsler Comprehension —0.095 —0.426 0.675
M/WCST Category 0.274 1.228 0.234
Rey Complex Figure, Copy condition 0.003 0.012 0.991
Selective visual attention 0.441 2.197 0.040*
Selective Word Recall, immediate 0.051 0.208 0.837

Math speed

s t p value
Wechsler Block Design 0.040 0.169 0.867
Wechsler Information —0.394 -1.112 0.280
Wechsler Vocabulary 0.752 2.302 0.033*
Wechsler Comprehension 0.440 1.637 0.118
M/WCST Category —0.144 —0.628 0.537
Rey Complex Figure, Copy condition —0.466 -1.774 0.092
Selective visual attention 0.280 1.247 0.228
Selective Word Recall, immediate -0.109 -0.418 0.681

*Significant p values at p <0.05

potential, and resources of the individual. Since the school
demand is based on the student needs, it follows that IQ is a
very important factor.

Interestingly, comparing the academic performance of chil-
dren with vs. without school support, the children only dif-
fered in reading speed and, marginally, in the ability to com-
plete math operations.

Reading speed increases from elementary school until
young adulthood and, beyond linguistic skills, is heavily pre-
dicted by visual information processing speed, since fluent
reading requires simultaneously processing different letters
in a very short time to identify a word [22]. The development
of information processing speed partially depends on the in-
tegrity of white matter, which is particularly vulnerable to
radiotherapy [5]. Processing speed decline is a typical sign
of posterior fossa tumors [4]. Since the majority of our patients
had an infratentorial tumor, which frequently received
craniospinal irradiation, it is not surprising that reading speed
difficulty was a major feature of patients who were deemed as
requiring school support. This is also in keeping with recent
evidence suggesting reduced processing speed was more re-
lated to reading disorders, while impairments in temporal pro-
cessing and visuospatial memory were more associated with
math disorders [23]. Nevertheless, both difficulties seem to
share an important deficit in working memory [24].
Accordingly, we found a trend towards greater difficulties in
math operations in school support groups.

To clarify which neuropsychological variables predicted
academic difficulties, we tested a DFA to predict, on the basis
of the early neuropsychological profile, which patients would
need educational support. The results showed that the early
neuropsychological profile of children was a good predictor of
special education needs at school age, because 93.3% of orig-
inal grouped cases were correctly classified, providing a reli-
able cue about who will probably have major difficulties.
From a psycho-pedagogical perspective, it is important to
study survivors’ performances following diagnosis and treat-
ments, in order to better understand the needs of these children
and to intervene earlier on the relevant cognitive prerequisites,
in order to minimize learning difficulties at school.

To identify the cognitive prerequisites for successful aca-
demic learning, we tested with standard regression models
which neuropsychological variables were more likely to pre-
dict specific academic difficulties. The models were signifi-
cant for both Reading Accuracy and Reading Speed, suggest-
ing that the early neuropsychological evaluation provided a
good indication of reading difficulties at school. Importantly,
selective visual attention was a good predictor of both
Reading Accuracy and Speed, while executive functions, as
measured by the M/WCST Category, predicted Reading
Accuracy but not Reading Speed.

Attention mechanisms have a close relationship with pho-
nological awareness and word and pseudo-word reading [25].
Selective spatial attention is essential for accurately reading
words. Visual attention capacity could limit reading speed in
primary school children [22] because it could be affected by
poor visual-search abilities [26, 27].

The number of categories completed in the M/WCST is a
strong predictor of reading accuracy; indeed reading words
and pseudo-words is linked to self-regulation (and executive
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functions) [25], which prevents guessing or anticipating the
word the child is reading. Accordingly, Helland
and Asbjernsen [28] found fewer WCST categories complet-
ed in children with dyslexia as compared with age-matched
controls [28].

When word decoding becomes an automatic process, text
comprehension is mainly supported by working memory and
metacognitive skills, allowing the reader to perform higher-
level tasks [29]. No variables in our sample were associated
with Reading Comprehension, probably because the level of
literacy reached by our patients was not strong enough to
differentiate higher-level reading skills.

