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Abstract
Oncologists have been driven to face the need to reach their primary goal of patient recovery by reducing or preventing as
much as possible late effects in cancer survivors of developmental age as a result of improved oncological treatments,
increased survival rates, and their awareness that they are acting in a crucial phase of life. Late effects involve various
systems of individual functioning: cardiovascular, respiratory, reproductive and neurocognitive. The aim of this study was
to draw attention to late cognitive effects and underline the importance and usefulness of rehabilitation interventions in
reducing not only learning difficulties, but also the problems related to socialisation and psychological unease.
Neurocognitive outcomes are influenced by the type of cancer treatment, the time that has passed since its administration,
surgery, tumour location, and the patient’s age and gender. Late effects are generally more severe in cases of radiotherapy,
which seems to affect IQ, whereas chemotherapy only seems to affect neuropsychological abilities such as attention,
concentration, memory, and executive and visuo-spatial functions. Cognitive outcomes therefore affect not only
intellectual and educational functioning, but also social and psychological functioning.
It is widely acknowledged that Butler and Copeland’s tripartite Cognitive Remediation Program (CRP) can benefit
children and adolescents with neurocognitive difficulties due to oncological treatment. It not only improves attention and
learning abilities, but also the ability to manage post-treatment cognitive dysfunction more effectively.
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1 Introduction
In the European Union (E.U.), the incidence of cancer in children aged 0-14 years was 138.5 cases per million per year
during the period 1978-1997. This means that in the E.U. on average every year cancer was diagnosed in about 13,000
children. Specifically, cancer incidence was lowest in the British Isles (UK and Ireland, 131.5 cases per million children
per year) and highest in Finland (173.2 cases per million children per year). Leukaemia was the most common type of
cancer. Its incidence was significantly highest in the North and the South of Europe (Italy, Malta, Slovenia, Spain, Turkey)
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and lowest in the East (Belarus, Estonia, Hungary, Slovakia). The second form of cancer was brain and spinal neoplasms,
accounting for 22% of the total incidence overall and being highest in the North and East and lowest in the West of Europe
(France, Germany, Netherlands, Switzerland). The third most common type of cancer was represented by lymphomas
(11%), which were significantly more frequent than average in the South and East of Europe, and significantly less
frequent in the British Isles [1].
On the contrary, In Italy, the annual incidence of paediatric tumours was 175.4 cases per million per year in the period
1998-2002, which was slightly higher than detected in the nineties in the United States and also in Europe [2]. Fortunately,
these tumours have a good prognosis both during childhood and adolescence [2], in line with the literature data [3].
In Italy, the survival rate for leukaemia in the 0-14 years age group was 84%, and 71% in adolescents. Cancers of the
central nervous system appear more aggressive, with a survival rate of 61% in children and 72% in adolescents; however,
the difference is not statistically significant [4].
According to data from the literature, the most widespread paediatric cancers are represented by lymphomas and acute
lymphoblastic leukaemia (ALL) of the central nervous system (CNS), accounting for 50% of all paediatric cases [5, 8].
Five-year survival rate is 93% in the case of posterior fossa tumours [6], Wilms’ tumours [7] and Hodgkin’s lymphoma [7],
and 65% in the case of medulloblastomas [9], while it is only 10% in intrinsic brainstem gliomas [9]. However, although
these data show that oncological treatments may fortunately cure children and adolescents, we must remember that they do
not assure the complete absence of negative effects, including the so called “late effects”. The latter are chronic or
progressive conditions that involve different apparatus, mainly the cardiovascular, respiratory, reproductive and
neurocognitive systems [10]. Moreover, Gross-King et al. showed that 40%-100% of cancer survivors are affected by
cognitive difficulties [5]. The aim of this brief report is to underline the need of a rehabilitation treatment in order to reduce
the possible unease caused by learning difficulties and socialisation discomfort. It also proposes to improve attention and
learning performance adopting Butler and Copeland’s Cognitive Remediation Program (CRP).

