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Many patients after pediatric cancer suffer from long-term cognitive difficulties. This study investigates the development of
cognitive and psychosocial functions between diagnosis and one year after cancer treatment and reveals insight into the
association between cognitive and psychosocial development and various risk factors. This retrospective clinical record review
included fifty-seven patients, aged 4–16 years, that were examined at the beginning of the cancer treatment (T1) and one year after
cancer treatment (T2) to evaluate the development of working memory (WM), processing speed (PS), psychosocial functions, and
quality of life (QoL). About half of the patients showed stable/favorable cognitive development (PS 51.9%; WM 41.4%). The other
half exhibited a non-favorable cognitive development, with a decrease of performance between T1 and T2. In 51.6–77.4%,
psychosocial functions remained stable/increased between T1 and T2 and QoL scores remained stable in 42.9–61.9%. Changes in
prosocial behavior correlated with the development of PS (r= 0.472, p= 0.010). Age at T1 predicted PS at T2 (p= 0.020) and sex
predicted peer relations at T2 (p= 0.046). About half of the patients showed stable/favorable whereas the other half experiencing
non-favorable cognitive development. The observed disparities in initial and subsequent cognitive performances highlight the
importance of early individualized patient monitoring and interventions.
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IMPACT:

● We investigated the cognitive and psychosocial development of pediatric cancer patients between diagnosis and one year after
termination of cancer treatment.

● About half of the patients showed stable or favorable cognitive development in processing speed and working memory.
● The other half exhibited a non-favorable cognitive development, with decreasing performance.
● Baseline working memory and processing speed was negatively correlated with the respective change score.
● Changes in prosocial behavior were positively correlated with the development of processing speed.
● Early individualized patient monitoring and intervention is of crucial importance after pediatric cancer and its treatment.

INTRODUCTION
Long-term cognitive sequelae of cancer in childhood and
adolescence often occur. However, around 60% of pediatric
cancer survivors have favorable cognitive development.1 Studies
on resilience suggest that the individual and the environment can
potentially mitigate the effects of cancer and its treatment and
therefore might function as protective factors.2,3 Siegwart et al.
(2022)3 describe that the presence of protective factors such as
cognitive and social resources was associated with cognitive
functioning and quality of life (QoL) in pediatric cancer survivors
years after termination of cancer treatment. Strong social and
cognitive resources could therefore buffer adverse long-term
effects of pediatric cancer.3

It is well known that cancer and its treatment is associated with
long-term cognitive difficulties.4–6 Around 35% of a Swiss sample
of pediatric cancer survivors present a cognitive performance of

one or more standard deviation below the normative range.7

Deficits in working memory and processing speed are common
regardless of the type of cancer and treatment.8 Working memory
is the memory system that holds and manipulates information in
short-term storage. It is central to nearly all daily tasks, and serves
as a mental workspace that helps to continuously store and use
information.9 Processing speed enables one to use cognitive
processes effectively10 and refers to the speed at which various
mental processes can be executed.11 Working memory and
processing speed are closely linked to school success and build
the foundation for many complex cognitive abilities, such as
reading, mental arithmetic, and attention.12 Due to their slow and
prolonged development, working memory and processing speed
are particularly vulnerable to adverse effects such as cancer and its
treatment.13 Consequently, children and adolescents with cancer
need to recover from cancer on the one hand and on the other
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hand need to master the upcoming developmental steps. Because
cancer might disrupt brain development and maturation,5,8,14–16

cancer and its treatment can interrupt developmental steps in an
age-appropriate manner, leading to cognitive, social and beha-
vioral difficulties even years after diagnosis.17–19

Findings in adult survivors of pediatric cancer suggest that
cognitive problems may be related to psychosocial functions such
as, i.e., emotional distress.20 Cognitive functioning is closely linked
to social attainment and poor QoL in pediatric cancer survivors. In
particular processing speed performance has been associated
with unemployment and worse emotional and mental health.20

This highlights the need to not only focus on cognitive but also on
psychosocial long-term outcome in patients after pediatric cancer.
Risk factors known to affect cognitive development negatively

include among others young age at treatment, female sex,
genetics, cancer type and location, chemotherapy dose, field size
of radiation, and longer time since treatment.4,5,15,21,22 Greater
cognitive difficulties are associated with a larger field size of
radiation23 and higher radiation dose24 as well as intrathecal
chemotherapy25 and high chemotherapy dose.24 However, a
substantial proportion of pediatric patients with brain tumors
(ranging from 20 to 50%), exhibit cognitive difficulties even before
initiating cancer treatment.26