Surprisingly, no significant prediction power was offered
by preschool verbal abilities. We only observed a trend to-
wards significance for vocabulary abilities to predict
Reading Accuracy. Decoding new words in healthy children
needs good vocabulary skills, which could help them to better
understand words they have never met before, using the sur-
rounding text. A good vocabulary knowledge is necessary not
only for word identification [30], but it is also a good predictor
of reading comprehension [31]. Nevertheless, preschool vo-
cabulary knowledge was not able to predict reading accuracy,
speed or comprehension at school age in our sample.

We found only weak predictors for mathematical skills.
Both verbal [32] and non-verbal, such as visuospatial attention
[33], cognitive functions are involved in mathematical devel-
opment. These functions may be affected by tumor and treat-
ments, thus leading to difficulties in mathematics learning.
Unfortunately, our assessment lacked evaluation of verbal
components, such as verbal working memory and phonolog-
ical processing; however, we detected an association between
vocabulary skills and Math Speed and between visual atten-
tion and Math Operations.

It is well known that language-based abilities and vocabu-
lary are significantly associated with math skills in typically
developing children [34]. Expressive vocabulary is crucial for
understanding and learning through classroom teaching, espe-
cially in verbal problem solving [35]. Moreover, numerical
competence is a precursor of math abilities [36] and can be
represented in two ways in children: using the approximate
number system, which is not dependent on language, or using
the exact number system, which, is slowly developed as chil-
dren learn number words [37].

A pattern of impairment with regard to reading and
attention has been recognized in our patients that can
be found also in children with Specific Learning
Disabilities: for example dyslexic children have a deficit
in orienting and focusing attention [26] or children with
Attention Deficit Hyperactivity Disorder have lower aca-
demic achievement than peers [38]. These results suggest
that even if cognitive core deficits underlying these dis-
orders are different, domain-general risk factors might be
in common [23].

@ Springer

Finally, we explored why some tests did not show any
significant correlations with the discriminant functions:
Wechsler Figure Completion and CPT Omissions are both
related to the ability to distinguish between essential and
non-essential details, necessary in learning, and connected
with sustained attention and executive functions. The Rey
Figure and Corsi tapping tests are both linked to the visuo-
spatial working memory. Therefore, the lack of correla-
tions between these tests with the discriminant function
might be related to the fact that these measures are
more supported by executive functions that develop
throughout the life cycle [25].

Limitations of this study should be acknowledged. First,
because of the inclusion criteria we have chosen, it is possible
that some bias in the selection of the patients could be present.
It turns out that our sample is relatively small (only 22% of the
children diagnosed before 5 satisfied the selection criteria)
and, consequently, generalization to the global population of
children with a brain tumor diagnosed before 5 years of age is
limited. Second, the clinical variables of our patients are very
different in terms of diagnosis, tumor locations and treat-
ments. A larger sample is needed to better investigate impor-
tant features and processes that can occur in preschool years.
Furthermore, having more homogenous samples may allow
investigations into whether diagnosis, tumor location, specific
treatments or other clinical variables could differently impact
school development trajectories. Finally, it would be useful to
broaden the spectrum of neuropsychological variables consid-
ered, including, in particular, working memory and decoding
abilities.

To our knowledge, this is the first attempt to investigate
long-term school abilities from an early neuropsychological
assessment in children with a diagnosis of BT before the age
of 5. Analysis provided evidence that the early neuropsycho-
logical profile may predict academic difficulties for both
Reading and Math at school age and that visual attention
seems to play an important role in both these academic abili-
ties. This finding may allow clinicians to identify children
with major difficulties in/from their early years, intervening
beforehand to minimize as much as possible the gap between
survivors and their healthy peers.

Funding This work was supported by the Italian Ministry of Health
(Ricerca Corrente 2020) and the Italian Association for Cancer
Research (AIRC).

Data availability The datasets generated and/or analyzed during the cur-
rent study are available from the corresponding author on reasonable
request.

Compliance with ethical standards

Conflict of interest/competing interests
have no conflict of interest.

