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10.1 Epidemiology of Cognitive Disorders in Brain Tumours

In the last decades in western countries, the advances in diagnostic and therapeutic
options have extended average life expectancies of neuro-oncological population
[1]; specifically for patients affected by low to intermediate grade tumours the
expected survival may reach 10-15 years, while for patients diagnosed with glio-
blastoma multiforme the median survival has increased to 18-24 months from 9 to
12 months in the years before the introduction of temozolomide in 2006 [2—4].

As survival has improved, long-term treatment and disease-related morbidity has
gained more attention and cognitive dysfunction has been recognized as the most
frequent complication among long-term survivors [5-7]. A growing literature in
fact shows that impairment of cognitive functions, such as psychomotor slowing,
attention and memory (working memory) deficits, executive dysfunction (cognitive
control and flexibility, planning, and foresight) or focal deficits such as aphasia or
apraxia may occur in most patients with brain tumours (BT) [8—11].

Rates of patients suffering from cognitive disorders evaluated through neuropsy-
chological test assessments range from 29% in patients with non-irradiated low-
grade glioma (LGG) to 50-90% in patients with diverse BT [12—16]. The lack of
homogeneity in study populations and treatments as well as methodological issues
such as the insensitivity of the assessment methods used, the duration of follow-up,
the variability of normative data used to detect patients with cognitive impairments
explain the variability of literature data.

Although the pathophysiology of cognitive impairment is not completely under-
stood, several causes have been recognized, suggesting a multifactorial aetiology of
neuropsychological deficits [5, 17-18].

First of all, the tumour itself, tumour progression, tumour-related neurological
complications such as epilepsy can cause cognitive deficits. Although tumour type or
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volume has not always been found to predict cognitive performance [19], cognitive
impairments have been detected more frequently at diagnosis in rapid-growing
tumours such as glioblastomas than in slow-growing ones such as LGG [20].
Nevertheless, recent literature underlined that also LGG can’t be considered “tumour
mass” as reported in the classic literature; instead, they represent an infiltrating chronic
disease that invades the central nervous system, especially the subcortical connectiv-
ity known to be critical for brain and cognitive functions [21, 22]. Moreover, deficits
in cognitive functions may indicate tumour recurrence, even before structural changes
are evident on computerized tomography or magnetic resonance imaging [23, 24].

Apart from the tumour itself, also medical treatments contribute largely to the cog-
nitive side effects: a wide literature in fact has documented that surgery, radiotherapy,
chemotherapy, and antiepileptic drugs can all have adverse effects on cognitive func-
tioning [5]. Cognitive impairments due to the damage to tumour surrounding tissue
after surgical resection have been reported to be mild and transient in most cases [25];
however, the paucity of studies including pre- and post-surgical cognitive evaluations
prevents from drawing definitive conclusions about the effect of surgery on cognitive
functioning. Conversely, treatment-related neurotoxicity has been more widely
explored. Radiation encephalopathy has been classified into three phases depending
on the between the administration of radiotherapy and symptoms onset [26]. Actually,
in a few days after the beginning of radiotherapy, acute radiation encephalopathy may
occur, producing headache, somnolence, and worsening of pre-existing neurological
deficits; similarly, within the first 6 months after completion of radiotherapy, early
delayed radiation encephalopathy may develop. In both cases however, a return to
normal baseline has been described. Conversely, late-delayed encephalopathy is an
irreversible and serious disorder, occurring several months to many years after radio-
therapy, that can manifest as local radionecrosis or diffuse leucoencephalopathy and
cerebral atrophy. Cognitive disturbances are the hallmark of the diffuse encephalopa-
thy [27-30]. Chemotherapy-related cognitive impairment, referred to as “chemo-
brain” (or chemofog), is the most widely reported source of cognitive deficits in
neuro-oncological population. Animal models suggest vulnerability of neural stem
cells to specific chemotherapy agents (carmustine, cisplatin, cytarabine, and metho-
trexate) with resultant cognitive deterioration [31, 32]; moreover, demyelination,
inflammation, and microvascular injury have all been postulated as mechanisms
underlying neurotoxicity of therapy [33, 34]. Combined injury may occur with con-
comitant or sequential administration of brain radiotherapy and chemotherapy because
of alterations in blood brain barrier permeability and drug distributions.

