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Background: Acute lymphoid leukemia (ALL) is the most prevalent cancer of childhood. 
Impairment in linguistic and memory skills is a possible late sequela in cancer survivors that can 
limit their quality of life and the overall performance of the individual in society. There is evidence 
that survivors of ALL treated exclusively with chemotherapy demonstrate significant differences in 
long-term linguistic and memory functions and also changes in neuroanatomical integrity. 
However, most studies described do not count on a speech-language pathologist in their team, 
which we consider important to discuss. Thus, the objective of the present study was to assess 
memory and vocabulary skills in the pediatric population diagnosed with acute lymphoid leukemia 
during chemotherapy treatment.
Materials and Methods: An observational cohort study was conducted over a 1.8-year 
period. Participants of this research were children diagnosed with ALL. All participants were 
assessed on their linguistic-cognitive skills (ie, vocabulary, short-term memory and lexical 
access). All data underwent statistical analyses.
Results: The results of the current study found no major significant difference in the 
linguistic-cognitive performance of children with ALL and their healthy controls. 
Regarding the linguistic variables, we believe that there should be a differentiation between 
the effects of the drugs and the effects of social communication skills on performance.
Conclusion: This first characterization of the linguistic-cognitive abilities of children with 
ALL did not identify differences between these children and their healthy peers, although we 
were able to identify variables regarding the multidisciplinary team and social communica-
tion that should be considered in future studies.
Keywords: interdisciplinary research, leukemia, children, language

Introduction
Acute lymphoid leukemia (ALL) is the most prevalent cancer of childhood, accounts 
for 26.8% of cancer diagnoses among children worldwide and is the most common 
form in the pediatric population.1,2 Impairment in linguistic and memory skills is 
a possible late sequela in cancer survivors that can limit the quality of life and the 
overall performance of the individual in society.2,3 The historical use of cranial radia-
tion therapy (CRT), followed by intensive chemotherapy treatment of the central 
nervous system (CNS), has resulted in a 5-year event-free survival rate of approxi-
mately 80% in standard-risk ALL.1 However, it is widely reported that these ALL 
survivors often suffer from long-term neurocognitive deficits that have a negative 
impact on their health-related quality of life (HRQoL) and daily functioning.3,4

There has been a paradigm shift in the treatment strategy for ALL over the past 
two decades.4,5 Although initial success was obtained with prophylactic CRT, this 
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approach was gradually replaced by contemporary ALL 
therapeutic protocols, which consist of intensified intrave-
nous and intrathecal administration of chemotherapeutic 
drugs for standard risk patients.4–6 A recent clinical trial 
reported that with the elimination of CRT, chemotherapy- 
only treatment protocols for ALL have resulted in an 
unprecedented overall survival rate of 93.5%.6 Despite 
these promising results, patients who receive contempor-
ary treatments still experience a myriad of treatment- 
related adverse effects, such as osteonecrosis and cardio-
vascular and endocrine morbidity.7–9

The long-term effects of chemotherapy on linguistic 
and cognitive functions in children with ALL have 
received increased attention, especially in the last decade. 
Direct CNS chemotherapy has replaced cranial irradiation 
in the treatment of leukemia since the detrimental effects 
on intellectual function and learning have become evident. 
However, findings in the literature on the effects of direct 
chemotherapy on the CNS have not been consistent about 
the possibility of cognitive deficits and which functions are 
most affected.10–14

Before the 1960s, the prognosis of children with cere-
bral tumors and ALL was uncertain; thus, concerns regard-
ing late side effects were not worth examining. However, 
over the last 30 years the survival rate of children with 
tumors in the CNS has risen sharply due to the increased 
sophistication of procedures and treatment, and concerns 
about cognitive and linguistic skills have become increas-
ingly discussed in studies due to the treatment-related 
neurotoxicity.14