The balance between protective and risk factors might account
for the variance in cognitive outcome.27 Research on protective
factors suggests that both the individual (i.e., personal resources
such as optimism) and the environment (i.e., social resources,
disease education) can potentially mitigate the effects of risk
factors such as cancer and its treatment.28 Protective resources
become particularly noticeable when an individual faces critical
life events. Therefore, protective factors differ from coping
mechanisms used to manage everyday stressors.2 Risk and
protective factors cannot be completely separated from each
other. For instance, low socioeconomic status might be a risk
factor for cognitive difficulties, whereas high socioeconomic status
might function as a protective factor. However, little is known
about how protective and risk factors are associated with the
cognitive development after childhood cancer.
We therefore examined and compared the development of

patient’s cognitive and psychosocial functions and QoL at the
beginning and one year after termination of cancer treatment. In
addition, we investigated how possible risk factors relate to
cognitive and psychosocial development. As this study investi-
gates retrospective clinical data to gain insight into the long-term
development of cognitive functions, we refrain from the formula-
tion of hypothesis. A deeper insight into cognitive development
may help clinicians to promote individual therapeutic strategies
that strengthen the maturational trajectory of young patients after
pediatric cancer.

METHODS
We conducted a retrospective clinical record review on pediatric cancer
patients treated at the Division of Pediatric Hematology and Oncology,
Children’s Hospital in Bern, Switzerland from 2010 to 2020. The data were
collected as part of neuropsychological routine examinations. After the
introduction of the general consent at the Children’s University Hospital
(2016), data were only used if the patients (or legal guardian) had signed
(consented to) the general consent or had been informed of the right to
object by means of the general consent. If a patient (or legal guardian) had
not provided feedback in the form of consent or refusal after 30 days, it
can be assumed that the patient (or legal guardian) has not exercised his
or her right to object. Patients who rejected the general consent were not
included in the study. Local ethics committee Bern approved the study
(KEK-Nr. 2021-00342).

Pediatric cancer patients
All children and adolescents who meet the following criteria were
included: (a) treated for an oncological disease at the Children’s Hospital

Bern between 1st of January 2010 and 31st of December 2020; (b) aged
between 4 and 16 years; (c) available neuropsychological examination in
the first two weeks of cancer treatment (T1) and one year after termination
of cancer treatment (T2). Children and adolescents under 4 years and over
16 years of age were not assessed with neuropsychological tests at our
clinic and were therefore excluded. Additionally, patients who did not
complete the neuropsychological tests required for the present study
across the two time points were excluded. In addition, patients with
preexisting cognitive impairments or developmental disorders were
excluded. Lastly, patients who participated in the Brainfit study29,30 during
time point 1 and 2 were not included in the analyses. Fifty-seven patients
were included in the analysis (25 boys, 32 girls; mean age (T1)= 9.44 years,
SD= 2.92 years, range= 4.02–14.41 years). Because the data were
collected retrospectively through records, there were missing data in
some variables, resulting in different sample sizes (processing
speed: n= 54; working memory: n= 41; psychosocial functions: n= 31;
QoL: n= 21). The considerably smaller sample size in working memory is
due to the restricted age range of the normative values of the working
memory index, whereby scores are missing in children <6 years. Further,
questionnaires to assess psychosocial functions were often not returned.
At T1, nonverbal intelligence was assessed in n= 44 patients.

Outcome measures
Age at assessment, sex, central nervous system (CNS) involvement of the
tumor, cancer type, and treatment modality were collected from medical
records. The standardized neuropsychological examinations performed in
clinical practice during the first two weeks of cancer treatment (T1) and
one year after termination of the cancer treatment (T2) included
comprehensive neuropsychological tests and questionnaires.
At T1 nonverbal intelligence was assessed using the Test of Nonverbal

Intelligence, third edition TONI-3; internal consistency: α= 0.89–0.97; test-
retest reliability in the range of r= 0.90 (interval: one week).31

