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Foreword

A diagnosis of cancer radically alters the patient’s approach to daily life. Due to 
advances in therapeutic strategies, the number of neuro-oncological survivors is 
increasing, so that consequently the impact of neuro-oncological rehabilitation of 
these patients gains in importance. The multidisciplinary approach not only involves 
physical function, fatigue, and pain but also sexual function, cognitive function, 
depression, employment, nutrition, and participation.

Good evidence exists for the use of physical therapy in reducing paresis and 
fatigue after cancer treatment, improving upper and lower extremity function and 
trunk control. The interventions involving pain, sexual function, cognitive function, 
and eventual return to employment are equally important. The effect of neuroreha-
bilitation in these parameters is not clearly demonstrated, and more research should 
be undertaken.

Department of Neurology
Hochzirl Hospital

Zirl, Austria

Leopold Saltuari
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Preface

The physical, cognitive, and psychosocial disorders of patients with brain tumors 
are numerous: in addition to neurological disorders, patients are confronted with 
limitations in sensory, motor, and cognitive functions as well as depression, anxiety, 
and fatigue as common consequences of brain tumors and their treatments. Since 
these disturbances may negatively affect patient’s quality of life by producing long- 
term disability, patients may benefit from rehabilitative interventions.

The rehabilitation in the field of neuro-oncology has to be modified over time in 
line with the different needs in different stages of disease the patient is confronted 
with. In the early disease stages, rehabilitation aims at restoring functions after can-
cer therapies or preventing functional deterioration, while in the advanced disease 
stages, neurorehabilitation run in parallel to palliative care aims to favor patients’ 
independence, prevent complications, and ultimately improve quality of life.

Chapters devoted to neuro-oncological neurorehabilitation from different disci-
plines are rarely included in a single volume in the field of clinical oncology, 
although a holistic approach to persons affected by brain tumors should in a modern 
vision also include the therapeutic opportunities offered by neurorehabilitation.

This book aims to provide a comprehensive, practical, and state-of-the-art guide 
to neurorehabilitation strategies of persons affected by tumors of the nervous sys-
tem by addressing the latest developments from different subfields comprising cur-
rent neuro-oncological rehabilitation.

The book is structured in two main parts: the first part is devoted to the basics of 
brain tumors and the main clinical features of tumors of the nervous system as well 
as to the essentials of therapeutic options; the second part is focused on rehabilita-
tive issues and provides the tools for a holistic care of persons affected by a neuro- 
oncological disease.

With this book, we hope to provide a useful contribution to the work of all health 
professionals who are involved in the multidisciplinary care of persons affected by 
central nervous system tumors.
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1Introduction

Michelangelo Bartolo

Cancer has become one of the leading causes of death. If recent trends in the inci-
dence of major cancers and population growth are seen globally in the future [1, 2], 
it is predicted there will be 23.6 million new cancer cases worldwide annually by 
2030 [3].

Over the last 30 years, there has been an increasing incidence of brain tumours 
in many countries. At the same time, progress in the multimodal treatment has mod-
estly improved survival rate. This has resulted in an increased number of brain 
tumours patients living longer with residual neurological deficits [4–6]. Moreover, 
since one third of primary brain tumours are considered malignant and aggressive, 
and advanced treatment strategies that show better outcomes gain ground, also late 
effects of treatment are increasingly been recognised as crucial. In fact postsurgical 
morbidity, acute, subacute, and late radiation effects on normal brain tissue, chemo-
therapy induced toxicity, as well as the effects of high-dose corticosteroids and anti-
convulsants can all have adverse effects [7, 8].

More than 50% of brain tumour patients show three or more concurrent symp-
toms and/or deficits [9], evidently depending on tumour size, tumour location and 
lateralisation, and the invasive nature of the tumour; the most common symptoms 
include seizures, functional impairment, cognitive deficits, weakness, visual- 
perceptual deficits, sensory loss, and bowel and bladder dysfunction. Other neuro-
logic deficits in decreasing incidence are cranial nerve palsies, dysarthria, dysphagia, 
and ataxia [7, 10–12]. Tumour-related fatigue remains one of the most frequent and 
bothersome adverse events reported by brain cancer patients during and after treat-
ment, as it reduces the ability to complete medical treatments, and undermines the 
quality of life (QoL) [8].

A diagnosis of cancer is expected to cause a psychological burden by itself, but 
psychological factors, such as stress, anxiety, and depression can also negatively 
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impact the disability and the person [13]. These aspects must be carefully consid-
ered in the global evaluation of the person and treatment planning because these 
aspects may represent confounding factors, e.g. emotional disturbances may cause 
impairment on neuropsychological testing that otherwise would be attributed to 
therapy or tumour.

Overall, these symptoms may cause significant disability similar to those seen 
in patients commonly admitted to rehabilitation programmes and have a relevant 
impact on patients’ daily life, hindering their ability to function independently 
and to maintain usual family and social roles, influencing ultimately their QoL as 
well as the QoL of their family members [14]. Consequently, patient-centred 
care, focusing on improving QoL in patients with brain tumours, has become 
relevant. In recent years, many clinical trials evaluating new treatment options 
for brain tumour patients incorporated QoL as a relevant secondary or even pri-
mary outcome measure in addition to overall survival and progression-free sur-
vival [15]. In fact, assessment of QoL has become mandatory in all European 
Organisation for Research and Treatment of Cancer (EORTC) Brain Tumour 
Group clinical trials.

Actually, considering the limited survival of neuro-oncological patients, it is 
increasingly recognised that the choice of treatment also should entail careful con-
sideration of its effects on the health-related quality of life (HRQoL) during the 
remaining survival time, being HRQoL an independent prognostic factor in both 
primary and metastatic brain tumours [16].

The conceptual framework proposed by the World Health Organisation: 
International Classification of Functioning, Disability and Health (ICF) [17] sug-
gests that health problems may impact on many areas of a person’s life and describes 
three different levels of impact of a health condition. The first level concerns the 
domain of impairment (i.e. basic level describing a problem in body function or 
structure as a result of disease or injury, e.g. a memory problem). The second level 
relates to limitations in activities or tasks that a person can perform (consequences 
of the impairment in daily life, e.g. the patient cannot find his car keys). The third 
level gauges the extent to which a person can participate in societal interactions (e.g. 
the patient cannot go to a birthday party of a distant friend). The ICF importantly 
also includes the impact of the environment on the person and describes functioning 
from both an individual and societal perspective [18], providing a suitable approach 
to explore the functional difficulties experienced by people living with cancer. 
According to the ICF, HRQoL as a multidimensional concept covering physical, 
psychological, and social domains, as well as symptoms induced by the disease and 
its treatment, represents a more integrated way to measure patients’ functioning and 
well-being.

In this scenario, as cancer is viewed as a chronic disease, rehabilitation process 
becomes of paramount relevance in brain tumour patients when compared to other 
malignancies because of their extremely high rate of associated disability. Several 
studies focused on the issue of the functional outcome of brain tumour patients, 
showing that rehabilitative treatment offers significant benefit to these patients, 
comparable to functional gain reported for patients affected by other neurological 
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diseases, like stroke and traumatic brain injury [7, 11, 14]; preliminary data also 
demonstrate the effectiveness of cognitive rehabilitation in this population [19, 20]. 
A recent meta-analysis showed that physical exercise and psychological support are 
also useful for reducing tumour-related fatigue during and after treatment, with sig-
nificantly better efficacy than drug therapy [21].

According to the “simultaneous care” model [22], rehabilitation should have a 
role in cancer patients both in early stage of disease, for restoring function after 
cancer therapy, and in the advanced stage of disease as important part of palliative 
care with the aim to maintain patients’ independence as long as possible. Early ini-
tiation of rehabilitative and palliative care integrated with standard anticancer ther-
apy seems to be effective for symptom management, resulting in the improvement 
of the QoL.

However, despite the high incidence of neurological and functional deficits in 
brain tumour patients and preliminary data supporting rehabilitation, in this popula-
tion rehabilitation treatments are not as well established as it is for patients with 
other neurological conditions, probably because neuro-oncological patients are not 
considered good candidates to rehabilitative intervention due to their poor prognosis 
associated with continuing tumour growth despite intensive treatment. Literature 
evidence, in fact, demonstrates that rehabilitation services are difficult to access for 
brain tumour patients, poorly utilised and referrals were sporadic and consequential, 
indicative of poor awareness of rehabilitation for people with cancer among poten-
tial referrers [23].

Nevertheless, we can identify several key points that need to be addressed to 
develop successful care provision models that contribute to continuity of care and 
autonomy of the person with disability due to oncological disease, including:

 (a) training for the health professionals, who should adopt an integrative approach 
to the person rather than providing a performance or service;

 (b) implementation and dissemination of the methodology for a coordinated 
delivery of multidisciplinary rehabilitation, in consideration of the complex-
ity of patient’s needs (clinical, functional, cognitive, psychological, spiritual), 
using a holistic biopsychosocial model of care, as defined by the ICF. The 
management of brain tumours represents by definition a model for multidisci-
plinarity because of the multitude of problems which are encountered that 
require a multidisciplinary approach with health care providers skilled in a 
variety of disciplines;

 (c) customisation of the rehabilitation project and programmes, defining mid- and 
long-term (when possible) goals, shared with the patient and caregiver, mean-
ingful and realistic;

 (d) develop ad-hoc tools to measure efficacy, efficiency, quality, and appropriate-
ness of the interventions. The tools should take into account the person, includ-
ing biological, medical, functional, and psycho-cognitive variables, as well as 
social interaction, participation, and QoL;

 (e) continuity of care, offering dedicated care pathways that include rehabilitative 
care in all the stages of the disease (simultaneous care);

1 Introduction
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 (f) focus on patient’s and caregiver’s QoL, adding more appropriate evaluation 
tools other than traditional outcome measures such as overall survival and 
progression- free survival.

The actual gap seems to be mostly educational and there is a great need to 
enhance training and knowledge for health professionals involved in the care man-
agement of neuro-oncological patients [24]. Health professionals need to meet the 
challenges posed by this disease and its disabilities, considering rehabilitation treat-
ments an opportunity to obtain the best possible outcomes for these persons.
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2Basics of Brain Tumor Biology 
for Clinicians

Hans-Georg Wirsching and Michael Weller

2.1  Brain Tumor Risk

Hereditary cancer syndromes are overall rare and account for a small minority of 
primary brain tumors and of cancers forming brain metastases [1, 2]. Most of these 
syndromes are caused by defects in DNA repair and tumor suppressor genes. 
Examples include Li-Fraumeni syndrome caused by mutations in the tumor sup-
pressor genes TP53 or CHEK, which can cause the formation of gliomas and breast 
cancer; Turcot syndrome caused by mutation of the tumor suppressor gene APC, or 
of the DNA mismatch repair genes MLH1 and PMS2, causing the formation of 
colon cancer, medulloblastoma and, less commonly, gliomas; neurofibromatosis 
types I and II caused by mutations in the tumor suppressor genes NF1 and NF2, 
which are associated with the formation of gliomas and breast cancer (NF1), and 
with the formation of multiple meningiomas (NF2); the hereditary breast and ovar-
ian cancer (HBOC) syndrome most commonly caused by mutations in the DNA 
damage response genes BRCA1 or BRCA2; Lynch syndrome, also referred to as 
hereditary non-polyposis colorectal cancer (HNPCC), which is caused by mutations 
in any of the mismatch DNA repair genes MLH1, MSH2, MSH6, PMS1, or PMS2, 
which is associated with colorectal cancer and, less frequently, with kidney and 
primary brain cancers.

Other endogenous risk factors for brain tumors include risk alleles associated 
with the formation of gliomas in genes involved in telomere biology (TERT, RTEL1), 
in the gene encoding the epidermal growth factor receptor, EGFR, and in TP53 [3]. 
However, the overall low penetrance of each of these risk alleles supports a poly-
genic pathomechanism of gliomagenesis. Risk alleles for the formation of brain 
metastases in breast cancer patients have been identified among genes of the 
phosphoinositide 3-kinase (PI3K)/protein kinase B (AKT) pathway [4]. Allergy is 
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associated with a decreased risk for gliomas [5] and probably also for meningiomas 
[6]. Meningiomas are more common in women than in men (3.5:1) [7]. A tendency 
to spontaneous growth arrest in post-menopausal women and the presence of pro-
gesterone receptors suggest the contribution of hormonal factors to the pathogenesis 
of at least a subgroup of meningiomas, albeit hormonal treatments of meningioma 
patients have been futile [8, 9].

Exogenous risk factors for primary brain tumors include ionizing irradiation as 
the only established exogenous risk factor for the development of gliomas and 
meningiomas, but the overall contribution of these cases to the incidence of both 
entities is marginal [10–15]. Exogenous risk factors for the formation of brain 
metastases have not been identified.

2.2  Hallmarks of Brain Tumors

2.2.1  Brain Tropism

A characteristic feature of primary brain tumors is the fact that beyond anecdotal 
reports, primary brain tumors do not metastasize to distant organs, i.e., they exhibit 
a distinct brain tropism [16]. In reverse, the formation of brain metastases from 
circulating cancer cells also occurs late during the disease course of most cancers, 
usually following the occurrence of metastases in other organs [17]. This is of note 
given that the brain is a highly vascularized organ receiving about 20% of the car-
diac output, suggesting that the mere stochastic probability of cell-vessel contacts 
does not determine metastasis formation.

The blood–brain barrier (BBB) causes demarcation of the brain from circulating 
cancer cells. However, the lack of distant metastases of primary brain tumors is not 
explained by the cellular barrier function of the BBB, because disruption of the 
BBB is a key feature of most primary brain tumors, and a priori absent in meningio-
mas, which likewise rarely metastasize to distant organs. Interactions with paren-
chymal organ cells are thought to underlie brain tropism of primary brain tumors, 
but overall the underlying cause is elusive.

2.2.2  Angiogenesis

Extensive vascularization is common to many brain tumors and metastases [18]. 
Qualitatively, these new blood vessels are often tortuous and leaky with a disrupted 
BBB, allowing extravasation of larger molecules and yielding an increase in inter-
stitial fluid pressure. The resulting vasogenic edema contributes significantly to the 
morbidity of patients with brain tumors by causing headache and neurological defi-
cits. Angiogenesis is primarily driven by the vascular endothelial growth factor 
(VEGF) [18]. Proliferation of abnormal blood vessels is a defining criterion of glio-
blastoma, the most common malignant primary brain tumor constituting about half 
of all gliomas [19]. The anti-VEGF antibody bevacizumab effectively reverts 
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vasogenic edema and induces blood vessel normalization in these tumors, thereby 
alleviating symptom burden [18]. However, overall survival of patients with glio-
blastomas is not affected by anti-angiogenic therapy, as will be discussed in more 
detail in Chap. 6.

2.2.3  Immunosuppression

Bone-marrow derived immune cells are rare or absent in the normal brain, rendering 
the brain an “immune-privileged” organ that is widely protected from innate or 
adaptive immune reactions. The relatively low incidence of primary brain tumors 
compared to other cancers is striking in that context, because elimination of abnor-
mal, cancerous cells by the immune system has traditionally been considered a key 
mechanism preventing cancer development in other organs. Once cancer has devel-
oped or seeded in the brain, several mechanisms mediate the evasion of anti-cancer 
immune responses [20]: (1) secretion of immunosuppressive molecules such as 
TGFβ-2, PGE, IL-10, and FGL2 by tumor cells, (2) decreased antigen processing 
and presentation, e.g., through down-regulation of major histocompatibility com-
plex (MHC)-I molecules on tumor cells, (3) recruitment of tumor-associated mac-
rophages and reprogramming towards an immunosuppressive phenotype through 
secretion of M-CSF, TGFβ-1, and IL-10 by tumor cells, (4) direct inhibition of 
adaptive immune responses through expression of immune checkpoint molecules 
such as PD-L1 or PD-L2 on tumor cells and macrophages, and (5) by means of 
metabolic reprogramming discussed further below. Therapeutic strategies to revert 
immunosuppression will be discussed in Chap. 6.

2.2.4  Metabolism

The brain utilizes approximately 60% of our daily glucose intake, despite consti-
tuting only about 2% of our bodyweight. In the normal brain, most glucose is 
metabolized by oxidative phosphorylation in the mitochondria, thereby generat-
ing up to 36 molecules of adenosine-triphosphate (ATP) per glucose molecule to 
meet the energetic demands of neurons and other brain cells [21]. Under hypoxic 
conditions in the cancer milieu cancer cells undergo a metabolic switch towards 
the less energetic, anaerobic glycolytic glucose metabolism generating only two 
molecules of ATP per molecule glucose, a process that was termed “Warburg 
effect” and that is common to most cancers including malignant primary brain 
tumors [22]. The Warburg effect is however not merely an opportunistic reaction 
to hypoxia, but yields the production of anabolic building blocks to generate 
lipids, nucleotides, and proteins to meet the high demand of cancer cells for con-
tinued growth. The generation of lactate and other by-products of glycolysis also 
contributes to the harshness of the tumor microenvironment and inhibition of 
functions of non-cancer cells, including immune cells [22]. Gliomas moreover 
secrete large quantities of glutamate as a by-product of glutathione synthesis, a 
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means to counteract oxidative stress. High concentrations of glutamate may also 
contribute to seizures and tissue destruction through cytotoxicity in neurons [23]. 
More brain-specific metabolic adaptions of cancer cells that are common to glio-
mas and brain metastases include preferential metabolism of acetate as a bioen-
ergetics substrate [24].

2.2.5  Cancer Stem-Like Cells

The cellular organization of gliomas and most cancers that form brain metastases is 
hierarchical [25, 26]. Stem-like cells at the apex of this hierarchy give rise to more 
differentiated off-spring that form the bulk of the tumor. Glioma stem-like cells are 
adapted to and induced by hypoxia and nutrient restriction and rest in distinct stem- 
cell niches that are characterized by such harsh conditions [27, 28]. Moreover, inter-
action with the tumor vasculature can induce or maintain their phenotype, e.g., by 
signaling through nitric oxide or notch signaling [29, 30]. De-differentiation of non- 
stem- like cancer cells and assumption of a stem-like phenotype do also occur [31]. 
In gliomas, single cell gene expression analyses revealed that the hierarchical con-
cept of “stemness” reflects a continuum of more or less differentiated states rather 
than clearly distinguishable cell types [32]. Cancer stem-like cells mediate resis-
tance to classical chemo- and radiotherapy, in part by resting in a slow cycling or 
hibernating state and by preferential activation of the DNA damage response [31]. 
However, translation of this biological concept of stemness to molecularly targeted 
therapies, e.g., by inducing differentiation or utilizing drugs that selectively target 
stem-like cells, has failed in brain tumors [31].

2.2.6  Clonal Evolution and Therapy Resistance

Cancer growth and therapy both yield clonal selection pressure. Solid tumor entities 
with circumscribed growth are genetically less complex than tumors that infiltrate 
diffusely and may therefore be more amenable to molecular targeted therapies (dis-
cussed in Chap. 6) [33]. Most non-brain tumors and some primary brain tumors 
initially grow non-infiltrative and will only invade neighboring tissue or form dis-
tant metastases upon acquisition of additional genetic aberrations [17, 33]. 
Historically, this unidirectional model of oncogenesis was exemplified by the unrav-
eling of a distinct sequence of mutations acquired by cells of the colon mucosa that 
cause the formation of adenomatous lesions and subsequently of infiltrative cancers 
[34]. However, genomic instability is a key feature of many cancers and causes the 
simultaneous generation of a vast number of clones. While only one or a few clones 
may dominate growth of an individual tumor, anti-cancer treatment can drive the 
selection of a different set of therapy resistant clones that may be present within 
tumors before the initiation of treatment. This multidirectional model of clonal evo-
lution applies to most late-stage cancers and is a key characteristic of diffusely 
infiltrating gliomas, the most common malignant primary brain tumors [35, 36]. 
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Recent technological advances in single-cell sequencing have improved our under-
standing of these biological processes and will aid in unraveling mechanisms of 
acquired therapy resistance.

2.3  Biological Features of Selected Brain Tumor Entities

2.3.1  Diffusely Infiltrating Astrocytomas 
and Oligodendrogliomas

The discovery that specific point mutations in genes encoding isocitrate dehydro-
genase (IDH)-1 or -2 are present in the majority of diffusely infiltrating gliomas 
of WHO grades II and III was the foundation for the molecular classification of 
these tumors [19, 37]. Mutated IDH causes the production of 2-hydroxy-glutarate 
(2-HG), an oncometabolite thought to inhibit α-ketoglutarate-dependent dioxy-
genases and demethylases, yielding genome-wide DNA-hypermethylation, a phe-
nomenon termed glioma CpG-island methylator phenotype (G-CIMP) [38–41]. 
Diffusely infiltrating astrocytomas and oligodendrogliomas comprise three major 
groups that are classified based on the integration of molecular information and 
histology [19]: (1) Astrocytomas with wild-type IDH, (2) astrocytomas with 
mutated IDH, and (3) oligodendrogliomas, which are defined by the co-occur-
rence of mutated IDH and additional co-deletion of chromosome arms 1p and 
19q. The assignment of WHO grade II–IV is done mostly based on histological 
features of malignancy.

Details of the classification of diffusely infiltrating gliomas are summarized in 
Chap. 3 and implications for treatment will be discussed in Chap. 6.

Astrocytoma, IDH Wild-Type Astrocytomas with wild-type IDH comprise 
mostly glioblastomas (WHO grade IV), the most common malignant primary brain 
tumors. The incidence of these tumors increases with age and the prognosis is dis-
mal [7]. Astrocytomas with wild-type IDH constitute a biological entity that is fun-
damentally different from IDH mutated astrocytomas or oligodendrogliomas. These 
tumors frequently harbor amplifications of chromosome 7 and loss of one copy of 
chromosome 10. This has clinical implications, because chromosome 10 also har-
bors MGMT, the gene encoding the DNA repair protein O6-methylguanyl DNA 
methyltransferase. Hypermethylation of the promoter region of MGMT predicts 
response to temozolomide in patients with diffusely infiltrating IDH wild-type 
astrocytomas, likely because of the lack of a second copy of MGMT to compensate 
for hypermethylation of one allele [42]. The clinical utility of MGMT testing will be 
discussed in more detail in Chap. 6.

Common gene level copy number alterations in astrocytomas with wild-type 
IDH include homozygous deletion of PTEN, homozygous deletion of CDKN2A and 
CDKN2B, amplification of genes encoding mitogenic receptor tyrosine kinases 
such as EGFR, PDGFRA, or MET, and cell cycle promoter genes including CDK4 
and CDK6 that mediate transition from G1 to S phase or genes encoding p53 
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inhibitors such as MDM2 or MDM4 [33]. Activating TERT promoter mutations are 
also common in IDH wild-type astrocytomas. Less common mutations affect TP53, 
PIK3CA, PIK3R1 (encoding PI3K-regulatory subunit 1), and NF1 [33]. Attempts to 
further classify the genetically heterogeneous group of astrocytomas with wild-type 
IDH included genome-wide methylation arrays. This approach identified five glio-
blastoma subtypes with wild-type IDH designated receptor tyrosine kinase (RTK)-I, 
RTK-II, and mesenchymal as well as two profiles that were associated with distinct 
histone H3 mutations, H3F3AG34R/V and H3F3AK27M [43]. Gliomas with the latter 
mutation typically arise in midline structures and have a poor prognosis. Given 
these distinct clinical and molecular features, diffuse midline glioma with H3F3AK27M 
mutation (WHO grade IV) was included as a novel entity in the revised WHO clas-
sification (Chap. 3) [19].

Moreover, gene expression profiling identified three IDH wild-type glioblastoma 
subtypes designated proneural, classical, and mesenchymal based on similarities to 
known genesets [44]. Single cells that can be assigned to these whole-tumor derived 
subtype classifications are present simultaneously in individual tumors [32] and 
switching of subtypes at recurrence is common [35], thus limiting the clinical utility 
of such a classification approach.

Astrocytoma, IDH Mutated IDH mutated astrocytomas comprise the vast major-
ity of WHO grade II and grade III diffusely infiltrating astrocytomas. IDH mutated 
glioblastomas (WHO grade IV) account for approximately 10% of all glioblasto-
mas. Patients with IDH mutated astrocytomas are mostly young adults and the prog-
nosis is more favorable compared to astrocytomas with wild-type IDH [33].

IDH mutation is one of the earliest events during oncogenesis of these tumors 
[45], but additional aberrations are required to initiate tumor formation in mice [46]. 
In IDH mutant astrocytomas, other common mutations affect TP53 and the tran-
scriptional regulator of chromatin remodelling ATRX [19]. There are also several 
genetic molecular features associated with the progression of WHO grade II to 
grade III and eventually to WHO grade IV. These driver events converge on dys-
regulation of cell division. Examples include chromosomal deletion of 9p21, which 
harbors CDKN2A and CDKN2B, activation of MYC and receptor tyrosine kinase 
(RTK) signaling, or somatic mutations in genes of inhibitors of the G1/S cell cycle 
checkpoint such as the retinoblastoma (Rb) pathway, or low methylation at CpG 
sites that regulate cell cycle progression, e.g., TP73 [33, 47, 48].

Oligodendroglioma, IDH Mutated, 1p/19q Co-deleted Oligodendrogliomas are 
defined by co-deletion of chromosome arms 1p and 19q in IDH mutated tumors 
[19]. They almost generally harbor activating mutations in the promoter region of 
TERT, leading to aberrant telomere lengthening [49]. Other common somatic muta-
tions in oligodendrogliomas include inactivating mutations of the transcriptional 
repressor gene CIC, the MYC suppressor gene FUBP1, developmental pathway 
genes such as NOTCH1, epigenetic regulator genes such as SETD1, and phosphor- 
inisitol- 3-kinase (PI3K) pathway genes such as PIK3CA [33].
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2.3.2  Gliomas with Circumscribed Growth

Gliomas with circumscribed growth occur mostly in children and young adults [7]. 
The prognosis of these tumors is generally favorable, but multifocal growth can 
occur among all of these entities and pleomorphic xanthoastrocytoma and ependy-
momas can assume a malignant phenotype with infiltrative growth [19, 33].

Pilocytic Astrocytoma Pilocytic astrocytoma is the most common entity in this cat-
egory. Pilocytic astrocytoma is considered a “single pathway disease” that rarely har-
bors genetic alterations other than such that result in activation of mitogen- activated 
protein kinase (MAPK) signaling [50]. The most common underlying genetic event is 
the fusion of the proto-oncogene BRAF and KIAA1549, which is associated with cer-
ebellar tumor location and favorable prognosis [51]. Other genetic aberrations include 
fusion genes that involve the MAPK-pathway genes RAF1, PTPN11, or NTRK2, or 
harbor activating mutations in NF1, FGFR1, KRAS, or BRAF [50].

Subependymal Giant-Cell Astrocytoma (SEGA) SEGA is a pathognomonic fea-
ture of tuberous sclerosis and typically occurs from mutation or allelic loss of the 
genes encoding hamartin (TSC1) or tuberin (TSC2), both of which form the tuber-
ous sclerosis complex, a key regulator of the mammalian target of rapamycin 
(mTOR)-signaling pathway in healthy cells [52].

Pleomorphic Xanthoastrocytoma (PXA) PXA almost generally harbors 
BRAFV600E mutations, often occurring together with loss of both copies of the cell 
cycle regulator gene CDKN2A [53, 54]. The genetic basis of the occasional transi-
tion of PXA to an infiltrative growth pattern is unclear [33].

Ependymomas Ependymomas constitute a molecularly more heterogeneous group 
that comprises a total of nine molecular subtypes [55]. Approximately two thirds of all 
supratentorial ependymomas harbor RELA-C11orf95 gene fusions. The fusion protein 
drives aberrant NF-κB signaling and is associated with an unfavorable prognosis [55]. 
These tumors have been included as a novel entity in the 2016 WHO classification 
(Chap. 3) [19]. Fusions with the YAP1 gene have also been identified in supratentorial 
ependymomas and are associated with better prognosis. Among ependymomas aris-
ing in the posterior fossa (PF), the PF-A subtype is characterized by genetic stability 
and probably driven by epigenetic aberrations [55]. The prognosis of PF-A ependy-
momas is unfavorable. Another ependymoma subtype designated PF-B is character-
ized by chromosomal instability and has a more favorable prognosis. Spinal 
ependymomas often carry NF2 mutations and rarely recur after resection [55].

2.3.3  Medulloblastoma

The term medulloblastoma comprises at least four clinically and molecularly distinct 
entities designated Wnt-activated, Shh-activated, group 3, and group 4 [56, 57]. The 

2 Basics of Brain Tumor Biology for Clinicians



14

classification of medulloblastomas into these groups has been integrated in the 
revised WHO classification of central nervous system tumors of 2016 (see Chap. 3).

Wnt-Activated Medulloblastoma Wnt-activated medulloblastoma occurs in chil-
dren and, less commonly, in adults. This subtype is described as having frequent 
oncogenic mutations of the CTNNB1 gene encoding the Wnt down-stream signaling 
molecule β-catenin [58] or by germline mutations of the Wnt-signaling inhibitor 
gene APC in patients with Turcot syndrome [59]. Moreover, this subgroup has fre-
quent loss of one copy of chromosome 6. The almost generally favorable prognosis 
of this group fostered an ongoing discussion on therapy de-escalation [3], which 
will be discussed in more detail in Chap. 6.

Sonic Hedgehog (Shh)-Activated Medulloblastoma Shh-activated medulloblas-
toma is common in both, infants and adults, but rarely occurs in children. It is often 
driven by germline mutations in the Shh-receptor gene PTCH, the Shh inhibitor 
SUFU, by activating mutations in the Shh-co-receptor gene SMO, or with amplifica-
tion of the transcription factors mediating down-stream Shh signaling, GLI1 and 
GLI2 [56]. This subtype also comprises most tumors of the desmoplastic/nodular 
histological medulloblastoma variant. The prognosis of Shh-activated medulloblas-
toma is intermediate in the majority of cases with wild-type TP53, but co- occurrence 
of TP53 mutations confers a poor prognosis [56, 60].

Group 3 and Group 4 Medulloblastoma Group 3 and group 4 medulloblastomas 
occur in infants and children, and only group 3 almost never occurs in adults [56]. 
There is a predisposition of both subtypes for males versus females. Group 3 is 
additionally characterized by high incidences of large cell anaplastic histology and 
of metastasis within the central nervous system [57]. MYC amplification and over-
expression are characteristic of group 3 and associated with poor prognosis, but 
almost absent in group 4 [57, 61]. High expression levels of MYC and MYCN are 
also found in Wnt- and Shh-activated medulloblastoma, respectively, MYC expres-
sion of the Wnt-activated subtype is not driven by gene copy number gain. In con-
trast, group 4 commonly has MYCN copy number amplification, but not higher gene 
expression. The oncogene OTX is also commonly amplified and overexpressed in 
group 3 and group 4, and CDK6 is commonly amplified in group 4 [57, 61]. 
Moreover a variety of chromosomal aberrations are characteristic of group 3 and 
group 4, of which gain of chromosome 1q, loss of chromosome 5q, and loss of 
chromosome 10q are more common in group 3, and the presence of an isochromo-
some 17q is more common in group 4 [60]. Gene expression profiles of group 3 and 
group 4 overlap with genesets involved in retinal and brain development, respec-
tively, but the clinical significance of these traits is elusive [56].

2.3.4  Meningiomas

Meningiomas are the most common intracranial tumors in adults and their incidence 
is tightly associated with age [7]. They usually arise from meningothelial arachnoidal 
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cells that cover the brain and spinal cord, but can rarely occur in other locations such 
as intraventricularly, in the brain parenchyma or even in extracranial organs such as the 
lung [62]. Copy number alterations are overall rare in meningiomas [63]. The most com-
mon cytogenetic alteration in meningiomas is the deletion of one copy of chromosome 
22 [63]. Chromosome 22 harbors the NF2 gene, which is the most commonly mutated 
tumor suppressor gene in these tumors affecting close to half of all meningiomas and 
about 75% of WHO grade II meningiomas [64, 65]. Vice versa, chromosomal aberra-
tions are also more frequent in NF2 mutated meningiomas, indicating a role of the NF2 
gene product merlin for chromosomal stability [66]. Chromosomal aberrations occurring 
independent of NF2 are associated with recurrence, higher WHO grade and consequently 
more aggressive disease course [63], and with the small subgroup of meningiomas aris-
ing years or decades after radiotherapy of the skull [67, 68]. Mutations that recurrently 
coincide with NF2 mutations affect genes encoding epigenetic modifiers (KDM5C, 
KDM6A, SMARCB1) [63]. Recurrent mutations in NF2 non-mutated meningiomas acti-
vate members of the PI3K/Akt/mTor pathway (AKT1, PIK3CA, mTOR) and of the Shh 
pathway (SMO) [63]. Mutations in POLR2A, which encodes the DNA-directed RNA 
polymerase II subunit RPB1, seem to be confined to WHO grade I meningiomas and 
are associated with meningothelial histology and location at the tuberculum sellae [69]. 
Mutations of the transcription factor gene KLF4 are present in approximately half of all 
meningiomas with wild-type NF2 and often co-occur with mutations in the gene encod-
ing tumor necrosis factor receptor-associated factor 7 (TRAF7) [70, 71]. WHO grade II 
and grade III meningiomas have been reported to harbor mutations in TP53, CDKN2A, 
and CDKN2B [63, 66]. There is also an association of the rare rhabdoid histological vari-
ant of anaplastic meningioma (WHO grade III) with mutations in the BAP1 gene [72], 
which encodes a deubiquitinase that functions as a histone modifier. Implications of these 
biological features of meningiomas for treatment strategies are discussed in Chap. 6.

2.3.5  Brain Metastases

The cancers that most commonly metastasize to the brain are lung and breast can-
cer, melanoma, and, to a lesser extent, renal cell carcinoma and colorectal cancer. In 
order to form metastases, cancers need to undergo epithelial-to-mesenchymal tran-
sition, invade, extravasate, evade the immune system, initiate angiogenesis, and 
adapt to organ-specific functions [17]. Molecular signatures of brain metastases 
have been proposed [73–75], e.g., to identify circulating tumor cells with potency to 
form brain metastases and enable treatment at an early stage. Examples of brain- 
metastasis specific genes include ST6GALNAC5, which encodes a brain-specific 
endothelial adhesion molecule that is required to transition through the BBB [75]. 
Other examples include upregulation of cyclic oxygenase 2, acquisition of the abil-
ity to metabolize acetate, or the expression of various EGFR ligands [24, 75]. Of 
note, many molecular traits are shared between brain metastases and malignant pri-
mary brain tumors, indicating how brain-specific factors entail certain characteris-
tics of cancer cells that are shared between primary brain tumors and brain 
metastases. However, to date precise molecular programs leading to the formation 
of brain metastases have not been defined.
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3.1  Introduction

Tumours of the central nervous system (CNS) may arise from cells and structures 
properly belonging to the CNS (i.e. primary CNS tumours) or may be secondary 
tumour sites from other systemic neoplasms. Overall, CNS metastases are more 
frequent compared to primary CNS tumours, but the latter represent the most fre-
quent solid paediatric tumours (0–14 years) and the first cause of death due to a 
neoplastic disease in this age range. In adults, incidence of CNS tumours progres-
sively increases, but they remain relatively rare compared to other tumours. 
Meningioma is the most common primary CNS tumour, while glioblastoma is the 
most frequent glioma and it usually occurs in older adults [1].

3.2  Classification and Grading

Before the latest edition of WHO classification of central nervous system 
tumours (published in 2016) [2], CNS neoplasms were classified based on mor-
phological criteria alone, grouping tumours according to their cell lineage (e.g. 
glial versus neuronal or astrocytic versus oligodendroglial). In the last two 
decades, however, many significant prognostic factors have been identified, 
including molecular markers which are strictly related to specific disease enti-
ties sharing similar epidemiological, histopathological, clinical and prognostic 
characteristics. Since the main aim of any tumour classification is to identify 
well-defined and prognostically relevant entities to optimize patients’ care, it 
was decided to include these molecular alterations directly into the new diag-
nostic criteria. Thus, according to the latest WHO classification, diagnosis and 
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classification of primary CNS tumours is now based on integration of both phe-
notypic (morphological) and genotypic parameters.

Histological grading is a significant prognostic factor for a wide range of tumours. 
Specific grading parameters vary between neoplasms, but the features evaluated for 
tumour grading are usually related to its differentiation. In CNS tumours, these 
include cytological atypia, cellularity, mitotic count and necrosis, but specific crite-
ria are provided for each tumour type by the WHO classification. A grade ranging 
from I (a tumour which can be potentially cured by surgery) to IV (a highly malig-
nant tumour) is provided for most entities; WHO grades primarily concern the natu-
ral history of disease.

A debated point is whether “traditional” histological grading is still relevant in 
the age of molecular prognostic markers and further studies will help answer this 
question, possibly identifying new meaningful grading criteria [3, 4].

3.3  Glial Tumours

Gliomas arise from glial-differentiated CNS cells and include astrocytomas, oli-
godendrogliomas and ependymomas. These tumours express glial markers like 
the glial fibrillary acidic protein (GFAP) which can be detected by 
immunohistochemistry.

Gliomas include two main groups of neoplasms based on the growth pattern: (1) 
Diffuse gliomas: these tumours show a markedly infiltrative growth into the sur-
rounding brain parenchyma. Until the latest WHO classification, these tumours 
were classified into astrocytomas, oligodendrogliomas and oligoastrocytomas based 
on their morphological features: now, they are grouped also according to their 
molecular profile. This group includes grade II, III and IV tumours, without any 
grade I entity, since they usually recur over time, often showing a progression in 
terms of histological grade; (2) A second group of primary CNS tumours shows a 
more circumscribed growth pattern which may help achieve a greater extent of 
resection. Prognosis is usually better compared to diffuse gliomas. Pilocytic astro-
cytoma (grade I), pleomorphic xanthoastrocytoma (grade II) and anaplastic pleo-
morphic xanthoastrocytoma (grade III) are included in this group.

3.3.1  Diffuse Gliomas

Classification of diffuse gliomas is based on the integrated evaluation of morpho-
logical and molecular features (Fig. 3.1). The main, recurrent molecular alterations 
are:

 – IDH1/IDH2 mutations: mutations of the IDH1 or IDH2 isoforms of isocitrate 
dehydrogenase (IDH) are present in about 80% of grade II and III gliomas and 
IDH1 is the most commonly mutated isoform (>90% of cases). This alteration is 
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an early event during oncogenesis and induces a change of the protein function 
(the mutated protein leads to the production of 2-hydroxyglutarate, instead of 
α-ketoglutarate, which inhibits the function of enzymes involved in histone and 
DNA methylation, possibly leading to tumourigenesis) [5]. Prognosis of 
IDH1/IDH2-mutant gliomas is significantly better compared to IDH1/IDH2- 
wildtype tumours.