In regard to the cognitive impact related to pediatric 
cancer treatment, it is important to highlight that protocols 
for treatment recommend medicine therapy that both alone 
and combined involve the use of potential neurotoxic 
agents. Thus, cognitive disorders due to such neurotoxic 
agents and radiotherapy will be dependent on complex 
interactions of multiple factors, such as the nature, locali-
zation and length of the tumor, sociocultural routines of 
the patient, quality and number of stimuli in their environ-
ment, age of diagnosis and CNS maturational 
processes.14–16

The results from published studies suggested that 
despite the elimination of CRT, survivors who were treated 
with contemporary protocols still suffered from minor but 
detectable cognitive impairment. While a handful of stu-
dies did not observe a statistically significant difference in 
levels of cognitive functioning between ALL survivors 
who received contemporary protocols and noncancer 

controls or age-matched populations,10–14 some studies 
have found that survivors presented poorer neurocognitive 
performances than controls.15–20 One published study 
reported that compared with the expected rate of 2% (pre-
dicted rate of healthy controls with scores two standard 
deviations below the age-based population mean), greater 
rates of severe impairment were noted in executive func-
tion (15.9%), attention (14.5%) and memory (13.1%) in 
survivors who received only chemotherapy treatment.14,15 

Mild but apparent reduced levels of sustained attention and 
executive functions, such as cognitive flexibility, verbal 
fluency and attentional flexibility, were reported, and 
delayed memory and motor functioning were observed in 
chemotherapy-treated survivors.15–21 Hence, there is 
mounting evidence to suggest that even in the absence of 
CRT, contemporary protocols might induce an accelerated 
rate of cognitive decline in survivors.

As widely reported in memory literature, both verbal 
and short-term memory are fundamental to language 
development and maintenance not only to expand oral 
vocabulary but also to support metalinguistic skills and 
reading and writing acquisition. Moreover, verbal fluency 
is related to both memory and language itself since it 
involves not only the recovery of stimuli but also depends 
on the acquired lexicon. Such skills work together and 
provide the proper integration of vocabulary, lexicon 
access and communication skills as a functioning 
whole.20–23

Among studies that involved a cohort of only che-
motherapy-treated ALL survivors, there is adequate evi-
dence to show that survivors who received high-dose 
intravenous methotrexate (MTX) (defined in this review 
as a single dose of more than 1 g/m2 of methotrexate) had 
more problems in language and memory skills than those 
given low-dose methotrexate, indicating that neurotoxicity 
related to methotrexate might be dose-related.20–23 It is 
worth mentioning that one study observed a direct impact 
of methotrexate on neurocognitive function, such that 
cumulative doses of intravenous methotrexate increased 
the risk for slowed processing speed by 3% for each 1 g/ 
m2.22,24 However, there are limited studies in the literature 
that compared the neurotoxic intensity of triple intrathecal 
therapy (ie, cytarabine, methotrexate, hydrocortisone) and 
intrathecal methotrexate monotherapy; one of the included 
studies reported no significant differences in cognitive 
outcomes between these two groups.24,25

Studies that indicate neurocognitive deficits associated 
with chemotherapy in children with leukemia suggest that 
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the most affected functions are attention, information pro-
cessing speed, memory, verbal comprehension, visuospa-
tial and visuomotor skills, as global intellectual function 
remains relatively preserved. Deficits in linguistic and 
memory skills are presented as a major issue in leukemia 
survivors treated with chemotherapy, which may lead to 
behavioral problems and school struggle.26 Age at the time 
of diagnosis and female gender are indicated as risk fac-
tors for more severe cognitive-linguistic sequelae.14,15 The 
use of higher doses of medications is also considered a risk 
factor, suggesting greater neurotoxicity.15

There is evidence that survivors of ALL treated exclu-
sively with chemotherapy demonstrate significant differ-
ences in long-term linguistic and memory functions16 and 
changes in neuroanatomical integrity.17] Developmental 
delays are noted as a consequence of the hospitalization 
process. One of the affected areas of development is 
language18–22 and functions such as operational memory, 
processing speed and cognitive efficiency/fluency.23