Processing speed was evaluated with the subtests symbol coding and
symbol search of the German version of the Wechsler Preschool and
Primary Scale of Intelligence, third edition (HAWIVA-III; reliability
r= 0.76–0.90, for validity see test manual)32 for patients aged 4.0 to 5.11
years. The processing speed subtests coding and symbol search of the
German version of the Wechsler Intelligence Scale for Children, fourth
edition (HAWIK-IV; reliability r= 0.84–0.90; validity see test manual)33 were
applied with patients aged 6.00 to 16.11 years. In the coding task, the
patient draws as quickly as possible as many symbols that belong to the
corresponding numbers using a key. In the symbol search subtest, the
patient marks whether or not certain target symbols appear in a given row
of symbols as quickly as possible. Both subtests are paper-pencil tests and
are time-restricted to 120 s. In the symbol search test, the number of
incorrect identified symbols is subtracted from the total number of
symbols. In the coding test, all correct items are included in the total sum
score. An index value for processing speed was calculated out of these two
subtests according to the manuals for both age groups.
Working memory was evaluated in patients > 6 years using the working

memory index value of the HAWIK-IV (reliability r= 0.89–0.93; validity see
test manual).33 This index value is composed of two subtests namely digit
span and letter-number sequencing. In the digit span subtest, a sequence
of numbers was read out by the examiner. The number of digits increased
with at least one of two correct enumerations. First, the patient repeats the
digits in the same order, second, the patient tries to remember the order in
which the digits are presented, but repeat them in reverse order. In the
letter-number sequencing subtest, patients hear a sequence of letters and
numbers and repeat the sequence by starting with the numbers in
ascending order followed by the letters in alphabetical order.
Psychosocial functions were evaluated with the German parent-report

version of the Strength and Difficulties Questionnaire.34 The SDQ is a
screening questionnaire for behavioral problems of children and
adolescents aged 4–17 years. It contains five domains: emotional
problems, conduct problems, hyperactivity and inattention, peer problems,
and prosocial behavior. Each domain consists of five items using a 3‐point
Likert scale. For each domain, a sum score was computed (range 0–10),
with higher scores indicating worse function, except for prosocial behavior,
where higher scores indicate better functioning. Additionally, a total
difficulties score was calculated by adding the values from the four scales
referring to problems (without the scale for prosocial behavior; range
0–40). As in Mader and collegues,35 we applied German reference36,37 to
categorize patients as normal, borderline, and abnormal for each scale. For
the German version of the SDQ, the total difficulty score shows an internal
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reliability of α= 0.77 and the five subscales present a test–retest reliability
of r= 0.58–0.67.38

QoL was measured using the parent-report version of the Inventar zur
Erfassung der Lebensqualität bei Kindern und Jugendlichen for children
and adolescents aged 6–18 years.39 In the ILK, QoL is divided into six
different domains. Each of the six domains is covered by one question. The
six domains are the following: school, family, social contacts with peers,
interests and leisure activities, physical health, and mental health. Answers
are given on a 5-point Likert scale (very good, rather good, partly good,
rather poor, very poor). An internal reliability of α= 0.55–0.76 and a
test–retest reliability of r= 0.60–0.80 (test interval= 2–6 weeks) has been
presented.39 Out of the six domains, a QoL score and a problem score were
calculated according to the manual. For interpretation, absolute scores
were transformed into percentile ranks. The interpretation for the QoL
score is as follows: ≤15= below average QoL; 16–84= average QoL;
≥85= above average QoL. The interpretation for the problem score is as
follows: ≥75= possible problems; <75= no problems. Whenever possible,
all questionnaires were filled out before the neuropsychological
assessment.

Statistical analysis
IBM SPSS 25.0 was used for statistical analysis (Armonk, New York). For data
visualization, Microsoft Excel (2016; https://office.microsoft.com) was used.
A p value of < 0.05 was set as significant (two-sided). Cohen’s d was
computed to estimate effect size small effect size= 0.1, medium effect
size= 0.3, large effect size= 0.5.40 The normality of the data was examined
with the Shapiro-Wilk test.
To compare cognitive performance, psychosocial functions, and parent-

rated QoL between T1 and T2, one-sample t-tests or Wilcoxon tests were
conducted. Change scores (absolute differences scores; absΔ) were
calculated for processing speed, working memory, psychosocial functions,
and QoL using the formula T2 – T1. We refrain from reporting relative
difference as cognitive performance at T1 is a variable of interest and

should not be partialled out of the analysis. Based on the change scores
(absΔ), patients were divided into a stable or favorable group (stable or
increase of standard scores) and a non-favorable group (any decrease of
standard scores) for processing speed, working memory, psychosocial
functions, and QoL. The relationship between working memory, processing
speed, psychosocial, and QoL change scores (absΔ) was examined with a
Spearman correlation. The stable or favorable and the non-favorable
cognitive development group was compared in respect to nonverbal
intelligence at T1 using a two-sample t test.
Multiple linear regression analyses were conducted to examine the