 – 1p/19q codeletion: this molecular alteration consists in the complete deletion of 
both the 1p and 19q chromosomal arms and it is now required for the diagnosis 
of oligodendroglioma. 1p/19q codeletion is associated with increased sensitivity 
to chemotherapy with alkylating drugs (like temozolomide). Partial deletions of 
the same arms do not share the same favourable prognostic/predictive role and 
they can occur also in other tumours.

 – ATRX and TERT promoter mutations: these alterations help neoplastic 
cells to preserve telomeres length, thus evading replication senescence [6]. 
ATRX mutations result in a loss of its expression and are usually present in 
association with TP53 mutations in IDH-mutant astrocytomas, while they are 
mutually exclusive with 1p/19q codeletion. Conversely, TERT promoter 
mutations are characteristic of IDH-mutant, 1p/19q codeleted, oligodendro-
gliomas. Since TERT promoter mutations are also frequent in IDH-wildtype 
glioblastoma, they are not specific of a disease entity and do not harbour a 
specific prognostic meaning.

 – EGFR alterations, CDKN2A deletion, PTEN mutations, 7p gain and 10q 
loss: these molecular alterations are common in IDH-wildtype glioblastoma [7].

 – MGMT promoter methylation: this molecular feature is not specific of a single 
tumour entity, but it is a favourable prognostic/predictive factor, in particular in 
IDH-wildtype glioblastoma treated with alkylating drugs [8].

Diffuse glioma – Grade II or III
(astrocytoma/oligoastrocytoma/oligodendroglioma)

Diffuse glioma – Grade IV
Glioblastoma

IDH-mutantIDH-mutant

Histology

IDH status

1p/19q
codeletion

Integrated
diagnosis

1p/19q
codeletion absent

-Diffuse
astrocytoma, IDH-
mutant (grade II)
-Anaplastic
astrocytoma, IDH-
mutant (grade III)

-Oligodendroglioma,
IDH-mutant,1p/19q
codeleted (grade II)
- Anaplastic
oligodendroglioma,
IDH-mutant, 1p/19q
codeleted (grade III)

After exclusion of other
entities:
-Diffuse astocytoma, IDH-
wildtype (grade II)
-Anaplastic astrocytoma,
IDH-wildtype (grade III)

Glioblastoma,
IDH-mutant
(grade IV)

Glioblastoma,
IDH-wildtype

(grade IV)

1p/19q
codeletion present

IDH-wildtypeIDH-wildtype

Fig. 3.1 Diagnostic algorithm for integrated histological–molecular diagnosis of diffuse gliomas
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 – H3 K27M mutation: this mutation occurs in histone variants, including H3.3 
(H3F3A) and H3.1 (HIST1H3B and HIST1H3C), and is a required feature for the 
diagnosis of diffuse midline glioma, H3 K27M-mutant, although it can be found 
in other CNS tumours.

Some of these alterations have to be evaluated for a correct diagnostic assess-
ment of a diffuse glioma, but sometimes this may be not possible or may be not 
conclusive. In these cases, the diagnosis will be based on morphological features 
and the tumour will be classified as “not otherwise specified (NOS)” (e.g. “diffuse 
astrocytoma, grade II, NOS”).

3.3.1.1  Diffuse Astrocytoma, IDH-Mutant (Grade II) and Anaplastic 
Astrocytoma, IDH-Mutant (Grade III)

These tumours usually occur in adults (30–40 years old), are slightly more common 
in males and usually arise in the frontal lobes. Histologically, diffuse astrocytoma, 
IDH-mutant (grade II) is characterized by a proliferation of well-differentiated 
fibrillary astrocytes with mild nuclear atypia (Fig. 3.2), while anaplastic astrocy-
toma, IDH-mutant (grade III) shows higher cellularity, more prominent nuclear 
atypia and increased proliferation with mitoses (Fig.  3.3). Microvascular 

Fig. 3.2 Diffuse 
astrocytoma, IDH-mutant 
(grade II). H&E image 
showing brain parenchyma 
with increased cellularity. 
Neoplastic cells display 
astrocytic morphology and 
mild nuclear atypia 
(arrows) without mitoses

Fig. 3.3 Anaplastic 
astrocytoma, IDH-mutant 
(grade III). Compared to 
Fig. 3.2, cellularity is 
significantly increased and 
mitoses are present (arrow)
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proliferations and necrosis are absent in both entities. By definition, these tumours 
harbour IDH1 or IDH2 mutations, usually along with ATRX and p53 alterations.

Reported median survival times are 6–8 years and 3–5 years for diffuse astrocy-
toma and anaplastic astrocytoma, respectively, but these data need to be re- evaluated 
in homogenous cohorts of IDH-mutant tumours diagnosed according to the new 
diagnostic criteria.

3.3.1.2  Diffuse Astrocytoma, IDH-Wildtype (Grade II) and Anaplastic 
Astrocytoma, IDH-Wildtype (Grade III)

Morphologically, these tumours are virtually identical to their IDH-mutant counter-
parts, but lead to a significantly poorer outcome (<2 years median survival time). 
Molecular profiling data demonstrated the heterogeneous genetic landscape of these 
tumours, including a significant number of cases harbouring molecular fingerprints 
characteristic of glioblastoma, IDH-wildtype, thus providing an explanation for 
their clinical behaviour [9]. Nevertheless, some cases displayed molecular profiles 
suggestive of other astrocytic tumours, like pilocytic astrocytoma. A careful, multi-
disciplinary evaluation is therefore warranted in these cases to devise the best thera-
peutic management for each patient.

3.3.1.3  Oligodendroglioma, IDH-Mutant and 1p/19q-Codeleted 
(Grade II) and Anaplastic Oligodendroglioma, IDH-Mutant 
and 1p/19q Codeleted (Grade III)

Oligodendrogliomas are rarer than astrocytomas, but they share a similar age at 
diagnosis and the slightly higher prevalence in males. These tumours usually arise 
in the white matter and the cortex of the cerebral hemispheres, frequently in the 
frontal lobes. Histologically, oligodendroglioma, IDH-mutant and 1p/19q code-
leted, appears as a diffusely infiltrating proliferation of monomorphic cells with 
round nuclei and perinuclear haloes (fried-egg appearance) on formalin-fixed 
paraffin- embedded sections (Fig. 3.4). A network of delicate branching capillaries 
is usually present and microcalcifications are also common. Mitoses are absent or 
rare. Conversely, brisk mitotic activity, microvascular proliferation and necrosis, 

Fig. 3.4 Oligodendro-
glioma, IDH-mutant, 
1p/19q-codeleted (grade 
II). H&E image showing 
a diffuse glial neoplasm 
made up of round cells 
with a clear perinuclear 
halo (fried egg-like cells) 
and with small, branching, 
chicken wire-like blood 
vessels (arrows)
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usually along with higher cellularity and more severe nuclear atypia, are diagnostic 
features of anaplastic oligodendroglioma, IDH-mutant and 1p/19q-codeleted (grade 
III) (Fig. 3.5). Diagnosis of these tumours requires the presence of either IDH1 or 
IDH2 mutation and 1p/19q codeletion, which are usually associated with TERT 
promoter mutation.

Prognosis is more favourable compared to diffuse astrocytic gliomas (median 
survival time greater than 10 years following current treatment protocols) [10, 11].

3.3.1.4  Glioblastoma, IDH-Wildtype (Grade IV) and Glioblastoma, 
IDH-Mutant (Grade IV)

Glioblastoma, IDH-wildtype (grade IV) is the most frequent glioma and usually 
occurs in older adults (60–70  years) compared to lower-grade diffuse gliomas. 
Temporal lobes are the most common affected site of IDH-wildtype glioblastoma, 
whereas IDH-mutant glioblastoma (grade IV) usually arises in frontal lobes, similarly 
to other IDH-mutant gliomas. Glioblastoma typically shows a rapidly infiltrating 
growth and contralateral extension through the corpus callosum is common. 
Microscopically, it appears as a highly cellular lesion, with poorly differentiated, atyp-
ical tumour cells and numerous mitoses. Microvascular proliferations and/or necrosis 
are the necessary diagnostic features (Fig. 3.6). Histopathology of this tumour can 
vary significantly, even in different areas of the same tumour. IDH-mutant glioblas-
toma histological features are similar, but necrosis is usually more limited.

Some rare variants of IDH-wildtype glioblastoma are defined: giant cell glioblas-
toma, gliosarcoma and epithelioid glioblastoma. Giant cell glioblastoma is character-
ized by the presence of multinucleated giant cells, while gliosarcoma shows a biphasic 
pattern with glial and mesenchymal differentiation. Epithelioid glioblastoma displays 
a dominant population of epithelioid or rhabdoid cells and a specific molecular altera-
tion (BRAF V600E mutation) is present in about 50% of cases.

Glioblastoma, IDH-wildtype is an aggressive neoplasm with a median survival 
time of 15–18 months. MGMT promoter methylation is a favourable prognostic fac-
tor and predicts response to treatment with alkylating drugs [12]. Although limited, 
prognosis of glioblastoma, IDH-mutant is better (median survival time: 
27–31 months) compared to its IDH-wildtype counterpart [13]. This latter tumour 

Fig. 3.5 Anaplastic 
oligodendroglioma, 
IDH-mutant, 1p/19q-
codeleted (grade III). 
Compared to Fig. 3.4, 
cellularity and atypia are 
increased. Microvascular 
proliferations and mitoses 
(arrows) are also present
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usually harbours the hallmark mutations of IDH-mutant astrocytomas (IDH1/IDH2, 
ATRX and TP53 mutations) plus other molecular alterations which are acquired dur-
ing disease progression.

3.3.1.5  Diffuse Midline Glioma, H3 K27M-Mutant (Grade IV)
This tumour is more frequent in children (median age at diagnosis: 5–11  years) 
without sex predilection. Usually, H3 K27M-mutant diffuse midline glioma (grade 
IV) involves midline structures including brain stem, thalamus and spinal cord. 
Histologically, it shows an infiltrative growth pattern and, in most cases, an astro-
cytic morphology. Mitoses are usually present and microvascular proliferation/
necrosis can be present, although they are not required for this diagnosis. Prognosis 
is poor (<10% of patients alive 2 years after diagnosis).

3.3.2  Other Astrocytic Gliomas

Pilocytic astrocytoma (grade I) usually occurs in children, with a similar incidence in 
both sexes. It usually arises within infratentorial structures and, histologically, it 
shows a relatively circumscribed growth, a low to moderate cellularity and a biphasic 
pattern comprising variable proportions of areas with compacted bipolar cells with 
Rosenthal fibres (eosinophilic fibrillary aggregates) and areas with multipolar cells, 
microcysts and occasional eosinophilic granular bodies (Fig.  3.7). Rare mitoses, 
hyperchromatic and pleomorphic nuclei, along with glomeruloid vascular prolifera-
tions can be present and are compatible with the diagnosis of pilocytic astrocytoma. 
Nevertheless, the presence of marked pleomorphism, brisk mitotic activity and necro-
sis can be due to an anaplastic change, which has prognostic implications [14]. 
Pilocytic astrocytomas usually harbour alterations in the MAPK pathway and the 
BRAF/KIAA1549 fusion is the most common alteration (present in about 70% of 
cases). Prognosis is favourable (>95% 10-year overall survival rates after surgical 
resection alone) [15]. Pilomyxoid astrocytoma is a variant of pilocytic astrocytoma, 
usually arising in the hypothalamic/chiasmatic region and characterized by an angio-
centric arrangement of monomorphous and bipolar tumour cells in a myxoid 

Fig. 3.6 Glioblastoma, 
IDH-wildtype (grade IV). 
H&E image shows a glial 
neoplasm with high 
cellularity, necrosis and 
microvascular 
proliferations
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background. Compared to pilocytic astrocytoma, a higher recurrence rate is reported, 
although a definite WHO grade is not provided considered the limited data available.

Pleomorphic xanthoastrocytoma (grade II) is an astrocytic glioma, usually occur-
ring in children and young adults, with a similar incidence in both sexes. Temporal 
lobes are the preferential site, commonly with a superficial location. Histopathological 
findings can vary significantly, including large, pleomorphic and often multinucle-
ated elements, spindle and xanthomatous cells and numerous eosinophilic granular 
bodies. A characteristic finding is the dense pericellular reticulin network. Neuronal 
differentiation can be present. A ≥5/10 high power fields mitotic count is necessary 
for the diagnosis of anaplastic pleomorphic xanthoastrocytoma (grade III). Necrosis 
may be present in the latter entity, but it is not sufficient for its diagnosis. BRAF 
V600E mutation is often present. Prognosis of pleomorphic xanthoastrocytoma is 
relatively favourable with 5-year recurrence-free and overall survival rates of about 
70% and 90%, respectively. Its anaplastic counterpart is associated with a signifi-
cantly worse outcome: about 50% 5-year overall survival rate [16].

Subependymal giant cell astrocytoma (grade I) is a benign, slow-growing, astro-
cytic tumour with a strong association with the tuberous sclerosis syndrome (occur-
ring in 5–15% of these patients). This neoplasm typically develops during the first 
two decades of life and arises from the lateral walls of the lateral ventricles adjacent 
to the foramen of Monro. Histologically, it shows a circumscribed growth, with a 
proliferation of large ganglion cell-like astrocytes (resembling gemistocytic astro-
cytes) arranged in fascicles, sheets and nests. Calcifications are common and mitotic 
activity may be present, but this finding does not seem to be associated with an 
adverse clinical course. Neuronal differentiation may also be present. Prognosis is 
good if gross total resection is achieved [17].

3.3.3  Ependymomas

Ependymomas are glial tumours which arise from the ependymal cells lining ven-
tricles and the central canal of the spinal cord. This group of tumours encompasses 

Fig. 3.7 Pilocytic 
astrocytoma (grade I). 
Glial neoplasm with low to 
moderate cellularity, 
astrocytic morphology and 
the presence of Rosenthal 
fibres and eosinophilic 
granular bodies (arrow)
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different entities: subependymoma and myxopapillary ependymoma (grade I), 
ependymoma (grade II) and anaplastic ependymoma (grade III). Different variants 
of ependymoma are recognized, based on the site of origin (supratentorial, posterior 
fossa and spine) and the clinico-pathological features. In recent years, molecular 
profiling identified specific subgroups with relevant prognostic correlations: in par-
ticular, supratentorial ependymomas characterized by the RELA gene fusion (grade 
II or III based on the morphological parameters) harbour a poor prognosis [18]. 
Although it is not a specific marker, L1CAM expression, detected by immunohisto-
chemistry, correlates with the presence of RELA-fusion in supratentorial ependy-
momas [19].

In children, ependymomas are usually intracranial and they commonly arise 
from the IV ventricle; conversely, in adults most ependymomas are spinal. 
Histologically, perivascular pseudorosettes (consisting in neoplastic cells surround-
ing a fibrillary area centred by a blood vessel) are present in most ependymomas 
(Fig. 3.8), while true ependymal rosettes are rarer and they consist of tumour cells 
collected around an acellular lumen.

Prognosis is variable, usually poorer in children; extent of surgical resection, 
tumour site and molecular genotype have a prognostic significance, whereas the 
role of histological grade is uncertain [20]. Leptomeningeal dissemination through 
CSF is a possible complication.

3.4  Neuronal and Mixed Neuronal-Glial Tumours

These tumours are overall rarer than glial neoplasms and consist of entities with a 
neuronal or a mixed neuronal–glial differentiation. They usually occur in children 
or young adults and they are typically associated with drug-resistant seizures. 
Outcome is usually favourable and surgical resection is often curative. Many spe-
cific entities are categorized in this group, including dysembryoplastic neuroepithe-
lial tumour (grade I), gangliocytoma (grade I), ganglioglioma (grade I) and 
anaplastic ganglioglioma (grade III).

Fig. 3.8 Ependymoma 
(grade II). H&E image 
showing a perivascular 
pseudorosette (arrow), a 
histological hallmark of 
ependymoma
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3.4.1  Dysembryoplastic Neuroepithelial Tumour (Grade I)

Dysembryoplastic neuroepithelial tumour (grade I) (DNT) is a benign glioneuro-
nal neoplasm usually occurring in children or young adults, with a slight preva-
lence in males and typically arising in the temporal lobe cortex with a multinodular 
architecture. A histological hallmark of this tumour is the so-called specific glio-
neuronal element which consists of columns oriented perpendicularly to the corti-
cal surface, made up of bundles of axons lined by small oligodendrocyte-like 
cells. Between these columns, a mucinous matrix, including cytologically normal 
floating neurons, is present. DNTs harbour BRAF V600E mutation in about 30% 
of cases [21]. Outcome is usually excellent and recurrence or progression is 
exceptional.

3.4.2  Ganglioglioma (Grade I) and Anaplastic Ganglioglioma 
(Grade III)

Ganglioglioma (grade I) is a well-differentiated, slow-growing, glioneuronal tumour 
made up of dysplastic ganglion cells and neoplastic glial cells. It usually occurs in 
children and young adults without a clear prevalence between the sexes. Most com-
mon sites are temporal lobes, but it has been reported throughout the 
CNS. Histologically, it appears as a combination of neuronal and glial elements. 
Dysplastic ganglion cells appear as large, possibly binucleated, cells with dysmor-
phic neuronal features and lacking cytoarchitectural organization. Occasional mito-
ses and small foci of necrosis are allowed. Also for this tumour, BRAF V600E 
mutation is the most common genetic alteration, occurring in a significant number 
of cases [21–23]. Prognosis is usually good, although recurrence and malignant 
transformation can occur [24].

In anaplastic ganglioglioma (grade III), a malignant transformation of the glial 
component is present, including increased cellularity, pleomorphism and increased 
mitotic count. Vascular proliferation and necrosis can also be present. Available 
data concerning prognosis of this specific entity are limited and conflicting 
[24–26].

3.5  Embryonal Tumours

Embryonal tumours usually occur in infants and children and, in most cases, they 
display an aggressive clinical behaviour, although successful treatment is possi-
ble, thanks to multimodal protocols. The classification of this group of neoplasms 
has been heavily influenced by the molecular profiling data published during last 
years, which now integrate the traditional histopathological criteria. This group of 
tumours includes the medulloblastoma (grade IV), the embryonal tumour with 
multi-layered rosettes, C19MC-altered (grade IV) and the atypical teratoid/rhab-
doid tumour (grade IV).
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3.5.1  Medulloblastoma (Grade IV)

This is the most frequent CNS embryonal tumour, arising in the cerebellum or in the 
dorsal brain stem. Up to the latest WHO classification, medulloblastomas (grade 
IV) were classified in specific morphological variants (i.e. classic medulloblastoma, 
desmoplastic/nodular medulloblastoma, medulloblastoma with extensive nodular-
ity and large cell/anaplastic medulloblastoma) based on their histological features 
and prognostic relevance. In recent years, however, recurrent molecular alterations 
were identified and four groups of genetically defined medulloblastomas have been 
defined [27]. Their comparison with the morphology-based variants of medullo-
blastoma showed only a partial overlap.

Histologically, classic medulloblastoma appears as highly cellular tumours with 
small, round, undifferentiated cells displaying mild-moderate nuclear pleomor-
phism and a high mitotic count (Fig.  3.9). Intratumoural desmoplasia is absent, 
although nodular areas of neurocytic differentiation with reduced cell proliferation 
can be present. The desmoplastic/nodular variant shows a nodular architecture 
including nodular, reticulin-free areas, and intervening densely cellular areas with 
an intercellular network of reticulin-positive collagen fibres. Medulloblastoma with 
extensive nodularity features prominent large reticulin-free nodules of neurocytic 
cells in a neuropil-like matrix and narrow internodular strands of poorly differenti-
ated neoplastic cells in a desmoplastic matrix. Lastly, large cell/anaplastic medul-
loblastoma displays markedly pleomorphic, undifferentiated neoplastic cells with 
prominent nucleoli and a high mitotic count.

Genetically, four main molecular groups of medulloblastomas are recognized. 
WNT-activated medulloblastomas show activation of the WNT signalling path-
way, represent about 10% of all medulloblastomas and usually correspond to the 
classic medulloblastoma morphological variant. Following the present multi-
modal treatments, prognosis is excellent and, contrary to SHH-activated medul-
loblastomas, it is not worsened by TP53 mutation. SHH-activated medulloblastomas 
are about 30% of all medulloblastomas and include the desmoplastic/nodular and 

Fig. 3.9 Medulloblastoma 
(grade IV). 
Medulloblastoma, 
histologically defined as 
classic, consisting of 
densely packed, 
undifferentiated cells with 
high mitotic count
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the extensive nodularity subtypes, although the other morphological variants can 
also resolve as SHH-activated medulloblastomas. Prognosis is significantly 
impacted by TP53 status, being poorer in mutated tumours [28]. The group of 
non-WNT/non-SHH medulloblastomas includes group 3 and group 4 medullo-
blastomas and represents about 60% of all of these tumours (20% are group 3 and 
40% group 4). Morphology is either classic or large cell/anaplastic. Prognosis is 
relatively poor, especially for group 3 tumours which often show metastases at 
diagnosis.

A surrogate determination of the molecular group is partially possible by immu-
nohistochemistry [29] and an integrated diagnosis including both the histologically 
defined and the genetically defined type of medulloblastoma is recommended, since 
it provides the most comprehensive prognostic–predictive information.

3.5.2  Embryonal Tumour with Multi-Layered Rosettes, C19MC- 
Altered (Grade IV)

This is an aggressive embryonal tumour with multi-layered rosettes (ETMR) and 
alterations (including amplification and fusions) of the C19MC locus at 19q13.42 
[30, 31]. ETMR, C19MC-altered (grade IV) can arise both in the supratentorial 
(70% of cases) and in the infratentorial (30%) compartments and usually occur in 
infants and young children with a similar distribution between sexes. Histological 
findings can vary significantly and any CNS embryonal tumour, even lacking the 
distinctive histopathological features, qualifies for this designation if it harbours 
C19MC amplification or fusion. Prognosis is limited: reported survival times are 
about 12 months even after multimodal treatments.

3.5.3  Atypical Teratoid/Rhabdoid Tumour (Grade IV)

Atypical teratoid/rhabdoid tumour (AT/RT) (grade IV) is a malignant CNS 
embryonal tumour occurring most frequently in young children. Histologically, 
this tumour consists mainly of poorly differentiated cells, often with rhabdoid 
features (cells with eccentric nuclei, prominent eosinophilic nucleoli, abundant 
cytoplasms with an eosinophilic globular inclusion and well-defined cell borders). 
However, these lesions are usually heavily heterogeneous and can show primitive 
neuroectodermal, mesenchymal and epithelial features. Diagnosis requires dem-
onstration of SMARCB1 or SMARCA4 inactivation (leading to negative INI1 and 
BRG1 immunohistochemistry, respectively): if this molecular alteration is pres-
ent, diagnosis is allowed even if the distinctive rhabdoid features are absent. 
Recent data suggest that specific molecular subgroups of this tumour do exist [32, 
33]. Overall prognosis is poor, but intensive combined treatments may benefit a 
subgroup of patients.
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3.6  Meningiomas

Meningiomas are the most common CNS primary tumour. They usually occur in 
adults, more frequently in females and can arise throughout the CNS from the 
meningothelial cells of the arachnoid layer. Different histological types of menin-
giomas are recognized by the WHO classification, including entities from grade I 
(about 70–80% of cases) to III. Grade I meningiomas are usually amenable of cure 
by surgical resection alone, grade II meningiomas have higher recurrence rates and 
anaplastic, grade III meningiomas show an aggressive behaviour with possible 
metastases.

Meningothelial and fibrous are the most common morphological variants among 
grade I meningiomas: the first shows medium-sized epithelioid neoplastic cells 
arranged in lobules, partially demarcated by thin collagenous septa (Fig.  3.10), 
while the latter consists of spindle cells arranged in parallel, storiform and interlac-
ing bundles in a collagen-rich matrix. In both variants, whorls and psammoma bod-
ies (round collections of calcium) are infrequent, although they are frequently 
observed in transitional meningioma, another common grade I meningioma variant 
which displays both meningothelial and fibrous patterns as well as transitional fea-
tures. Independently of other histological features, meningiomas are classified as 
atypical (grade II) if increased mitotic activity or brain invasion or three out of these 
five characteristics are observed: increased cellularity, small cells with a high 
nuclear/cytoplasm ratio, prominent nucleoli, sheeting (i.e. uninterrupted patternless 
growth) and foci of spontaneous necrosis. Moreover, two specific rare morphologi-
cal variants are considered grade II tumours: chordoid meningioma and clear cell 
meningioma. Anaplastic meningiomas (grade III) display overtly malignant cytol-
ogy (resembling carcinoma, melanoma or high-grade sarcoma) and/or markedly 
elevated mitotic activity. As per grade II meningiomas, two rare morphological vari-
ants are classified as grade III tumours: papillary meningioma and rhabdoid 
meningioma.

Fig. 3.10 Meningothelial 
meningioma (grade I). A 
common variant of 
meningioma with uniform 
cells and lobular 
architecture
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3.7  Familial Tumour Syndromes

Many genetic syndromes confer an increased risk of developing CNS tumours, 
including neurofibromatosis type 1 and 2, schwannomatosis, Von Hippel-Lindau 
disease, tuberous sclerosis, Li-Fraumeni syndrome, Cowden syndrome, Turcot syn-
drome, naevoid basal cell carcinoma syndrome and rhabdoid tumour predisposition 
syndrome. A specific follow-up of these patients is therefore warranted.

3.8  Metastatic Tumours

A considerable number of patients with systemic tumours (up to about 20%) develop 
secondary metastases to the CNS with a significant impact in terms of quality of life 
and overall prognosis. Lung, breast tumours and melanoma are the solid tumours 
that most commonly metastasize to the CNS. Metastatic lesions are usually multi-
ple, preferentially located at the grey/white matter boundary, with variable dimen-
sions and peripheral oedema. A specific kind of secondary CNS spread, which can 
occur both in patients with solid and haematological malignancies, is neoplastic 
meningitis which consists of leptomeningeal neoplastic involvement with circula-
tion of neoplastic cell in the CSF.  Identification of molecular markers associated 
with the risk of developing CNS metastases is warranted to optimize patients’ man-
agement and follow-up.

3.9  Future Perspectives

The identification of novel diagnostic, prognostic and predictive markers for CNS 
tumours will help improve patients’ care, which is also the ultimate aim of every 
tumour classification. Specific initiatives have therefore been proposed, like the 
cIMPACT-NOW Consortium, to facilitate the prompt introduction into clinical 
diagnosis and practice of the latest published research, even before WHO classifica-
tion updates [34, 35]. The provided recommendations will hopefully help the medi-
cal community provide the most up-to-date diagnostic and therapeutic management 
to patients.
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Clinical Concepts of Brain Tumors

Carlotta Chiavazza, Federica Franchino, and Roberta Rudà

Neurological symptoms and signs of brain tumors are not specifically tied to indi-
vidual specific tumor types, but rather to location within the central nervous system 
(CNS). Tumor can damage neural tissue by infiltration or displace by compression, 
leading to focal symptoms. Direct invasion from a tumor typically occurs in glio-
mas, whereas meningiomas displace normal brain. The disruption of the blood–
brain barrier by the tumor leads to vasogenic edema that is one of the main causes 
of neurological impairment: edema favors an increase of mass effect and thus a 
further compression of the surrounding brain [1].

Clinical symptoms of brain tumors can be divided into:

• Generalized symptoms (nausea, vomiting, and headache) related to increased 
intracranial pressure or hydrocephalus;

• Focal symptoms, related to the impaired function of the involved areas of the 
brain (focal seizures with or without secondary generalization, motor, sensitive 
and memory deficit, aphasia, ataxia, visual loss) [1].

Increased intracranial pressure leads to a syndrome that variably depends on the 
obstruction of the ventricular or venous system, the cerebrospinal fluid (CSF) flow 
impairment or the direct effect of the lesion and associated edema. As a matter of 
fact the skull contains three components, such as nervous tissue, cerebrospinal fluid, 
and blood. The increase of one of these components leads to the decrease of one of 
the others, and the intracranial pressure remains stable; however, this balance fails 
over time, so that even a little increase of brain, blood, or CSF volume leads to a 
rapid increase of intracranial pressure according to the Monro-Kellie hypothesis. 
Typical symptoms of increased intracranial pressure include headache, vomiting, 
papilledema, and impaired state of consciousness. An uncontrolled increase of the 
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intracranial pressure will cause a herniation of specific cerebral structures, i.e., dis-
location of cerebral tissue from one cerebral compartment to another. The most 
common herniations are:

 – Temporal herniation through the tentorium: symptoms are due to the compres-
sion of brainstem structures, including III ipsilateral cranial nerve, contralateral 
pyramidal tracts, reticular formation, and autonomic brainstem centers. 
Neurological symptoms consist of ipsilateral III nerve palsy and pyramidal signs, 
blood pressure and breath alterations, impaired consciousness, and ultimately 
coma;

 – Herniation of cingulus under the cerebral falx, with symptoms often related to 
local ischemic lesions;

 – Herniation of cerebellar tonsils through the foramen magno, leading to bulbar 
compression and symptoms such as blood pressure and breath alterations, “cer-
ebellar fits” and impaired consciousness, and coma [1, 2].

Hydrocephalus is an abnormal dilation of the ventricles of the brain. In brain 
tumors, hydrocephalus can be caused by obstruction of CSF circulation, occurring 
mainly in upper brainstem or infratentorial tumors, or by increased CSF production, 
e.g., in choroid plexus papillomas. By definition, these types of hydrocephalus lead 
to intracranial hypertension and related symptoms [3].

Moreover, meningeal symptoms (headache, vomiting, photophobia, cranial 
nerve impairment) and meningeal signs (rigor nucalis, Lasegue, Brudzinski, or 
Kernig signs) may be found in patients with leptomeningeal spread of tumor cells 
both in primary CNS and systemic tumors (e.g., breast cancer, lung cancer, mela-
noma, lymphomas, leukemias) [1].

4.1  Generalized Symptoms

4.1.1  Altered Mental Status and Behavior Changes

Symptoms such as confusion, disorientation, lethargy, and coma can be due to raised 
intracranial pressure, hydrocephalus, or involvement of deep seated structures (thala-
mus, corpus callosum, or reticular formation). Changes in personality, irritability, 
emotional lability, apathy, and slowed responses can be seen in about 16–34% of 
patients: these changes are related to the involvement of frontal and temporal lobes 
or the limbic system. Subtle symptoms of personality changes are often presenting 
symptoms of primary central nervous system lymphomas (PCNSL) [1, 4, 5].

4.1.2  Headache

Headache is rarely an isolated presenting symptom of a brain tumor, being usually 
associated with other symptoms. In patients presenting with headache, posterior 
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fossa tumors (ependymomas or medulloblastomas) can often be found. In case of 
increased intracranial pressure, headache is typically associated with vomiting and 
is present on awakening, and persists during the day with variable characteristics 
(pulsating, dull, or diffuse pain, often with both frontal and nuchal localization) [1, 
6, 7]. This type of headache worsens with Valsalva maneuver and has a poor 
response to analgesic treatments. Red flags that should raise the suspicion of a brain 
tumor include the association with neurological signs or a new headache, especially 
in an aged patient [8]. Headache can be found in case of leptomeningeal dissemina-
tion of a primary cerebral or extracerebral tumor due to meningeal irritation.

4.1.3  Nausea and Vomiting

Nausea and vomiting can be associated with increased intracranial pressure or 
hydrocephalus that leads to stimulation of the chemotactic trigger zone in the area 
postrema. Nausea and vomiting can also be due to the direct infiltration of the che-
motactic trigger zone by posterior fossa tumors (e.g., in medulloblastomas or epen-
dymomas of the fourth ventricle), or to the invasion of the nucleus solitarius in case 
of brainstem tumors [1]. In tumors involving the temporal lobe, nausea can also 
represent a manifestation of a seizure [9].

4.1.4  Papilledema

Papilledema, revealed by fundus oculi examination, is a sign of increased intracra-
nial pressure, seen more often in children and young adults. Symptoms are usually 
bilateral, characterized by enlargement of blind spot or reduced visual acuity. 
Chronic condition, such as frontal lobe tumors or frontal-olfactory meningiomas, 
may rarely lead to the Foster Kennedy syndrome, characterized by optic atrophy on 
the side of the tumor and papilledema on the contralateral side due to increased 
intracranial pressure [1].

4.2  Focal Symptoms

4.2.1  Frontal Lobe Tumors

Prefrontal tumors produce changes in behavior and personality, including apathy, 
slowing of cognitive processes, attention and memory deficits, and disinhibition. 
If the tumor involves the olfactory cortex, the patients can complain of hyposmia. 
Lesions involving the pre-central cortex (Brodmann areas 4, 6, 8, and 44) cause 
contralateral hyposthenia (with variable combination of facial, brachial, or crural 
hyposthenia), skew deviation, motor or ideo-motor apraxia, or expressive apha-
sia (area 44). Moreover, frontal lesions cause focal frontal seizures with symp-
toms such as loss of consciousness with motor automatisms (prefrontal partial 
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complex seizures), partial motor symptoms (areas 4, 6), sometimes with forced 
deviation of head and eyes (area 8), and aphasic symptoms (partial seizures 
involving area 44). Partial motor seizures are not rarely complicated by second-
ary generalization [1, 10].

4.2.2  Parietal Lobe Tumors

Lesions involving the post-central cortex cause contralateral hypoesthesia. Tumors 
in posterior parietal areas cause associative agnosia or specific syndromes related to 
the involvement of Brodmann areas 39 and 40: in the right hemisphere, the Anton 
Babinski syndrome (hemiasomatognosia with anosognosia); in the left hemisphere, 
the Gerstmann syndrome (left-right confusion, digital agnosia, agraphia, acalculia). 
Other symptoms of parietal lesions include constructional and ideational apraxia. 
Parietal lobe seizures present with contralateral paresthesias with craniocaudal or 
caudocranial spreading or with body perception illusions (the so-called Alice syn-
drome) [1, 10].

4.2.3  Temporal Lobe Tumors

Temporal lobe tumors frequently cause memory impairment due to the disruption of 
the Papez circuit: most patients complain of short-term or even anterograde memory 
deficits. Lesions involving Brodmann area 22 cause receptive aphasia, with diffi-
culty or impossibility to understand words’ meaning; lesions involving acoustic 
areas can cause contralateral hypoacusia. Seizures are very frequent in temporal 
tumors, due to the lower epileptogenic threshold of this part of the brain. Temporal 
partial complex seizures may include: olfactory hallucinations (usually disgusting 
smells); déjà-vu or déjà-vécu phenomena; psychic/emotional sensations (“forced 
thinking,” depersonalization, unexplained joy, or sadness); loss of consciousness 
with oral, mimic, verbal, or walking automatisms [1, 10].

4.2.4  Occipital Lobe Tumors

Occipital lesions cause contralateral visual field defects (namely, contralateral hom-
onymous hemianopsia) and optic agnosia. Occipital seizures can cause visual illu-
sions or hallucinations, either simple (phosphenes) or complex, usually without 
emotional involvement [1, 10].

4.2.5  Corpus Callosum

Many brain tumors, especially gliomas or lymphomas, infiltrate corpus callosum. 
Symptoms are mainly cognitive, due to the disconnection of the cerebral 
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hemispheres: in particular, the patient can present slowing of thinking, ideo-motor 
apraxia, tactile anomia, and visual anomia [1, 10].

4.2.6  Cerebellar Tumors

Tumors involving the vermis of the cerebellum cause ataxia, nystagmus, and dysar-
thria while hemispheric cerebellar lesions cause dysmetria, dizziness, and adyado-
cocinesia [1, 10].

4.2.7  Brainstem Tumors

Symptoms are different, depending on the site of the lesion. One can find motor or 
sensitive deficits, cranial nerve palsies (in most cases diplopia or dysphagia), 
sphincteric dysfunctions, impaired consciousness, blood pressure variations, or 
respiratory changes [1, 10].

4.2.8  Sellar Tumors

Symptoms of tumors of the sella turcica include visual field defects (due to com-
pression of optic chiasma), endocrinologic dysfunctions (pan or partial hypopituita-
rism), and symptoms of increased intracranial pressure [1, 10, 11].

4.3  Clinical Aspects of CNS Tumors Depending on Histology

Pilocytic astrocytomas are usually located in the chiasmatic/hypothalamic region 
or in the cerebellum. In the first case, patients show visual field defects or endo-
crinologic dysfunctions while in the second case ataxia, nystagmus, or dysmetria 
can be found. Grade II and III astrocytomas are typically located in the cerebral 
hemispheres, and seizures are symptoms at onset in a high percentage of patients. 
Astrocytomas are more frequent in the juvenile-adult age. On the contrary, glio-
blastomas (GBMs) are more frequent in the late-adult age and in the elderly: they 
are rapidly growing tumors, involving cerebral hemispheres with a tendency 
toward corpus callosum infiltration, subependymal diffusion, or multifocal 
spreading. Patients with glioblastoma show a wide range of symptoms, from loss 
of a specific area functions to seizures, headache, and vomiting (especially dur-
ing tumor progression). In a late disease stage clinical signs of meningeal spread 
can be found. Oligodendrogliomas are adult-age tumors involving cerebral white 
matter and cortex: seizures are very frequent together with specific area-related 
dysfunctions. Gangliogliomas, gangliocytomas, and dysembryoplastic neuroepi-
thelial tumors (DNET) involve the cerebral hemispheres, are typically located in 
the temporal lobe and associated to seizures, often pharmacoresistant, in the 
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majority of cases. In patients with gliomatosis cerebri, which is a diffuse astro-
cytic or less frequently oligodendrocytic tumor, multiple signs and symptoms are 
found, given the frequent diffuse involvement of cerebral hemispheres, brain-
stem, and cerebellum. Cognitive symptoms are usually present. Also, primary 
CNS lymphomas often present with cognitive and psychic symptoms, due to the 
location in deep structures (corpus callosum, basal ganglia). Cerebellar tumors, 
such as medulloblastoma, hemangioblastomas, or IV ventricle ependymomas, 
show symptoms such as ataxia, dizziness, dysmetria, nystagmus, dysarthria, or 
symptoms of intracranial hypertension (sometimes with hydrocephalus). 
Papillomas of choroid plexus, central neurocytomas, colloid cysts, and menin-
giomas are brain tumors that can grow in the intraventricular space and produce 
hydrocephalus.

Grade I meningiomas have an extra-axial growth, with symptoms that emerge 
several years after the tumor birth, while grade II (atypical) or grade III (anaplas-
tic) meningiomas have a more aggressive course characterized compression dislo-
cation or infiltration of brain parenchyma. Falx meningiomas produce paraparesis, 
lower limbs numbness, and seizures; sellar meningiomas produce visual field 
loss, hypothalamic and hypophyseal dysfunctions; cavernous sinus meningiomas 
yield the “cavernous sinus syndrome,” characterized by palsy of ipsilateral III, IV, 
VI, and ophthalmic branch of V cranial nerves; clivus meningiomas give dysfunc-
tions of IX–XI cranial nerves. Tumors located in the pontocerebellar angle (neu-
rinomas, meningiomas) produce peripheric palsy of the VII cranial nerve, deficit 
of V cranial nerve, dizziness, and ipsilateral dysmetria. In case of acoustic neu-
roma, the “brain” phase is preceded by otologic symptoms (hypoacusia, tinnitus, 
dizziness, and nystagmus due to the tumor growth inside the internal acoustic 
meatus) [1, 10].