Evidence related to the effects of childhood cancer and 
its treatment in the CNS (chemotherapy and/or radiother-
apy) points to cognitive-linguistic impairments, especially 
in younger children, emphasizing the importance of asses-
sing these functions throughout the treatment.3,5,8,24,25 

Based on the literature and considering all the contradic-
tory results around the topic, it is possible to affirm that 
investigating the linguistic and cognitive development of 
children with cancer will provide a better characterization 
of such skills in this population, leading to deeper knowl-
edge in the field. In addition, it is fundamental to consider 
that most studies described here do not count on a speech- 
language pathologist (SLPs) in their team, which we con-
sider important to discuss. Although SLPs and clinical 
neuropsychologists engage in some common professional 
practice, SLPs will analyze the impact of cognitive- 
linguistic behaviors on communication (ie, oral and writ-
ten languages). SLPs will provide detailed information on 
individuals who are having more difficulty with language- 
based tasks than with non-language tasks. Members of 
a multidisciplinary team will benefit from this information 
because it contributes to the total picture of a child´s 
language, cognitive, sensory-motor and behavioral 
profile.27 Additionally, these data can promote the imple-
mentation of more appropriate interventions, attract clin-
ical attention to this population, provide conditions that 
allow cognitive-linguistic development and school reinte-
gration after treatment, thereby improving quality of life.

Thus, the objective of the present study was to assess 
memory and vocabulary skills in the pediatric population 
diagnosed with acute lymphoid leukemia during che-
motherapy treatment. Our hypothesis is that children with 
ALL will present poorer linguistic-cognitive performance 
when compared to their healthy peers.

Materials and Methods
The study design was approved by the Ethics Committee 
for the Analysis of Research Projects of the Institution 
(CAPPesq HCFMUSP Protocol no. 1.391.342). Prior to 
their enrollment, all participants and their families were 
informed of the purpose and procedures of the study, after 
which all gave written informed consent.

Participants
An observational cohort study was conducted over 
a 1.8-year period (April 2016 to December 2017). 
Although there is a general understanding that children 
with acute lymphoid leukemia (ALL) who have undergone 
chemotherapy treatment are likely to present cognitive- 
linguistic impairments, there is still limited evidence to 
support this finding. For this reason, we conducted an 
exploratory study. Participants of this research were chil-
dren diagnosed with acute lymphoid leukemia (ALL) at 
the Institute of Cancer for Children of Hospital das 
Clínicas, School of Medicine of the University of São 
Paulo, Brazil and who were referred to the Division of 
Speech-Language Pathology and Oral Myology of the 
same institution, at the physician’s discretion, for 
a speech/language assessment and possible rehabilitation.

Patients were recruited for participation if they pre-
sented the following characteristics: medical diagnosis of 
ALL; age between 6 and 10 years and 11 months (ie, to 
isolate possible language development issues); having 
already undergone the induction phase of chemotherapy 
treatment, considering that high doses of methotrexate, 
a drug with high neurotoxicity,15,28–30 are given during 
this phase of treatment. Assessing children after these 
phases ensured that all of the participants had been 
exposed to the same risk of drug neurotoxicity. 
Participants were excluded from the cohort if they were 
bilingual (ie, only children who spoke Brazilian 
Portuguese were included in the study), presented any 
genetic syndromes and/or neurologic disorders and/or 
auditory impairments, had undergone radiotherapy and/or 
bone marrow, transplantation, and if they presented any 
communication deficits or learning complaints that might 
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interfere in the understanding of the instructions given 
during the assessment session.