relation between various potential risk factors and cognitive as well as
psychosocial functions. Separate regression models were applied for each
of the dependent variables: working memory, processing speed, and
psychosocial functions at T2. Initially, each model included age at T1, sex,
CNS involvement, cancer type, and treatment modality as independent
variables. However, due to high multi-collinearity between CNS involve-
ment and cancer type, indicated by variance inflation factors (VIF) ranging
from 7.14 to 17.69 across the different models for each respective
dependent variable, cancer type was removed from the models. Cancer
type was initially represented by three dummy variables, which
contributed to the complexity of the model. Given our relatively small
sample sizes, ranging from 31 to 54 depending on the dependent variable,
we opted for a simpler model that includes only CNS involvement, a
dichotomous variable, along with the other predictors. Finally, each model
included age at T1, sex, CNS involvement, and treatment modality as
independent variables, controlling for measures at T1 of the respective
dependent variables to account for initial cognitive or psychosocial
functions. To address potential issues of heteroskedasticity, we
employed heteroskedasticity-consistent standard errors (HC3) across all
models. This decision was based on the recommendation by Long and
Ervin (2000),41 who suggested that HC3 could be used reliably regardless
of the presence or absence of heteroskedasticity, as evidenced by
simulations.42 We did not adjust for multiple testing as our analysis were
exploratory.43

RESULTS
Demographic and medical data are shown in Table 1.

Working memory and processing speed
Mean performance of working memory and processing speed
were within the normal range at both time points and did not
change significantly between T1 and T2 (see Table 2). Processing
speed was below the normative range (<85) at T1 in n= 8 (14.8%)
and at T2 in n= 7 (13.0%) of patients. Working memory was below
the normative range at T1 as well as T2 in n= 5 (12.2%) of
patients.
Around half of the patients showed a stable or favorable

cognitive development, defined as cognitive performance remain-
ing stable or increasing between T1 and T2 (PS: 51.9% of patients,
n= 28/54; working memory: 41.4% of patients, n= 17/41). In
patients with stable or favorable cognitive development, mean
group performance increased significantly between T1 and T2 for
processing speed and working memory (Table 2). The other half of
the patients showed a non-favorable cognitive development,
defined as cognitive performance decreasing between T1 and
T2 (processing speed: 48.1% of patients, n= 26/54; working
memory: 58.5% of patients, n= 24/41). In patients with a non-
favorable cognitive development, mean group performance
decreased significantly between T1 and T2 for processing speed
and working memory (Table 2). For both processing speed and
working memory, the stable or favorable and non-favorable
groups did not differ in respect to nonverbal intelligence at T1 and
risk factors such as age, sex, cancer type, and treatment modality.
Furthermore, there was no association between processing speed
and working memory change score (absΔ). Cognitive change
scores (absΔ) were negatively associated with cognitive perfor-
mance at T1, with worse cognitive performance at T1 relating to
a stronger increase of working memory (r=−0.511, p < 0.001)
and processing speed performance (r=−0.679, p < 0.001) and
vice versa (Fig. 1).

Table 1. Demographic and medical data.

Demographics n M (SD)
Range

Non-verbal intelligence at T1 44 109.09 (16.05)

83–142

Age at T1 (y) 57 9.44 (2.92)

4.02–14.41

Sex (m/f) 57 25/32

Mean time between T1 and T2 (y) 57 1.92 (0.39)

1.08–3.10

CNS involvement (yes/no)a 57 20/37

Cancer Type n %

Brain tumor 18 31.6

Leukemia 19 33.33

Lymphoma 10 17.5

Other casesb 10 17.5

Treatment modality n %

Chemotherapy only 26 45.6

Surgery only 15 26.3

Combinationc 15 26.3

No treatment 1 1.8

n number of patients, M mean, SD standard deviation, % incidence, y years,
T1 first two weeks of cancer treatment, T2 one year after termination of
cancer treatment;
aCNS involvement = tumor within the central nervous system;
bEwing sarcoma, Neuroblastoma, Paraganglioma, Rhabdomyosarkoma,
Sinonasal Glomangiopericytoma, localized pPNET frontobasal, Hepatoblas-
toma, Langerhans cell histiocytosis ;
cSurgery + Chemotherapy, Surgery + Radiotherapy, Chemotherapy +
Radiotherapy, Surgery + Chemotherapy + Radiotherapy.
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Table 2. Processing speed, working memory, psychosocial functions, and quality of life at T1, T2, and their change scores.