Pineal gland tumors (pinealomas, pineoblastomas, germinomas) produce intra-
cranial hypertension (due to aqueduct of Sylvius obstruction) and Parinaud syn-
drome (vertical gaze palsy); moreover, they can develop leptomeningeal spread 
with meningeal signs and symptoms.

Tumors of the sellar region include adenomas, craniopharyngioma, chordomas, 
and meningiomas. They produce multiple symptoms: visual field loss, due to optic 
chiasma involvement; endocrinological abnormalities, due to infiltration- 
compression of hypothalamus and hypophysis; and symptoms of intracranial hyper-
tension [1, 10–12].

Brain metastases occur in 20–40% of patients with cancer and their frequency 
has increased over time. Lung, breast, and skin (melanoma) are the commonest 
sources of brain metastases, and in up to 15% of patients the primary site remains 
unknown [13]. Brain metastases can be asymptomatic in a number of patients. They 
are usually localized at the boundaries between cerebral (or cerebellar) grey and 
white matter; rarely, they are located in the brainstem or basal ganglia. Symptoms 
are typically subacute, with loss of specific brain functions or intracranial hyperten-
sion seizures can be found in 15–20% of cases. Intratumoral hemorrhage causes 
acute neurological symptoms and can be found in metastases from melanoma or 
renal cancer [13].
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4.4  Brain Tumor-Related Epilepsy

Seizures occur in approximately one quarter to one half of patients with brain 
tumors and tumor-related seizures account for about 5% of new-onset seizures 
and more than 10% of lesional focal epilepsy [14, 15]. The prevalence rates of 
seizures vary depending on tumor type and grade and somewhat on age and tumor 
location. Generally, low-grade tumors with a longer disease duration appear to be 
slightly more epileptogenic than the more destructive high grade tumors. Recent 
data suggest rates of tumor-related epilepsy of 90% for low-grade glial tumors 
such as astrocytomas and oligodendrogliomas, compared with 30–50% for ana-
plastic astrocytomas or glioblastoma multiforme [16]. Seizures occur more com-
monly in patients with tumors located in cortical regions as opposed to subcortical 
areas, with a seizure frequency of 56% compared with 15%, respectively [17]. 
Frontal, temporal, insular, and centro-parietal regions are the most common corti-
cal regions associated with symptomatic seizures. Incidence rates are higher for 
tumors located in eloquent cortical regions as opposed to functionally subtle or 
“clinically silent” areas.

Theories to explain tumor-related epilepsy have included architectural distor-
tion of surrounding cortex, due to the tumor itself or peritumoral edema, vascular 
compression, and cerebral ischemia, or intracerebral hemorrhage creating mass 
effect or cortical irritation due to iron deposition. Additionally, based on intraop-
erative and extraoperative intracranial EEG recordings, cortical regions expressing 
high volume of interictal discharges are different from those invaded by the tumor. 
This means that the peritumoral tissue demonstrates greater irritability than tumor 
tissue. Other potential mechanisms of tumor-induced seizures are disturbances at 
the cellular level, such as alterations in synaptic and neuronal function and con-
nectivity, free radical formation and excitotoxicity and alterations in the expression 
of specific genes and proteins relevant to intracellular communication, drug trans-
port, drug resistance, and tumor growth. Among these mechanisms glutamate-
induced excitotoxicity has gained popularity as a prolonged elevation of 
extracellular glutamate and imbalance in intracellular and extracellular glutamate 
levels have been shown to contribute to persistent neuronal network abnormalities 
that favor epileptogenesis [18–21]. In particular, studies have demonstrated a sig-
nificant increase in glutamate concentrations in peritumoral tissue in brain tumor 
patients with seizures compared with those without seizures [22]. Other hypothe-
ses for tumor-related epilepsy include mutation in specific genes, namely 
O6-methylguanine DNA- methyltransferases (MGMT), matrix metalloproteinases 
(MMPs), adenosine kinase (ADK), and isocitrate dehydrogenase (IDH). In partic-
ular, IDH1-2 mutations are more frequent in brain tumor patients with seizures, 
and this could be related to the similarity between 2-hydroxyglutarate (the product 
of the mutation) and glutamate [16].

Epilepsy in patients with brain tumors belongs to the type of partial epilepsy, 
either with or without secondary generalized seizures. For this type of seizures, the 
International League Against Epilepsy (ILAE) has updated the most appropriate 
AED choices, based on a meta-analysis of a large number of randomized controlled 
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trials [23]. Levetiracetam (LEV), carbamazepine, phenytoin, and zonisamide have 
been classified as level A anticonvulsants, valproate (VPA) represents the only level 
B anticonvulsant, while gabapentin, lamotrigine, oxcarbazepine, phenobarbital, 
topiramate, and vigabatrin are level C. In neuro-oncology, consensus exists to avoid 
enzyme-inducing antiepileptic drugs (EIAEDs) due to interactions with antineo-
plastic drugs. Thus, older EIAED (e.g., phenobarbital, phenytoin, carbamazepine) 
should be avoided in favor of second and third generation AEDs (especially leveti-
racetam and lacosamide). Moreover, AED levels may be affected by some chemo-
therapeutic agents, such as methotrexate and cisplatin, that decrease the serum 
levels of valproic acid, carbamazepine, and phenytoin [19, 23, 24].

The most frequently used AED in patients with brain tumors is levetiracetam, 
based on a good efficacy versus toxicity profile, leading to a seizure reduction ≥50% 
and a seizure freedom in 65–100% and 20–77% of patients, respectively, when used 
in add/on, and seizure freedom in 76–91% of patients when used in monotherapy 
[25]. Valproic acid, sometimes used for a potential concomitant antineoplastic effi-
cacy as well, yields a seizure freedom around 60% in add-on, and 30.4–77.8% in 
monotherapy [26]. Lacosamide is a new generation AED that yields a seizure reduc-
tion ≥50% in a great proportion of patients (up to 86%), and assures a good clinical 
response in case of status epilepticus [27, 28].

Common side effects of AEDs include irritability and depression (levetirace-
tam), thrombocytopenia (valproate, levetiracetam), weight gain (valproate), hypo-
natremia (carbamazepine, oxcarbazepine), rash (lamotrigine, phenytoin), and 
tremor (valproate) [28].

Tumor resection usually reduces seizure frequency in patients with tumor-related 
epilepsy, especially in case of gross total resection. Some authors suggest larger 
resections of margins to include peritumoral epileptogenic areas, identified by intra-
operative awake mapping [29–31]. Patients whose seizures are well controlled by 
AEDs preoperatively and whose seizures are ≤1 year in duration usually achieve 
better seizure control post-surgery. Moreover, the presence of non-generalizing 
simple partial seizures has been associated with poorer outcome. No significant dif-
ference in epilepsy outcome exists between temporal and extratemporal tumors and 
between adults and children. In case of tumor progression, reoperation can be useful 
to improve seizure control [16, 19, 32, 33].

External radiotherapy has been reported to be effective in seizure control in 
72–100% of patients with medically intractable epilepsy and lower grade gliomas 
(LGGs) [33, 34]. Patients may become seizure free (27–55%), and the median dura-
tion of seizure control is 12 months but can be as long as 8 years. In addition to a 
direct antitumor effect, one can speculate that ionizing radiation may decrease sei-
zure activity by damaging epileptogenic neurons or inducing changes of the micro-
environment in the peritumoral tissue. Concerning chemotherapy, seizure 
improvement in LGGs treated with alkylating agents (procarbazine + CCNU + vin-
cristine, temozolomide) is usually obtained in 48–100% of patients, with 20–40% 
becoming seizure free [19, 32, 33]. Seizure reduction is more frequent than objec-
tive response on MRI and better correlated with decrease of uptake of methionine 
on PET.
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As in LGGs seizure control can be achieved through different treatments (gross 
total resection, chemotherapy, or radiotherapy) seizures can be a surrogate marker 
for treatment response in patients with low-grade glioma and serve as an important 
secondary endpoint in clinical trials [35].

Seizure frequency may affect many aspects of a patient’s life, including vocation 
and the ability to drive. In glioma patients with seizure freedom after successful 
antitumor therapy, the question is whether and until when AEDs should be contin-
ued. According to recent literature a safe withdrawal of AED medication is feasible, 
but overall, the benefit versus risks and timing of a withdrawal of AEDs in patients 
with gliomas are still unclear [19, 32, 33].

4.5  Clinical Complications of Treatments

4.5.1  Side Effects of Steroids

Brain tumors disrupt the blood–brain barrier by secreting factors, such as vascular 
endothelial growth factor (VEGF), that alter the permeability and lead to vasogenic 
edema. Edema spreads more prominently through white matter, and clinical effects 
depend on the location. Dexamethasone is the corticosteroid of choice because it 
has strong glucocorticoid but minimal mineralocorticoid activity, thereby exerting 
greater effects on the blood–brain barrier than on systemic fluid retention. It can 
reduce intracranial pressure and improve neurologic symptoms within 1–2 days. 
Short-term complications include hyperglycemia, insomnia, and mania. Long-term 
complications include the full range of Cushing syndrome. Steroid myopathy is 
particularly important for patients with preexisting weakness due to the brain tumor: 
it can persist as long as the patient receives dexamethasone, and recovery can be 
slow. Overall, for most patients, a 4-mg dose twice a day is sufficient and much bet-
ter tolerated than higher doses. In the outpatient setting, the second dose should be 
administered in the afternoon to prevent insomnia [36–38].

4.5.2  Infectious Complications

Pneumocystis carinii pneumonia is a rare but potentially fatal infection seen in 
patients with brain tumors, and presents with fever, cough, and respiratory failure. 
Radiographic images demonstrate interstitial infiltrates, and diagnosis is made by 
demonstration of the microorganism. The key risk factor is lymphopenia caused by 
both temozolomide and glucocorticoids.

Immunosuppression from corticosteroids and chemotherapy also increases the 
risk for the development of Candida infection. This tends to be mild in patients with 
brain tumors, and primarily consists of an oropharyngeal candidiasis. This is often 
found incidentally on a routine throat examination, which should be part of each 
visit and include queries about dry mouth, poor taste, poor appetite, pain on swal-
lowing, and nausea [36].
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A cerebral abscess can mimic a brain tumor in both clinical presentation and 
imaging features. Patients with brain tumors are at risk of an abscess development 
as a complication of a neurosurgical intervention in the context of corticosteroid 
use. Chronic steroids further complicate the presentation because the patient’s white 
blood cell count may already be elevated at baseline, and the ability to mount a fever 
can be impaired. Imaging typically reveals a ring-enhancing mass, which can be 
indistinguishable from a recurrent brain tumor on T1, T2/FLAIR, and gadolinium 
enhanced images. In a cerebral pyogenic abscess, diffusion-weighted imaging 
(DWI) demonstrates marked hyperintensity in the cavity with corresponding 
hypointensity on apparent diffusion coefficient (ADC) sequences, while recurrent 
tumor is hypointense in the necrotic core on DWI and hyperintense on an ADC map. 
Treatment consists of surgical aspiration and intravenous antibiotics [39, 40].

4.5.3  Vascular Complications

Venous thromboembolism is common in patients with brain tumors and is related to 
neurosurgical procedures, hemiparesis or decreased mobility, and hypercoagulabil-
ity [41]. The most common time to develop venous thromboembolism is in the 
postoperative setting and the subsequent 6 months, but, in some patients with active 
malignancy, this risk can persist lifelong. Data for perioperative prophylaxis support 
the use of mechanical compression as well as chemical prophylaxis with low- 
molecular weight heparin that should start as early as 24–48 h after a craniotomy 
and continues as long as the patient is nonambulatory [42, 43]. Any patient with 
brain tumor, who presents with calf swelling, calf tenderness, shortness of breath, or 
tachycardia, should be urgently evaluated for evidence of venous thromboembolism 
with lower extremity ultrasound and helical CT chest with contrast. Studies in 
patients with cancer confirm that low-molecular weight heparin is superior to war-
farin in preventing recurrent clots and is associated with low rates of intracranial 
hemorrhages [44]. Newer generation of oral anticoagulants do not require intensive 
monitoring or injections, but are expensive and have not been well studied in 
patients with either solid cancer or brain tumors. Thus far, these drugs lack data to 
support their use in lieu of low-molecular-weight heparin. The use of inferior vena 
cava filters should be limited to patients with recent or active intracranial hemor-
rhage or in patients with other medical contraindications to anticoagulation [45].

Although deep vein thrombosis and pulmonary embolism are the most common 
manifestations of venous thromboembolism, patients with malignant glioma can also 
develop cerebral venous sinus thrombosis. Presentation with headache, increased 
intracranial pressure, seizures, and focal neurologic symptoms are often attributed to 
the tumor itself, and the correct diagnosis can be missed. Despite a lack of evidence, 
standard management is to treat this complication with anticoagulants.

Clinically significant intracranial hemorrhage occurs in 1–2% of patients with 
glioblastoma. Bevacizumab, a monoclonal antibody to VEGF-A, is relatively con-
traindicated in patients with intracranial hemorrhage, but the risk of intracranial 
hemorrhage due to bevacizumab does not seem to be increased [46]. Stroke can also 
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be a late effect of treatment, and is an important cause of morbidity in long-term 
survivors. Radiation-induced vasculopathy, due to accelerated atherosclerosis, can 
cause ischemic strokes 3–5 years after exposure to radiation [47]. Cerebral micro-
bleeds can be a consequence of radiation therapy and are seen on gradient echo 
images: they can occur within 1–2 years of radiation therapy, are located within the 
field of radiation, have a direct relationship to radiation dose, may progress over 
time, and can be associated with cognitive dysfunctions [48, 49].

4.5.4  Hydrocephalus

The management of hydrocephalus associated with intracranial tumors is a growing 
concern in neurosurgery. A permanent CSF diversion procedure is indicated in 
patients prior to or after surgical resection of the tumor. Implantation of a ventricu-
loperitoneal (VP) shunt is the most widely used treatment for the management of 
hydrocephalus. Although CSF shunting reduces the morbidity and mortality of 
hydrocephalus, it is associated with potential complications that may require mul-
tiple surgical procedures, as well as shunt revisions during patient’s lifetime. Causes 
for shunt complications or failures include obstruction, infection, mechanical dis-
connection, and overdrainage [3].

4.5.5  Endocrinological Complications

Diabetes mellitus is the most common endocrinologic comorbidity in patients with 
brain tumors, and may be induced or worsened by corticosteroid use. Tight control 
is important for quality of life, and may be associated with improved survival [50]. 
Increased intracranial pressure from a primary brain tumor can lead to the syndrome 
of inappropriate secretion of antidiuretic hormone (SIADH) and result in hypona-
tremia. As a consequence neurologic symptoms and seizures can worsen, and ulti-
mately an encephalopathy can develop. In patients with tumors that infiltrate or 
exert mass effect on the posterior pituitary, an elevated sodium, excessive thirst, and 
excessive urination can result from diabetes insipidus or decreased production of 
antidiuretic hormone. Treatment requires supplementation with desmopressin or 
therapies that reduce the tumor’s mass effect.

Cranial radiation therapy can impact pituitary function, and alterations in pitu-
itary hormones can be either an early or late complication of therapy (especially 
after radiation of the sellar area) [36, 51]. Growth impairment and hypogonadism 
are common in childhood brain tumor survivors [52].

4.5.6  Mood and Cognitive Complications

A major depressive disorder is common in patients with brain tumors prior to diag-
nosis, at time of diagnosis, and during the course of the disease. Once a clinical 

4 Clinical Concepts of Brain Tumors



48

diagnosis is made, an antidepressant drug can be considered, but no clear guidelines 
exist on which class of antidepressants to use or whether any of them are beneficial. 
Antidepressants are safe in patients with brain tumors, and, with the exception of 
bupropion, they do not meaningfully alter the seizure threshold. It is also important 
to minimize medications that can exacerbate depression and to consider nonphar-
macologic therapies. Corticosteroids may have a profound impact on mood, but 
most commonly result in irritability, anxiety, insomnia, mania, and psychosis: in 
patients, who cannot taper corticosteroids, a concomitant antianxiety or antipsy-
chotic medication may be indicated [36, 53].

A decline in cognitive function is experienced by many patients with primary 
brain tumors. This can be a direct result of the brain tumor that interferes with cog-
nitive networks throughout the brain, but may be most pronounced in patients who 
have undergone radiation therapy. Patients have an impairment in multiple domains 
of cognition and imaging may reveal white matter damage and cortical atrophy. 
Cognitive dysfunctions from chemotherapy or radiation therapy within the first few 
years after therapy tend to be mild and manageable but, in some patients, can inter-
fere with work and household activities. In most patients, symptoms are progres-
sive, and in long-term survivors, symptoms gradually become more disabling with 
a negative impact on family relationships, job, and independence. No evidence 
exists to suggest that any pharmacologic intervention can be successful in prevent-
ing or treating memory dysfunctions from radiation therapy or chemotherapy, but 
the role of psychostimulants, cognitive-behavioral therapies, and cholinesterase 
inhibitors is being studied [54, 55].

4.6  Elderly Patients

Medical comorbidities and frailty in elderly patients are challenging to quantify, 
but likely play a role in survival and quality of life, especially in case of glioblas-
tomas. Standard treatment options are often complicated by other medical consid-
erations including comorbid disease, polypharmacy, and increased susceptibility to 
adverse events. Radiotherapy is less tolerated in elderly people, especially in case 
of tumors that did not receive resection (tumors located in deep structures or in 
eloquent areas) or in case of extensive post-surgical residual tumor. Fatigue is a 
frequent toxicity seen in the majority of patients receiving cranial radiation, and 
this may be more pronounced in the elderly. Cognitive decline is also a concern, 
particularly on a background of possible suboptimal cognitive baseline function or 
cognitive reserve. Chemotherapy can be less tolerated in terms of fatigue, nausea, 
or impaired blood examinations (in particular liver function) in patients with mul-
tiple comorbidities [56, 57].

Lastly, caregivers of elderly cancer patients are often elderly by themselves. This 
burden places both the patient and the caregiver at risk for health and psychosocial 
strain during the treatment process, and highlights the continuous need for nurse 
and physician assistance during the entire treatment journey.
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5.1  Introduction

The 2016 central nervous system (CNS) World Health Organization (WHO) clas-
sification of brain neoplasms has completely changed the way brain tumors are now 
classified, integrating both genotypic and phenotypic parameters, incorporated into 
the newly updated classification schema. This classification is based on a combina-
tion of histology and molecular patterns by direct evaluation of the mutated DNA or 
by immunohistochemistry, which evaluates the effects of the mutated genes on pro-
teins (and this technique is more widely used also because of lower costs). Since 
histologic grading is still used in clinical practice, potential relevant inconsistency 
between the two might appear. The knowledge of this new classification is essential 
for radiologist as well as for all neuroscientists. The modern approach of imaging in 
the assessment of brain tumors aims to identify some morphological or metabolic 
patterns that may have an impact on their classification. This is synthesized in the 
term radiogenomics.
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5.2  Radiogenomics

The molecular stratification of brain tumors is quickly becoming an integral part 
of their diagnosis, prognosis, and clinical decision-making. Several studies over 
the past two decades provided insights into the genetic basis of tumorigenesis, 
explaining why tumors assigned to the same histopathological entity can have 
broadly different therapy responses and highly divergent clinical outcomes. The 
new 2016 WHO classification of CNS tumors uses, for the first time, molecular 
parameters in addition to histology to define many tumor entities [1, 2], thus 
clearly indicating the utmost significance of genome-wide biomarkers in the 
molecular era.

The molecular stratification is essential for estimating the individual prog-
nosis [3–5]. The more relevant molecular biomarkers are isocitrate dehydroge-
nase (IDH) 1/2 mutation status and chromosome 1p/19q loss of heterozygosity 
(LOH). They are complemented by alpha-thalassemia/mental retardation syn-
drome X-linked (ATRX), which is predictive for associated IDH or H3F3A 
hotspot mutations [6]. The ATRX status itself confers a prognostic potential in 
diffuse gliomas [7]. The loss of ATRX expression is mostly induced by trun-
cating ATRX mutations, resulting in an alternative lengthening of telomeres 
(ALT) phenotype [8, 9]. Moreover, O6-methylguanine DNA methyltransferase 
(MGMT) can be regarded as an independent prognostic factor in diffuse gliomas 
[10, 11], and the epidermal growth factor receptor (EGFR) amplification and 
EGFR variant III (EGFRvIII) mutation are related to neo-angiogenesis evalua-
tion and representation.

Understanding how these molecular phenotypes are reflected on imaging is thus 
becoming increasingly important to define novel magnetic resonance imaging 
(MRI) biomarkers that can be used as surrogates for tissue-based molecular subtyp-
ing required to predict prognosis, to develop individualized patient therapies, and to 
follow up patients.

Radiogenomics is a new field of study aiming at determining the association 
between imaging features and molecular markers. Hence, more accurate approaches 
are recommended to identify the specific biological and microstructural character-
istics of the underlying tumor tissue.

To this end, more sophisticated quantitative imaging approaches such as the 
analysis of texture features (i.e., pattern of local variations in image intensity) can 
be applied on anatomical MR images, seeking for correlations between tissue 
microstructure and thus tumor biology. Recent studies focused their attention on 
post-contrast T1-weighted and T2/FLAIR images searching for a link with molecu-
lar markers representing gene, protein, or metabolite expression, in order to create 
radiogenomics map to associate image features with biologic processes and molec-
ular subgroups [12].

More recently, advanced imaging features derived from physiological imag-
ing techniques, such as dMRI, PWI, and magnetic resonance spectroscopy 
(MRS), have shown to be promising to increase the accuracy of molecular sub-
typing by MRI.

G. Minniti et al.
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5.3  Conventional Imaging

For many years computed tomography (CT) with contrast enhancement has been 
the gold standard for the diagnosis of brain tumors due to its ability to ascertain the 
presence of a brain lesion, to define its dimension and relation with surrounding 
brain structures, to assess perilesional edema, and to define the presence of multiple 
brain lesions. CT is superior to MRI for detecting calcifications, skull lesions, and 
hyper acute hemorrhage and helps direct differential diagnosis as well as immediate 
patient management [13, 14]. Continuous developments in MRI provide new 
insights into the diagnosis, classification, and understanding of the biology of brain 
tumors. MRI studies are characterized by higher contrast resolution associated with 
multiplanar views. MRI is characterized by high sensitivity for structural alterations 
caused by tumoral growth, which can be further enhanced by the use of paramag-
netic contrast agents. Standard T1- and T2-weighted MRI acquisitions display high 
sensitivity for brain tumors and give information on the size and localization of the 
tumor [15]. A normal contrast-enhanced MRI scan essentially rules out the possibil-
ity of a brain tumor, but the role of neuroimaging is no longer simply to evaluate 
structural abnormality and to identify tumor-related complications. Functional, 
hemodynamic, metabolic, cellular, and cytoarchitectural alterations can be assessed 
by means of modern MRI. Thereby the current state of neuroimaging has evolved 
into a comprehensive diagnostic tool that allows the characterization of morpho-
logical as well as biological alterations, to diagnose and grade brain tumors, and to 
monitor and assess treatment response and patient prognosis [16]. Among advanced 
techniques, MR spectroscopy, diffusion-weighted imaging (DWI) and diffusion ten-
sor imaging (DTI) with tractography, perfusion-weighted imaging, and functional 
MRI play a role in the transition of clinical MR imaging from a purely morphology- 
based discipline to one that combines structure with brain function.

Most IDH-mutant and non-mutant diffuse astrocytomas infiltrate the white mat-
ter (far behind the abnormal MR signal) sparing of the cortex with mild mass effect. 
They are typically hypointense on T1WI and hyperintense on T2/FLAIR, without 
enhancement following contrast administration (Fig. 5.1). Blooming T2* signal can 
be appreciated if calcifications are present. IDH-mutant anaplastic astrocytomas are 
hypointense on T1WI and hyperintense on T2/FLAIR as well. Contrast enhance-
ment ranges from none to moderate, but 50–70% of lesions may show some degree 
of enhancement.

IDH-wild-type anaplastic astrocytoma shows a diffuse infiltrative pattern fre-
quently involving more than three cerebral lobes. This feature was commonly 
described in the past as gliomatosis cerebri, a term that is no longer used in the 
pathologic report.

IDH-wild-type glioblastoma (GBM) shows T1WI hyposignal with poorly mar-
ginated margins; mixed signal indicating subacute hemorrhage can be seen. T2/
FLAIR signal is heterogeneous as well with hyperintensity with indistinct tumor 
margins and vasogenic edema. Inside the neoplasm mixed signal can indicate necro-
sis, cysts, fluid and debris levels, and “flow voids” from neovascularization. 
Enhancement is strong and irregular and typically surrounds a central 
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non-enhancing core. Enhancement can be observed far from the central core of the 
neoplasm representing tumor extension into adjacent structures. This extension is 
microscopically evident even far from visible T2 signal alterations and areas of 
enhancement (Fig. 5.3).

IDH-mutant GBMs may appear non-enhancing, being somehow different from 
the classic large central necrotic core of IDH-wild-type GBMs.

Oligodendrogliomas (ODs) are glial neoplasms originated from oligodendro-
cytes that primarily affect supratentorial parenchyma (Fig.  5.2). Historically, co- 
deletion of whole chromosome arms 1p and 19q, namely 1p/19q co-deletion, has 
proved to be a diagnostic and prognostic biomarker of ODs. According to the 2016 
WHO classification system, the “integrated diagnosis” of ODs requires histological 
classification, WHO grade, and molecular information (both IDH mutation and 
1p/19q co-deletion). High-grade ODs are more prone to prominent edema and 
enhancement than low-grade ODs [17].

a b c d e
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Fig. 5.1 A 52-year-old woman affected by recent epileptic episode. A hyperintense lesion on 
FLAIR images (a–c) is evident, with left fronto-temporal cortex involvement close to sylvian fis-
sure. Low value of ADC (d) and relative CBV (e) with no enhancement after gadolinium injection 
(f) are visible. An area of BOLD signal changes close to the lesion after words recruitment task was 
interpreted as Broca’s area (g). The spectroscopic evaluation reported a reduction of N-acetyl- 
aspartate into the lesion without significant increase of choline (h). After biopsy (i), a glioma was 
diagnosed, with lack of mutation of IDH1 (wild-type glioma) and methylation of MGMT. The 
follow-up examination (j, k) showed a stability of lesion extension. In the last follow-up (l, m) a 
significant progression of glioma with involvement of contralateral frontal lobe through genu of 
corpus callosum is appreciable with great enhancement after gadolinium injection. The patient 
died 13 months after diagnosis
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Some studies have tried to construct probabilistic radiographic atlases on ana-
tomical magnetic resonance images of preoperative glioma locations, which may 
reflect the genetic profile of tumor precursor cells. IDH1 mutant tumors tended to 
be localized to the frontal lobe, whereas tumors with the methylation of the MGMT 
promoter occurred most frequently in the left temporal lobe, having a better prog-
nosis than unmethylated tumors due to the higher sensitivity to chemotherapy [18].

A recent study assessed that tumor location was significantly different between 
MGMT promoter methylated and unmethylated groups, implying that the subven-
tricular zone was more likely to be spared in patients with MGMT promoter meth-
ylation (Fig. 5.3). Besides, MGMT promoter methylation is prone to be associated 
with tumor necrosis. Other qualitative image features were not significantly differ-
ent between these two groups, including multifocal, tumor cross midline, cyst, 
edema, enhancement, and side [19].

Some studies indicated that MGMT promoter methylation is poorly predicted 
with standard MRI features, such as T1-weighted images (T1WI), T2-weighted 
images (T2WI), and gadolinium (Gd)-enhanced T1WI.

Extracting additional information from medical imaging and relating it to a clini-
cal variable of interest is broadly defined as radiomics. Radiomics is an emerging 
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Fig. 5.2 Oligodendroglioma (both IDH1 mutation and 1p/19q co-deletion). Intra-axial lesion is 
evident in deep right fronto-basal region with T2-FLAIR hyperintensity (a, d), intermediate value 
of ADC (b), T1 iso-hypointensity (e), no enhancement after gadolinium injection (c), high values 
of CBV (f)
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field that converts imaging data into a high-dimensional, mineable feature space 
using a large number of automatically extracted data characterization algorithms. 
Radiomics features include metrics such as spatial relationships, textural heteroge-
neity, and many other characteristics.

Radiomics features of GBM, especially the combination of enhanced T1W and 
T2W images, could reflect tumor molecular pathology indicators of MGMT methyla-
tion status. An association between imaging features and MGMT promoter methyla-
tion status in GBM could exist. MRI data could be applied to infer the molecular 
pathology of tumor target and may further guide clinical diagnosis and treatment [20].

Tumors with EGFR amplification and EGFRvIII mutation, which showed an 
increased angiogenesis, commonly occurred in the left temporal lobe anterior to the 
region identified by MGMT promoter methylation [2].

5.4  Advanced Techniques

5.4.1  Spectroscopy

The major clinical application of magnetic resonance spectroscopy for brain tumor 
patients has been its potential for non-invasive tumor grading [21–23]. These studies 
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Fig. 5.3 Glioblastoma (wild-type glioma and unmethylated status). Left peritrigonal lesion char-
acterized by un-homogeneous signal on FLAIR (a), T2 (b), peripheral enhancement after gado-
linium (c), with restricted areas in DWI-ADC images (d, e), high values of CBV (f)
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have predominantly used MR spectroscopy techniques that detect a signal spectrum 
from a small region of interest (single-voxel MR spectroscopy). Higher mean choline 
and lower mean NAA levels in higher-grade tumors have been reported. However, 
most of the studies found large standard deviations in metabolite ratios and substantial 
overlap in individual values, which may restrict the accuracy of the technique. Studies 
using sophisticated data analysis techniques have shown a higher degree of accuracy 
for in vitro and in vivo spectroscopy studies [24]. A significant improvement in accu-
racy was obtained using a two-dimensional MRS imaging technique [23]. The combi-
nation of improved spatial resolution and increased number of voxels provides much 
more data about tumor heterogeneity and contributes in exploring the tumor margin. As 
a result, it is possible to measure the metabolite content of different areas of neoplasms 
and surrounding normal tissue. This is very useful for better characterizing glial tumors, 
in which very often coexist areas with different grading, and for a more accurate moni-
toring of possible malignant degeneration of benign tumors. In a serial proton MRS 
imaging study it was clearly demonstrated that an increased choline signal is associated 
with malignant progression of cerebral gliomas and that serial MRS imaging effec-
tively and accurately differentiates between stable and progressive disease [25]. 
Moreover, sampling of several voxels inside tumors is very important in guiding biop-
sies, surgery, and radiotherapy. Color choline maps are indeed helpful in guiding ste-
reotactic biopsy, thus improving diagnostic accuracy with decreased sampling error. 
Multi-voxel MRS techniques provide important information about tumor heterogene-
ity and allow targeting the region for biopsy to that of maximum spectral abnormality, 
resulting in an improvement of the diagnosis [26]. It was recently described that 3T 
MRS may show an elevated 2-hydroxyglutarate peak (2-HG) resonating at 2.25 ppm in 
IDH- mutant diffuse astrocytomas. Mutations in IDH1/2 confer a gain-of-function neo-
morphic enzymatic activity, resulting in the aberrant production and subsequent accu-
mulation of 2-HG, which has been suggested to be an oncometabolite for this genetic 
mutation [27]. Magnetic resonance spectroscopy (MRS) has been identified as a tool in 
the diagnosis of IDH-mutant gliomas via the non-invasive detection of 2-HG. Although 
2-HG represents an attractive marker for diagnosis and monitoring of disease progres-
sion, unambiguous detection via MRS has proven difficult to establish. Complex spec-
tral overlap by a number of metabolites, such as glutamate, glutamine, and 
gamma-aminobutyric acid (GABA), found in abundance within healthy brain tissue, 
often confound the identification and detection of 2-HG as well as compromise accu-
rate quantification of metabolite concentration. Several methods for detection of 2-HG 
in  vivo have been proposed to optimize MRS for this application [27–31]. These 
encompass a range of acquisition and post-processing protocols designed to eliminate 
the confounding spectral overlap, and reliably quantify the 2-HG concentration in 
patients with IDH-mutant gliomas. The feasibility of detection of 2-HG in vivo at clini-
cal strengths (3 T), using a standard single-voxel double echo point-resolved spectros-
copy (PRESS) sequence with a TE of 30 ms, has been reported [31, 32].

Spectroscopy studies are also very useful in the assessment of response to ther-
apy. The sensitivity of this technique in fact exceeds that of conventional MRI, with 
useful information being provided in lesions treated with chemotherapy or radiation 
therapy. There is general agreement that within high-dose regions that correspond to 
the radiation target, treatment response is reflected in reduction in the levels of cho-
line, creatine, and NAA 2–3  months after treatment. In regions that are not 
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responsive to the radiation treatment, levels of choline may increase, corresponding 
to residual or recurrent tumor. This different behavior is of paramount importance 
in helping to differentiate between radio necrosis and recurrence, one of the most 
difficult topics in oncological neuroradiology. The possibility of monitoring the 
efficacy of new anti-tumoral compounds explains why MRS is included as a useful 
tool in many experimental protocols.

The high sensitivity of MRS is not matched by its specificity. Although several 
studies have reported that MRS makes possible the differentiation of diverse histo-
logical tumor types or abscesses or cystic lesions from neoplasms, the experience of 
routine daily practice has drawn attention to the risks related to the technique and 
warrants caution when considering differential diagnosis.

5.4.2  Diffusion Weighted Imaging and Diffusion Tensor Imaging

Diffusion-weighted MR has been widely used in the evaluation of brain tumors. 
With regard to extra-axial neoplasms, DWI can differentiate epidermoids from 
arachnoid cysts, both presenting similar signal intensity on T1- and T2-weighted 
images, while only epidermoids display very low ADC values [33, 34]. DWI has 
also been utilized in the differential diagnosis of malignant forms of meningiomas 
(grade WHO II–III) [35]. Primary cerebral lymphomas typically show signal hyper-
intensity in DWI with a low signal in the relative ADC maps, which is probably 
linked to the high cellularity of the tumor.

For intra-axial neoplasms it has been shown that pathological tissue has higher ADC 
values than healthy cerebral tissue and that the central necrotic component and the 
cystic component present greater diffusivity than the other components of neoplastic 
tissue [36]. Moreover, Brunberg et al. [37] demonstrated that edema and neoplastic 
tissue significantly differ in ADC values. Edema has a higher ADC value, which is 
probably linked to the preserved integrity of the myelin. Some studies have shown that 
water diffusibility is lower in high than in low-grade gliomas [38, 39], but a consider-
able overlap between ADCs has also been described [40]. DWI is commonly not 
restricted in IDH-mutant and non-mutant diffuse, anaplastic astrocytomas, and glio-
blastoma. ADC values obtained from standard clinical DWI are a highly significant 
predictor of non-enhancing glioma IDH status and may permit non-invasive molecular 
subtyping in accordance with the 2016 WHO classification. Low ADC values are asso-
ciated with increased glioma cellularity and worse prognosis, supported by compari-
sons of diffusivity, histological specimens, and clinical data in multiple studies. Low 
diffusivity predicts poor astrocytoma survival independent from WHO grade and low 
ADC values are related to wild-type gliomas [41], as well as to high-grade ODs [17]. 
Older age, multifocality, brainstem involvement, lack of cystic change, and low ADC 
are independent predictors of IDH-wild- type grade II diffuse gliomas (DGs). Among 
these, ADCmin was most predictive with a threshold of ≤0.9 × 10−3 mm2/s conferring to 
it the greatest sensitivity (91%). Furthermore, while shorter progression free survival 
(PFS) and overall survival (OS) were seen in IDH-wild-type grade II DGs, combining 
IDH status and ADCmin better predicted PFS and OS than IDH status alone [42].
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Some degree of DWI restriction is linked to other molecular characteristics of 
brain neoplasms such as MGMT methylation. MGMT promoter methylation is a 
strong predictor for response to alkylating agents and correlates with better survival. 
ADC was used as a potential surrogate biomarker for MGMT promoter methyla-
tion, however, with controversies [43–48]. In a study of Han et al. [19], the ADC 
value in GBMs with MGMT promoter methylation was higher than in those without 
MGMT promoter methylation. In accordance with several previous studies, ADC 
ratios or ADC minimum values are lower in tumors with unmethylated MGMT 
promoters than with methylated promoters [45, 46], and mean ADC had a positive 
relationship with the MGMT promoter methylation ratio [49] (Fig. 5.3). However, 
lower ADC value in MGMT promoter methylated GBMs was reported in a recent 
histogram analysis study [50]. Besides, no significant correlation between ADC val-
ues and MGMT promoter methylation status was also reported [48].

Diffusion tensor imaging is presently used to document the presence of white 
matter (WM) tracts and define their location with respect to the tumor (Fig. 5.4). 

a b
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Fig. 5.4 Pre-surgical planning with tractographic reconstructions and motor area representation: 
axial (a–f) and volume rendering (g, h). Left fronto-parietal lesion (rolandic area) is evident (a–f). 
The lesion dislocated anteriorly the left cortico-spinal tract (green) (a–f), inferiorly the optic radia-
tion (violet) (g, h). Motor areas of right hand (orange) (d–f) and right face (pink) (b–d) are dislo-
cated anteriorly
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Brain tumors may alter WM fibers in several ways: in particular, WM tracts may be 
displaced, infiltrated by tumor or edema, or destroyed [51]. Many studies have dem-
onstrated that fractional anisotropy (FA), an index of fiber organization, decreases 
in the WM close to brain tumors [52, 53]. An increased ADC seems to play a major 
role in reducing the number of fibers, at least in symptomatic patients [54]. Diffusion 
tensor tractography (DTT), the main application of DTI, is the only imaging tech-
nique with the potential to generate realistic fiber-tract trajectories in the white mat-
ter (WM) of the brain in  vivo [55]. DTI studies have demonstrated that edema, 
tissue compression, and degeneration may cause significant problems in the identi-
fication of trajectories compatible with WM tracts. Despite this, the combination of 
functional MRI (fMRI) and DTI is a useful tool for defining the seed region of inter-
est for DTI-based tractography (DTT) and thus providing more comprehensive, 
functionally related, white matter mapping in preoperative assessment [56, 57]. 
Despite the high incidence of cases in which the lesion is responsible for changes 
that hinder the reconstruction of white matter tracts, the technique can change the 
surgical approach for corticotomy and define the extent of resection leading to 
change in the surgical procedure in 80% of cases [57, 58]. Combination of DTI-FT 
and intraoperative subcortical mapping makes possible the accurate identification of 
eloquent fiber tracts and enhances surgical performance and safety, while maintain-
ing a high rate of functional preservation [58].