Finally, the impact of emotional disturbances can’t be neglected as emotional
distress may affect attention, vigilance, and motivation, subsequently impairing
cognitive performance [35].

10.2 Cognitive Impairments: Function, Participation,
and Quality of Life

Although the severity of cognitive difficulty varies among patients, even the slight-
est deterioration in cognitive function can be devastating for the patient’s quality of
life (QOL), interfering with the patient’s ability to function at premorbid levels
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professionally and socially and therefore resulting in loss of functional indepen-
dence [18]. The limited ability to undertake activities of daily living, reduced auton-
omy and inability to return to work may create an even greater restriction than a
physical disability [36]. According to the International Classification of Functioning,
Disability and Health proposed by the World Health Organization [37], functioning
should be considered at three perspectives: body, person, and societal. At the most
basic level, a problem in body function or structure is noted as impairment (i.e.,
cognitive impairment such as memory deficits, dysexecutive syndrome...) as a
result of disease or injury. At the personal level, the patient’s activity limitations
reflect the consequences of the impairment in daily life (i.e., the patient with cogni-
tive deficits is unable to remember things, to plan activities, to produce or to under-
stand verbal messages...), whereas patient’s participation restrictions reflects how
the disability affects the patient’s social interactions (i.e., the patient who suffers
from cognitive impairments will be forced to leave work, school...).

Therefore the comprehensive concept of health-related QOL (HRQOL) that cov-
ers physical, psychological, and social domains, as well as symptoms induced by
the disease and its treatment has been proposed to fully describe patients’ function-
ing and well-being [38, 39]. In fact it is increasingly recognized that the benefits of
treatments have to be carefully weighed against the side effects they produce [40]
and that measures of HRQOL are important (secondary) outcome measure in clini-
cal trials for BT patients, complementing traditional measures of survival or disease
stability [41-43].

Considering the limited survival of neuro-oncological patients, this is an even
more urgent issue.

10.3 Cognitive Rehabilitation
10.3.1 Main Features

In broad terms, rehabilitation principally focuses on the improvement of function-
ing and quality of life. While other branches of health care aim at the prevention and
treatment of the disease, rehabilitation assumes that disability may be reduced even
in presence of a permanent injury or chronic disease. Therefore, according to
McLellan [44] rehabilitation may be defined as “an interactive process whereby
people who are disabled by injury or disease work together with professional staff,
relatives, and members of the wider community to achieve their optimum physical,
psychological, social, and vocational well-being”.

Despite most of rehabilitative studies and techniques addressed motor disability,
rehabilitation is not only limited to improving physical deficits: Cognitive rehabili-
tation (CR) aims at enhancing cognitive functioning and independence through
interventions that reduce the impairments or lessen the disabling impact of those
impairments [45-48].

Differences among definitions of CR depend on theoretical differences
regarding the underlying cognitive mechanisms that result in functional and
behavioural deficits as well as on the contents of treatments. However, some
basic distinctions, despite not mutually exclusive, are common among the
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different approaches, including modular versus comprehensive, restorative (or
remedial) versus compensative (or adaptive), and contextualized versus decon-
textualized approaches.

In modular approach usually the intervention focuses on the treatment of specific
cognitive disturbances, while the term comprehensive approach refers to the treat-
ments of patients suffering with multiple impairments (both cognitive and emo-
tional or behavioural) by means of a combination of modular cognitive treatments
as well as interventions addressing self-awareness of the impact of cognitive deficits
and cognitive-behavioural intervention for emotional disturbances. This latter holis-
tic approach is defined “neuropsychological rehabilitation™ that, according to the
definition proposed by Wilson [49], is broader than cognitive rehabilitation, as it is
concerned with the amelioration of cognitive, emotional, psychosocial, and behav-
ioural deficits caused by an insult to the brain.