At our Institution, prior to chemotherapy, children with 
ALL are classified as having a high or low risk for relapse. 
The chemotherapy treatment is typically divided in three 
phases and each phase will last according to the chances of 
relapse: induction (lasts 4 weeks); consolidation/intensifi-
cation (lasts between 2 and 8 weeks); and maintenance/ 
post-consolidation (lasts for about 2 years). In order to 
better characterize our study sample, we also included 
a few clinical indicators: age at diagnosis; time between 
the start of treatment and speech-language assessment (in 
months) and total duration of hospitalizations (in days); 
and current phase of the chemotherapy treatment protocol.

For comparison purposes, we included a control group 
(CG) of healthy volunteers, thoroughly matched by age, 
gender, years of schooling and intellectual skills (ie, non-
verbal intelligence coefficient) to the research group. The 
controls were selected from among the group of children 
who attend regular follow-up at the Division of General 
Pediatrics of the same institution.

Procedures
All participants were assessed on two consecutive days by 
the same group of speech-language pathologists. The first 
session lasted between 20 and 30 minutes and the second 
session between 45 and 60 minutes. On the first day, to 
ensure that children in the research group and the control 
group were properly paired, all participants underwent the 
following evaluations prior to data gathering:

(a) Auditory functioning - to verify auditory function, 
field audiometry using a pediatric audiometer was 
performed. Thresholds were considered normal if 
the participants presented a response ≤30 dBNA at 
the 500 Hz frequency and ≤20 dBNA at the 1000, 
2000 and 4000 Hz frequencies.

(b) Intellectual skills – the Raven’s Colored 
Progressive Matrix test31 is internationally recog-
nized as a culture reduced test of nonverbal intelli-
gence for younger children. This test has no time 
limit, and comprises three sets of twelve matrix 
designs. In this version, each item is printed with 
a brightly colored background, making the test 
more appealing to children. The child is shown 
a series of patterns with parts missing. The missing 
parts have a simple shape and are below the matrix, 
among other similarly shaped pieces. The items are 

arranged in increasing level of difficulty. The child 
can either point to the missing pattern piece or 
record its corresponding number on a record form.

The accuracy of the answers was registered and com-
pared to the parameters proposed by the test. The intelli-
gence coefficient was classified as follows: V – much 
lower than average; IV – below average; III – average; 
II – above average; I – superior. According to the results 
on the Raven’s Colored Progressive Matrix test, children 
on the research group were classified as follows: I – super-
ior n=3; II – above average n=4; III – average n=10; IV – 
below average n=1. Children on the control group pre-
sented the following classification: I – superior n= 7; II – 
above average n= 5; III – average n=6. The result of the 
statistical analyses indicated no significant difference 
between the groups (Pearson’s Chi-square test; p=0.085)

Linguistic-Cognitive Measures
Data gathering began on the second day, after the children in 
the research group had been properly matched to their healthy 
peers. The set of assessments was applied consecutively in all 
children and followed the same order, as described below:

Expressive Vocabulary
For the assessment of the expressive vocabulary, we used the 
vocabulary test from the WISC IV32 test. This test comprises 
36 items divided in two parts. The first four items are 
composed by pictures that must be named by the child. 
One point is given for each picture that is named correctly. 
The other items are verbal orders involving the description 
of specific nouns (what is an umbrella?) and verbs (what 
does abandon mean?). According to the test, the child will 
receive 0 (zero) points if the answer is inadequate or absent; 
1 (one) point if the answer is partially correct and 2 (points) 
if the answer is completely correct. At the end of the test, the 
points are added and the performance of the child is classi-
fied as: above average, average and below average.

Lexical Access
In order to evaluate lexical access, we used a semantic 
verbal fluency test. This test aims to assess the systematic 
search of elements in a given semantic category. The test 
was applied following the methodology proposed by 
Malloy-Diniz et al.33 Categories that are relevant to the 
age range of the participants included in the study were 
used (ie, animals, body parts and foods). The total number 
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of correct words was registered for each category based on 
the criteria proposed by Charchat-Fichman.34

The results were grouped as follows: children who 
presented the number of correct words ≤50% were classi-
fied as I; children who presented the number of correct 
words between 50% and 75% were classified as II; chil-
dren who presented the number of correct words between 
75% and 90% were classified as III; and children who 
presented the number of correct words >90% were classi-
fied as IV.