The authors declare that they



Childs Nerv Syst

Ethical approval

All procedures performed in this study were in accor-

dance with the ethical standards of the institutional research committee
and with the 1964 Helsinki declaration and its later amendments or com-
parable ethical standards. The study protocol was approved by the local
research Ethics Committee (Research n.14486).

References

Willard VW, Cox LE, Russell KM, Kenney A, Jurbergs N, Molnar
AE Jr, Harman JL (2017) Cognitive and psychosocial functioning
of preschool-aged children with cancer. ] Dev Behav Pediatr 38(8):
638-645. https://doi.org/10.1097/DBP.0000000000000512
Jurbergs N, Harman JL, Kenney AE, Semenkovich K, Molnar AE
Jr, Willard VW (2019) Author information cognitive and psycho-
social development in young children with brain tumors: observa-
tions from a clinical sample. Children (Basel) 6(11):128. Published
online 2019 Nov 19. https://doi.org/10.3390/children6110128
Marusak HA, ladipaolo AS, Harper FW, Elrahal F, Taub JW,
Goldberg E, Rabinak CA (2018) Neurodevelopmental conse-
quences of pediatric cancer and its treatment: applying an early
adversity framework to understanding cognitive, behavioral, and
emotional outcomes. Neuropsychol Rev 28(2):123—175. https://
doi.org/10.1007/s11065-017-9365-1

Glass JO, Ogg RJ, Hyun JW, Harreld JH, Schreiber JE, Palmer SL,
LiY, Gajjar AJ, Reddick WE (2017; 1) Disrupted development and
integrity of frontal white matter in patients treated for pediatric
medulloblastoma. Neuro Oncol 19(10):1408-1418. https://doi.
org/10.1093/neuonc/nox062

Kahalley LS, Conklin HM, Tyc VL, Hudson MM, Wilson SJ, Wu
S, Xiong X, Hinds PS (2013) Slower processing speed after treat-
ment for pediatric brain tumor and acute lymphoblastic leukemia.
Psychooncology. 22:1979-1986. https://doi.org/10.1002/pon.3255
De Vries M, de Ruiter MA, Oostrom KJ, Schouten-Van Meeteren
AYN, Maurice-Stam H, Oosterlaan J, Grootenhuis MA (2018) The
association between the behavior rating inventory of executive
functioning and cognitive testing in children diagnosed with a brain
tumor. Child Neuropsychol 24(6):844-858. https://doi.org/10.
1080/09297049.2017.1350262

Castellino SM, Ullrich NJ, Whelen MJ, Lange BJ (2014, 30)
Developing interventions for cancer-related cognitive dysfunction
in childhood cancer survivors. J Natl Cancer Inst 106(8). https://doi.
org/10.1093/jnci/djul86

Wechsler D (1996) Wechsler preschool and primary scale of intel-
ligence—revised. Italian translation. Organizzazioni Speciali,
Firenze

Wechsler D (2008) Wechsler preschool and primary scale of intel-
ligence—III. Italian translation. Organizzazioni Speciali, Firenze
Wechsler D (2006) Wechsler intelligence scale for children—III.
Italian translation. Organizzazioni Speciali, Firenze

Rey A (1979) Reattivo della figura complessa. [Rey complex fig-
ure. Italian Translation]. Organizzazioni Speciali, Firenze
Bisiacchi PS, Cendron M, Gugliotta M, Tressoldi PE, Vio C (2005)
Batteria di valutazione neuropsicologica per l'eta evolutiva (BVN
5-11 anni). [Neuropsychological evaluation battery for the devel-
opmental age (5-11 years)]. Erickson, Trento

Conners KC (2001) Conners’ kiddie continuous performance test
5th edition. MHS, Toronto

Conners KC, Conners CPT (2000) 3, Conners continuous perfor-
mance test, 3rd edn. MHS, Toronto

Heaton RK, Chelune GJ, Talley JL, Kay GG, Curtiss G (2003)
Modified card sorting test (MCST). Manuale. Giunti
Organizzazioni Speciali, Firenze

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

Heaton RK, Chelune GJ, Talley JL, Kay GG, Curtiss G (2000)
Wisconsin card sorting test (WCST). Manuale. Giunti
Organizzazioni Speciali, Firenze