Restorative interventions focus on the cause rather than the effect of a deficit and
are aimed at reducing the severity of the deficit, enhancing (or normalizing if pos-
sible) specific impaired cognitive functions. These kind of interventions usually are
based on the direct training of the impaired function through the repetitive and
intensive use of exercises with growing levels of complexity and cognitive demands.
Conversely, adaptive or compensatory therapies don’t aim to correct the underlying
deficit but to minimize its impact on everyday activities through the development of
compensatory strategies or through the use of tools and aids to overcome the impair-
ment [50, 51]. Ideally, the possibility to restore functions represents an appealing
option affecting a broad range of activities damaged by the same impairment; on the
contrary, compensatory strategies tend to be linked to specific activities, represent-
ing therefore more local solutions (although sometimes the only ones realistically
achievable).

Finally, the distinction between contextualized versus decontextualized
approaches refers to the degree in which they take place in the real world and use
materials, activities, and tasks related to patient’s everyday life. While decontextual-
ized interventions are simpler to standardize but are more “artificial”, contextualized
approaches are more likely to enhance motivation and improve patient’s self-
awareness because they deal with personally relevant tasks within a familiar envi-
ronment. Establishing meaningful and functionally relevant goals for rehabilitation
linked to day-to-day activities represents a key point to restore patient’s social
participation.

Obviously, these attributes of CR are not mutually exclusive but can be com-
bined in different ways: modular treatments, for example, may be aimed to either
restoration or compensation as well as they can also be either contextualized or
decontextualized; in any case, each patient should be carefully evaluated before
starting the intervention in order to plan realistic rehabilitation goals, identify priori-
ties for intervention, evaluate progress, break rehabilitation down into achievable
steps, resulting in better outcomes [52]. Additionally as described by Sohlberg and
Mateer [53] “there should be an emphasis to provide functional endpoints to a reha-
bilitation programme, so that impact on activities of daily living can be optimized.
The ultimate measure of success of any cognitive rehabilitation program is
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Table 10.1 Main components of cognitive rehabilitation

Component Contents and aims

Education Improvement of patient’s understanding of the problem and its
consequences as well as enhancement of awareness of cognitive
weaknesses and strengths.

Process training | Improvement of skills through direct retraining of the impaired cognitive
abilities to restore functions.

Strategy training | Use of environmental, internal, and external strategies to compensate the
existing deficits, favouring an effective adaptation.

Functional Application of the other three components in everyday life to favour
activities training | generalization of the improvements to activity of daily living.

Modified from Society of Cognitive Rehabilitation

improvement in an individual’s ability to manage work, daily living or leisure activ-
ities, not simply on practiced therapy tasks”.

Table 10.1 summarizes the main components of CR according to the Society for
Cognitive Rehabilitation [54].

10.3.2 Literature Evidence

Despite CR programmes have been proven to be effective in the treatment of cogni-
tive deficits in various populations of patients with neurological disorders, including
those with traumatic brain injury, stroke, neurodegenerative disease, mainly
Alzheimer’s disease [48], few studies have investigated strategies to prevent or treat
cognitive deficits in patients with BT [1, 55], likely because they are not seen as
potential candidates due to their poor prognosis.

A single case study of a patient who suffered from cognitive deficits after right
temporal lobectomy for an astrocytoma was the first report of a cognitive rehabili-
tation intervention in neuro-oncological patients [56]. After a 4-month interven-
tion combining cognitive retraining with psychoeducational and compensation
techniques, improvements were observed on follow-up neuropsychological data,
behavioural observations made by the patient's wife, and efficiency on work-
related tasks.

Subsequently, preliminary support for the effectiveness of postacute brain injury
rehabilitation in the management of neuro-oncological patients was offered by a
retrospective study published in 1997. Sherer and colleagues [57] showed that after
an average of 2.6 = 1.9 months of vocational rehabilitation performed both in indi-
vidual and group sessions, primary BT outpatients enjoyed favourable community
independence and employment outcomes. Moreover, gains made during treatment
were generally maintained at follow-up evaluations performed an average of 8
months after discharge.

In the randomized controlled 2-week trial by Locke et al. [58] 13 pairs of BT
patients and their caregivers underwent a combined cognitive-rehabilitation and
problem-solving therapy intervention. After receiving the intervention, 88% of
patients were able to learn the study specific strategies and to continue using the
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strategies to some degree at the follow-up after 3 months. Also, 88% of those who
received the intervention described it as helpful and indicated that they would rec-
ommend the intervention to other patients. Caregivers were similarly enthusiastic
about the intervention strategies.