Short-Term Memory
For the assessment of short-term memory, the pseudoword 
repetition test of Santos35 and the WISC IV32 digits subtest 
were used. The pseudoword repetition test35 has already been 
standardized for Brazilian Portuguese speaking children. It is 
composed of 40 pseudowords, divided according to their 
similarity to real words of the Brazilian Portuguese language 
(ie, 10 with low similarity, 20 with average similarity and 10 
with high similarity) and to their extension (ie, dissyllable, 
trisyllable, polysyllable). According to the test, for the target 
pseudoword to be considered correct, the child must produce 
it in the exact same manner. Any phonological substitutions 
are considered errors (ie, phonological disorders are no 
longer expected in the studied age range). The child’s per-
formance is then compared to his or hers schooling level, and 
classified as a) greater than expected, b) as expected, or c) 
below expected.

The WISC IV32 digits subtest consists of eight series of 
direct order digits, with a gradual increase in the number 
of digits in each series. Each item consists of two sets of 
digits, constituting two attempts. The maximum gross 
result in the direct order is 16 points. The child’s perfor-
mance is rated as a) greater than expected, b) as expected, 
or c) below expected. The reverse order digits was admi-
nistered even if the child completely failed the direct order 
test. The reverse digit repetition consists of seven series of 
reverse order digits. Each item is composed of two sets of 
digits, constituting two attempts. The maximum gross 

result in the reverse order is of 14 points. The child’s 
performance is rated as a) greater than expected, b) as 
expected, or c) below expected.

Data Reliability
In order to evaluate data reliability, all participants were 
assessed by two experienced speech-language patholo-
gists. The speech-language pathologists assigning the lin-
guistic-cognitive assessments had successfully passed 
specific training tests. The Kappa Coefficient was used to 
verify agreement between examiners for the overall scores. 
The obtained results were as follows: expressive vocabu-
lary (p=0.963); pseudoword repetition test (p=0.955); 
direct order digits test (p=0.941); inverse order digits test 
(p=0.912), all indicating a high level of agreement.

Statistical Analysis
The collected data were submitted to statistical analysis in 
SPSS software version 25. Due to the number of partici-
pants in the sample, nonparametric tests were used for all 
inferential analyses. The level of significance was 5%.

For the quantitative variables, descriptive analyses 
(mean, standard deviation, median, minimum and maxi-
mum) and nonparametric inferences were performed using 
the Mann–Whitney test (for comparisons between groups). 
For the qualitative variables, descriptive analyses (total 
and percentage counts) and nonparametric inferences 
were performed using Pearson’s chi-square test (for com-
parisons between groups).

Results
After the inclusion criteria were applied, the final study 
sample consisted of 36 participant – ie, 18 patients with 
ALL and 18 healthy controls. Regarding the phases of 
chemotherapy treatment, 5 children were in the intensifi-
cation phase; 3 children were in the late consolidation 
phase and 10 children were in the maintenance phase. 
Table 1 presents the clinical characteristics for the partici-
pants with ALL.

Table 1 Characterization of Children with Acute Lymphoid Leukemia (n=18)

Mean SD Minimum Median Maximum

Age (in years) 8.9 1.5 6.6 8.9 11.3

Age at diagnoses 7.7 1.9 4.4 7.8 10.3

Duration of treatment (in months) 15.7 9.6 5.0 12.5 34.0
Number of hospitalizations during treatment 3.3 2.3 0.0 3.0 8.0

Total duration of hospitalizations (in days) 30.2 21.3 0.0 29.5 85.0
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Table 2 shows the results of the variables used to pair 
children in ALL to the control group.