5.4.3  Perfusion Imaging

In the clinical setting, perfusion MRI has been proposed for tumor grading, identi-
fying the best site for biopsy, for the differential diagnosis with non-neoplastic 
pathologies and to assess treatment response [59–61]. A cerebral blood volume ratio 
(rCBV) between the maximum value inside the tumor and the normal white matter 
higher than 1.75 was suggested as a threshold to distinguish between high- and low- 
grade gliomas [61].

In case of oligodendrogliomas (Fig. 5.2) these results are more debated since 
some studies demonstrated high rCBV even in low-grade tumors [62], whereas 
more recent studies demonstrated that perfusion MR is helpful in differentiating 
low-grade from anaplastic oligodendrogliomas [63]. In transforming low-grade 
gliomas, MR perfusion imaging demonstrated significant increases in rCBV up to 
12 months before contrast enhancement was apparent on T1-weighted MR images, 
thus indicating the potential role of the technique in predicting malignant transfor-
mation [64]. As in high-grade gliomas, metastatic lesions show elevated rCBV. Lower 
rCBV values outside the enhancing component of the lesion might differentiate 
secondary from primary neoplasms, with a lower value in metastatic disease [65].

Moreover, rCBVmax values are significantly associated with the IDH mutational 
status. Recent research showed that IDH mutation leads to 2HG accumulation, 
resulting in decreased hypoxia-inducible-factor 1-activation and downstream inhi-
bition of angiogenesis-related signaling [66]. As demonstrated by Kickingereder 
et  al. [67], IDH-mutant and wild-type tumors were both associated with distinct 

G. Minniti et al.



63

imaging phenotypes and were predictable with rCBV imaging in a clinical setting 
(i.e., IDH-mutant tumors represented considerably lower rCBV). In a recent study, 
the rCBVmax values in IDH-mutant tumors were significantly lower than in wild 
types [66]. Similar results are reported in a study of Lin et al. [17] on ODs, showing 
that rCBV values can differentiate low- and high-grade types.

The MGMT can be regarded as an independent prognostic factor in patients with 
primary GBM as MGMT promoter methylation increases responsiveness to temo-
zolomide chemotherapy. The association between MGMT methylation and CBV 
results is debated. Ryoo et al. [68] found significantly higher rCBV values in GBMs 
with an unmethylated MGMT promoter than in those with a methylated MGMT; 
however, they did not take the IDH1/2 mutation status into account and analyzed 
only a small cohort of 25 patients. Conversely, in a study of Hempel et al. [3], rCBV 
values were significantly higher in IDH-wild-type GBMs with a methylated MGMT 
than in those with an unmethylated MGMT. These findings support the hypotheses 
of Chahal et al. [69], who found that MGMT-positive cells displayed higher levels 
of vascular endothelial growth factor receptor 1 (VEGFR-1) compared with MGMT 
unmethylated U87/EV cells leading to higher vascularization of GBM.

Perfusion MRI might help in the differential diagnosis with non-neoplastic disease. 
In demyelinating lesions and abscess rCBV is lower than in high-grade neoplasm and 
in cases of demyelinating disease even lower than in normal brain tissue [70].

The size of an enhancing lesion is commonly used as a feature of tumor behavior 
after therapy. Despite this, it has been demonstrated that rCBV and permeability 
(Ktrans) assessed with perfusion MR may decrease after therapy indicating success 
even without changes in tumor size. Consensus panels have published recommen-
dations concerning the use of perfusion MR in monitoring the efficacy of therapy in 
intra-axial tumors [71].

Lastly, recurrent high-grade neoplasms are typically characterized by high rCBV, 
whereas tumor necrosis is generally associated with lack of rCBV elevation [72].

5.4.4  Functional MRI

In brain tumor patients, the aim of neurosurgery is to remove as much pathologic 
tissue as possible, thereby increasing survival time, while simultaneously minimiz-
ing the risk of postoperative neurological deficits [73]. Functional MR imaging is 
increasingly being used as part of the routine preoperative work-up of patients to 
establish the relationship of the lesion to eloquent areas, such as language or motor 
areas, and to evaluate hemispheric dominance. Identifying these areas purely on an 
anatomical basis is inexact, owing to considerable interindividual anatomical and 
functional variability, especially for language representation. Moreover, in the pres-
ence of a lesion, functional areas may be displaced due to mass effect, or function 
may have shifted to other areas in the brain due to plasticity [74] (Fig. 5.4). A pre-
operative functional MR imaging study of the main brain functions provides infor-
mation on the feasibility of surgery and allows adequate assessment of the risk of 
postoperative neurologic deficits.
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For optimal results, the relationship between the tumor margins and the function-
ally important brain areas needs to be established as accurately as possible [75].

The correlation between functional areas, as established with functional MR 
imaging versus intraoperative electrocortical stimulation, has been studied for both 
motor and, to a lesser extent, language representation brain areas. A high correlation 
has been shown for motor representation areas, but results from language represen-
tation studies are conflicting and disappointing.

Bizzi et al. [76] showed that the diagnostic performance of functional MR imag-
ing may change according to the grade of the glioma: sensitivity is higher and speci-
ficity is lower in grade II and III gliomas than in glioblastoma multiforme, 
particularly for functional MR imaging of language. In patients with Rolando area 
tumors, the sensitivity and specificity of functional MR imaging are higher (88% 
and 87%, respectively) than in patients with a mass near language cortical areas 
(80% and 78%, respectively).

In conclusion, although functional MR imaging cannot yet replace intraoperative 
electrocortical stimulation in patients undergoing neurosurgery, it may be useful for 
guiding surgical planning and mapping, thereby reducing the extent and duration of 
craniotomy [77]. Moreover the combination of functional MRI and DTI-based trac-
tography provides more complete preoperative cortical and subcortical mapping.
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6.1  Introduction

Brain tumors include both primary and secondary tumor subtypes with different 
therapeutic approaches according to the histology and the molecular profile. In this 
regard, the World Health Organization (WHO) 2016 classification of CNS tumors 
has integrated the histological and molecular factors in order to identify patients 
with different outcomes in terms of prognosis and to personalize treatments [1, 2]. 
Furthermore, some clinical factors must be also considered to choose the most ade-
quate therapy. Among high-grade gliomas (HGGs) significant prognostic factors are 
age (<50 years or ≥50 years), Karnofsky performance status (KPS < or ≥ 70), men-
tal alteration (yes or no), neurological function (work or not), extent of resection 
(biopsy versus partial/gross total), radiation dose (< or ≥ 54.4 Gy) [3], isocitrate 
dehydrogenase status (IDH 1–2 mutation), and methylation of the O6-methylguanine- 
DNA methyltransferase (MGMT) promoter [4], while in brain metastasis (BM) the 
primary tumor histology and molecular subtype, the number of brain metastasis, 
and the presence of extracranial tumor activity may play a significant role to deter-
mine the survival [5].

In the last years, some driver mutations involved in the tumor growth have been 
identified and may be druggable by different compounds. Encouraging data have 
been provided in BM from large international clinical trials with increasing disease 
control rate, progression-free survival (PFS), and overall survival (OS) compared 
with traditional therapies, while in HGGs disappointing results from antiangiogenic 
therapy and immunotherapy have been reported thus far.

Considering the WHO 2016 classification and the most recent data from clini-
cal trials, here we report general considerations regarding the treatment of brain 
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tumors, including low grade (LGGs) and HGGs, ependymomas, medulloblasto-
mas, meningiomas, and BM.

6.2  Surgery in Gliomas

Surgery is the first step in the management of brain gliomas. Biopsy or resection is 
mandatory to obtain tissue for diagnostic confirmation, typing, grading, and molec-
ular characterization and relieves symptoms from intracranial hypertension or spi-
nal compression. Moreover, surgery has shown to improve seizure control, especially 
in LGGs [6, 7]. The extent of resection is significantly correlated with the overall 
survival and quality of life (QoL) [8]. Lacroix and coworkers reported a significant 
survival advantage in glioblastoma (GBM) with resection more than 98% of the 
tumor volume (median OS 13 months, 95% CI 11.4–14.6 months) compared with a 
median OS of 8.8 months (95% CI 7.4–10.2 months) for resection of less than 98% 
[9]. In another study, Laws and coworkers described a survival benefit for both 
grade III and IV gliomas (58% and 11% at 24 months, respectively) [10]. Some 
recent data suggest that a supramaximal resection beyond FLAIR altered area could 
represent a promising strategy to improve outcome in either LGGs [11] or GBM 
patients [12] with limited postoperative complications, even in eloquent areas. 
Several techniques have been employed to maximize the effect of the surgery and 
facilitate the impact of adjuvant therapy. In particular, intraoperative mapping, 
aggressive microsurgical resection, intraoperative magnetic resonance imaging, 
intraoperative ultrasonography, and fluorescence-guided surgery can be valuable 
tools to safely reduce the tumor burden of LGGs and HGGs [13]. Similarly, gross- 
total resection can be achieved in BM with lower morbidity [14] and may be also 
considered for patients with two to three surgically accessible brain metastases in 
good neurological condition and controlled systemic disease.

6.3  Glioblastomas (Grade IV)

6.3.1  Standard Treatment in Newly Diagnosed GBM

The current standard of care (SOC) in GBM is represented by a maximal safe resec-
tion followed by radiotherapy (60 Gy/30 fractions) with concomitant and adjuvant 
temozolomide (TMZ) for six cycles (Stupp regimen) [15]. The MGMT methylation 
is a strong predictive factor of response to alkylating agents (mOS 23.4 months in 
MGMT methylated patients versus 12.6 months in MGMT unmethylated patients) 
[16]. In 10–30% of GBM a progressive enhancing MRI lesion may appear shortly 
following radiotherapy, and is considered as a pseudoprogression. Pseudoprogression 
may be accompanied by clinical signs and symptoms, but more often remains 
asymptomatic. This treatment-related effect has implications for patient manage-
ment and may result in premature discontinuation of an effective adjuvant therapy 
and erroneous inclusion into clinical trials for recurrent gliomas.
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In many countries, the Stupp regimen is prolonged up to 12 cycles of TMZ with 
the expectation to delay recurrences. However, continuing TMZ beyond 6 cycles 
has not shown to increase the OS in newly GBM [17], as well as the use of intensi-
fied TMZ schedule, regardless the MGMT methylation status [18, 19].

A new SOC has been defined for the population of elderly patients with GBM, 
which is increasing overtime. Patients with tumors lacking MGMT promoter meth-
ylation could receive hypofractionated radiotherapy alone, while those with methyl-
ated MGMT GBM could be treated with TMZ alone (treatment for 5 of every 
28  days until progression or for 12  months), according to the findings from the 
NOA-08 and Nordic trials. Recently, Perry and coworkers have established a new 
SOC in elderly GBM, which consists in a short course radiation (40 Gy/15 frac-
tions) associated with concomitant and adjuvant TMZ by reporting a median OS 
longer with radiotherapy plus TMZ than with radiotherapy alone (9.3 months vs. 
7.6 months) as well as a prolonged median PFS (5.3 months vs. 3.9 months) [20]. 
However, this new SOC can be applied to fit patients only.

The locoregional use of alternating electric fields to treat tumors, called TTF, 
represents a novel treatment modality. Low-intensity (1–3  V/cm), intermediate- 
frequency (200 kHz) fields may selectively disrupt the microtubule assembly and 
interfere with mitotic spindle formation, causing apoptosis of rapidly dividing 
malignant cells. TTF is administered via transducer arrays, which are applied to the 
patient’s shaved scalp for 18 h/day. The EF-14 trial has investigated the efficacy and 
tolerability of TTF in patients with GBM, who had already completed temozolo-
mide chemoradiotherapy. The primary endpoint was either PFS, which improved 
from a median of 4.0–7.1 months or OS from a median of 16.6–19.6 months [21]. 
Some limitations are present in the study: patients and investigators were not blind 
and patients randomized to TTF received additional training and support necessary 
for the use of the TTF device. Together, these factors may have conferred a placebo 
benefit. Moreover, TTF is very expensive, and this represents a major obstacle for 
an extensive application of the device in a large population.

6.3.2  Treatment of Recurrent GBM

The three strategies of medical treatment for GBM, recurrent following the Stupp 
regimen, that are most often used in Europe, include alternative dosing regimens of 
TMZ, nitrosourea-based regimens, and bevacizumab [22]. Different phase II trials 
(RESCUE, NCT00657267, and BR12) suggested that there is no rationale for the 
use of dose-intensified TMZ in recurrent GBM, while some activity of lomustine 
has been confirmed in the control groups of different randomized trials [23, 24] with 
PFS at 6 months of 20%. Fotemustine is a third-generation nitrosourea showing 
some efficacy in GBM; the dosage may range from 60 to 100 mg/m2 every 2 weeks 
(induction phase) or 4  weeks (maintenance phase) achieving a median PFS of 
3–6 months [25–27].

Bevacizumab, a humanized monoclonal antibody which binds VEGF-A, is the 
most studied antiangiogenic agent for GBM. The results from the BRAIN trial have 

6 Tumors of the Central Nervous System: Therapeutic Approaches



72

led to the approval by the US FDA of bevacizumab for the first recurrence of GBM 
[28]. In Europe, the BELOB trial [29] has shown encouraging results for the com-
bination of bevacizumab and lomustine versus either agent alone. However, the sub-
sequent phase III trial, which has compared the combination of lomustine and 
bevacizumab with lomustine alone, did not report advantages in OS [30]. Similarly, 
bevacizumab has been investigated in the setting of newly diagnosed GBM in two 
independent randomized phase III trials (AVAGlio and RTOG-0825) [31, 32]: PFS 
was prolonged in both trials in the bevacizumab arms (median 10.7 vs 7.3 months 
in RTOG0825; 10.6 vs 6.2 months in AvAGlio); however, this did not translate into 
prolongation of OS. Moreover, the median OS of 16 months of AVAGlio and RTOG 
trials is not substantially longer than the OS in prior TMZ-containing trials (EORTC- 
NCIC trial). QoL appears to be improved due to the delayed progression in the 
experimental arm in AVAGlio, while RTOG patients have shown cognitive deterio-
ration (especially in executive and speed processing functions) during PFS in BEV- 
treated patients. In general, the clinical indication for bevacizumab includes 
progressive tumors with a great amount of enhancement and edema. The proneural 
variant of GBM has been suggested to be more sensitive to the bevacizumab [33], 
but this evidence would need to be prospectively validated.

6.3.3  Immunotherapy in GBM

The success of immune-based therapies in cancers, such as melanoma and NSCLC, 
has led to investigate the potential efficacy of immunotherapies in GBM.  In this 
regard, several clinical trials using these agents, including antitumor vaccines, 
autologous cell-based therapies, and immune checkpoint inhibitors, are ongoing.

When using peptide-based vaccination, patients are directly inoculated with one 
or more tumor-associated antigens in order to stimulate an immune response against 
tumor cells. The most extensively evaluated vaccine-based therapy for glioma is 
rindopepimut, which consists of the amino acid sequence of EGFR variant III 
(EGFRvIII) conjugated to keyhole limpet hemocyanin. The ACT trials have investi-
gated the role of rindopepimut in newly diagnosed GBM harboring the EGFRvIII 
mutation. The phase II trial reported a median PFS and OS of 9.2 and 21.8 months, 
respectively, which were significantly longer than matched controls [34]. However, 
the phase III trial did not confirm the survival benefit [35]. Notably, the EGFRvIII 
mutation has been found as lost following reoperation for tumor progression, thus it 
is unknown whether this represents a development of a secondary resistance or the 
natural evolution of the disease. In patients with recurrent GBM, the phase II 
ReACT trial showed significant OS improvement from 8.8 to 12.0  months with 
rindopepimut plus bevacizumab versus bevacizumab alone [36].

When using cell-based vaccination, the autologous antigen-presenting cells 
(APCs) (i.e., dendritic cells) are exposed to a lysate of the patient’s own tumor cells 
in order to stimulate the specific T-cell activation and create a personalized vaccine. 
Although this therapeutic approach is a highly personalized therapy with a limited 
toxicity due to the specificity of the targeted antigens, these agents are expensive to 
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produce. In fact, the enrollment in the phase III trial ICT-107-301 (educated den-
dritic cells against six different tumor-associated antigens) was prematurely closed 
by the company due to inability to ensure sufficient financial resources. To date, 
there are no other reported phase III trials of cell-based therapies, so the clinical 
utility of these agents remains to be determined.

Immune check point inhibitors have been tested in recurrent GBM with unsatisfac-
tory results. In particular, the phase III trial CheckMate 143 in patients with recurrent 
GBM showed no benefit for nivolumab over bevacizumab [37]. The activity of 
nivolumab in GBM seems to be modest, probably due to a low mutational burden of 
HGG and an immunosuppressive cellular environment. Despite these poor results, two 
different phase III trials are now evaluating the efficacy of nivolumab in newly diag-
nosed GBM (CheckMate 498 for MGMT unmethylated patients and CheckMate 548 
for MGMT methylated patients, respectively) and the preliminary results are awaited.

6.3.4  Targeted Therapies in GBM

The EGF receptor (EGFR) is overexpressed in about 50% of GBM and represents a 
potential druggable target. Several EGFR inhibitors have been evaluated in GBM 
trials, including the small molecule inhibitors such as gefitinib, erlotinib, and afa-
tinib or the monoclonal antibodies such as cetuximab, mAb 425, and nimotuzumab. 
Unfortunately, the results have shown a limited activity in GBM, even among those 
with EGF receptor amplification.

A new therapeutic option is represented by the depatuxizumab mafodotin (ABT- 414) 
in GBM with EGFR amplification. The antibody component of ABT-414 binds to 
mutant/amplified EGFR with consistent diffusion to the blood brain barrier (BBB), then 
delivers the cytotoxic drug component (monomethyl auristatin F—MMAF) into the 
tumor cell. In recurrent GBM, van den Bent and coworkers have reported a prolonged 
PFS at 6 months (28.8%, a median PFS of 1.7 months), an OS at 6 months of 72.5%, 
and a median OS of 9.3 months compared with control [38]: these results are encourag-
ing and warrant further investigations in phase III trials (NCT02573324, NCT02343406).

Early evidence showed cilengitide (an integrin inhibitor) as a promising therapeu-
tic option, especially in GBM with MGMT promoter methylation, but a large ran-
domized phase III trial (CENTRIC) has not demonstrated any survival benefit [39], 
as well as other compounds, including panobinostat (histone deacetylase inhibitor), 
galunisertib (TGF-β receptor-1 inhibitor), and selinexor (exportin-1 inhibitor).

Overall, the greatest limitation for target therapies is that a consistent driver 
mutation in GBM is still unknown so far, thus limiting their impact on the disease.

6.4  Anaplastic Gliomas (Grade III)

Treatment recommendations in anaplastic diffuse gliomas are based on the long- 
term results of four phase III trials and on the first results of the CATNON trial. 
The RTOG 9402 and the EORTC 26951 trials have demonstrated that 
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1p/19q-codeleted anaplastic oligodendrogliomas benefit from the addition of PCV 
(procarbazine, CCNU, and vincristine) chemotherapy to radiotherapy. It is still 
unknown whether PCV chemotherapy may be replaced by TMZ and is currently 
under investigation by the CODEL trial comparing radiotherapy and PCV versus 
radiotherapy and concomitant and adjuvant TMZ. A critical point of chemoradia-
tion is the risk of cognitive dysfunctions in long-term survivors due to radiotherapy 
neurotoxicity. Some data suggest that PCV chemotherapy alone as an up-front 
treatment may prolong OS with limited cognitive dysfunctions. This issue is cur-
rently being investigated in the POLCA trial which is comparing initial treatment 
with radiotherapy and PCV vs. PCV alone (radiotherapy being postponed at the 
time of progression) in 1p/19q codeleted-anaplastic oligodendrogliomas 
(NCT02444000).

Conversely, in 1p/19-intact anaplastic gliomas the OS was similar with either 
radiotherapy alone or radiotherapy plus PCV in both RTOG 9402 and EORTC 
26951 trials.

Recently, the EORTC 26053 CATNON trial on anaplastic gliomas has reported 
that the combination of radiotherapy and adjuvant temozolomide was associated 
with both longer PFS and OS compared with radiotherapy alone in 1p/19q non 
codeleted patients. Further follow-up is needed to evaluate the impact of concomi-
tant TMZ and the predictive value of IDH mutation and MGMT methylation 
status.

Treatment for recurrent anaplastic gliomas is poorly codified and relies on a 
second surgery, when it is feasible, reirradiation, and second-line chemotherapy 
with alkylating agents.

The eflornithine, an irreversible inhibitor of ornithine decarboxylase (ODC), is 
being investigated in a phase III trial in association with lomustine compared with 
lomustine alone in anaplastic astrocytomas recurrent following radiation and TMZ 
(NCT02796261). The mechanism of action is based on decrease of the intracellular 
polyamine accumulation. A phase II trial has demonstrated that in patients receiving 
up to 12 months of eflornithine-PCV, m-PFS improved of 2.8 years as well as mOS 
improved of 2.5 years.

Targeting the oncogenic IDH mutation is an attractive approach: different drugs 
are being tested, such as inhibitors of IDH 1/2 mutant enzymes, mutation-specific 
vaccination, and glutaminase inhibitors.

6.5  Low-Grade Gliomas (Grade II)

The optimal management of LGGs is still controversial regarding the timing and 
sequence of radiotherapy and chemotherapy.

One issue is whether patients with maximal resection need additional treatment 
or may be observed. Considering that more than 50% of patients recur within 
5 years following gross-total resection [40], an initial observation with MRI is a 
reasonable postoperative option in low-risk patients (age  <  40  years, gross-total 
resection, the absence of seizures, or other neurological impairment).
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High-risk LGGs are characterized by either an incomplete resection with or 
without seizures or a progression following initial observation with MRI.  The 
EORTC 22033-26033 trial has enrolled patients with high-risk LGGs to either TMZ 
or standard radiation therapy. For IDH mutated and 1p19q codeleted LGGs (mainly 
oligodendrogliomas), the OS was similar with TMZ and radiotherapy (55.0 versus 
61.6 months), while in IDH mutated but 1p/19 non-codeleted (mainly astrocyto-
mas) patients PFS was inferior with TMZ (36.0 versus 55.4 months). Overall, sur-
vival data from this trial are not yet mature.

In 1998, a phase III trial in LGGs on radiotherapy with or without adjuvant PCV 
was launched by RTOG. The first publication in 2012 did not report an OS advan-
tage with the addition of chemotherapy [41], despite an improvement of PFS. With 
longer follow-up, a statistically significant benefit for OS in radiotherapy plus PCV 
arm as compared with radiotherapy alone was significant (13.3 versus 7.8 years, 
respectively) [42].

Similar to anaplastic gliomas, open questions are whether an increased survival 
from chemoradiation is balanced by the risk of late cognitive defects, and how to 
treat the heterogeneous group of the IDH wild-type LGGs. Most of IDH wild-type 
LGGs have a clinical course similar to HGGs and tend to be treated with chemora-
diation. Recently, some molecular alterations (trisomy of chromosome 7, loss of 
chromosome 10, and TERT mutation) have been suggested as prognostic factors in 
IDH wild-type LGGs leading to the identification of different molecular risk 
groups [43].

6.6  Meningiomas

Although meningiomas are the most common non-glial brain tumors (12–20% 
of primary intracranial tumors), the level of evidence to provide recommenda-
tions for the treatment is low compared with other tumors. In this regard, the 
European Association of Neuro-Oncology (EANO) has provided guidelines for 
clinicians, [44] suggesting that therapy for patients with meningiomas needs to be 
personalized.

Asymptomatic, incidentally discovered meningiomas can be managed by obser-
vation alone, while for patients with symptomatic meningiomas, surgery represents 
the first therapeutic option in order to relieve neurological symptoms and obtain a 
histological diagnosis, grading, and hopefully molecular profiling. Grade I menin-
giomas are usually treated by surgery and complete resection (Simpson grade I) is 
the primary goal. Stereotactic radiosurgery (SRS) or fractionated radiotherapy 
(SFRT) as an adjuvant treatment may be considered in tumors not accessible for 
surgery, or after an incomplete resection, or in grade II and III meningiomas. In 
particular, for grade III meningiomas adjuvant radiation improves long-term control 
and OS. Conversely, there is conflicting evidence on the value of radiotherapy in 
grade II meningiomas. In this regard, the ROAM/EORTC 1308 trial is evaluating 
the impact of adjuvant radiotherapy in terms of delay of recurrence in incompletely 
resected grade II meningiomas.
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To date, there are no FDA and EMA approved chemotherapeutic agents for treat-
ment of refractory meningioma, as they have very limited efficacy. Small retrospec-
tive series and case reports have reported some activity of drugs, such as hydroxyurea, 
doxorubicin, temozolomide, bevacizumab, IFNα, and octreotide agonists.

Trabectedin, a compound with activity in sarcomas, failed to demonstrate an 
efficacy in the EORTC 1320 phase II trial and displayed severe side effects. 
Currently, two different trials are being evaluating the efficacy of the Novo-TTF 
(NCT01892397) and the combination of everolimus and octreotide (CEVOREM): 
the results are awaited in 2018.

New oncogenic mutations have been described in meningiomas, such as NF2 
mutation (24–36%), AKT1 mutation (8–13%), and SMO mutation (4–5%). 
Interestingly, these mutations may be druggable by specific compounds, such as 
vismodegib (SMO inhibitor), AZD5363 (AKT inhibitor), and GSK2256098 (NF2- 
FAK inhibitor) which are investigated in the phase II Alliance/NCI trial (A071401).

6.7  Ependymal Tumors

Ependymomas are the most common intramedullary spinal cord tumors in adults, 
especially the myxopapillary type in the filum terminale or conus. Conversely, intra-
cranial ependymomas are most common in children: 60% are infratentorial, 40% 
are supratentorial, and up to 30% are anaplastic (WHO grade III). Recently, Pajtler 
et al. [45] have identified nine major molecular subgroups of ependymomas, with 
three in each compartment of the CNS, namely spine, posterior fossa, and supraten-
torial. Guidelines for management of ependymomas have been recently drawn by 
the EANO [46]. Surgery is the mainstay of treatment, and a total resection should 
be performed whenever feasible. Radiotherapy is employed in case of an incom-
plete resection of grade II ependymomas. A postoperative conformal radiotherapy 
with doses up to 60 Gy is recommended for patients with WHO grade III ependy-
momas regardless the extent of resection, while doses of 54–55 Gy are used for 
grade II ependymomas. A craniospinal radiotherapy of 36 Gy is recommended only 
in case of CSF dissemination with a boost up to 45–54 Gy on focal lesions.

The role of chemotherapy for treatment of recurrent ependymoma in adults 
remains unclear and is considered only when local treatment options (surgery and 
radiotherapy) have been exhausted. TMZ has shown some efficacy for the treatment 
of adult patients, as well as platinum-based regimens and bevacizumab.

A postoperative staging with MRI of whole CNS and examination are mandatory 
and because of the risk of asymptomatic and/or late relapses, patients should be fol-
lowed long term with enhanced craniospinal MRI.

6.8  Medulloblastomas

Medulloblastomas are aggressive embryonal tumors representing the most fre-
quent primary malignant brain cancer in children and more often is located in the 
cerebellum vermis. Maximal safe resection, craniospinal irradiation (CSI), and 
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chemotherapy remain the mainstays of first-line treatment. Medulloblastomas tend 
to metastasize to the cranial and spinal cord leptomeninges, thus this justifies the 
irradiation of the entire CNS and not just the primary tumor bed.

Currently, medulloblastomas in children between 3 and 5 years are stratified in 
low-risk and high-risk groups. High-risk patients are defined by the presence of a 
residual disease >1.5 cm2 and/or metastatic spread, while low-risk patients are char-
acterized by gross-total resection and the absence of CSF spread. High-risk patients 
are treated with craniospinal irradiation of 36–39 Gy, with a boost to 55 Gy to the 
posterior fossa–tumor bed, followed by cisplatin and cyclophosphamide-based che-
motherapy, while low-risk patients receive 23.4 Gy of craniospinal irradiation, with 
a boost to 55 Gy to the posterior fossa–tumor bed, followed by adjuvant chemo-
therapy. Low-risk patients achieve an OS of 80% at 5 years, while high-risk medul-
loblastomas have a shorter outcome (36% of OS at 5 years).

The irradiation of the entire CNS increases the risk of severe neurocognitive 
dysfunctions in long-term medulloblastoma survivors. Considering these long-
term sequelae, patients younger than 3  years are treated with radiation-sparing 
approaches and more intensive chemotherapy achieving similar results in terms of 
OS compared with patients treated with radiotherapy and better neurocognitive 
outcomes.

Medulloblastomas in young and adult patients are more located in the cerebellar 
hemisphere and relatively less aggressive than tumors in children. Total resection is 
feasible in many patients and in this instance only whole CNS radiotherapy is per-
formed, while chemotherapy is added in high-risk patients.

The 2016 WHO classification of the CNS tumors divides medulloblastomas 
into wingless (WNT)-activated, sonic hedgehog (SHH)-activated-TP53 wild-
type, SHH-activated-TP53 mutant, and non-WNT-SHH (group 3 and group 4 
medulloblastomas).

WNT patients have a favorable outcome in terms of OS (95% at 5 years) and 
current clinical trials are focused on the de-escalation of therapy (NCT02066220, 
NCT01878617, and NCT02724579).

Outcomes of SHH tumors are age specific. Infants have an excellent outcome, 
while in childhood TP53-mutant SHH tumors have a dismal prognosis. To date, 
SHH pathway antagonists, such as SMO inhibitors (LDE225/Sonidegib and GDC- 
0449/Vismodegib) are currently being evaluated in clinical trials. Conversely, tar-
geted therapies for group 3 and 4 medulloblastomas are still missing [47].

6.9  Brain Metastasis

The EANO has recently drawn guidelines for the management of brain metasta-
sis [48]. Surgical resection and stereotactic radiosurgery (SRS) yield similar out-
comes in terms of survival for patients with oligometastases. The choice between 
surgery and SRS should be made considering factors, such as number, location, 
and size of BM, neurologic symptoms, patient preference, and physician exper-
tise. In case of a measurable tumor following surgery, postoperative SRS improves 
local control with good cognitive outcomes, preservation of quality of life, and 
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functional independence as demonstrated by the phase III N107C/CEC·3 trial [49]. 
SRS allows to deliver high radiation doses on a well-defined and limited target 
volume (3.0–3.5 cm diameter). A high single radiation dose to large tumors is asso-
ciated with neurotoxicity (especially brain edema), thus hypofractionated regimens 
(SFRT) may be considered in order to achieve adequate local control. Patients with 
a single BM, KPS  >  70, and controlled extracranial disease achieve longer sur-
vival, including cases of radioresistant tumors, such as melanoma and renal cell 
carcinoma, as well as patients with a limited number of BM (1–3). Yamamoto and 
coworkers have reported that patients with a high number of BM (up to 10) have 
similar OS (10.8 months) and treatment-related toxicity compared with those with 
2–4 BM [50], but these data need to be validated in randomized trials. The risk of 
adverse radiation effects following SRS/SFRT increases with the increase of radia-
tion dose and the size of lesion. The early adverse events (AEs) tend to appear 
within 2 weeks after the start of treatment. Typical symptoms are headache, nausea 
and vomiting, worsening of neurological deficits, seizures, and are reversible with 
steroids. The late AEs tend to appear later with pseudoprogression (months) and 
radionecrosis (months to years) and consist in an increase of contrast enhancement, 
necrosis, and edema. Treatment with steroids or bevacizumab may be effective to 
control neurological symptoms and mass effect.

Since the 1950s WBRT has been the most widely used treatment for patients 
with brain metastasis, given its effectiveness in palliation, widespread availability, 
and ease of delivery. A neurological improvement and radiological response follow-
ing WBRT as an up-front treatment have been reported in up to 60% of patients with 
multiple BM (10–15% alive at 1 year). However, a phase III trial (QUARTZ), com-
paring WBRT versus supportive care in non-small cell lung cancer (NSCLC) 
patients with BM, has reported no differences in terms of OS and QoL. Typical 
acute adverse effects of WBRT include temporary alopecia, mild dermatitis, mild 
fatigue, and less commonly otitis media or externa. Infrequently, worsening of cog-
nitive and neurologic deficits may develop during treatment due to a transient 
edema, which usually responds to corticosteroids.

The role of WBRT following surgery or SRS is limited. Three large phase III 
trials have demonstrated that the omission of WBRT in patients with limited num-
ber of BM after either complete surgery or SRS results in worse local and distant 
control, but do not affect the overall survival (OS). Other two trials have reported a 
higher incidence of cognitive deficit (in particular memory deficits) in patients 
receiving SRS plus WBRT versus SRS alone [51, 52]. Moreover, a negative impact 
of WBRT on quality of life, resulting in a transient lower physical and cognitive 
functioning score in health-related quality of life (HRQOL) tests, has been reported 
[53]. Considering all these limitations, the American Society for Radiation Oncology 
(ASTRO) evidence-based guidelines [54] and the EANO guidelines [48] recom-
mend WBRT alone as a palliative treatment only in patients with multiple BM and/
or progressive systemic disease. The use of memantine (noncompetitive NMDA 
antagonist receptor with neuroprotective effect in preclinical models) and the 
intensity- modulated radiotherapy (IMRT) that allows a major sparing of the cogni-
tive hippocampal areas are being investigated.
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In general, the response rates to chemotherapeutic agents of brain metastases 
reflect the sensitivity of primary solid tumor (30–80% in SCLC, 30–50% in breast 
cancer, 10–30% in NSCLC, 10–15% in melanoma). The association of RT and che-
motherapy may improve response rate compared with RT alone, but not survival. 
Targeted agents are able to induce higher response rate than those observed follow-
ing cytotoxic chemotherapy in specific molecular subgroups. Moreover, the activity 
of targeted therapies is higher in patients with small, asymptomatic, and radiotherapy- 
naïve patients.

Melanoma, lung, and breast cancer represent the major sources of brain/lepto-
meningeal metastases. Alkylating agents, such as temozolomide and fotemustine, 
either as single agent or in combination, have some activity against BM from mela-
nomas. Selective inhibitors of the kinases BRAF and MEK are efficacious as single 
agents as well as in combination regimens in BRAF-V600-mutated melanoma. 
Similarly, selective blockers of cytotoxic T-lymphocyte-associated antigen-4 
(CTLA-4) and programmed-death-1 (PD-1), known as checkpoint inhibitors (ICIs), 
are effective in metastatic melanoma as single agents and in combination.

The association of SRS to BRAF/MEK inhibitors may increase intracranial dis-
ease control and OS; however, some studies report higher CNS toxicity, requiring 
caution in clinical use. The association between SRS and anti-PD1 appears safe and 
active in terms of intracranial disease control and OS, but needs further investiga-
tions. The combination of SRS and anti-CTLA-4 is promising and shows improve-
ment over anti-CTLA-4 alone or SRS alone.

Regarding NSCLC, platinum compounds (cisplatin, carboplatin) and peme-
trexed, alone or in association (etoposide, vinorelbine, radiotherapy), are the most 
commonly used chemotherapeutics.

Thirty-three percent of BM from NSCLC has the expression of the mutant epi-
dermal growth factor receptor (EGFR) and other 5–10% has the anaplastic lym-
phoma kinase (ALK) rearrangement, which are druggable by EGFR tyrosine kinase 
inhibitors (EGFR TKIs) and ALK inhibitors, respectively.

The first (erlotinib, gefitinib) and second (afatinib) generation of EGFR TKIs 
have a limited BBB penetration. Up to 60% of NSCLC patients develop resistance 
to first and second-generation EGFR TKIs due to the presence of new mutation 
(T790M). In this regard, two different drugs (osimertinib and AZD3759) targeting 
the resistance mutation and with higher CSF concentration are being investigated 
with preliminary interesting results. Different studies have investigated whether the 
association of EGFR TKIs (erlotinib and gefitinib) and radiotherapy (SRS or 
WBRT) may increase the response rate. Patients with ALK rearrangement respond 
well to the ALK inhibitors (crizotinib in first line, ceritinib and alectinib as second 
line). Brigatinib and lorlatinib that represent a third generation of ALK inhibitors 
with better activity and CSF penetration are now being investigated. ICIs (nivolumab 
and pembrolizumab) are investigated in patients without EGFR mutations or ALK 
rearrangements, and hopefully could in the future represent an option for patients 
with asymptomatic brain metastases.

Regarding breast cancer, chemotherapy regimens that combine cyclophospha-
mide, 5-fluorouracil, methotrexate, vincristine, cisplatin, and etoposide are active in 
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patients with BM.  In HER2-positive breast cancer targeted therapies are widely 
used (trastuzumab, trastuzumab emtansine, pertuzumab). The dual HER-2 and 
EGFR tyrosine kinase inhibitor lapatinib has shown activity in HER2-positive BM 
(CNS objective responses to lapatinib in 6% of patients). Finally, new more potent 
HER2+ inhibitors (neratinib) are being investigated in order to improve CNS con-
centration and local control rate.
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for Brain Tumours
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7.1  Introduction

The brain is the most complex organ in the body and although there are some areas 
of the brain that are more “eloquent” (e.g., the speech centre, motor and sensory 
strips, dominant temporal lobe and optic radiations) than others (frontal lobes, non- 
dominant temporal lobe), all are important. Where tests are not sophisticated enough 
to show a problem, this does not mean that the person will be free from problems 
affecting day-to-day abilities.

Focal therapies such as surgery, focal radiotherapy or intra-tumoural chemother-
apy and local gene therapy may produce either immediate, sub-acute or late side 
effects in many patients, some of which will be evident and others which will go 
unnoticed, if not checked for systematically.

Systemic therapies aimed at symptomatic control of oedema (e.g., dexametha-
sone), the effect of the tumour on cortical neurones (anti-epileptic drugs [AEDs]) or 
the tumour (e.g., systemic chemotherapy; immunotherapy), will largely produce 
similar multi-system allergic or toxic side effects profiles. There may be some spe-
cific organs or structures that are more susceptible to toxicity. Largely, side effects 
will fall into the categories of early allergic or dose-dependent toxicity – which will 
be reversible by drug withdrawal or dose reduction – or late cumulative toxicity, 
which largely will be irreversible and may even progress despite drug withdrawal, 
e.g., nitrosourea-related pulmonary fibrosis and cisplatin-related neuropathy.
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mailto:robin.grant@nhslothian.scot.nhs.uk
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7.2  Symptomatic Medication Complications

Avoidance of side effects starts with consideration of whether a therapy is really 
required. Symptomatic management with dexamethasone in the perioperative 
period is only required where there is headache suggestive of raised intracranial 
pressure or where there is a focal neurological deficit that is causing distress. The 
dose of dexamethsone should be in line with the severity of the symptoms and 
requirement for a fast symptomatic response. Dexamethasone is not required for 
tumour-associated epilepsy. Similarly, the prescription of AEDs in patients who 
have never had a seizure is increasing and is now often included in perioperative 
protocols in some centres, without acknowledgement that there is inadequate evi-
dence for the efficacy of prophylactic AEDs and in the certain knowledge that 
10–15% of patients are likely to experience side effects. These may be difficult to 
distinguish from the effect of the tumour or surgery, e.g., fatigue and neurocogni-
tive, personality and mood-related effects. Prophylactic proton pump inhibitors 
(PPIs) or H2 receptor antagonists are inadvertently continued in >6% of hospital 
discharges without any evidence of a requirement to be on these drugs, when dexa-
methasone is discontinued [1].