T1
M (SD)

T2
M (SD)

t/Z p d Change Score
M (SD)

n Range Range Range

Total group

Cognition

Processing speed 54 103.44 (16.96) 101.91 (13.84) 0.64 0.520 0.09 −1.54 (17.56)

65–147 71–134 −67–30

Working memory 41 99.61 (11.66) 98.05 (11.84) 0.82 0.420 0.13 −1.56 (12.25)

70–126 77–129 −33–30

Psychosocial functions

Total difficulties scorea 31 7.42 (3.41) 7.55 (3.85) −0.61 0.542 0.04 0.13 (3.50)

2–15 2–15 −9–5

Emotional distressa 31 2.23 (1.28) 1.77 (1.61) −1.66 0.097 0.31 −0.45 (1.48)

0–6 0–6 −3–3

Conduct problemsa 31 1.16 (0.97) 1.48 (1.34) −1.18 0.238 0.22 0.32 (1.459)

0–3 0–5 −3–3

Hyperactivitya 31 2.65 (2.12) 2.81 (2.09) −0.61 0.539 0.11 0.16 (1.51)

0–7 0–7 −3–3

Peer problemsa 31 1.39 (1.61) 1.48 (1.67) −0.37 0.711 0.07 0.10 (1.42)

0–5 0–6 −3–3

Prosocial behavior b 31 8.94 (1.06) 8.32 (1.54) −2.33 0.020 0.36 −0.61 (1.69)

5–10 4–10 −4–5

QoL

Quality of life scoreb 21 54.45 (33.46) 56.78 (31.61) −0.43 0.664 0.07 2.33 (32.95)

0.0–97.3 4.0–100.0 −47.60–92.10

Problem scorea 21 67.32 (25.72) 57.31 (25.03) −1.53 0.133 0.36 −10.02 (28.13)

0–100 27.2–100 −58.40–39.70

Favorable development

Cognition

Processing speed 28 95.64 (14.52) 107.11 (12.49) −7.85 <0.001 1.48 11.46 (7.72)

65–123 86–134 0–30

Working memory 17 95.29 (12.17) 105.06 (12.61) −4.71 <0.001 1.14 9.76 (8.54)

70–123 79–129 0–30

Psychosocial functions

Total difficulties scorea 17 8.06 (3.72) 5.88 (3.60) −2.67 0.008 0.73 −2.18 (2.98)

2–15 1–15 −9–0

Emotional distressa 24 2.50 (1.29) 1.50 (1.64) −3.23 0.001 0.88 −1 (1.14)

0–6 0–6 −3–0

Conduct problemsa 19 1.37 (1.12) 0.79 (0.86) −2.64 0.008 0.69 −0.58 (0.84)

0–3 0–3 −3–0

Hyperactivitya 20 2.85 (2.18) 2.15 (2.03) −2.56 0.011 0.68 −0.7 (1.03)

0–7 0–6 −3–0

Peer problemsa 21 1.52 (1.69) 0.86 (1.39) −2.72 0.006 0.73 −0.67 (0.91)

0–5 0–5 −3–0

Prosocial behaviorb 16 8.81 (1.28) 9.38 (0.72) −2.12 0.034 0.45 0.56 (1.26)

5–10 8–10 0–5

QoL

Quality of life scoreb 9 49.59 (36.14) 79.46 (21.31) −2.67 0.008 0.96 29.87 (31.26)

0.0–94.0 42.1–100.0 1.50–92.10

Problem scorea 13 72.33 (19.97) 47.35 (20.26) −2.805 0.005 1.07 −24.98 (23.44)

47.6–100 27.2–95.4 −58.40–0
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Psychosocial functions and quality of life
Mean psychosocial functions and QoL were within the normal range
at both time points. At T1, 3.2 to 12.9% of all patients had borderline
and 3.2–6.5% had abnormal scores in the different psychosocial
subscales and the total difficulties score of the SDQ. At T2,
3.2–12.9% of patients had borderline and 3.2–6.5% had abnormal
scores (ntotal= 31). The mean prosocial behavior significantly
improved between T1 and T2 (Z=−2.327, p= 0.020, d= 0.363).
The QoL score was below average in 14.3% of the patients at T1