The results obtained on the vocabulary test were com-
pared between the groups. The statistical analyses indi-
cated no significant difference for any of the variables 
(Table 3).

The results of the verbal fluency assessment were also 
compared between the groups. An isolated difference 
between the groups was found for “body parts” (ie, chil-
dren in the control group presented a better performance). 
(Table 4).

The results on the digit repetition tests (ie, direct and 
reverse order) are shown in Table 5. An isolated difference 
between the groups was observed in the reverse order digit 
test, having an influence on the and for the gross score (ie, 
children in the control group presented a better 
performance).

Results in Table 6 show the between-group comparison 
for the results on the pseudoword repetition test, no 

significant differences were observed when comparing 
the performance of both groups.

Discussion
The results of the current study found no major significant 
difference in the linguistic-cognitive performance of chil-
dren with ALL and their healthy controls. Our findings are 
consistent with some of the results already reported in the 
literature.14,36,37 Our results suggest that chemotherapy 
treatment does not seem to affect, in a short period of 
time, language development and other cognitive abilities.

The existence of memory deficits in children with leuke-
mia has already been explored in different studies.38–42 It is 
important to highlight, however, that most of these studies 
were conducted with children/adolescents after ceasing their 
treatment, thus indicating the late effects of chemotherapy on 
neurocognitive skills, including memory. Moreover, some of 
these studies assessed memory using different protocols, 
making it difficult to generalize findings. Recently, a meta- 

Table 2 Variables Used to Match Children with Acute Lymphoid Leukemia and Healthy Peers

ALL (n = 18) CG (n = 18) p-value

Schooling  
Total number (%)

1st year = 4 (22.2%) 1st year = 2 (11.1%) 0.801

2nd year = 2 (11.1%) 2nd year = 5 (27.8%)

3rd year = 5 (27.8%) 3rd year = 3 (16.7%)

4th year = 2 (11.1%) 4th year = 4 (22.2%)

5th year = 3 (16.7%) 5th year = 3 (16.7%)

6th year = 2 (11.1%) 6th year = 1 (5.6%)

Performance in the Raven IQ test  
Total number (%)

Superior = 3 (16.7%) Superior = 7 (38.9%) 0.085

Above average = 4 (22.2%) Above average = 5 (27.8%)

Average = 10 (55.6%) Average = 6 (33.3%)

Below average = 1 (5.6%) Below average = 0 (0%)

Note: Pearson’s chi-square test. 
Abbreviations: ALL, acute lymphoid leukemia; CG, control group.

Table 3 Between-Group Comparison for the Results on the Expressive Vocabulary Test

Vocabulary Test WISC – IV ALL (n = 18) CG (n = 18) p-value

Score  
Mean (±SD)

25.6 (±9.3) 25.5 (±5.5) 0.913

Performance classification  
Total number (%)

Greater than expected = 6 (33.3%) Greater than expected = 7 (38.9%) 0.988

Within expected = 7 (38.9%) Within expected = 5 (27.8%)

Below expected = 5 (27.8%) Below expected = 6 (33.3%)

Notes: Mann–Whitney test (score); Pearson’s chi-square test (performance classification). 
Abbreviations: ALL, acute lymphoid leukemia; CG, control group.
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analysis presented an overview of studies that investigated 
ALL survivors.41 In this analysis, it was possible to identify 
a few studies that adopted the same assessment procedures 
described in the present investigation. Overall, these specific 
studies reported poorer working memory in ALL survivors 
when compared to a control group of healthy individuals.

Another important consideration is the fact that 
none of studies we found in the literature analyzed 
the possible correlations between neurocognitive, lan-
guage and social skills.38–43 According to the literature, 
such skills are highly correlated to oral language pro-
ficiency and sophistication (eg, discursive skills) and to 
underlying skills of reading and writing development, 
such as phonological awareness.33–35 Considering the 
reported late effects of chemotherapy treatment and 
how its dynamics can lead to absences from school, 
a long-term follow-up of the impact on those variables 
seems to be crucial. Therefore, developing early train-
ing intervention programs for memory, language and 
communications skills throughout the entire treatment 
protocol is important to reduce such side effects in this 
population.