 (a) Dexamethasone
Dexamethasone is the most common steroid used. The benefit of steroids, when 
used at the appropriate doses and timings, are obvious and almost always out-
weigh the risk of side effects. However, dexamethasone should be used cau-
tiously in the elderly, especially if there is heart, liver or renal failure; diabetes; 
hypertension; glaucoma or a past history of severe psychosis. Early side effects 
include sleep disturbance, emotional lability and psychiatric, gastrointestinal 
and endocrine symptoms. Insomnia is very common, particularly if the drug is 
prescribed after 12 midday. Neuropsychiatric effects, such as euphoria, anxiety, 
acute confusion and psychosis, usually occur early and are dose related. 
Gastrointestinal symptoms include dyspepsia, abdominal distension and, rarely, 
gastrointestinal ulceration or acute pancreatitis. Gastrointestinal side effects can 
be minimised by keeping the steroid dose as low as possible and giving an H2 
receptor antagonist or a PPI (e.g., omeprazole, lansoprazole). Endocrine effects 
of dexamethasone, such as increased appetite, unmasked diabetes, and increased 
susceptibility to infection, e.g., candida, occur early, within the first few weeks, 
while weight gain is a late effect as a result of the increased appetite, reduced 
mobility and the effect of dexamethasone on metabolism and body deposition 
of fat. Ankle oedema, skin atrophy, bruising, striae, and acne can occur after a 
few weeks at high dosage (e.g., 4 mg twice daily). Rarely, an acute myopathy 
can come on within a week of a patient starting high-dose corticosteroids, but 
more commonly, a proximal myopathy starts after a few weeks; this is painless 
and mainly affects the proximal lower limb muscles and proximal upper limbs 
to a lesser extent. It is twice as common in women than in men. Recovery after 
withdrawal can take weeks or months. With long-term usage, elevation in blood 
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sugar occurs in 47–72% of patients, peripheral oedema in 11%, anxiety or 
 psychiatric disorders in 10%, oro-pharyngeal candidiasis in 6–8%, Cushing’s 
syndrome in 15% and muscular weakness in 60%. Osteoporosis with vertebral 
fractures, avascular necrosis of the hip and tendon rupture are the result of long- 
term high-dose usage, as is psychological dependence and fatigue associated 
with adrenal suppression. Ophthalmological complications such as worsening 
of glaucoma are a rare, but serious, early complication, while cataract and 
scleral thinning occur commonly with prolonged use.

Withdrawal of dexamethasone after usage for some months should be done 
slowly. It may be associated with changes in mood, the development of myalgia/
muscle cramps, arthropathy, or headaches. Dexamethasone withdrawal headache 
is non-specific and may lead to the reinstatement of higher doses due to concerns 
of raised intracranial pressure. Imaging evidence of reduced tumour mass effect 
and patient re-assurance and education that dexamethasone withdrawal can cause 
headache, may aid eventual withdrawal and limit psychological dependence. 
Dexamethasone-induced adrenal insufficiency from long-term dexamethasone 
may persist for 6–12 months after the withdrawal of dexamethasone.

 (b) Anti-epileptic drugs (AEDs)
Early allergic responses that necessitate the withdrawal of AEDs include 
hypersensitivity syndrome, which is characterized by multi-system involve-
ment, fever, lymphadenopathy, rash, abnormal liver function and eosinophilia. 
More commonly, a less severe rash occurs in 5–10% of patients within the first 
2 months of taking enzyme-inducing AEDs (phenytoin, phenobarbital, carba-
mazepine) or lamotrigine. There is cross-reactivity between these AEDs. 
Accompanying steroids may lessen or delay the appearance of allergic rash, 
which might only subsequently appear on steroid withdrawal. Levetiracetam, 
valproate, topiramate, or tiagabine are moderately safe alternative choices of 
AEDs with a lower risk of rash. All AEDs (especially valproate) can cause 
serious hepatic toxicity and liver failure. Although this is rare, it is advisable to 
monitor liver function during the introduction of AEDs and for the following 6 
months. The incidence of haematological toxicity is low, but valproate may 
cause dose- dependent thrombocytopenia (Table  7.1). Carbamazepine can 
cause a mild neutropenia and hyponatraemia that may influence the later use of 
chemotherapy. Valproate is often associated with weight gain, especially if the 
patient is also taking dexamethasone. Valproate can also inhibit platelet aggre-
gation and the coagulation cascade, which may lead to a higher tendency to 
haemorrhage when used with heparins, warfarin or non-steroidal anti-inflam-
matory drugs. Valproate can also cause fine tremor, which is often more notice-
able in the hemiparetic limb. Toxicity from any of the AEDs may lead to 
dysarthria, diplopia, ataxia with nystagmus, lethargy and weakness, and can be 
easily mistaken for tumour progression, although the presence of nystagmus 
and intermittent diplopia and the absence of papilloedema or focal neurologi-
cal deficits are helpful pointers to the likely diagnosis of AED toxicity. 
Idiosyncratic side effects of AEDs include headache; cognitive, speech or 
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memory problems; or psychiatric symptoms. Patients with cognitive problems 
may be best suited to using agents, e.g., levetiracetam, lamotrigine, tiagabine 
or oxcarbazepine by extrapolation from studies in people with non-tumour-
associated epilepsy. Obese patients may benefit from topiramate or zonisamide, 
as these have a tendency to produce weight loss, but topiramate may cause 
memory, concentration and speech problems and acute angle closure glau-
coma. These phenomena reverse when the drug is withdrawn. Levetiracetam, 
commonly used as a first-line AED in brain tumour patients, can cause fatigue, 
or personality change with anger and irritability or low mood in 10–15% of 
cases and causation may be difficult to separate from the effect of radiotherapy 
or tumour or psychiatric issues related to the diagnosis.

Table 7.1 Cautions, toxicity and side effects of anti-epileptic drugs commonly used in tumour- 
associated epilepsy

Carbamazepine Cautions Hepatic, renal, cardiac disease. Glaucoma
Toxicity Diplopia, dizziness; confusion, ataxia, tremor
Side 
effects

Early severe blood disorders and leucopenia. Rash, 
hypersensitivity reaction, agitation; jaundice, renal failure, 
depression, psychosis, alopecia, hyponatraemia, oedema, 
osteomalacia

Lamotrigine Cautions Hepatic, renal disease
Toxicity Diplopia, dizziness; confusion and ataxia
Side 
effects

Early severe blood disorders and aplastic anaemia and 
leucopenia. Rash, hypersensitivity reaction, flu-like illness, 
worsening seizures; dizziness, drowsiness, insomnia, headache, 
agitation

Levetiracetam Cautions Hepatic, renal disease
Toxicity Drowsiness, tiredness and dizziness
Side 
effects

Drowsiness, tiredness and dizziness. Rarely, amnesia, psychiatric 
symptoms (e.g., aggression), insomnia, headache, rash, anaemia 
(folate deficiency)

Phenytoin Cautions Hepatic disease
Toxicity Diplopia, dizziness; confusion, ataxia, tremor
Side 
effects

Early severe blood disorders and leucopenia. Rash, agitation, 
jaundice, systemic lupus erythematosus, hypersensitivity 
reaction, depression, psychosis, gum hypertrophy, peripheral 
neuropathy, megaloblastic anaemia, osteomalacia

Topiramate Cautions Hepatic and renal disease. May cause secondary acute angle 
closure glaucoma in myopes in first month

Toxicity Diplopia, dizziness; confusion, ataxia, tremor
Side 
effects

Rash, agitation; leucopenia, jaundice, weight loss, paraesthesia, 
memory problems, fatigue, speech problems, depression, 
psychosis

Valproate Cautions Hepatic disease, clotting disorders. Pancreatitis
Toxicity Tremor. Diplopia, dizziness; confusion, ataxia
Side 
effects

Leucopenia, alopecia, weight gain, gastrointestinal side effects, 
memory problems, dementia, gynaecomastia
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 (c) Gastric acid suppressants (H2 receptor antagonists and proton pump 
inhibitors)
These agents should only be prescribed if patients are symptomatic or at risk 
(e.g., on anti-inflammatory drugs or dexamethasone). They can cause head-
ache, dizziness, rash and tiredness and, rarely, confusion, depression and hal-
lucinations. Leucopenia, thrombocytopenia, rash and disturbance of hepatic 
enzymes are possible. It may be difficult to distinguish the side effects of 
these agents from those related to AEDs or chemotherapy. Omeprazole and 
lansoprazole can, rarely, be associated with hyponatraemia, confusion and 
agitation.

7.3  Surgical Complications

Patients with tumours present with: progressive focal neurological deficits, e.g., 
unilateral motor or sensory symptoms, dysphasia, and visual field defect; progres-
sive cognitive changes, e.g., subacute confusion or memory loss; headache alone or 
associated with change in personality, mood and memory or associated with papill-
oedema and lastly with late-onset seizures. Twenty-five percent of an unselected 
series of people with a brain tumour lacked capacity to give informed consent for 
surgery when more formally assessed [2]. This is the background from which to 
determine the side effects profile of surgical procedures.

Specific risks of brain tumour surgery include: seizures, weakness, balance and 
coordination difficulties, memory and cognitive problems, spinal fluid leakage, 
meningitis, brain swelling and stroke. General risks include infection, bleeding, 
blood clots, pneumonia and blood pressure instability. The overall major complica-
tion rate is between 27 and 36%, with neurological complications being the most 
frequently encountered. Infra-tentorial tumour location, age over 60 years, eloquent 
area, severe pre-operative deficit and severe concomitant disease were risk factors 
for systemic complications [3]. Previous radiotherapy and re-operations are factors 
strongly related to the incidence of complications. While most surgical complica-
tions are obvious immediately after surgery, some – such as posterior fossa syn-
drome/cerebellar mutism and supplementary motor area syndrome  – may only 
appear hours or days after surgery and can appear devastating, although both 
improve significantly in 4–6 weeks [4, 5].

7.4  Radiotherapy Complications

The side effects of radiotherapy are related to demographic, radiation and tumour 
factors. Age; past medical history (e.g., vascular disease/hypertension); pre-existing 
brain heath (e.g., stroke, dementia); tumour size and grade; and radiation volume, 
total dose and fraction size should all be taken into account when considering the 
likelihood of developing complications from radiotherapy.
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 1. Acute reaction
If the tumour has not been adequately resected, or steroids are not continued in an 
appropriately high dose, there is a risk of developing an acute radiation reaction 
during radiotherapy, with worsening of focal signs or headache and somnolence. 
This may require an increase in dexamethasone dosage or even consideration of a 
further debulking. Somnolence usually improves by 6–8 weeks. Hair loss, nausea, 
anorexia and fatigue can occur within the first 4–6 weeks of treatment.

 2. Early delayed reaction
In about one-third of patients, “early delayed” radiation reaction/“pseudo-
progression” will occur in the first 3 months after completion of radiation. 
This presents as tiredness, subtle difficulty in thinking clearly and with mem-
ory loss and sometimes confusion or worsening of focal symptoms, possibly 
with headaches. There may be a need to restart or increase steroids for a few 
weeks to manage symptoms. Magnetic resonance imaging (MRI) might sug-
gest tumour progression. “Pseudo-progression” is related to demyelination/
inflammation and will settle down. Pseudoprogression is more common in 
glioblastoma with high levels of methylguanine methyl transferase (MGMT) 
promotor methylation.

Fatigue is the most common symptom post-treatment. The prevalence of 
fatigue ranges between 25% and 90% and occurs at all stages of care. The 
fatigue may be related to primary causes affecting the brain (tumour, irradia-
tion, injury), secondary causes (psychological; sleep disturbance; pain; comor-
bid conditions [underactive pituitary, infection, malnutrition]), or medication 
[6]. Medications to treat epilepsy, pain, nausea may contribute to fatigue. 
Endocrine dysfunction may also contribute to fatigue. Management of fatigue 
should include the removal of drugs that may be associated with fatigue; advice 
about sleep and healthy living, diet, and physical exercise; and, if anxiety or 
depression is present, the management of these through talking therapies, cog-
nitive behavioural therapy, mindfulness, or antidepressants. A Cochrane review 
of studies on the management of fatigue in adult brain tumour patients [7] found 
only one randomised controlled trial [8] that included solely patients with high 
levels of fatigue. The other studies were looking at prevention of fatigue and 
recruited patients who may or may not have had fatigue at entry. Fatigue is 
complex and the evidence that a specific drug will significantly help fatigue in 
everyone is lacking.

 3. Late effects
Late effects of radiotherapy are usually degenerative or vascular in nature [9]. 
The target tissue may be brain, pituitary gland, cranial nerve/end organ and sec-
ond tumours.

In the brain, white matter damage, leuco-encephalopathy with ex-vacuo 
hydrocephalus (Fig. 7.1), is associated with a slow continuous subtle drop-off in 
memory, attention and executive function. This is particularly the case when the 
radiotherapy includes the hippocampus. The effect on the developing brain is 
more pronounced than the effect in adults. Damage to oligodendrocyte 0-2A 
progenitor cells may result in failure to replace myelin, and damage to astrocytes 
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may influence growth factors, with the development of “reactive” astrocytes that 
express glial fibrillary acidic protein, which releases pro-inflammatory cytokines 
[10]. Activated microglia may also produce cytokines that mediate a chronic 
inflammation within the brain [11]. The neuro-pathological correlates show 
 vascular abnormalities, e.g., endothelial cell nuclei damage, capillary loss, and 
vascular thickening and dilatation [12], breakdown of the blood brain barrier and 
radiation necrosis with blockage of small blood vessels. These changes are dose 
and volume related.

 (a) Radiation-induced dementia
Some identifiable radiation-induced cognitive impairment can be found on neu-
rocognitive testing in up to 90% of adult brain tumour patients who survive for 
>6 months post-irradiation [13]. Cognitive areas affected early are verbal mem-
ory, spatial memory, attention, and problem-solving ability. This is often associ-
ated with fatigue and changes in mood. By 2 years about 50% of patients will 
be aware of cognitive decline and by 5 years after radiotherapy this has increased 
to between 70–80% [14]. With time either a solely profound memory and cog-
nitive disturbance is found or sometimes a “normal pressure hydrocephalus” 
like clinical picture will develop with progressive gait apraxia, subcortical 
dementia and urinary incontinence.

Fig. 7.1 T2-weighted 
image showing brain 
atrophy and radiation- 
related 
leucoencephalopathic 
changes
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 (b) Radionecrosis
Radionecrosis is a delayed effect of the radiotherapy that occurs in patients who 
have survived radiotherapy or radiosurgery. It can occur from 6 months to several 
years after the radiation treatment, but it usually occurs within the first 1 to 
2 years [15]. Clinically it produces subacute progressive focal neurological prob-
lems that are difficult to distinguish from tumour recurrence in the irradiated 
brain. MRI perfusion studies can sometimes be helpful, or MR spectroscopy, 
which typically shows low choline and creatine and N-acetylaspartate (NAA) in 
radiation necrosis, whereas with tumour recurrence choline, lipids and lactates 
are increased. Pathologically, radiation necrosis primarily affects the smaller 
arterioles and arteries, causing coagulative, fibrinoid necrosis of the vascular 
walls with endothelial thickening and infiltration of lymphocytes and macro-
phages, resulting in occlusion and infarction. A randomised trial in 200 adult 
patients with low-grade glioma who received either 50.4 Gy or 64.8 Gy at 1.8 Gy 
per fraction demonstrated that the 5-year incidence of radiation necrosis was 
10% in patients receiving 64.8 Gy versus 5% for those given 50.4 Gy [16].

 (c) Vascular disorders.
Stroke-like migraine after radiotherapy (SMART)
Stroke-like migraine after radiotherapy (SMART) is a late complication 

[17]. SMART attacks are more common in patients treated for brain tumours in 
childhood or in patients living with low-grade glioma. The symptoms come on 
over minutes or hours with a spread of “negative” phenomena (e.g., numbness, 
weakness, dysphasia or visual aura) which may help distinguish from stroke 
which presents with sudden onset, or seizures which produce “positive” phe-
nomena (jerking, tingling) that spreads over seconds. Cases generally also have 
headache with migrainous features. Occasionally, seizures do occur during an 
attack and then the differential diagnosis of SMART attack will have to include 
seizures with prolonged Todd’s paresis. Symptoms may take several days or 
weeks to recover. Diagnosis is based on medical history, clinical characteristics, 
and radiological investigations. Attacks can start as early as 1 year after treat-
ment or as late as 35 years, but most frequently occur between 1 and 5 years 
after treatment. Attacks are more frequent in males. Diagnosis requires: (a) a 
history of cranial irradiation without evidence of recurrent neoplasm and (b) 
prolonged, reversible signs and symptoms referable to a unilateral cortical 
region. These may include: “negative” phenomena, such as visuo-spatial defi-
cits, confusion, hemisensory deficits, hemiparesis, and aphasia, or “positive” 
phenomena, such as seizures. There is often an antecedent migraine headache, 
with or without aura. Imaging shows transient, diffuse, unilateral cortical gado-
linium enhancement of the cerebral gyri, sparing the white matter, within the 
previous radiation field. Lastly, the condition must not be attributed to tumour 
recurrence or another identifiable disorder, e.g. posterior reversible encepha-
lopathy syndrome (PRES) related to immunosuppressant drugs or hypertension, 
where neuroradiological changes involve both hemispheres, usually in the 
occipital lobes and the MR changes involve the white matter. The MRI abnor-
malities in SMART demonstrate cortical enhancement on T1-weighted images 
and T2-weighted images are suggestive of parenchymal hyperperfusion in the 
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underlying brain. These changes settle. Fluorodeoxyglucose positron emission 
tomography (FDG PET) has demonstrated hypermetabolism in the involved 
areas. Electroencephalograms (EEGs) may show slowing over the affected area 
and a few may demonstrate seizures [18], but epileptiform activity should not 
put one off the clinical diagnosis of SMART where seizures do not explain the 
clinical and radiological features.
Stroke

Late ischaemic complications, including transient ischaemic attacks (TIAs) 
or established ischaemic stroke, can occur as a late effect of cranial radiation on 
cerebral vessels many years after radiotherapy. TIAs are focal, sudden-onset 
phenomena with unilateral weakness, numbness, dysphasia, homonymous 
visual field loss or visual loss in one eye, lasting less than 24 h, whereas stroke 
will persist and be accompanied by MRI changes to support infarction. 
Management is as with any new stroke—correction of any risk factors, e.g., 
smoking, hypercholesterolaemia and hypertension and secondary prevention 
with anti-platelets, a statin and anti-hypertensives.

Cavernomas and microhaemorrhages
Cavernomas are thin-walled dilated capillary spaces within the brain, found in up 
to one in 200 people. Cavernomas are thought to be congenital but can be acquired 
after radiotherapy (Fig. 7.2a, b). Cavernomas have been hypothesized to result 
from a proliferative vasculopathy that begins with the development of capillary 
telangiectasias triggered by radiation injury to the cerebral microcirculation [19]. 
An alternative explanation is that radiation may cause direct DNA damage, which 
leads to the formation of cavernomas. Cavernomas have been correlated with 
radiation dose. At doses >30 Gy, there is a shorter latency to the development of 
cavernomas [20]. Cavernomas can sometimes be misdiagnosed as tumour pro-
gression, especially if they are associated with symptomatic haemorrhage or sei-
zures. Intervention is not usually required, as these are low- pressure bleeds from 
the capillary structures. Multiple micro-haemorrhages may also be found on scans 
and are often asymptomatic (Fig. 7.2c, d).

 (d) Hypopituitarism
Disturbances in pituitary hormone secretion are common following radiother-
apy to the hypothalamicpituitary axis. Hormonal deficiencies may affect body 
image, growth, sexual function, skeletal health and quality of life. It is impor-
tant that cancer survivors are tested regularly, e.g., annually, to screen for pitu-
itary insufficiency and timely treatment with hormone replacement is offered. 
The severity and frequency of pituitary disturbance correlates with the total 
radiation dose and length of follow-up. It is possible that concomitant chemo-
therapy may potentiate the action of radiotherapy. Children are most seriously 
at risk, as the first hormone to be affected is growth hormone (GH) resulting in 
slow growth, poor bone development, increased subcutaneous fat and fatigue. 
Loss of GH in adults is not such a serious matter although has been associated 
with fatigue. Isolated GH deficiency can occur after doses as low as 18 Gy. GH 
deficiency occurs within 5 years in 30% of patients given <30 Gy and within 
3–5 years in 50–100% of patients treated with 30–50 Gy. Multiple hormonal 
deficiencies occur by 10 years of follow-up in patients given doses >30 Gy of 
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radiation include deficiencies in GH (30–60%), sex hormone (20–30%), thy-
roid-stimulating hormone (TSH; 3–9%) and adrenocorticotropic hormone 
(ACTH; 3–6%) [21].

In children, injection of GH-releasing hormone (GHRH) analog therapy 
(e.g., Genotropin [somatotropin, Pfizer Inc. New York, New York) helps. 
Replacement can be associated with  injection- site reactions, such as pain, red-
ness/swelling, inflammation, bleeding, scarring, lumps, or rash.

a b

c d

Fig. 7.2 (a, b) Radiation-induced right frontal cavernoma. (c, d) Radiation-induced multiple 
microhaemorrhages
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Gonadotropin deficiency will affect secondary sex characteristics, fertility 
and bone and muscle mass. Diagnosis is confirmed by normal or low normal 
basal luteinizing hormone (LH)/follicle-stimulating hormone (FSH) with low 
circulating sex hormone concentrations in the blood. In children, because of the 
influence on bone age, treatment with sex steroids is required to aid the develop-
ment of secondary sex characteristics. In adults, amenorrhoea, sweating and 
flushes may occur in women and in men there may be reduced libido, erectile 
dysfunction, reduced shaving frequency, fatigue and mood changes. Sex steroid 
replacement improves quality of life generally.

Hyperprolactinaemia predominantly occurs in young women; it is usually 
subclinical, but can affect 20–50% of women who have had cranial irradiation. 
Prolactin levels can be assessed using blood tests. If hyperprolactinaemia is 
high enough to impair gonadotropin release it can cause galactorrhoea and ovar-
ian dysfunction in females or affect libido and cause impotence in males. If 
symptomatic, hyperprolactinaemia can be treated with dopamine agonists such 
as cabergoline. Low serum testosterone can be replaced.

TSH deficiency usually requires radiation doses of >40 Gy to be associated 
with a high risk of involvement. Hypothyroidism will cause hair loss, dry skin, 
weight gain, cold intolerance, bowel change, fatigue and memory problems, and 
muscle weakness and is easily treated with thyroxine replacement.

Cortisol deficiency secondary to ACTH deficiency, similarly, is seen at 
higher treatment doses. IIt causes fatigue and memory problems, muscle weak-
ness, nausea, and dizziness, but with weight loss and hypoglycemia. Both corti-
sol defiiency and thyroid hormone deficiencies are more commonly seen in 
children treated for central nervous system (CNS) malignancies, where the pitu-
itary is within the radiation field, but these features can occur years after the 
treatment of brain tumours adjacent to the pituitary gland where the pituitary is 
within the treatment field. Cortisol deficiency is treated with oral hydrocorti-
sone twice daily.

 (e) Cranial nerve/end organ radiation damage
Cranial and peripheral nerves are generally considered to be radio-resistant; 
however, radiation also commonly damages end organs, e.g., the cochlea – lead-
ing to sensorineural hearing loss  – or it damages the lens, retina and optic 
nerve – leading to multifactorial visual loss.

Deafness is very common in survivors of medulloblastoma, ependymoma or 
astrocytoma within the posterior fossa. The rate of deafness appears to increase 
with age >50 years. The mean total dose to the cochlea during fractionated radi-
therapy appears to be an important factor in predicting deafness in those treated 
in childhood. The effect of dose per fraction (≤ or > 2.0 Gy) is probably also 
relevant. Chemotherapy combined with radiotherapy may have a synergistic 
effect, especially if the chemotherapy is ototoxic in its own right.

The optic nerve and eye are generally shielded where possible when treating 
intracranial tumours. However, where it is not possible to shield the eye, a vari-
ety of complications are possible, from an early increase in intraocular pressure 
during treatment, to the development of late complications of cataract, dry eye 
from lacrimal gland damage, and retinopathy or optic neuropathy.
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 (f) Second tumours
Radiation to the central nervous system may be required for different tumour 
types e.g. acute lymphoblastic leukaemia (ALL), childhood medulloblastoma, 
ependymoma or astrocytoma, head and neck soft tissue sarcoma, and retinoblas-
toma. A late complication is development of a different tumour type within the 
radiation field. Second neoplasms are infrequent but with higher doses of radia-
tion used for brain tumours, and where survival from the primary tumour is excel-
lent, there is an increased risk for meningiomas (Fig. 7.3) and glial tumours [22].

7.5  Chemotherapy Complications

Chemotherapy that crosses the blood brain barrier is most likely to be effective. Drugs 
such as alkylating agents (temozolomide, procarbazine,) and nitrosoureas (e.g., 
1-(2-chloroethyl)-cyclo-hexyl-1-nitrosourea—CCNU [lomustine]) are most com-
monly used, alone or in combination (e.g., procarbazine, CCNU, vincristine [PCV]).

Patients being prescribed chemotherapy should avoid aspirin and not receive 
immunisation or vaccination, nor should they become pregnant and they should 
therefore use barrier contraception. Nursing mothers should not breastfeed. Patients 
should avoid sun exposure and keep well hydrated, eat in small amounts and fre-
quently and get plenty of rest. Avoid things that may worsen the symptoms of nau-
sea, such as heavy or greasy/fatty, spicy or acidic foods (lemons, tomatoes, oranges). 
Brush teeth with a soft bristle toothbrush.

Fig. 7.3 T1-weighted gadolinium enhanced magnetic resonance image showing radiation- 
induced meningiomas 15 years after treatment of medulloblastoma
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Patients should report signs of infection, e.g., fever, to their GP early and will get 
regular blood tests between treatments. Hair may appear thin and brittle and fall out 
2–3 weeks after the starting of many chemotherapy drugs.

7.5.1  Temozolomide

Temozolomide is an alkylating agent and the first-line chemotherapy for patients 
with glioblastoma. It is most commonly given along with radiotherapy (concomi-
tantly) and after completion of radiotherapy for 5 days every 4 weeks, for six 
courses. Temozolomide causes haematological toxicity (lymphopenia, neutropenia, 
thrombocytopenia) in >10% of patients. Elderly patients and women have a higher 
risk of developing haematological toxicities or myelodysplastic syndrome. 
Pneumocystis pneumonia (PCP) is a risk, especially in patients requiring high-dose 
steroids or those who have lymphocyte counts <500 cells/μm. PCP prophylaxis is 
required for “high-risk” patients who are receiving concomitant temozolomide and 
radiotherapy. All patients, particularly those receiving steroids, should be observed 
closely for the development of lymphopenia and PCP. Care should be given when 
treating patients with severe renal or hepatic impairment. Severe hepatotoxicity can 
be fatal. Temozolomide may interact with valproate, an anti-epileptic drug (AED), 
to reduce the excretion of temozolomide, other AEDs, steroids and sulpha drugs. 
Forty-nine percent of patients treated with temozolomide report one or more severe 
reactions, most commonly fatigue (13%), convulsions (6%), headache (5%) or 
thrombocytopenia (5%). The common side effects (>10%) are: gastrointestinal 
(e.g., nausea and vomiting – clinical toxicity criteria (CTC) grade 3/4 in 6–10%), 
anorexia, constipation or diarrhoea; muco-cutaneous (rash, mouth ulcers); neuro-
logical (headache, dizziness, abnormal taste); or generalized, e.g., sleep distur-
bance, fatigue (16%). To reduce nausea and vomiting, temozolomide should be 
given on an empty stomach and an anti-emetic may be advised before treatment. 
Immunosuppression can be associated with new infections or the reactivation of 
infections e.g. cytomegalovirus (CMV); hepatitis B infections and herpes simplex 
encephalitis, including cases with fatal outcomes. Sixty to seventy percent of 
patients with glioblastoma (grade 4) derive no survival benefit and for the recurrent 
anaplastic gliomas (grade 3), more than 50% of patients have tumour progression at 
6 months [23]. Selection of patients for treatment is important with those who have 
highly methylated MGMT obtaining more benefit from chemotherapy.

7.5.2  Procarbazine

Procarbazine is usually given in conjunction with CCNU and vincristine as PCV. It 
is the first-line combination for patients with oligodendroglioma and is also com-
monly given after the failure of temozolomide. Procarbazine is an alkylating agent.

Patients taking procarbazine should avoid several food types that are high in 
tyramine, including: avocados, bananas, figs, papaya, raisins, and sauerkraut; beef 
or chicken liver; meats prepared with tenderizer; bologna, pepperoni, summer 
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sausage, game meat, and meat extracts; pickled or smoked fish, anchovies, dried 
fish, herring, caviar, and shrimp paste; beer (alcoholic and nonalcoholic); wine 
(especially red wine), champagne, sherry, vermouth, and other distilled spirits; caf-
feine (including coffee, tea, cola), ginseng; cheese; chocolate; yogurt; soy sauce, 
miso soup, and bean curd; and fava beans.

As with all chemotherapy, haematological side effects are dose-limiting and 
recovery may be delayed. Leukopenia, anaemia, and thrombocytopenia have been 
reported frequently. Pancytopenia, eosinophilia, hemolytic anaemia, and bleeding 
tendencies, including petechiae, purpura, epistaxis, hematuria and hemoptysis, have 
also been reported. Gastrointestinal side effects, including nausea and vomiting, are 
the most commonly reported. Hepatic dysfunction, jaundice, stomatitis, hemateme-
sis, melena, diarrhoea, dysphagia, anorexia, abdominal pain, constipation, and dry 
mouth are also reported. Peripheral neuropathy with paraesthesia of the extremities 
and depressed deep tendon reflexes have been reported to occur in 17% of patients, 
but usually when procarbazine is given in combination with vincristine. Nervous 
system side effects, including leucoencephalopathy, coma, convulsions, neuropathy, 
ataxia, paraesthesia, nystagmus, diminished reflexes, falling, foot drop, headache, 
dizziness, chills, weakness, fatigue, hallucinations and unsteadiness have also been 
reported. Psychiatric side effects, including hallucinations, depression, apprehen-
sion, agitation, psychosis, nervousness, confusion, mania and nightmares can occur. 
Hypotension, tachycardia, and syncope also occur, as can pneumonitis, pleural effu-
sion, retinal haemorrhage, papilloedema, photophobia and diplopia.

7.5.3  CCNU

1-(2-Chloroethyl)-cyclo-hexyl-1-nitrosourea (CCNU, lomustine) is an alkylating 
agent given by mouth in capsule form. It is often given in combination with procar-
bazine and vincristine. Other alkylating agents such as 1,3-bis-(2-chloroethyl)-1- 
nitrosourea (BCNU, carmustine) are frequently given intravenously. As with all 
chemotherapy there is a range of side effects that can affect all systems. 
Haematological toxicity increases with the number of courses, with a nadir in plate-
let count at 4–5 weeks with recovery at 5–6 weeks and white cell count nadir at 
5–6 weeks and recovery by 6–8 weeks.

Poor appetite and nausea occur within 5–6 h after taking the medication and can 
be helped by taking prophylactic anti-nauseant agents, while neurocutaneous symp-
toms such as hair loss and mouth ulcers occur in >10% of patients. Pulmonary and 
renal toxicity is cumulative with dosage and may be delayed for years after diagno-
sis. Pulmonary infiltrates and fibrosis can occur.

7.5.4  Vincristine

Vincristine is a plant vinca alkaloid that is given intravenously. It is a vesicant and 
care must be given when it is given intravenously. Partial or complete hair loss is 
common and the nadir in blood count occurs at 7–10 days, with recovery by 21 days. 
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Side effects include gastrointestinal symptoms and peripheral neuropathy, generally 
with paraesthesia and numbness in the feet and, less commonly, the hands.

7.6  Targeted and Immunotherapy Agent Complications

Targeted and immunotherapy agents have been used alone, in combination, or 
along with other types of therapy. Targeted therapies aimed at growth factor recep-
tors, e.g., epidermal growth factor receptor (EGFR), e.g., cetuximab, gefitinib; 
vascular endothelial growth factor receptor (VEGFR), e.g., bevacizumab, cedira-
nib; platelet-derived growth factor receptor (PDGFR), e.g., temsirolimus, have all 
been tried in brain tumours with very limited success. Complications are similar 
between agents and bevacuzimab and ipilimumab will be used as examples.

Immunotherapy has a different mechanistic approach compared with that of che-
motherapy, radiation and surgery. Most of the current immunologic treatments are 
antibody-based therapies, but some, more recently, have been cell-based therapies and 
there are several tumour vaccine strategies. Immunotherapy can be passive or active. 
In passive immunotherapy, a patient is given immune cells or antibodies that target the 
tumour cell and this does not require activation of the patient’s own immune system. 
Active immunotherapy boosts the patient’s own immune system. Passive immuno-
therapy can be divided into three types: therapies in which there is direct injection of 
monoclonal antibodies, e.g., bevacizumab, a humanized IgG1 monoclonal antibody 
that binds to and neutralizes VEGF; therapies in which there is cytokine stimulation, 
e.g., interleukin 2 (IL2); and therapies in which there are stimulated immune effector 
cells (adoptive or cell-based immunotherapy), e.g., lymphocyte-activated killer cells 
(LAKs) and cytotoxic T-lymphocytes (CTLs). Active immunotherapy boosts the 
patient’s immune system by priming it with antigen exposure. There is a relatively 
high frequency of immune-related adverse effects from immunotherapies, ranging 
from endocrine, hepatic, gastrointestinal, and dermatological toxicities. The side 
effects are due to the aberrant infiltration of stimulated CD4+ and CD8+ T-cells into 
normal tissues, along with elevated levels of pro-inflammatory cytokines [24]. The 
stimulated immune response can overshoot its target and attack healthy tissues and 
organs, similarly to an autoimmune disorder.

7.6.1  Bevacizumab

Bevacizumab is the most commonly used targeted agent. It is given by infusion 
once every 2 weeks. It can lead to improvements on scanning by its influence on the 
blood brain barrier and can reduce the need for dexamethasone. The most common 
side effects are high blood pressure (18%), proteinuria (7%), infusion reactions 
(3%), bleeding (nose/rectum), back pain, headache, taste disturbance, diarrhoea and 
loss of appetite or skin problems (dryness or inflammation), watery eyes or jaw 
pain, and swelling or numbness. The most serious side effects may be gastrointesti-
nal perforation, poor wound healing and serious bleeding. Bevacizumab should not 
be used for 28  days before or after surgery and until surgical wounds are fully 
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healed; it should not be used before or during pregnancy or breastfeeding. It is often 
given with chemotherapy, where it amplifies the risk of toxicities.

7.6.2  Ipilimumab

Ipilimumab (CTLA-4 checkpoint inhibitor) may be associated with pneumonitis, coli-
tis, bowel perforation, hepatitis, pancreatitis, skin rash and mouth ulcers. It may also 
cause neurological complications including paralysis (acute inflammatory demyelinat-
ing neuropathy; Guillain-Barre); chronic inflammatory demyelinating polyneuropathy 
(CIDP); transverse myelitis; myositis; myasthenia gravis. Hormonal upset of thyroid, 
pituitary and adrenal glands and eye problems with blurred vision and eye pain and 
redness may occur. Side effects are best managed by steroids and antihistamines.

7.7  Conclusion

Early side effects of brain tumour treatment usually resolve with steroids to treat 
brain oedema, demyelination or immunotherapy reactions. Drug withdrawal or dose 
reduction may be necessary to manage acute toxic effects of chemotherapy or tar-
geted immunotherapy. Late effects are becoming an increasing problem as survival 
improves and depend on factors that are often not reversible – e.g., radiotherapy 
dose and volume. There is no good evidence that there are effective treatments to 
prevent, delay or reverse late cognitive effects, stroke like complications and fatigue, 
but more high quality clinical research is required. Prevention of late effects by 
increasing fractionation schemes, reducing dose per fraction or total dose of radia-
tion and hippocampal sparing techniques are a balance between effectively treating 
the tumour and preventing long-term brain injury. It seems likely that technologies 
such as proton beam treatments may play an increasing role by more selectively 
targeting the tumour, although their value has yet to be proven in good randomised 
clinical trials or long-term prognostic studies. As aggressive primary brain tumours 
are often highly resistant to chemotherapy and targeted and immunotherapy, care 
must be taken to choose those most likely to respond to these potentially toxic treat-
ments and advise against active treatment where they may just accentuate acute 
toxicities for no discernible benefit. Supportive and palliative care should be advo-
cated in parallel, rather than leaving such care until it is too late to be helpful.

References

 1. Scales DC, Fischer HD, Li P, et al. Unintentional continuation of medications intended for 
acute illness after hospital discharge: a population-based cohort study. J Gen Intern Med. 
2016;31:196.

 2. Kerrigan S, Erridge SE, Liaquat I, et  al. Mental incapacity in patients undergoing neuro- 
oncologic treatment: a cross-sectional study. Neurology. 2014;83(6):537–41.

 3. Brell M, Ibanez J, Caral L, Ferrer E. Factors influencing surgical complications of intra-axial 
brain tumours. Acta Neurochir (Wein). 2000;142:739–50.

R. Grant



101

 4. Gudrunardottir T, Sehested A, Juhler M, Schmiegelow K. Cerebellar mutism: review of the 
literature. Childs Nerv Syst. 2011;27(3):355–63.

 5. Potgieser ARE, de Jong BM, Wagemakers M, Hoving EW, Groen RJM.  Insights from the 
supplementary motor area syndrome in balancing movement initiation and inhibition. Front 
Hum Neurosci. 2014;8:960.

 6. Armstrong TS, Cron SG, Bolanos EV, et al. Risk factors for fatigue severity in primary brain 
tumor patients. Cancer. 2010;116(11):2707–15.

 7. Day J, Yust-Katz S, Cachia D, et  al. Interventions for the management of fatigue in adults 
with a primary brain tumour. Cochrane Database Syst Rev. 2016;(4):CD011376. https://doi.
org/10.1002/14651858.CD011376.pub2.