as well as at T2. The problem score was below average in 47.6% of
the patients at T1 and in 33.3% of the patients at T2 (ntotal= 21).
The mean QoL score remained stable between T1 and T2
(Z=−0.434, p= 0.664, d= 0.07) whereas the problem score
decreased slightly (Z= 1.503, p= 0.133, d= 0.36), indicating a
non-significant improvement in QoL. In psychosocial functions,
stable or favorable change scores (stable or increased psychoso-
cial functions) in the different domains occurred in 51.6–77.4% of
patients (n= 16 to 24/31), whereas non-favorable development
(decrease of psychosocial functions) occurred in 22.6–48.4% of
patients (n= 7 to 15/31).
In QoL, a stable or favorable QoL change scores (absΔ) occurred

in 42.9% (n= 9/21), whereas a non-favorable QoL change was
presented in 54.1% of patients (n= 12/21). A stable or favorable
change within the problem score (absΔ) occurred in 61.9%
(n= 13/21), whereas a non-favorable change emerged in 38.1%
(n= 8/21) of all patients.

Correlation between cognitive and psychosocial functions
The processing speed change score was significantly correlated
with the prosocial behavior change score (absΔ; r= 0.472,
p= 0.010), indicating that an improvement in processing speed
is related to an improvement in prosocial behavior. Neither
changes in the SDQ total difficulties score, other SDQ subscales,
nor the QoL score or problem score were associated with the
development of processing speed or working memory between
T1 and T2.

Risk factors
Results from the regression analyses are summarized in Table 3.
Multiple regressions regarding cognition revealed that age at
T1 significantly predicts processing speed at T2 (T= 2.41,
p= 0.020) with older age at T1 relating to better processing
speed at T2. Regarding psychosocial functions, sex significantly
predicts peer relations at T2 (T= 2.10, p= 0.046) meaning that
male sex related to greater peer problems at T2. However,
involvement of the CNS and treatment modality did not affect
changes in cognition or psychosocial functions.

DISCUSSION
The present study examined the development of working
memory, processing speed, psychosocial functions and QoL of
patients with pediatric cancer between the beginning of cancer

Table 2. continued

T1
M (SD)

T2
M (SD)

t/Z p d Change Score
M (SD)

n Range Range Range

Non-favorable development

Cognition

Processing speed 26 111.85 (15.51) 96.31 (13.22) 5.66 <0.001 1.11 −15.54 (14.00)

86–147 71–120 −67 to −3

Working memory 24 102.67 (10.48) 93.08 (8.43) 6.67 <0.001 1.14 −9.58 (6.96)

84–126 77–111 −33 to −3

Psychosocial functions

Total difficulties scorea 14 6.64 (2.95) 9.57 (3.20) −3.31 <0.001 2.12 2.93 (1.38)

2–11 3–15 1–5

Emotional distressa 7 1.29 (0.76) 2.71 (1.11) −2.46 0.014 1.82 1.43 (0.79)

0–2 1–4 1–3

Conduct problemsa 12 0.83 (0.58) 2.58 (1.24) −3.14 0.002 1.81 1.75 (0.97)

0–2 1–5 1–3

Hyperactivitya 11 2.27 (2.05) 4.00 (1.67) −2.98 0.003 2.20 1.73 (0.79)

0–6 2–7 1–3

Peer problemsa 10 1.10 (1.45) 2.80 (1.48) −2.85 0.004 2.07 1.70 (0.82)

0–4 1–6 1–3

Prosocial behaviorb 15 9.07 (0.80) 7.20 (1.37) −3.46 <0.001 1.76 −1.87 (1.06)

8–10 4–9 −4 to −1

QoL

Quality of life scoreb 12 58.09 (32.43) 39.78 (27.38) −3.06 0.002 1.37 −18.32 (13.33)

9.2–97.3 4.0–85.9 −47.60 to −2.20

Problem scorea 8 59.19 (32.92) 73.49 (24.54) −2.69 0.031 0.95 14.30 (15.05)

0–96 36–100 3–39.70

n sample size, M mean, SD standard deviation, T1 first two weeks of cancer treatment, T2 one year after termination of cancer treatment, t one-sample t-test,
Z Wilcoxon test, p significance (α < 0.05), d Cohen’s d.
ahigher scores indicate more problems.
bhigher scores indicate less problems.
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treatment and one year after termination of cancer treatment.
Further, associations between cognitive development and
changes in psychosocial functioning and possible risk factors
such as age at assessment, sex, cancer type, and treatment
modality, were examined. Our results suggest that patients after
pediatric cancer show individual developmental patterns for
cognitive and psychosocial functions and QoL - despite test
scores within the average range.
In detail, around half of the patients showed a stable or