Considering the above arguments, our study was, 
therefore, exploratory and characterized children with 
ALL who were being treated in a hospital setting. The 
tests that were chosen for the investigation of these chil-
dren were very basic and easy to apply in two assessment 
sessions, avoiding that the children would stop responding 
due to loss of attention. However, this set of tests were not 
able to point differences in the linguistic-cognitive perfor-
mance of children with ALL and their healthy controls.

During the course of the research, we were able to 
identify variables that had not been considered at the 
design of the study. The first of these variables was the 
difficulty to interact with the multidisciplinary team. On 
several occasions the oncology team, who was responsible 
for the administration of the treatment drugs, had to 
include different drugs or modify the duration of the 
cycle of the chemotherapy treatment due to clinical 
response and side effects. These alterations during the 
data gathering period were not informed to the field 
researchers. While it is reasonable to understand why 
changes were made to the ongoing treatment protocol, 
these alterations must be considered in future studies as 

Table 4 Group Comparison for the Results on the Lexical Access Test

Semantic Verbal Fluency ALL (n = 18) CG (n = 18) p-value

Score  
Mean (±standard deviation)

Animals 12.1 (±4.9) 14.7 (±4.3) 0.111

Body parts 13.0 (±3.8) 15.7 (±2.7) 0.029*

Food 12.0 (±4.4) 14.0 (±3.9) 0.339

Performance 
classification  
Total number (%)

Animals <50% = 12 (66.7%) <50% = 8 (44.4%) 0.265

50–75% = 2 (11.1%) 50–75%= 4 (22.2%)

75–90% = 2 (11.1%) 75–90% = 2 (11.1%)

>90% = 2 (11.1%) >90% = 4 (22.2%)

Body parts <50% = 13 (72.2%) <50%= 7 (38.9%) 0.079

50–75% = 3 (16.7%) 50–75% = 5 (27.8%)

75–90% = 1 (5.6%) 75–90% = 5 (27.8%)

>90% = 1 (5.6%) >90% = 1 (5.6%)

Food <50% = 11 (61.1%) <50% = 8 (44.4%) 0.308

50–75% = 6 (33.3%) 50–75% = 7 (38.9%)

75–90% = 1 (5.6%) 75–90% = 3 (16.7%)

>90% = 0 (0%) >90% = 0 (0%)

Notes: Mann–Whitney test (score); Pearson’s chi-square test (performance classification); *significant difference according to the Mann–Whitney test. 
Abbreviations: ALL, acute lymphoid leukemia; CG, control group.
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they are significant and can have a relevant impact on the 
children’s performance. Another point that should be taken 
into consideration is the child’s current cycle of che-
motherapy, as the timing of the signs and symptoms in 
terms of the impacts of toxicity and side effects of the 
drugs that are used can show differences along the course 
of treatment – ie, early (0 to 3 days); immediate (7 to 21 
days) and late (after 21 days). This variable should also be 
considered in future studies.

Regarding the linguistic variables, we believe that there 
should be a differentiation between the effects of the drugs 
and the effects of social communication skills on perfor-
mance. Considering that the tests we adopted were not 
able to differentiate children with ALL and their healthy 
controls, we suggest for future studies (ie, with children 
above 7 years of age, who have already surpassed the 
phase of language acquisition and development) the inclu-
sion of social communication tests. Social communication 
is the use of language in social contexts. It encompasses 
social interaction, social cognition, pragmatics, and lan-
guage processing.44 All of these tests should be applied 
prior to the beginning of the chemotherapy treatment in 
order to establish a baseline on social communication 
skills. This type of testing would be more sensitive as it 