 8. Boele FW, Douw L, de Groot M, et al. The effect of modafinil on fatigue, cognitive function-
ing, and mood in primary brain tumor patients: a multicenter randomized controlled trial. 
Neuro-Oncology. 2013;15(10):1420–8.

 9. Robbins ME, Zhao W. Chronic oxidative stress and radiation-induced late normal tissue injury: 
a review. Int J Radiat Biol. 2004;80:251–9.

 10. Wilson CM, Gaber MW, Sabek OM, Zawaski JA, Merchant TE. Radiation-induced astroglio-
sis and blood–brain barrier damage can be abrogated using anti-TNF treatment. Int J Radiat 
Oncol Biol Phys. 2009;74:934–41.

 11. Lee WH, Sonntag WE, Mitschelen M, Yan H, Lee YW. Irradiation induces regionally specific 
alterations in pro-inflammatory environments in rat brain. Int J Radiat Biol. 2010;86:132–44.

 12. Brown WR, Blair RM, Moody DM, Thore CR, Ahmed S, Robbins ME, Wheeler KT. Capillary 
loss precedes the cognitive impairment induced by fractionated whole-brain irradiation: a 
potential rat model of vascular dementia. J Neurol Sci. 2007;257:67–71.

 13. Meyers CA, Brown PD. Role and relevance of neurocognitive assessment in clinical trials of 
patients with CNS tumors. J Clin Oncol. 2006;24:1305–9.

 14. Nieder C, Leicht A, Motaref B, Nestle U, Niewald M, Schnabel K. Late radiation toxicity after 
whole brain radiotherapy: the influence of antiepileptic drugs. Am J Clin Oncol. 1999;22:573–9.

 15. Chung C, Brown PD.  Interventions for the treatment of brain radionecrosis after radio-
therapy or radiosurgery. Cochrane Database Syst Rev. 2015;(1):CD011492. https://doi.
org/10.1002/14651858.CD011492.

 16. Shaw E, Arusell R, Scheithauer B, et al. A prospective randomized trial of low- versus high- 
dose radiation therapy in adults with supratentorial low-grade glioma: initial report of a 
NCCTG-RTOG-ECOG Study. J Clin Oncol. 2002;20:2267–76.

 17. Kerklaan JP, Lycklama A Nijeholt GJ, Wiggenraad RG, Berghuis B, Postma TJ, Taphoorn 
MJ.  SMART syndrome: a late reversible complication after radiation therapy for brain 
tumours. J Neurol. 2011;258(6):1098–104.

 18. Bradshaw J, Chen L, Saling M, Fitt G, Hughes A, Dowd A.  Neurocognitive recovery in 
SMART syndrome: a case report. Cephalalgia. 2011;31:372–6.

 19. Larson JJ, Ball WS, Bove KE, et al. Formation of intracerebral cavernous malformations after 
radiation treatment for central nervous system neoplasia in children. J Neurosurg. 1998;88:51–6.

 20. Heckl S, Aschoff A, Kunze S. Radiation-induced cavernous hemangiomas of the brain: a late 
effect predominantly in children. Cancer. 2002;94:3285–91.

 21. Darzy KH, Shalet SM.  Hypopituitarism following radiotherapy revisited. Endocr Dev. 
2009;15:1–24.

 22. Pui CH, Cheng C, Leung W, et al. Extended follow-up of long-term survivors of childhood 
acute lymphoblastic leukemia. N Engl J Med. 2003;349:640–9.

 23. Chamberlain M. Temozolomide: therapeutic limitations in the treatment of adult high grade 
gliomas. Expert Rev Neurother. 2010;10(10):1537–44.

 24. Kaehler KC, Piel S, Livingstone E, Schilling B, Hauschild A, Schadendorf D.  Update on 
immunologic therapy with anti-CTLA-4 antibodies in melanoma: identification of clinical and 
biological response patterns, immune-related adverse events, and their management. Semin 
Oncol. 2010;37(5):485–98.

7 Side Effects of Therapies for Brain Tumours

https://doi.org/10.1002/14651858.CD011376.pub2
https://doi.org/10.1002/14651858.CD011376.pub2
https://doi.org/10.1002/14651858.CD011492
https://doi.org/10.1002/14651858.CD011492


103© Springer Nature Switzerland AG 2019
M. Bartolo et al. (eds.), Neurorehabilitation in Neuro-Oncology, 
https://doi.org/10.1007/978-3-319-95684-8_8

Neurorehabilitation in Neuro-Oncology

Michelangelo Bartolo and Isabella Springhetti

8.1  Introduction

Brain tumours (BT) represent a diverse spectrum of highly morbid neoplasms aris-
ing from different cells both from within central nervous system and from systemic 
tumours that have metastasized to the brain [1]. Intracranial metastases from sys-
temic cancers, meningiomas and gliomas are the most prevalent BT. Brain metasta-
ses present mainly in the sixth and seventh decades of life; as patients survive longer 
from systemic cancer and therapeutic options are rapidly evolving, the treatment of 
brain metastases is being recognized increasingly as an emerging area of clinical 
interest [2]. Meningiomas are tumours of the meninges, mostly benign and often 
managed by surgical resection, with radiation therapy and chemotherapy reserved 
for high-risk or refractory disease. High-grade gliomas (HGG), including glioblas-
toma (GBM), are the most common and malignant BTs in adults, determining sig-
nificant mortality and morbidity. In both American and European studies, the 
incidence rate of BT ranges from 17.6/105 to 22.0/105, showing progressively higher 
incidence with advancing age [3, 4]; the overall incidence is the same in males and 
females, but GBM is more frequent in men, while meningiomas occur more often in 
women.

Despite intensive efforts to develop new therapies, the response to standard-of- 
care treatments is limited and the prognosis is still poor [5, 6].

The clinical manifestations of BT include a variety of signs and symptoms, usu-
ally referable to the anatomic area of the brain involved or adjacent structures, and 
include seizures, headaches, fatigue, motor, sensory and cognitive dysfunction. 
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Although surgery, radiation therapy and chemotherapy extend survival, they have a 
very high likelihood of producing long-term disabling effects with a deep impact on 
patients’ independence in daily living and consequently on patients’ quality of life 
(QoL) [7]. Accordingly, in clinical practice the efforts aim to balance tumour con-
trol with treatment-related adverse consequences over the course of the disease 
process.

As far as public health is concerned, despite the relatively low incidence, BT 
causes high direct costs (i.e. diagnostic resources, high complexity treatments and 
rehabilitation) and high-unforeseen costs (i.e. dismissal from work, family and 
social expenditures). A population-based comparison of cancer survivors with 
matched controls found a substantially increased burden of illness in cancer survi-
vors, consisting in days lost from work, inability to work, perceived poor general 
health and the need for help with daily activities. Furthermore, compared with age- 
matched controls, cancer survivors reported poorer health outcomes, decreased psy-
chological? functioning and higher levels of burden across multiple domains [8].

As the symptoms are complex, multidisciplinary expertise is necessary to evalu-
ate the influence of each variable to plan appropriate support and rehabilitative 
interventions, so that the persons may reach their optimal physical, sensory, cogni-
tive, psychological and social functional level.

8.2  Symptoms of Brain Tumours

In BT patients symptoms are due to the growth rate and to growth mode of the 
tumoural lesion [9]. In case of slow-growing lesions such as low-grade gliomas 
(LGG), the functions of the affected area may remain intact for a long time, as 
tumour may induce progressive functional compensatory reshaping of brain net-
works [10, 11]. Conversely, when tumour growth is rapid, symptoms usually occur 
earlier and may improve after tumour removal if the tumour mass has not com-
pletely compromised the surrounding nervous fibres. Patients may present progres-
sive symptoms and signs related to mass effect, displacement of brain tissue and 
vasogenic oedema. Generalized symptoms, due to expanding mass effect, are mani-
festation of increased intracranial pressure. In most BT cases the initial presenting 
symptom is represented by headache, with features as non-specific, intermittent, 
mild intensity, tension-like or mimicking migraine [12]. Epidemiologic data regard-
ing the prevalence of headache are extremely variable, ranging from 33 to 71% of 
BT patients; moreover patients have at least one neurological symptom in addition 
to the headache. There is no exact relation between the headache topography and 
tumour location; when the intracranial pressure is high, headache is referred in 
widespread areas.

Nausea and projectile vomiting may occur as a result of direct or reflex stimula-
tion of the emetic centre of the medulla. Such stimulation often accompanies 
increased intracranial pressure and occurs most frequently with brainstem disloca-
tion secondary to herniation. Sometimes the lesions of brainstem nuclei may influ-
ence the gastrointestinal tract causing altered bowel motility, with slow propagation 
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and incoordination of intestinal motility and prolonged gastric emptying; hiccups 
and yawning can also occur.

Seizures are a presenting symptom in approximately 20–40% of BT patients, 
while a further 20–45% of patients will present them during the course of disease. 
The incidence of seizures is inversely related to malignancy, with the highest inci-
dence for LGG (65–95%) and the lowest incidence (15–25%) occurring in 
HGG. Furthermore, BT involving the deep white matter and those below the tento-
rium are less likely to produce seizures than tumours situated in the cortical or 
subcortical regions of the cerebral hemispheres, thus making seizures’ onset a 
favourable prognosis factor. Generalized seizures may occur with tumours in a vari-
ety of locations while focal seizures are more common with tumours in the motor or 
sensory subcortical regions. The unpredictable responses to seizures after surgical 
removal of BT suggest that multiple factors are involved [13, 14].

Cognitive and behavioural changes accompanying BT are often subtle in onset, 
usually consisting of progressive disturbances affecting behaviour, emotion and 
cognitive functioning [15].

A large number of patients with primary or metastatic BT require neurosurgical 
intervention, being either radical/subtotal resection, palliative debulking or diagnos-
tic biopsy. Maximal possible tumour resection with minimal neurological damage 
represents the gold standard for BT patients because it reduces symptoms, including 
epilepsy, due to the mass effects, probably improves survival and efficacy of adju-
vant therapies [16–18]. Nevertheless, after surgery, some patients experience more 
or less significant sensory-motor-cognitive and behavioural deficits as well as gen-
eral accompanying signs.

Post-craniotomy headache is reported by at least 60% of patients, occurring in 
the area of surgery; it develops within the first 48 h after surgical intervention and 
disappears within 7–8 days. This pain is typically somatic, pulsing or pounding, and 
it has a positive response to common analgesics. On the other hand, headache can 
be expression of potentially serious complications of neurosurgery including intra-
cerebral abscess, meningitis, haemorrhage and cerebrospinal fluid (CSF)-leakage. 
Low CSF pressure headache is caused by post-surgery spinal fluid leak: it becomes 
severe when the patient is upright after getting out of bed, and quickly disappears 
when the patient is lying flat, and may be accompanied by some neck discomfort 
and nausea.

In the post-surgery period electrolyte disorders, such as hyponatraemia, may 
present. Hyponatraemia is most commonly due to inappropriate antidiuretic hor-
mone (SIADH) or cerebral salt wasting. Symptoms are highly related with deple-
tion extent and speed of onset. Early symptoms include headache, nausea, vomiting, 
leading to confusion, seizures, stupor and even coma. It occurs in approximately 
50% of patients; exact diagnosis and fast treatment are required.

Vasogenic cerebral oedema strongly contributes to symptoms in BT patents. It 
could be an additional cause of mass effect, often exceeding the effect induced by 
the tumour itself. Vasogenic cerebral oedema could be an expression of disease 
progression, or under-dosing of the steroids therapies, or delayed effects of radio-
therapy. Symptoms due to vasogenic cerebral oedema include headache, nausea, 
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vomiting, blurred vision, faintness, and in severe cases, seizures and coma. 
Corticosteroids and osmotic agents often provide dramatic relief of symptoms 
caused by cerebral oedema. Surgical treatment, with decompressive craniectomy, is 
occasionally recommended in case of a rapid deterioration of neurological status.

Sometimes a thalamic tumour or, less commonly, a basal ganglia tumour may 
produce secondary blockage of cerebrospinal fluid flow and consequently hydro-
cephalus. In these cases, patients typically present with headache, vomiting, sleepi-
ness and visual disturbances, resulting from increased intracranial pressure 
secondary to trapping of the lateral horn in one of the ventricles. This complication 
is treated with surgical excision or palliative ventricular–peritoneal liquor 
derivation.

Fatigue could be considered as a BT symptom and/or as a side effect of surgical, 
oncologic and medical therapy and/or as expression of depressive state [19]. It may 
appear at any stage of the disease, representing a disabling condition with negative 
impact on quality of life in great number of brain? cancer patients; in the case of 
neurological tumours it is frequently shaded by the presence of sensorimotor and 
cognitive impairments.

8.2.1  Side Effects of Chemo/Radiotherapy

After surgery some patients are candidates for adjuvant chemotherapy (CT) and/or 
radiotherapy (RT) which could be a source of additional discomfort [20].

During the course of RT, in a small percentage of cases acute radiation induced 
encephalopathy may occur, with oedema causing headache, transitory worsening or 
progressive worsening of preexisting neurologic deficits, and seizures. The steroid 
therapy must be continued at the minimum effective dose, taking into account that 
steroids may induce psychiatric symptoms such as anxiety, euphoria, depression, 
rarely psychosis, in about 6% of patients. Steroids should be gradually discontinued 
to avoid withdrawal syndrome. In those patients who are too aggressively weaned, 
recurrence of cerebral oedema and painful mass effect may occur. Furthermore, 
disturbances of taste and salivation could commonly develop during the course of 
RT due to damage of afferent receptors. This can worsen a preexisting dysphagia 
and has to be taken into account and treated during the rehabilitation care.

In long survivors delayed cerebral radionecrosis, occurring from 4 months to 4 
years after treatment, may present, typically manifesting with headache, personality 
changes, focal deficits and seizures. Radiation-related dementia is a more diffuse 
late brain injury (after 6 months to several years) in which clinical manifestations 
are represented by progressive cognitive decline as lack of initiative, short-term 
memory deficits, fatigue and personality changes. Occasionally gait impairment, 
incontinence and dysarthria may also occur. In some cases RT may also induce 
radiation induced endocrine dysfunction and thus affecting brain functioning in an 
indirect way.

The main goal of CT in BT patients is to control tumour growth while assuring 
optimal function and quality of life. Chemotherapy agents, such as temozolomide, 
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can induce headache, nausea, vomiting and others non-specific, non-neurologic side 
effects (decreased appetite, fatigue, etc.) in up to 25% of patients. The selective 
serotonin receptor antagonists (e.g. ondansetron, granisetron) are used to prevent 
nausea and vomiting, but these agents are reported to cause headache in 14–39% of 
patients. The cognitive side effects of CT known as chemobrain or chemofog have 
been widely described; this condition encompasses a range of symptoms such as 
memory loss, inability to concentrate, difficulty in thinking and other subtle, cogni-
tive changes. Although the severity of cognitive difficulty varies among patients, the 
slightest deterioration in cognitive function can be devastating for the patient’s qual-
ity of life [21, 22]. Neurotoxicity has been reported with several chemotherapy 
agents, particularly if multimodal or high-dose regimens are used; however, the late 
neurotoxic side effects of CT may be difficult to discern from RT, because most 
patients treated with CT have already been treated with RT or are even treated with 
radiation concomitantly. In contrast to the late radiation encephalopathy, side effects 
of CT on the central nervous system tend to arise during, or shortly after, CT.

Finally, one of the most common and often most debilitating effects of cranial 
RT and/or CT is progressive fatigue. A growing number of cancer control studies 
have examined the relationships among cancer, CT, RT and fatigue suggesting that 
symptoms like lack of strength and/or vigour often persist for several weeks beyond 
the completion of therapy [23, 24].

8.3  The ICF as the Framework for Assessment in Neuro- 
Oncological Rehabilitation

As for other diseases/impairments, disabilities caused by BT can be described 
within the conceptual framework of the International Classification of Functioning, 
Disability and Health (ICF), which was developed by the World Health 
Organization to describe health and the multidimensional health-related concerns 
of individuals [25].

The ICF system examines the structural and functional alterations produced by 
diseases, with regard to the limitations in the individual’s activities and to the restric-
tion of participation in social relationships and work. In this perspective, all the 
environmental variables (structural and relational) acting as a facilitator or a barrier 
to the person's choices, are integral part of the model. Using a comprehensive 
approach to humans, the ICF defines three main domains: body function and struc-
tures, activity and participation. Body function and structures refer to the anatomi-
cal and physiological functions of the body systems, whose alterations are defined 
“impairments” (e.g. muscle weakness, spasticity, restricted joint motion, pain, 
visual deficits, seizures, poor cardiorespiratory fitness). All these are then catego-
rized into subdomains. Environment (health professionals, close relatives, as well as 
workplace) and personal factors (sex, age, social status, life experiences, etc.) inter-
act with health conditions (body functions and structures), determining whether and 
how impairments result in disability. For example, a cancer treatment, such as che-
motherapy, that causes a peripheral neuropathy and consequent ankle weakness 
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(impairments), may limit patient’s ability to walk (activity) and to work (participa-
tion). Patient may require an orthosis like an ankle brace and/or an external facilita-
tor like an elevator, to maintain both ability and level of participation.

Assuming that each disease has its own pattern, the ICF system built up groups 
of codes (core set) related to specific and relevant aspects in many ICD diagnosis 
and conditions. Moreover, some set appeared particularly relevant regardless of the 
ICD diagnosis, and are considered mandatory: for all diagnosis and for rehabilita-
tion (see: https://www.icf-research-branch.org/download/send/4-icf-core-sets/141-
icf-generic-set accessed on January 2018).

The development of ICF core sets provides clinicians and researchers with com-
prehensive but concise measurement categories in each subdomain that help to 
describe each item from a biopsychosocial point of view. Some ICF core sets have 
been developed for head and neck and breast cancer.

In neuro-oncology, specific studies in this regard are lacking. The WHO ICF 
Research Branch has developed a rigorous method of transversal core sets for dif-
ferent conditions, which take into account both patient’s and healthcare environ-
ment's points of view. Among these, at an early stage of the disease the core set for 
post-acute neurological conditions (the so-called brief core set for neurological con-
ditions in post-acute care: see https://www.icf-research-branch.org/download/
send/8-neurologicalconditions/166-brief-icf-core-set-for-neurological-conditions-
in-post-acute-care accessed on January 2018) appears suitable for defining the 
rehabilitation plan immediately after surgery. In this phase priorities are: identifying 
conditions of patient and its context, impairments and limitations on which to inter-
vene, barriers to be eliminated and facilitators to be created or supported. From this 
point of view the ICF coding does not differ in neuro-oncology from other neuro-
logical conditions (i.e. hemiplegia and aphasia of vascular aetiology). Conversely, 
relevant items such as quality of life, end-of-life issues are not specifically addressed. 
So, further studies are necessary to identify appropriate set, able to depict BT 
patients’ condition in which the path from the very beginning to the terminal phase 
comes frequently to an end in a 12–15 months’ timeframe [26].

8.4  Measurements in Neuro-Oncological Rehabilitation

The continuum of care for BT patients is articulated through clinical pathways. The 
organizational model that we consider evaluates performance both of the health 
system and of the patient, using validated indicators and assessment tools. In fact, 
indicators act as a basis for decision-making models oriented to (1) control disease; 
(2) enhance patients’ potential; (3) drive policy planning [27, 28]. Among indica-
tors, some categories seem relevant from a clinical perspective: a brief description 
will be here outlined.

Performance status indexes are semi-quantitative measures of psycho-physical 
general performance, obtained through different scoring systems created for the 
oncological patients. They grossly evaluate personal care, personal activities and 
work capacity as variables. The Karnofsky performance status scale (KPSS) [29] 
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and Eastern cooperative oncology group performance status (ECOG) [30] are the 
most widely adopted in the literature. The maximum attributable value is 100 for 
KPSS for normal asymptomatic conditions; values decrease proportionally with 
disability increase, assistance needs in KPSS. ECOG has similar but inverted pro-
gression from 0 to 100. In most serious illnesses the lower the Karnofsky score or 
the higher ECOG score—the lower the likelihood of survival. KPSS and ECOG are 
the most widespread tools in the world to compare effectiveness of different thera-
pies, to assess the extent of response to therapy, so to assess the prognosis in indi-
vidual patients.

However, these tools appear extremely approximate (especially in the 40–60 
point classes for KPSS and 2/3 for ECOG) in reading the real functional depen-
dence of the patient and therefore scarcely suitable for the rehabilitative use.

Regarding rehabilitation functional outcomes, the most commonly used mea-
sures are the Barthel index (BI) [31] and the functional independence measure 
(FIM) [32], that, even if they do not specifically address the neuroncological 
patients, are widely used to describe functional and rehabilitation outcomes in this 
population. The first one is a tool focused on basic mobility function and personal 
activities of daily living, while the second one represents the evolution of Barthel 
index adding more quantitative criteria to measure independence in different 
domains of daily life.

Quality of life can be assessed through different tools. EORTC-QLQ-C30 is a 
widespread multidimensional questionnaire developed to evaluate cancer-related 
quality of life, as regards functional outcome and side effects of specific treatments 
(chemotherapy/radiotherapy) [33]. The EORTC-QLQ-C30 is often used combined 
with a specific questionnaire, the EORTC QLQ-BN20 validated for BT [34, 35]. 
This questionnaire consists of 20 items divided into four subsets, concerning future 
uncertainty, motor dysfunction, communication deficits and visual disorders.

Finally, many tools have been developed to assess pain; most are variation on the 
unidimensional visual analogical scale (VAS) [36] like a schematic representation 
of the body for the patient to indicate where their pain is located, or verbal rating 
scale (VRS) [37], or numerical rating scale (NRS) [38]. Conversely, the McGill pain 
questionnaire [39] is considered time consuming. The short form consists of 15 
qualitative descriptors of the sensory (11 item) and affective (4 item) pain experi-
ence. The answers are graded on a scale ranged from 0 to 3 and the score can there-
fore vary from 0 to 45, due to gravity increase.

Clinical complexity is a common feature of BT patients. Identifying conditions 
of “greater frailty” enable both the clinician and the administrator to provide ade-
quate therapy and care. Indirect complexity markers can be considered most of the 
external devices supporting basic life’s functions (percutaneously inserted central 
catheter, port a cath, systems for nutritional support, tracheostomy, oxygen support, 
non-invasive ventilation, vacuum assisted closure (VAC®)-therapy, among others).

Regarding multi-symptomatic conditions and frailty, in the palliative setting the 
Edmonton symptom assessment scale (ESAS) [40] is commonly used. This tool 
was developed in an oncological context, and evaluates the severity of subjective 
perception in 10 symptoms, of which nine predefined (pain, fatigue, nausea, 
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depression, anxiety, drowsiness, loss of appetite, malaise, dyspnea) and one reported 
by patient (e.g. itching, hiccup).

Another tool, the brief psychiatric rating scale (BPRS) [41] consists of a semi- 
quantitative evaluation of psychiatric symptoms. These disturbances may present at 
any stage of disease, depending on the site of lesion, therapies and previous dis-
eases. This allows for the integration of psychological and clinical evaluation of 
patients, and it is mostly used in palliative setting.

8.5  The Multidisciplinary Approach

As reported above, BT patients may present complex disabilities, due to the involve-
ment of both sensorimotor and cognitive areas, also affecting personality and behav-
iour. Overall, functional impairments influence different aspects of the person 
(activity and participation) and are similar to those seen in patients commonly 
admitted to rehabilitation programs. Moreover, symptoms and disabilities have a 
relevant impact on patients’ daily life, hindering their ability to function indepen-
dently and to maintain usual family and social roles, influencing ultimately the QoL 
of not only patients, but also of their informal caregivers [42].

The role of rehabilitation becomes relevant to favour the highest degree of func-
tional recovery and autonomy for patients and to provide informal caregivers with 
support, education and coping strategies [43].

In a rehabilitative approach, all these aspects must be included in a global vision 
of the person, taking in charge all the different aspects of disabilities manifested by 
the patients, with a multidisciplinary approach recognized in the literature as most 
appropriate.

Multidisciplinary rehabilitation assumes that besides the anatomical or physio-
logical problems, psychological factors (fear, anxiety, mood disturbance) and social/
environmental factors (workplace and social issues) may amplify symptoms and 
worsen disability and functional independence. These insights have led to the design 
of interventions that simultaneously address multiple factors, typically involving a 
combination of physical, psychological, social and/or work-related components, 
which are delivered by a team of health professionals with different skills [44].

Multidisciplinary rehabilitation can be defined as the coordinated delivery of 
multidimensional rehabilitation interventions, provided by different disciplines, 
such as nursing, physiotherapy, psychology, occupational therapy, social work and 
others, combined with medical professionals which aims to improve patient symp-
toms, maximize functional independence and social integration (participation) by 
means of a holistic biopsychosocial model of care, as defined by the ICF.

The multidisciplinary approach prioritizes patient-centred care, focusing on per-
son’s functions and disabilities, using a goal-based functionally oriented approach 
that is time-based. The first hired is that the patient (and his/her caregiver) are the 
focus. They must be actively involved in the goal setting process. To do this, a num-
ber of personal factors (individual’s experiences, coping style, self-efficacy, atti-
tudes, values, preferences, knowledge) are to be considered as relevant factors in 
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both the identification of rehabilitation goals and the selection of the rehabilitation 
programs. Within the context of multidisciplinary rehabilitation, the content, inten-
sity and frequency of rehabilitation therapy can vary, tailoring the programs accord-
ing to clinical needs and individual personal factors.

As today, the literature reported only low level evidence for the effectiveness of 
rehabilitation programs specifically for BT patients, but a number of preliminary 
studies addressed the benefit of multidisciplinary rehabilitation in reducing disabil-
ity in people with BTs. Performing rehabilitation with a multidisciplinary approach 
seems to improve functional abilities and cognitive functioning in BT patients more 
than rehabilitation programs performed with standard care [45].

The model of “simultaneous care”, which is deeply multidisciplinary, seems to 
describe the best approach to neuro-oncological patients because it ensures the con-
tinuity of care, but also includes the supportive care (control the side effects of treat-
ments and comorbidities) and palliative care (prevention and the relief from 
suffering) at the same time as anticancer therapies are administered (simultaneous 
care) [46].

8.6  Sensory-Motor Rehabilitation

Many studies showed that regular physical exercise aimed to maintain health condi-
tion and structured and guided (by professionals) exercise training are useful for 
primary and secondary disease prevention in different clinical settings. In the light 
of these considerations, in the last years the clinicians developed greater awareness 
of the rehabilitation needs of BT patients, although not completely yet.

The main goal of cancer rehabilitation is to maximize patients’ functioning, to 
promote their independence, also by means of adaptation, with the final aim of 
improving patients’ QoL, regardless of the length of residual life. As already men-
tioned above, since rehabilitation is a holistic and comprehensive approach to the 
person, the combined expertise of a multidisciplinary team is necessary and goals 
have to be established through a cooperative effort among health professionals, 
patients, families and informal caregivers in order to tailor the rehabilitative care on 
patient’s needs (different clinical features, levels of disability).

The early phase of rehabilitation usually aims to restore function [47] while in 
advanced stages rehabilitation becomes relevant within the context of palliative care 
to prevent complications, control symptoms, and maintain patients’ independence 
and QoL.

Patient should receive treatment for motor deficits in order to improve mobility 
and independence and to prevent the negative effects of immobility like pressure 
ulcers, muscle atrophy and contractures; informal caregiver should be given skills 
for home assistance and support during a path that is expected to be fast and strenu-
ous (almost in high-grade malignancy as glioblastomas). In case of LGG, and when-
ever life expectancy is longer (meningiomas, ependymomas, tumours with uncertain 
behaviour as oligodendrogliomas and others), medium-term and long-term goals 
can be hazarded, stimulating patient to work toward social and working abilities.
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When planning the rehabilitative intervention, specificity of medical treatment, 
complication of surgery and side effects of RT and CT have to be taken into consid-
eration; also the severity of deficits and the ability to respond to rehabilitation pro-
grams may fluctuate during the treatment (e.g. during RT there may be a transitory 
decline in the patient’s neurological functioning). Side effects of drugs such as cor-
ticosteroids and anticonvulsants are also relevant, because they can be associated 
with clinical (myopathy, osteoporosis, etc. and behavioural changes that can influ-
ence the rehabilitation process [48]. Furthermore, BT patients are prone to a number 
of medical complications due to their clinical frailty, such as infectious, thrombo-
embolic complications, nutritional problems that must be managed during the reha-
bilitation pathway in order to avoid functional worsening.

Methods and specific techniques aimed at increasing function will not be 
described here; the choice of the appropriate technique is made according to the 
patients’ residual capacities (i.e. quality of deficit and intellectual/cognitive 
ability).

A number of studies investigated the effects of structured rehabilitation pro-
grams, but they were considered with a “low-level” of evidence [45]; however, 
many authors demonstrated that BT patients may benefit from inpatient rehabilita-
tion, achieving functional improvements comparable to stroke patients or traumatic 
brain injured patients, irrespective of the tumour type, location and tumour treat-
ments [7, 20, 47, 49]. Recent meta-analyses and systematic reviews reported that 
exercise training, performed as part of a rehabilitation program is safe, well- tolerated 
and represents an adjunctive therapeutic strategy associated with significant 
improvements in a broad range of cancer-related symptoms and QoL. The next step 
will be to determine whether exercise therapy, in addition to control symptoms, may 
modulate cancer-specific outcomes (i.e. cancer progression and metastasis), clarify-
ing the potential association between physical exercise, functional capacity and 
prognosis as well as the cellular and molecular mechanisms underlying these asso-
ciations [50].

Finally, besides motor impairment, BT patients may experience dysphagia. 
Common symptoms are pharyngeal pooling or aspiration caused by delayed or pha-
ryngeal swallowing ability or reduced laryngeal elevation. A regular swallowing 
evaluation should be done together with the execution of a videofluoroscopy to 
obtain objective information. Rehabilitation techniques may be compensatory or 
therapeutic; for some patients dietary modification or tube feedings (e.g. percutane-
ous endoscopic gastrostomy—PEG catheter) may be needed. Devices are often nec-
essary also for neurogenic sphincter disorders and the rehabilitative approach is 
similar to that adopted for other neurological diseases.

8.7  Cognitive Rehabilitation

Besides motor and functional impairment, a frequent and disabling symptom for BT 
patients is represented by cognitive decline: in fact, as more effective therapies have 
prolonged survival cognitive dysfunction has been recognized as one of the most 
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frequent complications among long-term survivors [51, 52]. More extensively dis-
cussed in chapter 10.

The aetiology of cognitive deficits following a diagnosis of BT is multifacto-
rial, depending on histology, disease progression and treatment-related neurotox-
icity; other potential reported exacerbating factors are represented by related 
lethargy, endocrine dysfunction, epilepsy and anticonvulsant therapy, as well as 
mood disorders, that all can contribute to determining the type and severity of 
cognitive impairment [53, 54]. Moreover, recent literature findings underlined 
that BT in addition to inducing focal neural disruption and mass effect may cause 
alterations in brain connectivity, ultimately determining whole brain dysfunction 
[55–58].

Epidemiological data are extremely variable due to the use of different neuropsy-
chological tests and reference data as well as to the heterogeneity of the studied 
populations; however, specific cognitive deficits have been described in at least 30% 
of patients’ post-surgical procedure and extending up to 90% at long-term follow-
 up post-treatment [59, 60]. Among the most common cognitive symptoms psycho-
motor slowing, attention and memory (working memory) deficits, executive 
dysfunction or focal deficits such as aphasia or apraxia may occur in most BT 
patients. In turn cognitive deficits can have a large impact on patients’ self-care, 
social and professional functioning, ability to undertake activities of daily living, as 
well as on patients’ ability to make informed decisions related to their own treat-
ment and care. Therefore cognitive impairment has been demonstrated to be a major 
factor in health-related quality of life (HRQoL), especially when resulting in loss of 
functional independence [61–64], despite adequate disease control. Moreover, cog-
nitive status was found to be a stronger prognostic factor for survival than physical 
state and a reliable index of tumour progression [65].

In consideration of the devastating impact of cognitive impairments and of the 
lack of pharmacological approaches to prevent or treat cognitive deficits, cognitive 
rehabilitation (CR) may have an important role to achieve an improvement in cogni-
tive functions and a better quality of life. The term CR includes a variety of inter-
ventions, all aimed at relieving patients’ cognitive deficits by retraining previously 
learned skills and/or teaching compensatory strategies, with the ultimate goal of 
favouring a positive adaptation of the patients to their environment [66]. CR has 
proven to be effective in other neurological patients [67], but only few studies have 
analysed the potential benefits of such rehabilitation for BT patients. The studies 
conducted up to now provide preliminary but encouraging results on the application 
of CR techniques in BT patients, showing an improvement of cognitive functions, a 
reduction of mental fatigue, a greater autonomy in everyday life and a lesser burden 
for family caregivers [68]. However, the extreme heterogeneity of the approaches as 
well as the differences in study design, in the diagnosis and phase of the disease, in 
the measures used to assess cognitive functions and to evaluate the outcomes sug-
gests the need for further studies to clarify which are the most effective interven-
tions and the patients who can benefit from the intervention. A better understanding 
of the mechanisms and of the treatment protocols is now essential to optimize these 
procedures.
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8.8  Occupational Therapy

In the context of a multidisciplinary approach, CR can be combined with occupa-
tional therapy (OT) that aims at fostering generalization of re-learned skills to eco-
logical situations to enhance patients’ independence in performing activities of 
daily living (ADL). OT in fact, through the use of a variety of techniques and tools, 
facilitates patients’ engagement in meaningful everyday activities [69]. However, 
even if OT may reduce cancer-related disability, it still remains severely underused 
in BT patients, due to the poor awareness of OT by the health professionals, lack of 
knowledge of whom OT would benefit and the practical accessibility to the service. 
As soon as the goals of OT become better understood, accessing an occupational 
therapist will become more standard practice.

8.9  Psychological Support

Feelings of anxiety, depression and future uncertainty represent frequent psycho-
logical symptoms in BTs patients, whose origin is not completely understood; either 
focal brain injury or reactive emotional distress may be responsible [70]. Among 
patients with HGG shock, sense of helplessness, depression, anxiety and recogni-
tion of death are highly prevalent; soon after the diagnosis the experience of a sur-
real feeling combined with disbelief has also been reported, while powerlessness 
and suffering often dominate future perspectives [63]. In these phases mechanisms 
of repression or denial may help patients to keep high motivation. As described, 
patients in the course of the disease may progressively shift from death anxiety and 
fear to fatalism and then to a more conscious state of mind characterized by the 
awareness of the inevitability of death [71].

Soon after receiving the diagnosis, usually patients focus attention and personal 
resources on the recovery of their own functional autonomy rather than on the dis-
ease evolution; coping with restriction in fact seems to be most difficult to deal with 
and patients generally balance between losing independence and trying to maintain 
autonomy. Above all, in fact, patients suffer from the lack of independence, the dif-
ficulty in accomplishing previous roles, the inability to drive or to work and the 
reduction of social relationship that may lead to feelings of depression, anxiety and 
meaningless [71]. Patients often need help to accept their difficulties, stop hiding 
them and finding a wider way to manage them.

Hope improves patients’ QoL, helping them to live better and fight the disease, 
even if it is very vulnerable especially at diagnosis, at every new scan and when 
treatment failure with terminal expectations and limited legacy occur [72]. Patients 
always live in the balance between needing information and keeping hope.

Other than emotional disturbances, the sudden appearance of patients’ person-
ality and behavioural alterations become a destabilizing factor for the family con-
text, which initially does not understand and does not know how to react, while 
having to adapt quickly. That’s why compared with caregivers of other BT 
patients, caregivers of patients with a GBM have a worse quality of life [73] and 
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may have more psychosocial needs because the disease process is faster and they 
have less time to adapt [74].

Due to the dramatic emotional sequelae of having a BT, it is important that 
patients are screened routinely for psychological distress, to implement adequate 
support intervention and to improve their psychological well-being. Health profes-
sionals must build a warm, harmonious and yet realistic communication, which 
must also consider the patients’ and family’s levels of understanding and capacity 
for acceptance.

During the last decades, psycho-oncology has been recognized by international 
literature and guidelines as a relevant topic in the field of oncology, and the psycho- 
oncologist has often become a full member of the rehabilitation team, though it has 
not always been implemented as standard care.

The main aim of psycho-oncological care is devoted to retain and improve the 
persons’ perception of the QoL, during the disease evolution, providing existential 
support to facilitate the acceptation of the diagnosis, the engagement required by the 
treatments and the end-of-life issues.

Literature evidences reported that BT persons appreciate the opportunity to dis-
cuss existential fears and concerns early from the illness diagnosis rather than sup-
port only being offered toward the end of life. This is particularly relevant considering 
that disease progression can greatly compromise people’s cognitive and communi-
cation skills, often requiring the intermediation of other people (family/caregiver). 
In this sense, the continuous and constant information by health professionals about 
the meaning of the patient’s behaviour may favour a process of adaptation that is 
faster, otherwise impossible. The effectiveness of psycho-oncological support (such 
as psycho-educative interventions or psychotherapeutic interventions) performed 
both in group and in individual therapies has been shown in various studies.

Professionally or peer-led support groups may provide patients with cancer with 
a sense of community, unconditional acceptance and information about the disease 
that they would not experience elsewhere. In particular, therapies based on support 
groups performed in different settings have shown to increase the well-being of the 
patients. Moreover, they seem to facilitate the patient’s relationship with family and 
friends by relieving the burden of care and providing a safe place for the emotional 
expression [75].

8.10  The Family Role

Caring for BT people may be particularly challenging both physically and emotion-
ally for relatives due to the rapid progression of the disease, the coexistence of 
cognitive impairment and behavioural changes, the rapid physical deterioration and 
the changes in family life. This is the reason why brain tumour has been defined a 
family disease [76].

Extensive literature documented the significant burden and distress that caregiv-
ers may report as result of providing care without training or psychological support 
for this role, with significant physical, social and psychological consequences [77].
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As for patients, receiving the diagnosis represents a shock for caregivers who 
feel a loss of safety in everyday life, powerlessness and feeling of being over-
whelmed, denial and anger [74, 78]. Caregivers express dramatically the feeling of 
losing the patient, even before the patient’s death [79]; the onset of cognitive and 
behavioural changes is perceived by caregivers as a bending in their relationship 
with the patient and they often refer to the patient as someone else than they knew 
before [80].

From diagnosis on, caregivers report feelings of isolation and solitude as they 
spend all time to assist the patient, feel reluctant to leave patient alone and therefore 
take time off at work and neglect friends and social relationship [74]; they feel alone 
also when are requested to make decisions when patients cannot express their 
wishes anymore [81].