Cornoldi C, Colpo G (1998) Prove di lettura MT-2 per la scuola
primaria. [MT-2 reading tasks for primary school]. Organizzazioni
Speciali, Firenze

Cornoldi C, Colpo G (1995) Nuove prove di lettura MT per la
Scuola Secondaria di I Grado. [New MT reading tasks for the 1%
grade of secondary school]. Organizzazioni Speciali, Firenze
Tressoldi E, Zamperlin C (2007) La valutazione della
comprensione del testo: proposta di una batteria di
approfondimento. [Evaluation of text comprehension: proposal of
a deepening battery]. Psicologia clinica dello sviluppo [Clinical
developmental psychology] 11:271-290

Cornoldi C, Lucangeli D, Bellina M (2002) Test AC-MT 6-11—
test di valutazione delle abilita di calcolo. [AC-MT 6-11 test—test
for evaluating calculation abilities]. Gruppo MT. Erickson, Trento
Cornoldi C, Cazzola C (2003) AC-MT 11-14. Test di valutazione
delle abilita di calcolo e problem-solving dagli 11 ai 14 anni. [AC-
MT 11-14. Test for evaluating arithmetic and problem-solving abil-
ities]. Erickson, Trento

Lobier M, Dubois M, Valdois S (2013) The role of visual process-
ing speed in reading speed development. PLoS One 8(4):¢58097.
https://doi.org/10.1371/journal.pone.0058097

Moll K, Goébel SM, Gooch D, Landerl K, Snowling MJ (2016)
Cognitive risk factors for specific learning disorder: processing
speed, temporal processing, and working memory. J Learn
Disabil 49(3):272-281. https://doi.org/10.1177/
0022219414547221

Peterson RL, Boada R, McGrath LM, Willcutt EG, Olson RK,
Pennington BF (2017) Cognitive prediction of reading, math, and
attention: shared and unique influences. J Learn Disabil 50(4):408—
421. https://doi.org/10.1177/0022219415618500

Miranda A, Colomer C, Mercader J, Fernandez MI, Presentacion
M1J (2015) Performance-based tests versus behavioral ratings in the
assessment of executive functioning in preschoolers: associations
with ADHD symptoms and reading achievement. Front Psychol
29(6):545. https://doi.org/10.3389/fpsyg.2015.00545

Facoetti A, Paganoni P, Lorusso ML (2000) The spatial distribution
of visual attention in developmental dyslexia. Exp Brain Res
132(4):531-538. https://doi.org/10.1007/s002219900330

Casco C, Tressoldi PE, Dellantonio A (1998) Visual selective at-
tention and reading efficiency are related in children. Cortex. 34(4):
531-546. https://doi.org/10.1016/s0010-9452(08)70512-4

Helland T, Asbjernsen A (2010) Executive functions in dyslexia.
Child Neuropsychol. 6(1):37-48. https://doi.org/10.1076/0929-
7049(200003)6:1;1-B;FT037

Nicolielo-Carrilho AP, Crenitte PAP, Lopes-Herrera SA, Hage
SRV (2018) Relationship between phonological working memory,
metacognitive skills and reading comprehension in children with
learning disabilities. J Appl Oral Sci 23(26):¢20170414. https://doi.
org/10.1590/1678-7757-2017-0414

Chiappe P, Chiappe DL, Gottardo A (2004) Vocabulary, context,
and speech perception among good and poor readers. Educ Psychol
24(6):825-843. https://doi.org/10.1080/0144341042000271755
Protopapas A, Mouzaki A, Sideridis GD, Kotsolakou A, Simos PG
(2013) The role of vocabulary in the context of the simple view of
reading. Reading & Writing Quarterly: Overcoming Learning
Difficulties 29(2):168-202. https://doi.org/10.1080/10573569.
2013.758569

Vukovic RK, Lesaux NK (2013) The language of mathematics:
investigating the ways language counts for children's mathematical
development. J Exp Child Psychol 115(2):227-244. https://doi.org/
10.1016/j.jecp.2013.02.002