includes the assessment of the ability to vary speech style, 
take the perspective of others, understand and appropri-
ately use the rules for verbal and nonverbal communica-
tion, and use the structural aspects of language (eg, 
vocabulary, syntax, and phonology).44,45 All of these 
tests are used for the distinct diagnosis of social commu-
nication impairment and for the identification of co- 
occurring conditions, considering the effects on intellec-
tual disability; developmental disabilities; learning disabil-
ities; spoken language disorders; written language 
disorders; learning disabilities; traumatic brain injury 
aphasia; and right-hemisphere damage. Besides that, future 
studies should also include information on parenting that 
could have an impact on the verbal skills of children with 
ALL and a long-term follow-up in order to investigate 
predictors of communication outcomes of verbal and non-
verbal cognitive abilities. Social environment and family 
education levels have been pointed as crucial factors for 
language acquisition and vocabulary development.46,47

The treatment of children with cancer has an impact and 
comprises specific needs – ie, clinical, communication, psy-
chological and social –, needs that would not be considered 
in the everyday life of children and their family when in 
typical conditions. The multidisciplinary work involved in 

Table 5 Group Comparison for the Results on the Digit Repetition Tests

Digit Repetition Tests ALL (n = 18) CG (n = 18) p-value

Maximum number of 
digits  
Mean (±SD)

Direct order 6.1 (±1.7) 6.6 (±1.6) 0.226

Reverse order 4.2 (±1.8) 5.7 (±1.5) 0.029*

Gross score 10,3 (±2,7) 12,3 (±2,8) 0.017*

Performance 
classification  
Total number (%)

Repeated digits in direct 

order

Greater than expected = 3 

(16.7%)

Greater than expected = 8 

(44.4%)

0.462

Within expected = 3 (16.7%) Within expected = 0 (0%)

Below expected = 12 (66.7%) Below expected = 10 (55.6%)

Repeated digits in reverse 

order

Greater than expected = 4 

(22.2%)

Greater than expected = 6 

(33.3%)

0.104

Within expected = 0 (0%) Within expected = 2 (11.1%)

Below expected = 14 (77,8%) Below expected = 10 (55.6%)

Gross score Greater than expected = 3 
(16.7%)

Greater than expected = 9 
(50.0%)

0.279

Within expected = 2 (11.1%) Within expected = 1 (5.6%)

Below expected = 13 (72.2%) Below expected = 8 (44.4%)

Notes: Mann–Whitney test (maximum number of digits); Pearson’s chi-square test (performance classification); *significant difference according to the Mann–Whitney test. 
Abbreviations: ALL, acute lymphoid leukemia; CG, control group.
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caring for children with ALL does not only aim at treating the 
disease itself, but is an effort to give a much broader assis-
tance to the children and their families. The ability to com-
municate – verbally and nonverbally – enables the active 
engagement and building independence in natural commu-
nication environments. Communication can decrease the 
negative and aggressive effects of chemotherapy, allowing 
children to interact with their peers, play, express their joys, 
anguishes, anxieties and fears.

Finally, we believe that future studies would benefit 
from a multicenter collaboration, as it would result in 
higher rates of patient enrolment and in clearer and more 
generalizable findings. A multicenter approach would 
allow important analyses such as gender differences and 
possible associations of verbal performance with gender, 
diagnosis and treatment variables will be possible.

Conclusions
This first characterization of the linguistic-cognitive abil-
ities of children with ALL did not identify differences 
between these children and their healthy peers. We were 
able to identify variables regarding the multidisciplinary 
team and social communication that should be considered 
in future studies. These variables will allow the investiga-
tion of which linguistic-cognitive outcomes are resultant 
of the neurotoxicity of the drugs used in chemotherapy 
treatment and which outcomes are resultant of a social 
communication deprivation, experienced by many of 
these children in their natural environment.
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