favorable cognitive development (stable or increased cognitive
functions) whereas the other half of the patients showed a

decrease in cognitive functions between T1 and T2. This result is in
accordance with a recent study showing that more than half of
the pediatric cancer survivors had age-appropriate cognitive
functions in the long-term.7 Our data suggest, that individual
factors such as age at diagnosis and sex play a role in the recovery
process after cancer and its treatment and result in stable or
favorable (restoration, substitution), neutral (no change) or non-
favorable (pathological consequences) development. It is there-
fore of crucial importance to monitor the development of working
memory and processing speed individually to support children
with a non-favorable development as early and as well as possible.
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Fig. 1 Correlation between performance at T1 and absolute cognitive change scores (absΔ). The first figure (on the left side) shows the
correlation between the performance at T1 and the absolute change score for processing speed (r=−0.679, p < 0.001). The second figure (on
the right side) shows the correlation between the performance at T1 and the absolute change score for working memory (r=−0.511,
p < 0.001).

Table 3. Significant results of the multiple linear regression models for cognitive (3a) and psychosocial functions (3b) as dependent variables.

(3a) Processing speed at T2 (n= 54)

Predictor Reference category B (95% CI) SE T p

Intercept – 50.73 (20.30, 81.17) 15.12 3.36 0.002*

Age at T1 – 1.61 (0.26, 2.96) 0.67 2.41 0.020*

Sex: Male Female 5.78 (−2.06, 13.62) 3.89 1.49 0.144

CNS involvement of cancer: Yes No −4.34 (−16.15, 7.48) 5.87 −0.74 0.464

Treatment modality: Chemotherapy only 1.77 (−8.76, 12.30) 5.23 0.34 0.736

Surgery only

Treatment modality: Chemotherapy only −1.39 (−11.74, 8.97) 5.14 −0.27 0.788

Combinationa

Processing speed at T1 – 0.34 (0.07, 0.61) 0.13 2.51 0.016*

(3b) Peer problems at T2b (n= 31)

Predictor Reference category B (95% CI) SE T p

Intercept – −0.22 (−2.37, 1.94) 1.04 −0.21 0.838

Age at T1 – 0.06 (−0.23, 0.35) 0.14 0.42 0.676

Sex: Male Female 1.21 (0.02, 2.39) 0.57 2.10 0.046*

CNS involvement of cancer: Yes No −0.21 (−1.58, 1.16) 0.66 −0.32 0.754

Treatment modality: Chemotherapy only −0.14 (−1.31, 1.03) 0.57 −0.25 0.809

Surgery only

Treatment modality: Chemotherapy only −0.58 (−1.87, 0.72) 0.63 −0.92 0.366

Combinationc

Peer problems at T1a – 0.58 (0.23, 0.94) 0.17 3.39 0.002*

B unstandardized regression coefficient, CI confidence interval, SE heteroskedasticity-consistent standard error (HC3), T t-test, p level of statistical significance.
*p < 0.05.
aCombination: Surgery + Chemotherapy, Surgery + Radiotherapy, Chemotherapy + Radiotherapy, Surgery + Chemotherapy + Radiotherapy.
bScore ranges between 0 and 10, higher scores indicate greater peer problems.
cCombination: Surgery + Chemotherapy, Surgery + Radiotherapy, Chemotherapy + Radiotherapy, Surgery + Chemotherapy + Radiotherapy.
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Interestingly, in our patients, a significantly stronger cognitive
increase was observed in patients with low cognitive performance
at the beginning of treatment (T1). We cannot rule out the notion
of a regression to the mean, whereby patients with worse
cognitive performance at diagnosis might normalize their
performance throughout rehabilitation. This statistical phenom-
enon could partially explain the observed cognitive increase in
those with initially low performance and the decreases in those
with initially high performance (see Fig. 1).
In respect to psychosocial functions, more than half of the

patients showed a stable or favorable development, being in
accordance with a study that showed that the majority of cancer
survivors do not have an increase in psychological symptoms after
cancer and its treatment.44 Further, our data suggest that mean
prosocial behavior even improves between the beginning of
treatment and one year after termination of treatment. A previous
study proposes that prosocial behavior can be higher in cancer
survivors than in a norm sample.35 This accentuation of prosocial
behavior might be explained by post-traumatic growth that
comes with increased focus on positive aspects of life.45 The
correlation between the increase in prosocial behavior and the
increase in processing speed presented in our results is
corresponding with a recent study suggesting that in patients
with brain tumor, processing speed played an important role in
preventing psychological distress.46 While the directionality of a
causal relationship is yet to be determined, research in both
clinical and nonclinical samples has consistently demonstrated a
relationship between executive functioning (i.e., processing
speed) and prosocial behavior (see ref. 47 for a review). Executive
functions have been implicated as potential moderators, media-
tors, and outcome measures in interventions to promote social
competence.47 Hence, there might be a close link between
processing speed and long-term prosocial behavior.
In more than half of the 21 patients with QoL assessments, a