In a Dutch trial 140 patients with LGG and anaplastic gliomas, clinically stable
(i.e., without any evidence of disease progression) for a minimum of 6 months
before study entry, were recruited from 11 hospitals in the Netherlands and ran-
domly assigned to an intervention group or to a waiting-list control group [59]. The
intervention consisted of six weekly, individual sessions of 2 h each and included
both computer-based attention retraining and compensatory skills training of atten-
tion, memory, and executive functioning. The weekly therapy sessions were com-
bined with homework tasks including computer-based attention retraining exercises
and of logs kept about experiences with applying compensatory strategies in daily
life. The waiting-list control group received usual care and contact with the research
staff was at similar intervals as the intervention group. At the immediate post-
treatment evaluation, statistically significant intervention effects were observed for
measures of subjective cognitive functioning and perceived burden, while at the
6-month follow-up, the intervention group performed significantly better on tests of
attention and verbal memory and reported less mental fatigue.

In 2010 Hassler and colleagues [60] performed a small pilot study involving 11
patients with high-grade gliomas (HGG) to evaluate the effectiveness of 10 weekly
group training sessions of 90 minutes, according to an holistic mnemonic training
in which all aspects of mental activity were separately addressed, using exercises to
train perception, concentration, attention, memory, retentiveness, verbal memory,
and creativity. In the intervention group, comparison of mean group differences
between baseline and at post-training evaluation after 12 weeks revealed improve-
ment across all neurocognitive variables, especially attention and memory skills.

These positive results were further confirmed by an Italian randomized trial pub-
lished in 2013 [61] that included 58 patients with primary BT who were randomly
assigned to a rehabilitation group or to a control group, early after surgery. The
intervention consisted of 16 one-hour individual sessions of therapist-guided cogni-
tive training, spread over 4 weeks, combining computer exercises (remedial
approach) and metacognitive training (compensatory approach). Patients in the con-
trol group received usual care without cognitive training. At the end of the interven-
tion patients in the rehabilitation group showed a significant improvement of
cognitive functions, especially in attentive and mnesic domains, while the control
group exhibited only a slight, not statistically relevant, enhancement of cognitive
performances.

To investigate whether virtual reality (VR) training will help the recovery of
cognitive function in BT patients, a Korean group of researchers enrolled 38 patients
with cognitive impairment who were randomly assigned to either VR group (n = 19)
or control group (n = 19) [62]. Both VR training (30 min a day for 3 times a week)
and computer-based cognitive rehabilitation program (30 min a day for 2 times) for
4 weeks were given to the VR group. The control group was given only the computer-
based cognitive rehabilitation program (30 min a day for 5 days a week) for 4 weeks.
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The VR group showed significantly (p < 0.05) better improvements than the control
group in attentive measures, memory tests, and concentration, suggesting that VR
training can have beneficial effects on cognitive improvement.

In the observational pilot study carried out by Maschio et al. [63] 16 patients
affected by primary BT or cerebral metastases and tumour-related epilepsy per-
formed a computerized remedial training consisting in one weekly individual ses-
sion of 1 h, for a total of 10 weeks. Patients were evaluated with the same battery of
tests used at baseline, directly after cognitive rehabilitation (T1), and at 6-month
follow-up (T2). Statistical analysis showed that short-term verbal memory, episodic
memory, fluency and long-term visuospatial memory improved immediately after
the T1 and remained stable at T2.

Finally, Lo Buono et al. [64] described the effectiveness of a rehabilitative train-
ing based on cognitive retraining and motivational techniques performed by a young
man after the removal and the treatment of a fibrillary grade II astrocytoma. After 3
months of training (2 times/week for a total of 24 sessions) the authors documented
an improvement in memory, attention, shifting, and visual activities, in writing and
reading, and in the ability to access the linguistic register.