2 Late neurocognitive effects on personal areas
In 1975, Soni et al. showed that brain radiotherapy (24 Gy) did not affect the intellectual functioning of treated children.
Indeed, the sample submitted to radiotherapy was small (14 children treated by CNS irradiation for ALL compared with 19
children with solid tumours treated by irradiation to other sites, and assessed before irradiation and then over an 18-month
period), and that the patients treated were significantly younger than controls [11]. On the other hand, Meadows et al. [11]
showed a cognitive deterioration [11, 12]. Other, subsequent studies confirmed the negative effects of brain radiotherapy on
cognitive status in treated children and adolescents [10, 13]. In particular, Mulhern et al. showed a 12-14 point reduction in
IQ (intelligence quotient) [14]. This data has been confirmed by Palmer et al. describing a neurocognitive decline in
children treated for medulloblastoma associated with radiotherapy. Moreover, children aged less than eight years old
treated with a standard dose (36 Gy) had more severe neurocognitive outcomes than older children receiving a lower dose
(23 Gy) [9]. In addition, in survivors of medulloblastoma, a deficit in academic achievement, memory, attention, and
processing speed has been evidenced [5, 9, 10, 13, 15-17, 19, 21]. Combined radio- and chemotherapy reduced cognitive
performances and was associated with memory loss, concentration, and learning problems [5, 13-16, 18]. The most commonly
affected neurocognitive functions were loss of attention and concentration [9, 10, 19, 21], and memory problems [5, 13, 19], in
particular working memory [10, 22]; also the visuo-motor integration and visuo-spatial abilities [5, 9, 20, 21, 23-25], executive and
verbal functions [13, 14, 20], speed of execution [13, 20], and problem-solving abilities were affected [20]. On the other hand,
chemotherapy alone did not reduce total IQ [16, 17], but was found to affect the neuropsychological abilities that are essential
in a number of learning domains and intelligence tests [7, 8, 20, 24, 23]. The involvement of certain neuropsychological abilities
seems to be due to a reduction in the volume of the white matter in the right frontal lobe [16].
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The data obtained by Voxel-based morphometry (VBM) studies showed that this is significant in adolescents and children
treated for lymphoblastic leukaemia, who mainly have difficulties in tests of attention, visual construction, mental
flexibility and mathematics, reading, the production of written language [26], and in the behavioural sphere [19, 24-26].
When the children and adolescents return to school after treatment, they have to handle their difficulties in attention and
concentration, as well as show the self-regulation of cognition and behaviour. Furthermore, the reaction of their teachers
and in particular of peers can lead to antisocial behaviour [27]. Difficulties in attention, concentration and executive
functions will affect the learning process, but they are certainly the basis of disruptive behaviour disorders (e.g. ADHD).
Thus, when children and adolescents come back to school after treatment, they must learn to manage their attention and
concentration difficulties, their behavioural and cognitive autoregulation and respond to potential adverse reactions of
teachers and peers in their response to behavioural dysregulation. Adolescent survivors of acute lymphoblastic leukaemia,
CNS tumours and neuroblastoma are at an increased risk of depressive symptoms, anxiety (internalising symptoms),
attention deficit disorder, and antisocial behaviour for reduced social competence (externalising symptoms). The history
of all CNS tumours and neuroblastoma may therefore increase the risk of adverse behavioural and social consequences.
Treatments with cranial radiation and/or intrathecal methotrexate were specific risk factors [27]. Learning and
concentration difficulties, together with school absences, poor performance, and emotional and behavioural problems can
make it difficult to re-enter everyday life. In the presence of one or more of these factors, the American school system
provides for the activation of Special Educational Services. One study of long-term survivors showed that 23% of the
12,430 subjects enrolled had needed Special Educational Services for periods ranging from 4.8 years (chemotherapy) to
5.8 years (high-dose radiotherapy) [7]. Radiotherapy alone or in combination with chemotherapy significantly increased the
likelihood of being included in a Special Educational Services programme [7].
For these reasons, research and clinical experience have stressed the need for interventions aimed at rehabilitating the
patient, and clinicians have gradually modified their treatment protocols: radiotherapy has much more aggressive effects
on neurocognitive functions than chemotherapy [10, 13].

3 Butler and Copeland’s Cognitive Remediation Program
(CRP): A rehabilitation model
The aim of Butler and Copeland’s tripartite rehabilitation model is to treat children and adolescents who present
neurocognitive deficits after being treated for all type of cancers, and in particular brain tumours.
The model is called “tripartite” because it combines neuropsychological rehabilitation with educational and clinical
psychology [9, 11]. The first level of intervention concerns the neuropsychological rehabilitation of attention, adopting
Solbherg and Matter’s exercises brought together in an attention process training (APT). This programme stimulates the
selective, sustained, divided and executive control of attention [9, 11]. The second level uses educational psychology
techniques to teach the patients meta-cognitive strategies that can be used before, during and after tasks requiring
attention, with the aim of improving the self-regulation of attention and memory, and therefore performance [9, 11].
The third level uses the stress inoculation training (SIT) in order to improve the psychological management of the
difficulties that need to be faced. In this phase, motivation towards effort is supported by improving the patients’
awareness of their difficulties, in order to favour a positive and optimistic attitude [9, 11]. The most extensively used
cognitive-behavioural techniques are internal dialogue, reinforcement and modelling [9], but it also allows the use of
additional sessions for the children/adolescents who present symptoms of anxiety and depression.
The CRP has a total duration of 50 hours divided into two-hour sessions; 15 minutes being dedicated to attention
rehabilitation (APT) and the remaining time to the acquisition of meta-cognitive strategies and SIT. The CRP involves
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team work, in which the children/adolescents and their therapists work together with the patients’ teachers and families in
order to improve the generalisation of academic functioning [9, 11].
Many studies of the efficacy of CRP indicate that it significantly increases selective attention, and attention and
concentration in the school performance (language and mathematics), but not working memory, memory recall or
vigilance [9, 11, 28].

4 Conclusions
In conclusion, paediatric oncological treatments may have neurocognitive consequences that negatively affect the
academic performances, emotional state (depression, anxiety) and behaviour of patients. Moreover, school attendance
may be interrupted for long periods by hospitalisations or pathologies like minor infections. As Eiser et al. evidenced,
frequent absences from school affect a child's school career, relationships with teachers, and their perception of the
acceptance of their peers. The disease experience can also lead to changes in their physical appearance and character. All
of these alterations can feed a sense of isolation that may reduce the sense of belonging and involvement in school
activities [28]. Rehabilitating such neuropsychological and cognitive outcomes is essential, first of all to improve cognitive
functions, but also to prevent uneasiness in the social and psychological domains. A rehabilitation programme such as that
proposed by Butler and Copeland involves the collaborative effort of the most important figures in the lives of the
children/adolescents and, by acting at many levels, responds to many of the difficulties due to the cancer treatments. It acts
on fundamental dimensions of the quality of life, such as social, cognitive and emotional functioning, and not only offers
the possibility of completing an educational career that will have a major bearing on the children’s and adolescents’ future
choices, but also the possibility of leading an autonomous life as it facilitates reintegration into the world beyond the
family and hospitalisation, as well as the construction of significant peer relationships.
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