Barnes MA, Raghubar KP (2014) Mathematics development and
difficulties: the role of visual-spatial perception and other cognitive

@ Springer


https://doi.org/10.1097/DBP.0000000000000512
https://doi.org/10.3390/children6110128
https://doi.org/10.1007/s11065-017-9365-1
https://doi.org/10.1007/s11065-017-9365-1
https://doi.org/10.1093/neuonc/nox062
https://doi.org/10.1093/neuonc/nox062
https://doi.org/10.1002/pon.3255
https://doi.org/10.1080/09297049.2017.1350262
https://doi.org/10.1080/09297049.2017.1350262
https://doi.org/10.1093/jnci/dju186
https://doi.org/10.1093/jnci/dju186
https://doi.org/10.1371/journal.pone.0058097
https://doi.org/10.1177/0022219414547221
https://doi.org/10.1177/0022219414547221
https://doi.org/10.1177/0022219415618500
https://doi.org/10.3389/fpsyg.2015.00545
https://doi.org/10.1007/s002219900330
https://doi.org/10.1016/s0010-9452(08)70512-4
https://doi.org/10.1076/0929-7049(200003)6:1;1-B;FT037
https://doi.org/10.1076/0929-7049(200003)6:1;1-B;FT037
https://doi.org/10.1590/1678-7757-2017-0414
https://doi.org/10.1590/1678-7757-2017-0414
https://doi.org/10.1080/0144341042000271755
https://doi.org/10.1080/10573569.2013.758569
https://doi.org/10.1080/10573569.2013.758569
https://doi.org/10.1016/j.jecp.2013.02.002
https://doi.org/10.1016/j.jecp.2013.02.002

Childs Nerv Syst

34.

35.

36.

skills. Pediatr Blood Cancer 61(10):1729-1733. https://doi.org/10.
1002/pbc.24909

Jogi AL, Kikas E (2016) Calculation and word problem-solving
skills in primary grades—impact of cognitive abilities and longitu-
dinal interrelations with task-persistent behaviour. Br J Educ
Psychol 86(2):165—181. https://doi.org/10.1111/bjep.12096
Foster ME, Anthony JL, Clements DH, Sarama JH (2015)
Processes in the development of mathematics in kindergarten chil-
dren from title 1 schools. J Exp Child Psychol 140:56—73. https://
doi.org/10.1016/j.jecp.2015.07.004

Namkung JM, Fuchs LS (2012) Early numerical competencies of
students with different forms of mathematics difficulty. Learn
Disabil Res Pract 27(1):2—11. https://doi.org/10.1111/1.1540-5826.
2011.00345.x

@ Springer

38.

Libertus ME, Odic D, Feigenson L, Halberda J (2016) The preci-
sion of mapping between number words and the approximate num-
ber system predicts children's formal math abilities. J Exp Child
Psychol 150:207-226. https://doi.org/10.1016/j.jecp.2016.06.003
Kuhn JT, Ise E, Raddatz J, Schwenk C, Dobel C (2016) Basic
numerical processing, calculation, and working memory in children
with dyscalculia and/or ADHD symptoms. Z Kinder
Jugendpsychiatr Psychother 44(5):365-375. https://doi.org/10.
1024/1422-4917/a000450

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.


https://doi.org/10.1002/pbc.24909
https://doi.org/10.1002/pbc.24909
https://doi.org/10.1111/bjep.12096
https://doi.org/10.1016/j.jecp.2015.07.004
https://doi.org/10.1016/j.jecp.2015.07.004
https://doi.org/10.1111/j.1540-5826.2011.00345.x
https://doi.org/10.1111/j.1540-5826.2011.00345.x
https://doi.org/10.1016/j.jecp.2016.06.003
https://doi.org/10.1024/1422-4917/a000450
https://doi.org/10.1024/1422-4917/a000450

	Early neuropsychological profile of children diagnosed with a brain tumor predicts later academic difficulties at school age
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Methods
	Participants
	Measures
	Statistical methods

	Results
	Phase 1
	Phase 2
	Phase 3

	Discussion
	References