The considered studies highlight the extreme heterogeneity of the available
approaches that are included under the broad term of CR as well as the differences
regarding the study design, the number of patients included in the trials, the diagno-
sis and the phase of the disease, and the measures used to assess cognitive functions
and to evaluate the outcome. Despite such dissimilarity, all studies found evidence
that CR was more effective than no rehabilitation or control to improve cognitive
functions of BT patients, suggesting the need for further well-conceptualized, exe-
cuted, and reported randomized controlled trials to clarify which are the most effec-
tive approach and the patients who can benefit from the intervention. Last but not
least, also the impact of CR on daily function and quality of life is an urgent issue
to deal with: in fact even highly efficacious treatments may induce enhancement
only on specific measures of the targeted impairment but may fail to show improve-
ment in real-world activities, participation or quality of life, resulting therefore
scarcely useful. Actually some cognitive interventions appear to be more concerned
with improving test scores than with reducing everyday problems [65], likely
assuming that reducing impairments will reduce everyday problems. To date, how-
ever, there is little evidence that this actually happens [66].

The main results and limitations of the above-mentioned studies are listed in
Table 10.2.

Based on evidence about CR and expert opinion, the Society for Cognitive
Rehabilitation [54] provided a comprehensive list of recommendations for best
practice whose main points are summarized below:

— The cognitive treatment plan must be defined on the basis of the results of a
comprehensive neuropsychological assessment, that underlines patient’s cogni-
tive weaknesses and strengths.

— Whenever possible, assessment results and treatment plans should be
explained and agreed with the patient and the caregiver; all rehabilitative
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goals should be specific, measurable, and realistic as well as valuable and
meaningful for the patient.

— CR treatments should encompass both attempts at restoration of impaired func-
tions and teaching compensatory strategies to minimize cognitive deficits;

— The therapy has to be systematic, structured, and repetitive according to the
patient’s needs and it must be part of a multidisciplinary approach.

— Treatment goals should be directed towards enhancing the individual’s ability to
function as independently as possible; the goals of the intervention must focus on
functional competence in real life.

— Opportunities to practice in real-life settings should be provided as part of the
intervention to favour generalization and transfer of learning.

— Patient’s awareness regarding the presence or severity of cognitive deficits repre-
sents the key to successful rehabilitation and should be directly worked on.

— Although cognitive deficits are the major focus of CR, emotional and psychoso-
cial consequences of brain injury need to be addressed in rehabilitation pro-
grams. There is an interaction between these different functions, and it is not
always easy to separate them from one another.

10.4 Theoretical Framework and Neural Plasticity

The heterogeneous array of interventions that are included within the term CR
reflects the lack of a unified theoretical framework able to explain normal cognitive
processes, how these are affected by brain injury and how recovery of cognitive
processes may occur. In fact most of the neuropsychological models proposed by
cognitive neuropsychologists try to explain the working of a normal brain and can
detect if something is wrong, but are quite silent with respect to what to do about it
[67]; conversely, a useful theory of cognitive rehabilitation should inform clinicians
as when, how, and how much to treat to maximize recovery of functions.

As cognitive recovery requires re-learning of skills, theories of learning and
memory are crucial for rehabilitation according to Baddeley [68] who claimed that
“a theory of rehabilitation without a model of learning is a vehicle without an
engine” (p. 235). In the last decades, behavioural experiments as well as careful and
repeatable observations have clarified a lot of important principles about how peo-
ple can learn and retain new information (operant and classical conditioning, shap-
ing behaviours, intermittent reinforcement...); recently, the principle of errorless
learning (i.e. preventing people, as far as possible, from making mistakes while they
are learning a new skill or acquiring new information) has been highly influential in
memory rehabilitation, proving to be particularly effective [69]. Models and theo-
ries from behavioural psychology have provided some of the most useful and influ-
ential theoretical contributions to rehabilitation, not only for the understanding,
management, and remediation of disruptive behaviours, but also for the remediation
of cognitive deficits [67]. Moreover, behavioural theories are especially valuable in
cognitive rehabilitation because they inform assessment, treatment, and the mea-
surement of rehabilitation efficacy.



144 C. Zucchella

Another approach that have revealed quite useful to simulate the mechanisms of
learning of new information and specific cognitive tasks is represented by the con-
nectionist models of learning that describe mental and behavioural phenomena as the
emergent processes of interconnected networks of simple units. Among many forms
of connectionism, the most common forms use neural network models, where units in
the network represent neurons and the connections represent synapses. At any time, a
network can change through the activation of a neural unit (or group of neural units)
in the networks and the spread of the activation to all the other units connected to it.
Memory, for instance, is created by modifying the strength of the connections between
neural units, based on the principles of Hebb [70] who links learning to the synchro-
nous firing of pre-and post-synaptic cells that leads to inter-neuron linkages through
changes in synaptic strengths (cells that fire together, wire together), building a bridge
between the behavioural/cognitive and the neurophysiological level of analysis.