non-favorable development of parent-rated QoL was observed.
Factors like parental distress and psychosocial family risk have
been shown to influence the parent rating of QoL.48 However, at
T1 as well as T2, the majority (namely 85.7%) of the parents
reported a good QoL of their children. Hence, our data coincide
with other studies showing that most pediatric cancer survivors
present QoL scores within the normative range.49

A multiple linear regression model revealed that age at T1 –
representative of age at diagnosis – significantly predicted
processing speed at T2, supporting existing evidence that
identifies age at diagnosis as a risk factor for cognitive problems
in pediatric cancer patients. Younger children might be particu-
larly vulnerable to the cancer-related long-term sequelae due to
the rapid cerebral development occurring in early childhood.
Cancer and its treatment partially interrupts these important
developmental processes.5,15,50 Additionally, the regression ana-
lyses indicated that male sex predicted peer problems at T2.
Female sex has traditionally been considered a risk factor for
cognitive problems in pediatric cancer patients. However, recent
studies have depicted a more nuanced view of sex as a risk factor.
While in certain cancer populations female sex is still identified as
a risk factor,51,52 other research suggests that cognitive functions
in female patients improve more strongly over time compared to
male patients.53 The findings on sex as a risk factor for cognitive
problems might also apply to psychosocial functions, given their
close relationship to cognitive functions.20

The present study has several potential limitations. T1 data was
collected within the first two weeks of cancer treatment. This is an
assessment in the very early stage after pediatric cancer. Some
patients likely felt sick due to disease and intense treatments, and
the parents and families suffered from high distress. Both might
influence their responses to neuropsychological assessments and
questionnaires. Overall, there is a large likelihood for a selection
bias: Patients feeling too sick for a neuropsychological assessment

shortly after diagnosis were likely missed at T1 and patients feeling
well one year after cancer diagnosis were likely missed at T2 (as they
did not see a need for an additional neuropsychological follow-up).
Some patients did not agree to the general consent and hence their
results were not included in the present data, rendering the
presentation of data of non-participants impossible. Furthermore, it
is a retrospective clinical record review and hence, the assessments
were organized in the clinical routine, in a single center by different
clinicians including a heterogeneous group of patients with
different cancer types. Missing values are due to the fact that not
all patients were followed-up in the clinical routine in a standardized
manner. Another limitation of this study is that the patient group is
skewed towards higher nonverbal intelligence at baseline. Last but
not least, due to the relatively small sample size, regression analysis
varied in respect to sample sizes and have to be interpreted with
caution. All these issues must be considered when reflecting on the
generalizability of the results.
Despite these limitations, this retrospective study is valuable as

it reflects the clinical reality of our patient sample and reinforces
existing findings from the literature. The variability in cognitive
development observed in our sample (favorable vs. non-favorable
outcome) highlights the importance of individual neuropsycholo-
gical monitoring and interventions. Furthermore, the close link
between psychosocial and cognitive functions underscores the
opportunity and need to foster not only cognitive functioning but
also psychosocial competence and interactions after pediatric
cancer in the long-term.15 Pediatric patients with cancer often
experience social isolation during their hospital stays. By integrat-
ing cognitive and psychosocial interventions, we can better
support our patients in overcoming multifaceted challenges they
encounter during and after cancer and its treatment.54 Future
studies could focus on a longer observation periods after pediatric
cancer, including additional cognitive variables such as, i.e.,
executive functions or attention skills and recruiting a larger
sample size that would enable the thorough investigation of risk
and protective factors.
To conclude, pediatric cancer patients display a wide variability

in respect to their development of working memory, processing
speed, psychosocial functioning, and QoL with about half of the
patients showing stable or favorable whereas the other half
experiencing non-favorable cognitive development. The observed
variability of developmental pathways highlight the importance of
early individualized patient monitoring and the supply of
interventions strengthening cognition and psychosocial functions
right after diagnosis (i.e., cognitive training, strategy training,
metacognitive training, psychotherapy, physical training).
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