As disease progresses, the onset of new symptoms, physical, cognitive and neu-
ropsychiatric occur and an ever increasing level of assistance is required in the 
dimensions of personal daily living tasks. Often caregivers feel inadequately pre-
pared to face these requests, expressing the need for information and guidance to 
manage patient’s symptoms and side effects at home as well as practical support 
[80]. When patient becomes unable to make conscious choices, caregivers must take 
on the role of decision-maker in any choice related to therapy and family manage-
ment, expressing a sense of total responsibility and experiencing a heavy feeling of 
burden and isolation [74, 81].

Therefore as distress levels are consistently high and cannot be predicted at any 
time point, caregivers should be monitored over time to promptly identify evolving 
psychological morbidity. Studies in fact suggest that educational programs and/or 
cognitive-behavioural therapy may relieve the distress, addressing the caregiver to 
better identify the main concerns. [RCT by Boele] In turn caregivers’ psychological 
and behavioural responses to caregiving may impact on their own emotional and 
physical health, also influencing the quality of care delivered to the patient at home 
as well as the decision to institutionalize patients.

A lot of recommendations from literature suggest that the approach to caregiver 
should include:

 (a) educational programs;
 (b) teaching stress reduction techniques and coping strategies;
 (c) improvement in communication.

The educational programs for caregiver prepare them for changes in their loved 
one and to increase understanding of care pathways, including treatment pro-
cesses. The knowledge of techniques to modulate stress and coping strategies may 
attenuate the global burden due to continuous caring. Moreover, involving care-
givers in communication, such as involving them in family consultations, particu-
larly in the crisis phases may facilitate the caregiver’s awareness with respect to 
the disease progression and care needs. About this, literature reports that the most 
prevalent caregiver needs, soon after diagnosis, usually regards “getting informa-
tion about the illness and its evolution” as well as “dealing with fears and 
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worries”, while at follow-up visits the needs usually shift on “getting a break from 
caring”, “practical help in the home”, “equipment to help care” and “managing 
patient’s symptoms” [77].

Provide a health support, directing the caregiver to conscious choices as well as 
meeting the emotional needs of caregivers of BT persons, represents a priority com-
mitment in rehabilitation care in order to reduce their burden and maintain the best 
possible level of well-being for both patients and families.
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9Assessment of Neurocognitive 
Functioning in Clinical Practice 
and for Trial Purposes

Martin Klein

9.1  Introduction

Patient-oriented outcome measures, such as symptoms, physical functioning, and 
health-related quality of life, are pertinent outcome measures for patients who can-
not be cured of their disease. This is the case for virtually all patients with primary 
or metastatic brain tumors for whom palliation of symptoms and the maintenance or 
improvement of health-related quality of life are important goals of treatment earlier 
or later in the disease trajectory. Brain tumors greatly impact on an individual, as 
well as their family members and friends. The tumor or its treatment (i.e., chemo-
therapy, radiation, pharmacological treatment) may directly or indirectly cause neu-
rological impairments that affect the physical, social, vocational, and emotional 
capabilities of the individual. The available treatment options for both primary and 
metastatic brain tumors have improved and brought with them modest improved 
patient survival. Evaluation of treatment in brain tumor patients should therefore not 
only focus on survival improvement, but should also aim at determining neurologi-
cal functioning and adverse treatment effects on the normal brain. In this respect, 
neurocognitive functioning (NCF) is a highly critical outcome measure for brain 
tumor patients [1]. Apart from a prognostic significance of baseline NCF [2, 3], 
deterioration in NCF in brain tumor patients may herald tumor progression, even 
before signs of disease recurrence are evident on CT or MRI [4–6].

Compared to traditional outcome measures like progression-free and overall sur-
vival, evaluation of NCF as treatment outcome measure may be time-consuming 
and burdensome for both the patient and the healthcare professionals involved in the 
care of these patients. Moreover, given the relatively low incidence of brain tumors 
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and the ultimately fatal outcome of the disease, the interest in NCF emerged rela-
tively late in these patients.

Indices of neurocognitive functioning may be helpful in clinical decision- 
making for the individual patient in daily practice. In clinical trials for patients 
with brain tumors, NCF is a useful outcome measure of efficacy and neurotoxicity 
across experimental treatment arms. Therefore, this chapter will discuss impor-
tant aspects of assessment of NCF both in clinical practice and for clinical trial 
purposes.

9.2  Impact of Neurocognitive Deficits on Daily Life

According to Hippocrates (460 bc – 370 bc) “It’s far more important to know what 
person the disease has than what disease the person has.” To a large extend this very 
much applies to patients with primary or metastatic brain tumors. Estimating the 
impact of neurocognitive deficits on an individual patient’s functioning, however, is 
more complex than measuring survival or tumor response to treatment on imaging, 
which are considered to be “hard” measures.

One approach to characterize the impact of neurocognitive deficits on daily life 
is by using the framework of the International Classification of Functioning, 
Disability, and Health (ICF) developed by the World Health Organization [7]. 
Unlike traditional medical approaches to health, the ICF framework (see Fig. 9.1) 
recognizes that a person’s level of functioning is the outcome of a dynamic interac-
tion between his or her health condition and the context in which an individual func-
tions. Figure 9.1 identifies the three levels of human functioning classified by ICF: 

Health Condition
(Brain Tumor)

Body Structure &
Function

(brain & neurocognitive function) 

Activity
(e.g. preparing meal, driving car) 

Participation
(e.g. work, schooling, civic

participation)

Environmental
Factors

Personal
Factors

Fig. 9.1 The WHO International Classification of Functioning, Disability, and Health model of 
functioning

M. Klein



123

functioning at the level of body or body part, the whole person, and the whole per-
son in his or her context.

Regarding NCF, patient’s functioning on the first level, body structure and func-
tion (e.g., a memory deficit or generalized neurocognitive decline), can be measured 
by a comprehensive neuropsychological battery or coarsely by screening instru-
ments like the MMSE [8] or Montreal cognitive assessment (MoCA) [9]. On the 
second and higher level, patient’s activity reflects the consequences of the NCF 
impairment in daily life activities. Agnosia (i.e., failure to recognize a sensory stim-
ulus that is not attributable to dysfunction of peripheral sensory mechanisms or to 
other cognitive impairments associated with brain damage), for instance, may pre-
vent recognition of kitchen utensils and identification of their use, or impact safety 
awareness, resulting in significant difficulty carrying out instrumental activities of 
daily living (IADL). IADLs are tasks that require both motor and neurocognitive 
skills for successful completion and include more complex everyday tasks such as 
using the phone, shopping, driving, and managing finances. Since IADL comprises 
higher order activities, it may identify areas of greater disability and dependency 
than ADL tasks (e.g., bathing, toileting, dressing, walking, eating). Brain tumor 
patients who are ADL independent may still be dependent on others for the perfor-
mance of IADL tasks, suggesting that IADL may represent an early indicator of loss 
of function in patients with primary brain tumors. Among contextual factors that 
affect the individual activity level of patients are environmental factors (e.g., social 
support, marital status, living conditions, legal and social structures) and internal 
personal factors, like gender, age, coping styles, social background, education, pro-
fession, past and current experiences, character, and other factors that determine 
how disability is experienced by the individual. Finally, how the activity level affects 
the patient’s well-being and his social interactions may be reflected in the third 
level—the patient’s participation level (e.g., the patient who forgets his appoint-
ments is forced to stop working and becomes socially isolated). Disability involves 
dysfunctioning at one or more of these same levels: impairments, activity limita-
tions, and participation restrictions.

While IADL instruments are available for subgroups of neurological patients 
(e.g., dementia [10], Parkinson’s disease [11], and multiple sclerosis [12]), such an 
instrument specifically addressing issues in patients with primary brain tumors is 
still under development [13].

Although there are many scales and questionnaires that address the three ICF 
levels of functioning, ICF is operationalized optimally through the WHO disability 
assessment schedule (WHODAS 2.0) covering levels of functioning in 6 different 
major life domains—cognition, mobility, self-care, getting along, life activities 
(household and work), and participation [14]. These domains directly correspond 
with ICF’s activity and participation dimensions.

It should be noted that the impact of brain tumors on functioning is multifaceted 
[15]. Brain tumor patients, for example, not only experience the impact of a greatly 
reduced life expectancy, but at the same time also experience the direct neurological 
effects of the tumor and treatment on physical, neurocognitive, and behavioral func-
tion, not to mention the psychosocial adjustment associated with change in life 
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circumstances [16]. In fact, the psychosocial challenges associated with brain 
tumors and their treatment range from general behavioral problems to depressive 
symptoms and poor understanding to more severe symptoms such as personality 
change and even psychosis [15]. Additionally, cancer and its treatment can alter 
social roles and limit social activities of patients [17]. As studies of long-term sur-
viving brain tumor patients accumulate, like the international study among 5-year 
glioblastoma survivors [18], it will become apparent how enduring restrictions in 
social functioning and participation associated with reduced NCF may be following 
treatment completion.

9.3  Assessment of Neurocognitive Functioning in Clinical 
Practice

Neurocognitive deficits in patients with brain tumors, more extensively discussed 
elsewhere in this volume, can be caused by the tumor, by tumor-related epilepsy and 
its treatment (surgery, radiotherapy, antiepileptics, chemotherapy, or corticoste-
roids), and by psychological distress. More likely, a combination of these factors 
will contribute to neurocognitive dysfunction [1]. Also, local or diffuse tumor 
regrowth, leptomeningeal metastasis, or metabolic disturbances can negatively 
affect NCF. While neurological symptoms tend to be specific to the brain structure 
impacted by disease, individuals with primary or metastatic brain tumors can also 
present with more generalized symptoms that are not tied to neuropathology in 
specific brain structures. Such symptoms are common and include headache, sei-
zures, attention deficits, poor memory, impaired reasoning, difficulties with speech 
and language, visual-perceptual deficits, mood disorders, and fatigue [19]. In a 
more recent study [20], fatigue, drowsiness, difficulty remembering, disturbed 
sleep, and distress were the most severe symptoms reported by patients with pri-
mary brain tumors, regardless tumor grade. The presence of mood disorders in par-
ticular, such as anxiety and depression, can lead to additional complications of their 
own. That is, mood symptoms have been associated with neurocognitive impair-
ments and fatigue in multiple populations and the effective alleviation of such 
symptoms is essential to improve overall quality of life.

Comprehensive neurocognitive evaluations in brain tumor patients are usually 
carried out to address a number of clinical issues. Neurocognitive evaluations might, 
for instance, be performed to determine the consequences of neurosurgery or the 
impact of a neurocognitive rehabilitation training program. Neurocognitive evalua-
tions might also be performed to delineate the nature of neurocognitive impairment 
and its impact on the individual as a means of devising, for instance, a rehabilitation 
program or offering advice as to an individual’s suitability to drive a vehicle or return 
to the previous employment. Depending on the aim of the referral, specific ques-
tions might be addressed to substantiate known risk factors for NCF compromise 
from the scientific literature: (1) Is there evidence of cognitive decline secondary to 
radiation therapy? [21] (2) Is there evidence of cognitive decline secondary to che-
motherapy or can cancer-related neurocognitive impairment [22] be substantiated? 
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(3) Is there evidence of neurocognitive decline secondary to tumor recurrence? [23] 
(4) Does rehabilitation improve (or affect) neurocognitive outcome? [24–26] (5) 
Can survival be predicted using estimates of baseline neurocognitive functioning? 
[2, 3] An important consequence of these different goals of assessment is that the 
crucial features of the assessment process and selection of tests will vary with the 
goal. It is fairly obvious that the sensitivity to detect small changes in the level of 
NCF is a much more important characteristic of an instrument used to monitor 
change as a result of a rehabilitation program, than is the case for a test used purely 
for diagnostic purposes.

Neuropsychological assessments need to be a cooperative effort between the 
neuropsychologist and the referring physician, usually the neurologist or neurosur-
geon. The referring physician needs to be as specific as possible when formulating 
the referral questions. Depending on the purpose of testing, pertinent patient infor-
mation should also be available. This information helps guide the neuropsycholo-
gist in the selection of testing materials and approach to the patient:

• The patient’s demographic variables (e.g., age, handedness, education/qualifica-
tions, current/previous profession, cultural background), in order to set the con-
text for the interpretation of current test performance.

• The patient’s previous medical history as well as the current treatment of the 
tumor (including antiepileptic medication), as this may also be relevant to the 
development of neurocognitive impairment.

• The results of previous investigations (e.g., neurological examination, EEG, CT/
MRI, or functional imaging), and previous (as well as current) psychiatric diag-
noses, all of which can assist in the formation of hypotheses about the patient’s 
likely deficits, and so guide the assessment and its interpretation. Since varying 
degrees of depression in mood and psychiatric symptoms are a frequent accom-
paniment, or result, of brain tumors, it is important to have this information avail-
able. Depression in mood in patients treated for primary intracranial tumors is 
associated with high levels of physical disability and neurocognitive dysfunction.

• The results of previous neuropsychological assessments—these can guide the 
choice of current tests and permit evaluation of change.

In the clinical setting there is no standard battery of tests specific for brain 
tumors. Although test selection ultimately depends on the referral questions, com-
mon neuropsychological domains to be assessed include (1) attention/concentra-
tion, (2) language (receptive and expressive), (3) memory/learning, (4) 
visual-perceptual/spatial skills, (5) executive functions, and (6) mood/personality 
variables.

If testing is to be conducted in the clinical setting, the patient’s schedule needs 
to include blocks of time when no other clinical tests are scheduled (e.g., radiology, 
discharge planning) so that the patient may be tested without interruptions and 
when maximally alert and attentive. After the assessment is completed, but before 
submitting the written report, the neuropsychologist generally contacts the refer-
ring physician to provide preliminary feedback. The written report, delivered 

9 Assessment of Neurocognitive Functioning in Clinical Practice and for Trial Purposes



126

shortly thereafter, should be brief but complete, including a listing of the tests 
administered, some form of score report, usually a percentile or standard score for 
each test, a summary of the findings, and an interpretation of these findings. The 
brevity of the report depends on the nature of the referral and the questions the 
referring physician has posed.

Because neurocognitive assessments are not always feasible, several alternatives 
to the use of formal neurocognitive testing have been tried. These include self- 
reports of NCF asking about memory, attention, etc. or on how NCF affects daily 
life—IADL, which can be reliable in patients with low-grade gliomas without or 
with only mild NCF deficits [27], but tends to be invalid in brain tumor patients with 
serious neurocognitive deficits and thus often cannot accurately evaluate their own 
performance. Furthermore, self-perceived NCF seems to be more related to depres-
sion than to the results of objective neurocognitive tests [28]. Therefore, subjective 
data on NCF (e.g., obtained from self-report questionnaires like the six-item medi-
cal outcome studies NCF scale) [29] should be interpreted with caution and along-
side objective assessments.

When self-reported NCF of outpatients may be difficult to interpret because of 
disease, or treatment-related decrements in self-awareness, reports of neurocogni-
tive changes made by the partner or a proxy may offer an alternative to neurocogni-
tive testing. Informants can provide important information about the areas to be 
explored in the neuropsychological assessment, although it should be noted that 
patient-proxy agreement tends to be lower in patients with neurocognitive deficits 
than in cognitively intact patients [30]. Nevertheless, this is one of the most com-
mon methods for measuring IADLs, and a large number of potentially useful 
informant- based questionnaires exist, such as the Lawton-Brody IADL scale [31], 
the Bristol ADL scale [32], and the more recently developed Amsterdam IADL 
questionnaire [10].

The choice of which particular method of assessment to be used will depend, in 
addition to practical considerations such as time, on the purpose of the assessment. 
Real-word observations and performance-based measures provide information 
about what the person is capable of doing. Questionnaires and other self-reports, on 
the other hand, measure what the individual is actually doing in his or her day-to- 
day life.

9.4  Assessment of Neurocognitive Functioning in Clinical 
Trials

Hippocrates, an early proponent of personalized medicine, wrote about the “indi-
viduality” of disease and the importance of prescription of “different” medicines to 
“different” patients. To help his decision-making when prescribing treatment, 
Hippocrates assessed several factors, such as a patient’s constitution, age, and build, 
and the time of year to help his decision-making when prescribing treatment.

Failure of conventional therapy to control brain tumors and the recognition of 
molecular heterogeneity of brain tumors at the genetic, proteomic, and epigenetic 

M. Klein



127

levels raised stresses the need for a more personalized approach to treatment devel-
opment. Interestingly, isocitrate dehydrogenase 1 (IDH1), a key metabolic enzyme 
that converts isocitrate to α-ketoglutarate, is both a prognostic factor of treatment 
efficacy in patients with low-grade gliomas and secondary glioblastomas and a fac-
tor affecting NCF functioning. In a recent study [33], it was hypothesized that 
patients with malignant gliomas and the IDH1-wild-type (IDH1-WT) would have 
poorer NCF compared with those with IDH1-mutant (IDH1-M) tumors. IDH1-WT 
tumors are more proliferative and aggressive and thus their lesion momentum will 
be higher than IDH1-M tumors, potentially limiting the potential for plastic reorga-
nization and resulting in more frequent and severe impairment of NCF. Indeed, this 
is what they found: significantly more pronounced NCF deficits in patients with 
IDH1-WT tumors than in patients with IDH-M tumors. Interestingly, while tumor 
size did not differ between IDH1-WT and IDH-M tumor patient groups, there was 
a lack of correlation between tumor size and NCF deficits in the IDH1-mutated 
group, confirming that the most important issue is the different pattern of tumor 
growth. Given these findings, stratifying patients based on their tumor subtype in 
clinical trials incorporating NCF as primary or secondary outcome measure needs 
to be considered [34].

If NCF is an important outcome measure in brain tumor clinical trials, the use of 
comprehensive series of tests has advantages in that it allows for the collection of 
vast amounts of information on neurocognitive status in a highly standardized man-
ner. These series cover neurocognitive domains representing functions of both the 
dominant and the non-dominant hemisphere (see Table  9.1 for commonly used 
tests) [6, 35, 36]. However, the time required for a complete assessment is time- 
consuming and may fatigue patients with brain tumors, thereby influencing results. 
Moreover, compliance of both patients and investigators may decrease significantly 
because of time-consuming procedures, which makes the test results unrepresenta-
tive of the trial population. Exclusion of patients at the lower end of the neurocogni-
tive spectrum from analyses obviously introduces undesirable bias in the evaluation 
of patients’ NCF during experimental treatments. Alternatives like IQ measurement 
or a screening tool like the mini-mental state examination [8] are less adequate for 
neurologically intact adults with brain tumors. Although the MMSE is the most 
commonly used mental status test and might have prognostic value for progression- 
free and overall survival of patients with low-grade gliomas [37], it has a number of 
limitations [38, 39]. First, one must accept the basic limitation of any screening 
battery. Since the test has a limited number of questions, adequate testing of cogni-
tive function is not possible. Practically, however, the MMSE score is used as an 
indicator of intact or impaired performance. The cutoff score of 24 is associated 
with relatively high false-negative rates (test indicates the absence of impairment 
when impairment is present) and relatively high false-positive rates (test indicates 
impairment when no impairment is present). Given its limited sensitivity, declines 
on the MMSE may be underestimates of the proportion of patients with true decline; 
subtle changes in cognition related to tumor and/or treatment effects on cognition 
may thus be missed. Additionally, MMSE scores are affected by educational level, 
race, and gender. Despite these limitations, the MMSE provides a “quick-and-dirty” 
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Table 9.1 Neuropsychological tests commonly used in brain tumor patients

Perception/information processing
Line Bisection Test. A device for measuring unilateral neglect, which is usually a sequel of 
massive right hemisphere lesions.
Benton Facial Recognition Test. This task was designed to detect impairment in the 
discrimination of faces, a disorder associated with right hemisphere lesions. Since both the 
target and matching face are seen together, memory requirements are minimized.
Judgment of Line Orientation Test. A test of spatial judgment, also designed to detect right 
hemisphere dysfunction.
Digit Symbol. This test provides a measure of psychomotor performance that is relatively 
unaffected by intellectual prowess. This test may not be appropriate for patients with marked 
motor impairment. A variant of this test is available that requires a verbal response only, thus 
decreasing motoric demands.
Grooved Pegboard Test. It assesses motor speed and dexterity (dominant and non-dominant 
hand)
Memory
Rey Auditory Verbal Learning Test. This test provides information on immediate verbal 
memory, rate of learning, occurrence of retroactive and proactive interference, delayed recall, 
and recognition.
Hopkins Verbal Learning Test, which is a list of 12 words in 3 semantic categories that 
measures immediate recall across 3 trials, recognition of  the words from distractors, and 
delayed recall.
Working Memory Task. This task is designed to measure the speed of memory processes and 
involves working on short-term memory.
Attention and executive function
Stroop Color–Word Test. This test is a selective attention task aiming at measuring interference 
susceptibility.
Categoric Word Fluency Task. A simple task requiring the generation of words from specific 
semantic categories within a limited time.
Controlled Oral Word Association, which requires the production of words beginning over a 
specific letter for three 1-min trials.
Trail Making Test. This test predominantly measures functions associated with executive 
function. The Trail Making Test is highly dependent upon motor speed, and may not be 
appropriate for brain tumor patients with marked motor impairment.
Digit Span, which requires the repetition of numbers forward and backward.
Brief Test of Attention. Designed to assess the severity of attentional impairment among 
nonaphasic hearing adult patients.
Premorbid estimates of intellectual functioning
National Adult Reading Test. This test relies on current performance of reading ability or 
vocabulary knowledge to estimate premorbid abilities. Both reading ability and vocabulary 
knowledge tend to be less affected by brain damage than other cognitive abilities. By using 
these abilities to estimate premorbid IQ, the examiner is able to get an estimate of a lower- 
bound to previous IQ.
Barona Index. Weighted composite score on the basis of age, gender, race, residence, 
education, and occupation.

Depending on availability of specific tests, normative data, and ease of administration many local 
modifications of these tests are in use. The suggested definition of cognitive impairment to be used 
in clinical trials is a test score ±1.5 SDs worse than the mean of a given test’s normative age- 
adjusted distribution, and when available gender and education-adjusted distribution
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assessment of overall cognitive function, and in most contexts a score of 22 or lower 
is considered an accurate mark of clinically significant cognitive impairment as is 
usually the case in patients with tumor progression [5].

Since a combination of cortical and subcortical lesions, epilepsy, surgery, radio-
therapy, AEDs, corticosteroids, and psychological distress is likely to contribute to 
neurocognitive dysfunctioning in an individually unpredictable way, it would be 
most pragmatic to choose a core clinical trial testing battery that gauges a broad 
range of neurocognitive functions. Additionally, the neuropsychological measures 
have to meet the following criteria: (1) assess several domains found to be most 
sensitive to tumor and treatment effects; (2) have standardized materials and admin-
istration procedures; (3) have published normative data; (4) have moderate to high 
test–retest reliability; (5) have alternate forms or are relatively insensitive to prac-
tice effects, and are therefore suitable to monitor changes in neurocognitive function 
over time; (6) include tests that have been translated into several languages (i.e., 
Catalan, Dutch, English (UK and US), French (France and Canada), German, 
Hebrew, Italian, Spanish (Spain and the USA), Turkish) or require translation pri-
marily of test directions; and (7) total administration time is 30–40 min. The neuro-
cognitive domains deemed essential to be evaluated include attention, executive 
functions, verbal memory, and motor speed. The test battery that meets most of the 
afore-mentioned criteria has successfully been used and is still being used in a num-
ber of EORTC, NCCTG, NCI-C, RTOG, MRC, and HUB multisite clinical trials. 
This battery assesses: memory, Hopkins verbal learning test [40], which is a list of 
12 words in 3 semantic categories that measure immediate recall across 3 trials, 
recognition of the words from distractors, and delayed recall; verbal fluency, con-
trolled oral word association [41], which requires the production of words begin-
ning over a specific letter for three 1-min trials; visual-motor scanning speed, trail 
making test part A [42], which requires the subject to connect dots in numerical 
order as rapidly as possible; executive function, trail making test part B [42], which 
requires the subject to connect dots with alternating numbers and letters as rapidly 
as possible. Evidently, local modifications of this battery can be made by adding 
tests depending on the goal of the neuropsychological assessment. Data that can 
thus be gathered systematically both for clinical and research purposes, additionally 
facilitate comparisons over patient groups and/or treatment regimens.

9.5  Conclusion

With the development in treatment options for brain tumor patients, neurocognitive 
functioning is an increasingly important outcome measure, next to traditional mea-
sures as progression-free and overall survival, because neurocognitive impairments 
can have a large impact on self-care, social, and professional functioning, and con-
sequently on health-related quality of life. New treatment options and combinations 
of standard treatments for brain tumor patients warrant the further use of NCF as 
outcome measure to guide the physician in clinical decision-making and in 
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determining the treatment-related neurotoxicity in clinical trials. In long-term sur-
viving patients with brain tumors assessment of NCF has also become crucial 
because the prevention of side effects of brain tumor treatment is becoming another 
challenge now that subgroups of these patients live longer. Likewise, concerted 
action into studying the costs and benefits of neurocognitive assessments related to 
outcome of these patients is warranted.
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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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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 

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 
activities training

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

Modified from Society of Cognitive Rehabilitation
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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.
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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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11.1  Introduction

Despite many new developments and efforts, the management of malignant brain 
tumour (BT), in particular glioblastoma (GBM), remains a challenge in many ways. 
This chapter will consider the behavioural challenges in BT patients and different pos-
sibilities of management and may contribute to an often neglected area of management 
in these patients. Changes in behaviour and personality are the most frequent changes.

Mental changes can be subtle, and may be recognizable only for the patients, or 
the caregivers might become aware of the changes and note that something is “dif-
ferent”. Subtle changes can affect language and communication, resulting in 
reduced verbal fluency, attention and concentration and reduced memory and learn-
ing and, in particular, personality and emotional changes.

Behavioural changes in BT patients cover a wide range and are poorly defined. 
Mental and psychopathological changes can occur in patients with BTs. As BTs 
encompass variable numbers of different tumours, with a broad range of clinical 
courses and therapeutic options, this chapter will focus on the most frequent tumour 
occurring in adults, GBM.
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GBM and anaplastic glioma (World Health Organization; WHO III [1]) have a 
similar time course. Low-grade gliomas have a much longer life expectancy and 
affect a younger age group than GBM, and will therefore only be mentioned in 
regard to possible radiotherapy damage and seizures.

The larger group of generally “benign tumours”, such as as meningiomas and 
others, as well as cancer-associated intracranial and intracerebral tumours (metasta-
ses) will not be discussed.

Despite the attempt to classify the behavioural changes in BT patients in regard 
to the cause and their temporal occurrence, patients need a thorough individual 
assessment. There is also the possibility that, in an individual patient, different 
causes may overlap. For example, a personality trait may be accentuated in a situa-
tion of crisis. The patient may be aged, and a concomitant infection may occur, 
which, in addition to the strategic localization of the tumour (e.g., frontal), may 
complicate the search for the etiology of the behavioral changes.

11.1.1  Time Course of the Disease

The typical presentation of a BT can be with neurological signs (e.g., hemiparesis, 
hemisensory symptoms) and also with speech or neuropsychological symptoms, 
seizures, or cognitive and personality changes. Rarely, the presentation is confined 
to anxiety and psychosis.

In general, the acute or subacute onset of a personality change, mood swings or 
psychotic behaviour in a middle-aged or mature or elderly person should point to 
the possibility of a BT [1]. From the practical point of view the temporal aspects of 
the course of GBM are classified into four phases.

P1 At diagnosis
P2 During active treatment
P3 Progression and cessation of active tumour treatment
P4 End of life.

P1, the first phase, is the time of diagnosis, where patients can have behavioural 
abnormalities. These abnormalities can be the initial presentation of the tumour, or 
they may be behavioural patterns related to the tumour and the diagnosis. This ini-
tial phase can often be compared with the previously described pattern of the stages 
described by Kübler-Ross [2] where there is denial, not acknowledgement, and 
often procrastination in regard to the awareness of the disease. As the diagnosis of a 
fatal disease has immediate and unexpected changes in the life of the person, major 
psychological and even psychiatric reactions may occur.

P2, the second phase, is the time of active tumour treatment, which is usually 
standardized. Both the patients and the medical team aim to improve and preserve 
the patient’s status quo. In this timely context, focal organic and drug symptoms, as 
well as seizures, can appear.
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Brain organic symptoms, and seizure-related and psychiatric symptoms can 
overlap and at times cannot be distinguished from one another. The time of active 
anti-tumour therapy is a busy time for patients and their health care professionals 
(HCPs), and the patients often suffer not only treatment effects, but also gradual 
worsening of their symptoms and competencies. Denial often changes, with the 
recognition of reality, and patients and their carers may feel the increasing burden 
of the disease.

However, the continuation of denial and often unreal expectations may have a 
strong influence on the relations with the HCPs. Suggestions from friends, relatives, 
or internet searches seem to open new possibilities, and the usual course of evidence- 
based behaviour of BTs and the value of common treatment procedures are denied.

In addition, there may be a tendency to request a second and even “multi” opin-
ions, and this can often be a burden in the relations between the HCPs and the 
patient and carers.

An analytic, open approach from the patient/carer and the HCPs is necessary to 
face these situations, as patients and carers will often return for help in advanced 
stages, after the failure of what seemed to be promising alternative therapies. A door 
of understanding must be kept wide open, even after severe difficulties.

However, the slope can be slippery, and patients and carers may demand, from 
the HCPs, support to convince insurance providers and medical institutions to 
finance and pay for their often irrational therapeutic wishes. This can create difficult 
relations.

P3 The third phase usually marks a time point when the tumour has progressed 
and often cognitive changes dominate. Cognitive changes are often diffuse and have 
multifactorial causes. The common presentation is a global reduction of mentation 
and cognition; reduced tenacity; and impairment of speech, often accompanied by 
loss of activity, lack of initiative and sometimes apathy, which can also be a poten-
tial frontal lobe sign. Conversely, but more rarely, patients can present with mood 
swings, mania, dysphoria, anxiety and irritability. Often patients who suffer from 
speech disorders are very irritable. At this stage the HCPs often make the decisive 
step to reduce treatment, which can be quite excessive, to supportive measures that 
are aimed to improve or maintain the patient’s quality of life.

The expectations now shift from cure and healing towards prolonged life expec-
tancy and survival. In this stage severe cognitive and mental changes develop, which 
make life at home and maintenance and care of the patient difficult. There is often a 
need for counselling and advice for the carers, to support them in their difficult task. 
Depending on the site of the tumour, motor, sensory and neuropsychological handi-
caps may also complicate the management of the patient.

There can be several behavioural changes, often rather resembling depression 
and apathy, more rarely more exogenic behaviours such as anxiety, restlessness and 
even manic behaviour.

P4 Phase 4 is the “end of life” where most patients veer towards an apathetic 
state, while some have a more agitated behaviour, which can make the last phases 
quite difficult. Often also somatic symptoms such as the “death rattle” and diffuse 
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“all body pain” create a difficult environment and not only have an uncertain impact 
on the patients, but are also difficult to bear for the carers.

The interactions between the HCPs, the carers and the patients now have several 
variations. Ideally, when the patients and carers are well prepared and accepting, the 
transition into the final stage can be smooth. There are many aspects of this transi-
tion, which will be discussed subsequently. Important interactions also occur in the 
context of cultural differences.

11.2 Causes of behavioral

11.2.1  Focal and Diffuse Brain Damage

These considerations refer to diffuse and focal brain lesions. Due to their diffuse 
effect, or the strategic location, they can be the cause for behavioural changes. Local 
tumors, recurrence, cysts, hydrocphalus and leptomeningeal tumor spread need to 
be evaluated and if feasible treated.

Among all cancer patients, BT patients are considered at higher risk of develop-
ing neuropsychiatric symptoms during the course of their disease. Although this 
occurs rarely, some BTs may present with neurobehavioural or psychiatric symp-
toms only.

Symptoms of anger, loss of emotional control, indifference and changes in 
behaviour are commonly reported by BT patients [3–7]. Personality changes can 
result directly from the presence of the tumour or from its treatment, including cra-
nial irradiation, chemotherapy, corticosteroids, and antiepileptic drugs.

The precise extent to which tumour location impacts on psychopathology is not 
well understood. Neuropsychiatric symptoms are, per se, nonspecific in terms of 
tumour localization, and also do not strictly correlate with the degree of tumor 
malignancy.

Brain tumours in the frontal and temporal lobes may produce varying degrees of 
neurobehavioural changes, including mood alterations, impaired judgement, inat-
tentiveness, irritability, memory deficits, and frank dementia 1. Quantitative studies 
indicate that behavioural problems are more evident in patients with frontal tumours 
than in controls without neurological compromise. Patients with frontal tumours 
report more executive dysfunction, apathy and disinhibition than patients with non-
frontal tumours.

Classically, three “frontal lobe syndromes” have been proposed to arise in 
patients with BTs located in specific prefrontal areas. Damage to dorsolateral pre-
frontal areas is associated with impaired executive functioning, orbitofrontal dam-
age may cause disinhibition and impulsiveness, and lesions in the medial frontal 
areas may result in apathy or abulia [8, 9]. Disinhibition and aggression may be due 
to structural damage or may represent physiological alterations of critical neu-
rotransmitter pathways.

However, clinically significant levels of apathy and executive dysfunction are 
reported by many patients with BTs located outside the frontal lobes. When the 
paralimbic structures are involved, mood problems are important.
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Patients with tumours affecting the corpus callosum, cingulate gyrus and deep 
and midline brain areas frequently demonstrate neurobehavioural symptoms, per-
sonality changes and affective disorders, and these changes are reported in up to 
90% of the patients [10] Neurocognitive and mood disorders have also been 
described in patients with cerebellar tumours and brainstem lesions, supporting the 
notion that the cerebellum has important functions in the neural network system 
relevant to higher cognitive function [11]. Patients with pituitary lesions and associ-
ated neuroendocrine dyscrasias are subject to mood and vegetative symptoms that 
mimic a primary depression.

The impacts of BT location on emotion and personality [12] have to be consid-
ered. Right hemispheric BT lesions, in addition to focal symptoms such as neglect, 
also seem to have a higher association with psychiatric symptoms. There is a wide 
range of focal pathology in regard to speech, coordination and apraxia, and there are 
also subtle changes in detecting intonation in prosody or loss of the ability to recog-
nize the prosodic speech of others. Depending on the tumour site, cortical blindness, 
prosopagnosia and rare individual neuropsychological symptoms can also appear. 
Organic brain changes result in neuropsychological disorders. Also, a Wernicke-like 
state can be produced by the involvement of parts of the limbic system [13].

In addition, tumour growth and brain oedema may have a significant influence on 
behaviour.

Whereas motor and sensory functions can often be easily tracked, correlated 
personality and behavioural changes are more difficult to localize and deviate sig-
nificantly from the “classical” localizing topography. This can be explained by the 
often diffuse growth and oedema, and also by the effect of a focal lesion on the 
network of the brain [14].

Differential diagnosis of behavioural changes may be difficult. A patient who is 
apathetic, withdrawn, and lacks motivation may be depressed or may have an organic 
brain syndrome. Patients with BT and delirium may be misdiagnosed as depressed. 
Levine et al. [15] reported that 64% of general cancer patients with delirium were 
misdiagnosed as depressed. This number may be even greater for patients with pri-
mary BTs. The distinction is important, as misdiagnosis and subsequent treatment of 
depression in a patient with an organic brain syndrome might worsen the condition.

Problems with memory or the inability to initiate activity can negatively impact 
adherence to treatment regimens. Patients may be offered experimental treatments, and 
the decision to participate and give informed consent requires intact reasoning, the abil-
ity to weigh risks and benefits, and the appreciation of long-term consequences.

11.2.2 Different Psychiatric conditions in BT Patients: 
Depression, Mania, Denial, Delusional Ideation, Perception 
of Reality, Psychosis

Although BTs can have several psychiatric manifestations, comparatively few recent 
publications discuss these common topics. There are two comprehensive papers on 
psychiatric symptoms in BT [1, 16]. Most efforts to describe psychiatric changes in 
BT patients focus on the role of tumour location in patients with psychiatric 
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symptoms and BT [17–19]. Another approach is the masking of a BT by psychiatric 
symptoms [20, 21], the orientation of the BT in regard to symptoms [22] and neu-
robehavioural presentations [23].

For practical use, a comprehensive summary of likely psychiatric manifestations 
is of value. It is useful to aim to make a distinction between a “psychiatric reaction 
(towards the disease)”, and an organic psychosis (if this terminology can be 
maintained).

Psychological/psychiatric/personality/coping reactions and traits can be equally 
caused by focal and diffuse organic brain damage and electrophysiological phenom-
ena; these traits may also be drug- and treatment-related and in the progressive 
disease stages may be due to often multifactorial changes. Apart from psychosis, 
denial, irritability, depression and apathy also occur.

The classification of psychiatric conditions will be discussed according to the 
current ICD 10 classification.

Descriptions of frequently occurring psychiatric phenomena discussed in the sci-
entific papers “Psychiatric aspects of brain tumour: a review” [ref1] and “Psychiatric 
symptoms in Glioma patients” [ref16] will be discussed.

11.2.2.1  International Classification of Diseases 10 (ICD 10)
The International Classification of Diseases 10 (ICD 10), noted in Chap. 4 “Mental 
and behavioural disorders”, lists psychiatric diseases in ten categories (F00–F99) 
and defines the criteria for valid diagnosis. Concerning this topic, the items F0 
“Organic, including symptomatic, mental disorders”, F2 “Schizophrenia, schizo-
typal and delusional disorders”, F3 “Mood [affective] disorders”, F4 “Neurotic, 
stress-related and somatoform disorders” and F5 “Behavioural syndromes associ-
ated with physiological disturbances and physical factors” will be of further inter-
est. A distinction is made between psychiatric diseases with an organic correlate 
(F0) and others with the focus on the psychopathology and the psychiatric manifes-
tations (F2–F5). Treatment options in part overlap and in part differ.

11.2.2.2  F0 Cluster (Organic Diseases)
The psychiatric diseases listed in this cluster share the same essential definition: 
They are defined through cerebral dysfunction and the resulting psychiatric symp-
toms. The cerebral impairment may be permanent, e.g., some definite loss of func-
tion due to severe brain injury, or may be transient, e.g., systemic disease or 
endocrine disorders affecting the brain secondarily. Concerning the latter, the psy-
chiatric symptoms diminish when the primary cause of disease is successfully 
treated.

An example of the first group (i.e., 11.2.2.1) would be an organic personality 
disorder resulting in a significant alteration of the habitual patterns of behaviour 
displayed by the subject.

The second group is more unspecific and includes such entities as delirium not 
induced by alcohol, or the postencephalitic syndrome [24]. Treatment of psychiatric 
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afflictions due to permanent damage may be symptomatic, and treatment of the 
underlying disease is essential for recovery.

Psychiatric disorders without evident organic connection: F2–F5.
This section describes psychiatric diseases using symptoms and time criteria, 

excluding external and differential diagnosis. However, organic damage of brain 
function or structures is, by definition, excluded from this section.