However, considering the complexity of the field and the range of issues to be
dealt with, CR needs a broad theoretical base incorporating frameworks, theories,
and models from different areas in order to consider all the important aspects (cog-
nitive, psychological, physical, social, and vocational) of patients’ lives [67].

Starting from the concept of Hebbian learning, the following assumptions have
been proposed by Robertson and Murre [71] to explain recovery after brain damage:

— The brain is capable of a large degree of self-repair through synaptic turnover
(change in the dendritic branches of neurons and in the pattern of synaptic con-
nectivity) and may be engaged in this, even in the absence of overt damage.

— This synaptic turnover is to some extent experience-dependent and is a key
mechanism underlying both learning and recovery of function following brain
damage.

— Recovery processes following brain damage share common mechanisms with
normal learning and experience-dependent plasticity processes.

— Experience and inputs available to damaged neural circuits will shape synaptic
interconnections and hence influence recovery.

Therefore, two neurons or groups of neurons that have been disconnected by an
injury may become reconnected if they are activated together. Simultaneous activa-
tion will take place if both neurons are separately connected to a circuit whose
neurons themselves are functionally interconnected. With several repetitions of this
process, partially damaged neural circuits thus may become reconnected and corti-
cal functions may be restored.

The capacity of the central nervous system to reorganize itself and adapt in
response to changes in the environment or lesions is called neural plasticity [72]:
results from neurophysiological and neuroanatomical experiments in animals and
noninvasive neuroimaging and electrophysiological studies in humans in fact
showed considerable plasticity of cortical representations with use or non-use, skill
learning, or injury to the nervous system [73, 74].

Although plasticity has been mainly investigated in humans with acute strokes, a
growing literature demonstrated that when a tumour invades part of the brain affecting
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the underlying functions, the brain attempts to compensate for the functional deficit
through cortical reorganization, or plasticity [75, 76]. Neural plasticity is therefore a
continuous process allowing short-, middle-, and long-term remodelling with the aim
to optimize the functioning of brain networks. To explain the pathophysiological
mechanisms underlying cerebral plasticity, several hypotheses have been proposed
involving both the microscopic (modulations of synaptic efficiency, unmasking of
latent connections, phenotypic modifications, neurogenesis) and the macroscopic
level (diaschisis, functional redundancies, compensatory recruitment of areas not ini-
tially dedicated to the impaired function) as well as morphological changes [25].

Functional imaging studies have shown that slow-growing lesions may induce
major neural reorganization and are compensated for much more efficiently than
acute lesions [77, 78]. Rearrangements observed in pre-operative studies in fact
explain why most LGG patients appear either normal or only slightly impaired
under standard neurological assessments [79, 80]. To compensate for LGG inva-
sions different plastic processes have been described that seem to follow a hierar-
chic model, involving local compensation first with intrinsic reorganizations
occurring within the injured and perilesional structures, and only at a later time the
remote recruitment in the ipsi- and contra-lesional hemispheres [77, 81]. The post-
operative literature reinforces the pre-surgical observations by suggesting that func-
tional recovery involves a large array of complementary mechanisms.

Cerebral plasticity therefore represents the neural basis underlying any rehabili-
tative intervention and in the past few years it has become more and more evident
that the understanding of these neuroplastic principles will address the development
of more rational, hypothesis-driven strategies to promote and guide recovery of
functions, likely resulting in improvements in patients’ care.

10.5 Conclusions

Cognitive impairment is increasingly recognized as a relevant issue to consider in
regard to the assessment of the impact and morbidity of a primary brain tumour. In
the light of the deep impact of cognitive disturbances on patients’ participation and
quality of life, continued efforts are needed to assess the efficacy of interventions to
improve cognitive functions. Although still preliminary, evidence suggests that mul-
tidisciplinary approaches to rehabilitation that encompasses adaptive, remedial,
functional, and metacognitive interventions can optimize cognitive outcome.
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