The diseases in F2–F5 include some diseases from the F2 cluster, e.g., acute 
psychotic disorders; the F3 cluster, e.g., depressive or bipolar disease; the F4 clus-
ter, e.g., panic disorder or general anxiety disease, and the F5 cluster.

Particularly interesting are three entities in the F4 cluster: acute stress reac-
tion (F43.0), adjustment disorders (F43.2) and finally posttraumatic stress dis-
order (F43.1).

Anxiety is a recognized prodromal and post-event symptom associated with seizures. 
Other physical causes of anxiety symptoms are similar to those considered in the etiol-
ogy of delirium: hypoxia of any cause (including anemia or evolving pulmonary 
embolus), electrolyte and endocrine abnormalities, sepsis, and unrelieved pain. Many 
drugs (e.g., corticosteroids) used in primary or supportive treatment of cancer in the 
nervous system often cause anxiety symptoms. Various phenothiazine antiemetics and 
other neuroleptics (e.g., haloperidol) can cause akathisia, which is described by patients 
as “anxiety.” In addition, drugs of any class with significant anticholinergic effects can 
cause anxiety and agitation, as can benzodiazepine anxiolytics and opioid analgesics.

This summary demonstrates not only the wide spectrum of psychiatric manifes-
tations, according to the “F” classification of the ICD 10, but also illustrates the 
often nonspecific manifestations, which do not allow us to determine the underlying 
“organic” or mental background.

11.2.3  Influence of Seizures/Epilepsy on Behaviour

Brain tumours are one of the main causes of acquired epilepsies (around 12% of 
all cases) and are associated with 3–6% of all new cases of epilepsy [25]. 
Rapidly growing tumours, such as GBMs, are associated with seizures in 37% 
of cases, while low-grade gliomas and dysembryoplastic neuroepithelial 
tumours are even more frequently (up to 70–100% of cases) the cause of sei-
zures and epilepsy.

The clinical and neuroimaging features of these tumours that are associated with 
the early onset of spontaneous seizures have been reviewed recently by Kasper and 
Kasper [26] Clinically, these tumours present with seizures usually in adolescence 
(mean age of 16.5  years). The lateralization and location of the tumours (in the 
majority temporal or frontal regions) determine the ictal presentation, as well the 
interictal abnormalities, including behavioural features.

In patients with epilepsy caused by low-grade gliomas, cognitive impairment and 
emotional dysfunctions are prevalent. These manifestations may be due to the effects 
of the tumour itself, seizures, psychological stress, chemotherapy, radiotherapy, and 
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the effect of antiepileptic drugs (AEDs) on brain function. Depression occurs fre-
quently in patients with epilepsy and BTs, probably being a sequela of both condi-
tions, as well as being a sequela of therapeutic interventions and psychiatric aspects.

According to the recent study by Rahman et al. [27], in a cohort of patients with 
primary BTs, with epilepsy in 68% of them, cognitive impairment was documented 
in 50.6%, and abnormal scores were documented on the anxiety scale in 33%, and 
on the depression scale in 34%. Importantly, there were no statistically significant 
differences between patients with and without epilepsy and seizures, so the pres-
ence of BTs itself could be attributed to cognitive impairment/depression/anxiety 
irrespective of the presence of epilepsy. However, a high seizure burden was an 
independent risk factor for poor health-related quality of life in patients with pri-
mary BTs.

Rarely, in patients with epilepsy, violent acts occur [28], which may be consid-
ered as ictal or postictal behavioural abnormalities. Postictal violence is character-
ized by resistive behaviour towards attempts of restraint, or—in rare cases—the 
behavior is due to postictal psychosis. Aggressive acts, rage and confusion have 
been described in children with epilepsy secondary to ganglioglioma or meningi-
oma in the temporal lobe. The involvement of the amygdala was considered to play 
the key role [29]. Abnormal behaviour has been associated with left as well as right 
hemispheric lesions. Left temporal focuses seem to be more frequently involved 
[29] in behavioural changes. Surgical interventions are curative for the seizures as 
well as the behavioural abnormalities in the majority of cases, [29]; however, there 
might be no behavioural improvement, and in some patients the behaviour may even 
worsen [30, 31].

Brinkman et al. [32] evaluated the prevalence and predictors of suicidal ideation 
in youth and adult survivors of paediatric brain tumours. Suicidal ideation was sig-
nificantly associated with mental health variables, treatment modality and history of 
seizures; these findings are concordant with numerous studies on the complex and 
multidirectional association between depression, epilepsy and suicidality [33].

Brain tumours sometimes are the cause of status epilepticus, including non- 
convulsive status epilepticus (NCSE). In adults with NCSE, 4–12% have a tumoural 
origin [34, 35]. In addition, patients with BTs and altered mental status were dem-
onstrated to have NCSE in 6% of all the cases [36].

Another significant diagnostic challenge in patients with BT-related seizures is 
peri-ictal pseudoprogression, which might result in transient clinical, including 
behavioural, and magnetic resonance imaging abnormalities that can incorrectly 
suggest tumour progression [37].

Although carefully controlled studies are lacking, newer AEDs such as leveti-
racetam, lamotrigine, pregabalin, and lacosamide have more favourable adverse 
effect profiles in patients with tumour-related epilepsies; minimal/or no interactions 
with chemotherapeutic agents are mandatory [38]. The psychiatric adverse effects 
of AEDs are well described [39–41].

Topiramate, vigabatrin, levetiracetam and zonisamide have been more frequently 
associated with adverse psychotropic effects than gabapentin, pregabalin, lacos-
amide and lamotrigine. The following adverse effects might be especially relevant 
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for the treatment of patients with tumour-related epilepsies: depression (topiramate, 
zonisamide, perampanel); agitation, aggression, irritability (levetiracetam, peram-
panel); and somnolence (topiramate, gabapentin, pregabalin).

11.2.4  Oncological (Tumour) Treatment

In addition to focal brain damage, seizures and treatment-induced effects need to be 
considered at any stage of the disease. Radiation can induce acute or delayed effects, 
but usually induces late effects, which are as important in LGG as in ?, and are less 
frequent in GBM; however, late important in LGG due to the long survival, and are 
less frequent in GBM, however may be important in longterm survivors.

Very frequently steroids can have psychotropic effects, which range from a non-
specific excitatory state, anxiety, irritability, and sleeplessness to overt psychosis, 
and also depressive states, as observed by Stiefel et al. (1989). Patients may become 
anxious, with psychomotor agitation and racing thoughts consistent with mania. 
They may also become dysphoric, with negative or nihilistic ruminative thoughts, 
sometimes escalating to the point of psychosis. Because these reactions are idiosyn-
cratic, it is difficult to predict which patients will have adverse reactions to 
steroids.

High-dose and prolonged steroid treatment always needs to be carefully moni-
tored and, as a rule, should be tapered. Generally there is a tendency to have patients 
on steroids for too long [42, 43]. Conversely, sudden discontinuation of prolonged 
steroid therapy may also result in mood swings and depression.

Interferons are associated with depressive reactions, usually at high doses or over 
long treatment periods. On rare occasions, acute depressive reactions occur shortly 
after treatment begins. Interferon-β is most likely to cause neuropsychiatric side 
effects. Interferon-alpha, which is used more often in neuro-oncology, is generally 
less problematic [44].

The issue of chemobrain has been attracting attention [45], in particular in low- 
grade gliomas [46]. The clinical correlation of slowing of mentation and cognition 
is also termed “chemofog” and is not well defined. In elderly patients in particular 
the influence of chemotherapy on cognition can be substantial [47].

Most drugs used in the treatment of GBM, such as temozolamide, do not seem to 
have psychotropic effects, although psychotropic effects due to several causes have 
been suspected in association with chemotherapy [38].

However, patients treated with older drugs, such as procarbazine (a monoamine 
oxidase inhibitor) can present with psychiatric symptoms. Also, during treatment 
with vascular endothelial growth factor inhibitors, acute mental changes can be 
caused by the development of posterior reversible encephalopathy syndrome [48].

Perioperative situations, such as the influence of sedation and anesthesia, can 
induce transient confusion and states of delirium in patients, in particular with 
increasing age.

At any time, as an effect of therapy, or concomitant infections causing, pneumo-
nia and rarely sepsis may occur. Oral mucusatoxic effects, may have an influence on 
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reduced fluid intake and subsequently dehydration. Rarely antibiotics as the chino-
lones can have psychotropic effects. [49].

Anemia can be caused by several circumstances, such as a drug side effect, or 
as a result of bone marrow damage or other causes. Anaemia usually occurs in the 
later stages of therapy, after several cycles of chemotherapy and bone marrow 
toxicity.

Also, increasing age needs to be considered as a cause of confusion [38].
However, the cumulation of benzodiazepines, antidepressants and, rarely, anti- 

dementia drugs, also needs to be considered, as well as the buildup of opioids [50, 
51] causing delirium. These presentations usually resolve or decrease in intensity 
with dose reduction or discontinuation of the relevant medication.

Anti-dementia drugs such as memantine and donezepil have been proposed to 
improve cognitive function in BT patients. As delirium can be a rare side effect of 
such drugs [52], the indication has to be carefully considered.

11.3 Management and treatment of behavioural disorders

Depending on the time of occurrence and the cause of the ? manifestation, several 
management suggestions can be made:

11.3.1  Communication with Patients and Caregivers

Communication with patients and caregivers is one of the most important tasks in 
the management of ?. This means that not only does the patient need attention and 
communication, but often co-management for the needs and behaviour of relatives 
is necessary. This can be made more complicated by cultural issues and will need 
adjustment of care.

Communication can be a concern for any of the health care professionals (HCPs) 
or member of the HCP group. Often the barriers to communication are lower with 
healthcare groups such as nurses and other members of the HCP, in particular with 
“lower ranks” of the medical hierarchy, than the barriers with physicians [53]. The 
members of the HCP group will either be exposed to communication difficulties, or 
they will pick up problems in their patient contacts and counselling.

11.3.2  Drugs and Psychotherapy

For the ICD 10 F0 cluster; cerebral dysfunction has to be treated if possible either 
symptomatically (e.g., impulsive behaviour following a permanent brain lesion) or 
by treatment of the underlying reversible cause (e.g., delirium arising from different 
causes or endocrine malfunction).

Psychiatric symptoms might also be treated with psychopharmacological medi-
cation, e.g., antidepressants or antipsychotics.
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Additionally, some modification or adaptation of behavioural disorders by means 
of different treatment settings, some specialized institutions, or special care through 
professionals at home or in nursing homes is suggested.

11.3.2.1  Regarding the F2–F5 Cluster
Psychiatric treatment should combine medical treatment and psychotherapy. Whereas 
there are guidelines and state-of-the-art consensus statements for the medical treat-
ment, e.g., selective serotonin reuptake inhibitors for depression, first- generation tri-
cyclic antidepressants are hardly used, although amitriptyline (which has a strong 
anticholinergic effect) still has a role in the treatment of neuropathic pain.

For psychosis preferably second-generation neuroleptic medication is used. 
Psychotherapy is a wide field and there are several methods to be chosen from.

Behavioural therapies show a rapid improvemenst of the altered psychic state 
and behavioural problems; however, the long-term effect seems to be inferior to 
other psychotherapies (e.g., psychoanalytical methods).

Mood stabilizers are rarely an issue in patients with glioma; however, if the 
patient also needs anticonvulsant therapy, valproate, carbamazepine, and oxcar-
bazepine can also act as mood stabilizers. Mood swings can be disconcerting, and 
can be treatment-dependent; for example, the effects of steroids may appear as 
unrest, agitation and anxiety.

The choice of drugs follows the same principles as those applying in patients 
with other psychiatric symptoms [16, 54].

11.3.3  The Final Stages

The management of “end of life” situations requires the full attention of all health 
care participants. Usually, if patients are treated by a continuous-care team, the 
experienced team will have a good feeling when the final part of the disease is 
reached. This is often managed in hospital or hospice care, and models of terminal 
home care [55] have also been developed. Not infrequently patients are sent to hos-
pital care in the last phase of their life, which is often due to difficult or unmanage-
able situations, or the irrational thought that some intervention may still help.

Usually patients become lethargic and apathetic; rarely, a final delirium develops 
[56]. Somatic issues such as breathing abnormalities, hypersalivation, “all body 
pain”, and an increase in or the first appearance of seizures create difficulties for the 
carers and the HCP. The recent paper by Pace et al. and the European Association of 
Neuro-Oncology Palliative Care Task Force on palliative care and end-of-life care, 
tackles several aspects of these issues [57].

The HCP often has to make difficult decisions in the selection of symptomatic 
treatment of fever and infections. Also, there are issues of hydration and nutrition 
and the avoidance of therapeutic actions, which can appear to hasten death.

In these situations, an additional focus of attention is directed towards the carers, 
who can have a wide range of behavioural patterns, also depending on their cultural 
background.
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11.3.4  Further Considerations

11.3.4.1  Patients
On the patients’ side, multiple factors concerning treatment, social implications and 
support and long-term quality of life should be considered. Patients have to be 
assured of support, and the demoralization syndrome needs to be avoided [58].

Not infrequently a social decline precedes or follows the patient’s physical 
decline. Family resources are very important. It is important to give patients many 
opportunities to plan their future care. Also, caregivers need to be involved in the 
circumstances of the patient’s life care. It is important to communicate the patient’s 
plans and wishes.

11.3.4.2  Resilience
Somasundaram and Devamani [59], in a comparative study, focus on the factors of 
resilience, perceived social support and hopelessness among cancer patients. They 
concluded that patients with stronger social support and higher rates of resilience in 
curative care experienced less hopelessness and showed fewer psychiatric symp-
toms, e.g., depression. Resilience is defined as the ability to recover from psychic 
stress due to traumatic life events to the former level of psychic functioning. 
Following this study it might be important to support factors that increase resilience 
and coping and provide or encourage social support. Thus, relatives or other persons 
important for the patient should be integrated in the patient’s treatment, given care 
and encouragement and be strongly supported by professionals.

11.3.4.3  On Death and Dying
Kübler-Ross [2] primarily described the stages in the process of imminent death as 
denial, anger, bargaining, depression and acceptance. Subsequently, Kübler-Ross 
expanded the theory beyond dying and included other life events such as (the onset 
of) diseases [60]. Also phases of extreme fear of death can occur [61].

It is important to support or accompany the patient through these different 
phases, whether after diagnosis, through critical times until recovery or in the pro-
cess of dying.

Psychiatric diseases may occur or may exacerbate the different phases. or in 
some aspects or phases are identical (e.g., a depressive episode). Support can be 
psychological or medical, and can involve relatives and social contacts, or it can 
even occur on a religious or spiritual level.

11.3.5  Organizational Aspects

11.3.5.1  Consultation: Liaison Psychiatry
If psychiatric symptoms occur, a medical examination by a professional psychiatrist 
is essential. The symptoms and underlying diseases should be treated by a multipro-
fessional team [62, 63]. Regular examinations by a psychiatrist should be obliga-
tory, whether before and after diagnoses or throughout the treatment and perhaps 
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the eventual recovery or stabilization with some quality of life. Furthermore, psy-
chiatrists or psychologists should have an important role concerning the instruction, 
teaching and training of staff (doctors and nurses and other members of the HCP 
group) to deal with the psychiatric symptoms and reactions of the ill.

11.4  Debriefing Carers/Bereavement

The end of life of the patient is not the end of the process for the carers.
Also, the HCP group may be emotionally affected after the patient’s death. 

However, the professionalism of the HCP group and their need to be available for 
other persons usually mean that these emotional effects are usually manageable. For 
the HCP group, interventions such as supervision post-case, or PM (post portem) 
[64] (Fearey) discussion and PM analysis may be helpful and will give incentives 
for the management of patients. It is important to look at possible complications and 
interactions. Also, the issue of “compassion fatigue” [65] has to be considered.

The situation is more complex for the carers, whose engagement often increases 
towards the final stages of the disease and then comes to an end. Positive emotional 
engagement, but also anxieties, fears and often guilt come to a sudden halt. These 
feelings can be aggravated in difficult final medical situations, and the final accep-
tance of the patient’s death may be difficult.

Relatives and carers need debriefing [66] from their responsible position, and 
therapies and coaching can be useful to help with the bereavement [67] process.

11.5  Summary and Conclusion

Behavioural changes can occur in BT patients; these changes have a wide range, 
from subtle ones to major personality changes, anxiety, mood swings, psychosis and 
apathy.

The changes are dependent on tumour stage, tumour localization and size, treat-
ment effects, seizures, and a variety of neuropsychological and psychiatric manifes-
tations; often the causes overlap but they may need distinct therapeutic strategies, 
which are not confined to drug therapy, but must involve the HCP team and the 
carers in addition to the patient.

In addition to the more technical aspects, such as care, treatment issues and 
drugs, interactive communication between the patients, the HCP team and the car-
ers, and also between the carers and patients, are major issues. The patient’s behav-
ioural changes can be temporary, permanent, and decreasing or increasing and 
escalating. They can be caused by “organic brain” issues, seizures, neuropsycho-
logical issues, and psychiatric interactions.

In addition to drug therapy, a communication strategy, counselling, and psychi-
atric interventions such as liaison services are helpful in the treatment of BT patients.
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12Neuropathic Pain in Nervous System 
Tumours

Augusto Tommaso Caraceni and Fabio Formaglio

12.1  Cancer Pain

Pain is one of most frequent symptoms in cancer. About 30% of cancer patients 
complain of pain directly due to the tumour from the beginning of the disease. Pain 
prevalence rises to almost 50% in the active treatment phase and reaches 70% in 
advanced cancer patients. In spite of significant therapy improvements occurred in 
the last 20 years, still about 66% of advanced cancer patients suffer from pain which 
is not optimally controlled [1].

Pain in advanced cancer is associated with symptoms as fatigue, dyspnoea, 
anorexia, and psychosocial and spiritual elements of suffering, such as anxiety, 
depression and loss of autonomy. Pain is directly associated with the degree of dete-
rioration of functionality and of quality of life in patients affected by tumours. The 
complexity of the needs of cancer pain patients are better met switching the goal of 
the therapeutic interventions from a just pain intensity reduction to a global pallia-
tive care strategy. This comprehensive management requires both a general pallia-
tive care approach and specialized multidisciplinary palliative care teams [2].

The mainstay of cancer pain treatment is the use of pharmacological therapies, 
integrated with physical interventions and psychological and social supports when 
appropriate. Pharmacological treatment of cancer pain is mainly based on the 
World Organization of Health analgesic ladder method: drugs should be given “by 
the clock”, rather than “on demand”; preferred way to assume drugs is by the 
mouth, rather than invasive routes; clinicians should avoid fixed doses of analge-
sics and adapt drugs doses to the individual patient response; careful management 
of analgesic unwanted side effects is warranted. This guideline recommends to 
choose the analgesic according to pain intensity: non-opioids (Paracetamol, Aspirin 
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and non-steroidal anti-inflammatory drugs) for mild pain management; non-opi-
oids and second step opioids (Codeine, Tramadol, and low doses of Oxycodone or 
Morphine) for moderate pain; non-opioids and step III opioids (such as Morphine, 
Oxycodone, Fentanyl) for severe pain treatment (Table  12.1). Additional—
“adjuvants”—drugs should be added at any steps for specific pain syndromes, such 
as neuropathic pain and pain arising from cancer bone invasion. A rapid onset 
analgesic should be available for the management of pain exacerbations, also 
known as breakthrough pains, such as in the case of incident pain due to movement 
or weight bearing.

12.2  Neuropathic Pain and Central Pain

Neuropathic pain is defined as the pain arising as a direct consequence of a lesion or 
disease affecting the somatosensory system [3]. According to this statement, pain 
experts developed a consensus definition of the characteristics required for neuro-
pathic pain diagnosis (Table 12.2) [4, 5].

Table 12.1 Analgesics used in cancer pain management with initial typical doses

Drug Suggested dosages
Paracetamol 500–1000 mg, as needed or every 4–6 h

Maximal dose: 4000 mg/day
Ibuprofen 600 mg as needed or every 6 h

Maximal dose 2400 mg/day
Ketorolac 10–30 mg as needed or every 6–8 h

Maximal dose 120 mg/day. Only for short-periods 
treatment

Codeine (in association with 
Paracetamol 500 mg)

30–60 mg as needed or every 4–6 h
Maximal Paracetamol daily dose: 4000 mg day

Tramadol 50 mg as needed or every 6 h or 100 mg every 12 or 24 h 
(extended release tablets)
Use lower dosage when other serotoninergic drugs are 
administered
Consider halved dose in parenteral administration
Maximal daily dose 400 mg

Tapentadol 50–100 twice a day up to 500 mg/day
Titrate every 2–3 days from lower dosage
Consider Tramadol or other opioids analgesics as rescue

Morphine 5–10 mg every 4 h (immediate release formulation)
or 10 every 12 h (slow release tablets)
Titrate to effect every 24 h, increasing of 30–50% of 
daily dose

Oxycodone 5 mg (associated to Paracetamol 325 mg) every 4 h
or 5–10 mg (alone or associated to Naloxone), extended 
release tablets every 12 h
Maximum dose in Naloxone—associated tablets, 160 mg/
day

Fentanyl 12–100 mcg/h, 3 days patch
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Central pain syndromes are specific neuropathic pain conditions, arising from 
injuries or diseases of the brain and spinal cord [6, 7]. Central pain is an ominous 
complication of neurological diseases, as stroke and multiple sclerosis [8]. About 
one third of the patients with spinal cord injuries is affected by central pain [6]. 
Difficulties to investigate brain and spinal cord with neurophysiologic and neuro-
anatomical techniques in vivo have prevented an appropriate knowledge of the cen-
tral pain mechanisms. A combination of neuronal excitability and loss of inhibitory 
inputs, both caused by the neurosensorial net damage, is postulated to cause central 
pain [6]. Some recent observations attribute to the glia a primary role to sustain and 
augment neuropathic pain afferents [9].

The management of neuropathic pain generally is focused to reduce pain severity 
and to sustain patients about the disabling aspects of their diseases, since a direct 
intervention on the pain mechanisms only rarely can be implemented. Furthermore, 
the management of aetiological conditions typically does not lead to the pain remis-
sion. In recent years, several clinical studies on large neuropathic pain patients’ 
populations, mainly based on peripheral neuropathy induced pain syndromes, have 
permitted to define consistent guidelines on neuropathic pain therapy. Standard neu-
ropathic pain treatment is mainly pharmacological, based on a few antidepressants 
(Duloxetine and tryciclic antidepressants) and anticonvulsants (gabapentinoids) 
[10–13]. Data supporting combination drugs therapies are inconsistent [13]. Patients 
with neuropathic pain generally do not respond to Paracetamol and NSAID.  In 
peripheral neuropathic pain opioids are considered a fourth line treatment, reserved 
to selected poor-responding patients, for short period of therapy only [13]. In fact, 
at least one well conducted randomized controlled clinical trial shows benefits in 
combining Morphine with Gabapentin for peripheral neuropathic pain [14]. In the 
last years, a surge in United States hospital admissions, and even deaths, provoked 
by opioids over-dosage consequences, mainly in patients with chronic nonmalig-
nant pain conditions, has kicked off a heated debate about long term opioid treat-
ments for many chronic pain patients [15]. Sedative adverse effects of the opioids 
may impact with the functionality and hamper cognitive and physical neurorehabili-
tation programmes in patients suffering from neurological diseases. However, pain 

Table 12.2 Criteria for neuropathic pain diagnosis

Neuropathic pain 
criteria

Pain has a plausible neuroanatomical distribution
There is a clinical history of neurological disease or injury in a 
localization that can explain pain distribution
During examination are detected positive or negative sensory signs 
confined on the boundary of pain distribution and concordant with 
neurological lesions
Diagnostic neuroimaging and/or neurophysiological tests confirm 
neurological lesion or disease consistent with pain and sensory disorder 
distribution

Central 
neuropathic pain

Pain due to a lesion of the central nervous system

Peripheral 
neuropathic pain

Pain due to a lesion of the peripheral nervous system
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itself is one of the major factors of poor efficiency of rehabilitation. Thus, when 
appropriate, an opioid based treatment, managed by experienced clinicians, is war-
ranted also into a non-palliative context [16]. Non-pharmacological treatments 
could be considered in selected non-responders cases, added or in substitution to the 
standard drug therapies. Approaches based on psychology may enforce pain tolle-
rance. Overall, there is a significant effect for placebo to reduce central pain [17]. 
Several physical therapies may result in a pain decrease [18]. Mirror movements 
after limb amputation may decrease phantom limb pain. Thus, descendant motor 
neural efferents inhibit nociceptive afferent signals. Motor cortex brain stimulation 
techniques (direct electric cortex stimulation or transcranial magnetic stimulation, 
particularly into a repetitive fashion) reduce controlateral central pains, and support 
a weak recommendation for the use of motor cortex electrical stimulation in central 
post-stroke pain [19] and for repetitive transcranial magnetic stimulation in central 
pain from spinal cord lesions [20]. Data are inconclusive to recommend spinal cord 
stimulation, deep brain stimulation and dorsal roots neurolesions in spinal cord 
injury pain [12].

There are no conclusive central pain management guidelines. Duloxetine and 
tryciclic antidepressants, Pregabalin and Gabapentin, are considered first-line treat-
ments on the basis of favourable results into studies on specific central pain syn-
dromes, such as post stroke pain, pain in multiple sclerosis and post spinal cord 
injury (Table 12.3) [21–25]. Non steroidal anti inflammatory drugs and opioids lack 
of efficacy in these pain syndromes [26]. However, even with the best available 
treatments, central pain may often be reduced only of some degree and several 
patients fail any analgesic strategies [6, 27].

12.3  Neuropathic Cancer Pain

Neuropathic pain is a rather common complication of cancer. One out five cancer 
patient suffers from neuropathic pain. This prevalence rises to about 40% when are 
included patients with mixed neuropathic and nociceptive pain, both stemming 

Table 12.3 Pharmacological therapies for central neuropathic pain (modified from [13])

Drug Suggested dosages
Gabapentin Start: 100–300 mg nocte

Standard doses: 300–600 mg TID
Maximal dose: 1.200 mg TID

Pregabalin Start: 25–75 mg nocte
Standard doses: 150 mg BID or TID
Maximal dose: 300 mg BID

Amytriptiline Start: 10 mg nocte
Standard doses: 25–50 mg nocte or BID
Maximal dose: 50 mg morning—100 mg nocte

Duloxetine Start: 30 mg day
Standard doses: 60 mg day
Maximal dose: 120 mg day
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from pain mechanism peculiar to cancers, and also considering patients affected by 
more than one pain [28]. Neuropathic pain in cancer patients is difficult to manage, 
and often requires a specific expertise. Neuropathic pain is a major responsible of 
cancer pain therapy failure and significantly impact on quality of life [29–31].

Neuropathic cancer pain is the painful syndrome directly caused by the impact of 
growing cancers on nervous structures [28] (Fig. 12.1). Several characteristics of 
neuropathic cancer pain, such as the distribution, qualities and the generating mech-
anisms of the pain, distinguish this syndrome from non-oncological neuropathic 
pain. Common neuropathic cancer pain treatment also differs from that of neuro-
pathic pain not caused by cancer. When directly caused by cancer it is common 
clinical practice to manage pain mainly with opioid medications, while antidepres-
sants and anticonvulsants are used as adjuvants analgesics. A few clinical trials 
show a small but significant evidence of superiority of the treatments based on 

Fig. 12.1 Patient with carcinoma of the cervix infiltrating the lumbar plexus which generates: 
lancinating pain episodes; continuous burning pain; dysesthesia to touch. Regions of the skin with 
sensory loss (blue line) and allodynia to the touch (red line) are outlined
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Gabapentin or Pregabalin in addition to an opioids therapy taken at regular time 
over an opioid treatment alone [32–34]. Duloxetine analgesic effect into neuro-
pathic cancer pain is postulated and currently investigated [35]. However robust 
clinical studies on this syndrome are still lacking and strong clinical recommenda-
tions cannot be given [34].

12.4  Pain in Brain and Brainstem Tumours

Brain and other intracranial tumours involving the brain and the brain stem can 
generate complex pain syndromes. Within a large survey on pain caused by cancers 
of different types, complains of non-neuropathic pain of the head, due to intracra-
nial hypertension and meningeal disease, are rare conditions, and neuropathic pains, 
due to cerebral and brain stem tumours, are even less frequent [36].

However, in selected populations of brain tumours patients, bodily pain and 
headache are between the main disturbing symptoms, showing a surge in frequency 
and severity during the last phases of the disease [37–39].

In these patients headache is largely the most prevalent type of pain, occurring in 
30–90%, showing higher occurrence during the last weeks of life [37, 39–45]. 
Headache is mainly caused by raised intracranial liquoral pressure, due to growing 
tumours and surrounding edema, and to obstruction of liquoral reabsorption path-
ways. This pain is dull, diffused to the head, it has daily recurrence, worst in the 
early morning and lying down, and is typically aggravated by Valsalva manoeuvres 
[46]. The main treatment for raised liquoral pressure headache are steroids, for their 
anti edema effect [47]. Dexamethasone is largely the most used steroid [37, 42, 45]. 
Dexamethasone, at the usual dosage of 4–8  mg/day, provides pain relief in the 
majority of the patients. Higher dosage of 16  mg/day can be given in treatment 
failure cases, sometimes together or substituted by Mannitol in urgent situations, 
waiting for radiotherapy or surgical treatment and chemotherapy of the tumour [43, 
48–50]. However, robust confirmatory investigation studies on the appropriate ste-
roid dosages and duration of the therapies are not available [49]. In two small stud-
ies Dexamethasone dosages of 4, 8 and 16 mg/day showed overlapping effects [51, 
52]. Long-period Dexamethasone therapy is associated with side effects, which 
include oral thrush, dysphoria, Cushing dysmorphism, steroid myopathy, more 
accentuated to proximal limbs, osteoporosis, gastric lesions and diabetes mellitus 
[43, 53]. When necessary, a slow steroid tapering, done into 2 weeks or more time, 
is recommended, due to the high frequency of symptoms recurrence [49].

Leptomeningeal spread of brain tumours [54], but also sometimes invasion of 
other skull tissues, as dura mater [55], can cause pain [56, 57]. Pain is typically 
referred to neck and to retro orbital regions [56, 58]. Steroids, along with standard 
analgesic therapy and radiotherapy are usually indicated.

Intracranial tumours localized into the cerebellopontine angle may be the cause 
of trigeminal neuralgia-like syndromes. The larger prevalence come from neurino-
mas of the Acoustic nerve [59]. Surgical resection is the standard of care. In selected 
cases stereotactic radiosurgery could be a valid alternative [60]. Trigeminal pain 
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therapy is based on anticonvulsants, specifically Carbamazepine, or in some refrac-
tory patients Oxcarbazepine, Lamotrigine or Baclofen, while there is no role for 
opioids and anti-inflammatory drugs [11, 61].

Central neuropathic pain is a peculiar, but infrequent, feature of brain and brain 
stem tumours. Central pain existence is documented from a few case reports and by 
a small survey. Cheek and Taveras reported the features of some patients affected by 
tumours involving the thalamus [62]. Gan and Choksey described the case of a 
patients with facial pain, which they hypothesized was due to an irritative state of 
the brain cortex produced by a parafalcine meningioma [63]. Patel et al. reported the 
case of a patient suffering from central pain due to a thalamic metastasis [64]. In a 
wide survey on cancer pain, excluding cases provoked by raised intracranial pres-
sure, no patients suffered from pain due to intracerebral metastatic lesions [36].

A few surveys on the last period of life in patients with cerebral gliomas report a 
prevalence of non-cephalic pain between 10% and 30% [37, 44]. These pain syn-
dromes are no further described, but they could account for central neuropathic 
mechanisms, with pain projected to the body. Gonzales et al., from the New York 
Memorial Sloan-Kettering Cancer Center, investigated the prevalence of central 
pain in hospitalized patients with cancer, seen as consults by the Pain Service or by 
the Neurological Service. Sixteen patients (4%), from a total of 388 cancer pain 
patients visited from a neurologist pain consultant, and 11 (2%), from 557 patients 
with cancer pain admitted to the neurological ward, had a diagnosis of central pain. 
Six patients only, from the 27 central pain patients, had an history of brain tumours, 
3 with thalamic injuries, 2 with a left parietal and 1 with a right parietal brain inju-
ries. No patient with brainstem lesion and central pain has been reported [65].

The hypothesis that only afferent nociceptive neural pathway lesions may gener-
ate neuropathic pain is respected by these scarce clinical reports [5, 6]. Thalamus is 
the main hub of the somatosensory system in the brain, and it projects pain percep-
tions to the insula and to the parietal cortex. Thus, it does not surprise that these 
structures injuries only are associated with central pain. Central pain in cancer 
patients is idiosyncratic: only a few of patients with apparently identical lesions will 
develop neuropathic pain. Pain generating mechanisms are still greatly unknown. In 
the survey previously described, neoplasms injuring parietal cortex (3 cases) were 
metastatic: two of breast type and one of laryngeal origin. Thalamic lesions (3 
cases) were the consequences of a an oligodendroglioma invasion of the right basal 
brain in one case, of the bilateral thalamic region spread of an anaplastic astrocy-
toma in the second case and of a cerebral lymphoma mass in the left thalamic region 
in the third case. This latter patient experienced an exacerbation of a burning sensa-
tion to the deep regions of the controlateral hemibody immediately after every intra-
venous Methotrexate injection [65]. Thus, the hypothesis that central pain is 
maintained by glial activation in association with a specific neoplasm cytology is 
clinically unproven [6]. Central pain in cancer patients may also rarely arise from 
surgical lesions of the brain and brainstem.

Neuropathic pain due to brain neoplasms onset may be delayed, from days to 
several years, after the cerebral injuries; it may last even for years, or have a dura-
tion of a few days only [65]. Usually there is not a clear-cut relation between pain 
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and tumor progression. Sometimes neoplasm treatments, as surgery, radiotherapy or 
chemotherapy, alleviates neuropathic pains, but in some other cases these interven-
tions can exacerbate, or even generate, central pains. However, all the patients in the 
Memorial Sloan Kettering Cancer Center survey received these treatments, and also 
steroids, with the intention to alleviate pain [65].

Central pain in brain neoplasms patients respect the plausible neuroanatomical 
distribution rule [6]. Pain is projected to the contralateral to the brain injury side: 
limbs and trunk, in variable pattern, plus sometimes to the controlateral side of the 
face, but also to the homolateral side in dissociated sensory syndromes caused by 
brainstem neoplasms. The prevalent clinical literature reports pain syndromes char-
acterized by a dull and aching qualities, continuous and non-paroxysmal duration, 
diffuse to deep tissues and poorly localizable. Central pain diagnostic criteria 
include the detection of sensory abnormalities confined in the painful regions [5]. 
Often central pain patients show an exacerbation of pain provoked by cold stimuli—
cold allodynia [8]. All central pain cancer patients examined by Gonzales and co- 
authors presented abnormal temperature sensations, including cold allodynia and 
impaired sensitivity to cold and heat stimuli [65].

12.5  Pain in Spinal Tumours

Central neuropathic pain from spinal cord lesions could be severe and refractory to 
standard pharmacological therapies. Moreover it is usually associated with highly 
disabling neurological conditions, such as paraparesis/tetraparesis and loss of blad-
der and bowel control, which contribute to aggravate global quality of life [66].

Tumours of the spine and spinal cord more often provokes mixed neuropathic 
and nociceptive pain syndromes, the latter from bone and meningeal structures 
involvement. Neuropathic pain itself often share central and peripheral characteris-
tics, from the involvement of both spinal cord and nervous roots [67]. In a survey on 
central pain from cancer, spinal cord lesions were by far more often associated with 
pain than brain or brain stem lesions, occurring in a total of 21 of 27 patients [65].

Pain is the predominant presenting symptom in neoplastic epidural space inva-
sion [68, 69]. Leptomeningeal seeding of neuroaxial tumours very often presents 
with radicular pain or pain projected to the neck or to the back [56, 58]. In the sur-
vey by Gonzales and others 2 out of 21 patients with central pain for spinal cord 
compression had leptomeningeal cancer diffusion [65]. Chronic neuropathic pain 
after radiotherapy and/or surgical spinal cord tumor resection may affect several 
patients [70]. Interestingly, a direct association between intraoperative hypotension 
and postoperative steroids treatment with central neuropathic pain occurrence has 
been recently evidentiated [71].

In the Memorial Sloan-Kettering Cancer Center patients survey on central pain, 
8 patients only out of 21 had a primitive medullary tumour: 5 out them were affected 
by a spinal cord ependymoma type, 1 by a spinal cord glioblastoma, 1 by an astro-
cytoma type and 1 by a neuroectodermal tumor [65]. Sensory abnormalities and a 
wide variability in pain evolution in the time are peculiar spinal cord central pain 
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features, as well in brain tumours central pain [65, 72]. Pain qualities and its con-
tinuous rather than paroxysmal appearance are common in spinal neuropathic pain 
as in other central pain syndromes [72].

Spino—thalamic tract lesions only, thus involving anterolateral columns of the 
spinal cord, may generate central pain. In ventral spinal cord tumor lesions, pain and 
associated neurological deficits, such as thermal and pain insensitivity and paralyses 
below the cord damage, may develop suddenly as a result of ischemia in the Anterior 
Spinal Artery territories [68]. Neuropathic pain project to the trunk and lower limbs, 
and also to upper limbs in cervical neoplasms, with upper sensory level a few der-
matomes under the cord lesion. When the cord damage prevails into a side, the 
Brown-Sequard syndrome features may be seen: neuropathic pain is distributed to 
the controlateral to the cord lesion side, under the cord damage level, and may asso-
ciates with the homolateral lower limb paresis or hemiparesis, and with dissociated 
sensory loss, controlateral thermodolorific hypoesthesia and homolateral mechani-
cal and kinaesthetic hypoesthesia. Central spinal cord tumours, as ependymoma, 
may interrupt spino-thalamic nerve fibres into their controlateral decussation, thus 
provoking suspended for a few dermatomes thermodolorific sensory loss and some-
times pain in the same regions.

12.6  Conclusions

Pain is a frequent complication of cancer and requires appropriate assessment and 
treatment. Pain due CNS tumours is usually different from pain due to other non- 
CNS tumors, and may have complex pathopysiology. Accurate diagnosis of the pain 
characteristics and cause is required to personalize treatment.
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13.1  Psycho-Oncology

Since ancient times humans tried to find a link between psyche and disease; in mod-
ern times, the bio-psycho-social model is considered to be the foundation of psy-
chosomatic medicine and the model to explain, as well as possible, the connection 
between mind and body.

Psycho-oncology is a multidisciplinary matter that studies the psychological, 
social and behavioural aspects of cancer and involves several health professionals, 
such as psychologists, psychiatrists, oncologists of various specialties, surgeons, 
radio- and chemotherapists, specialists in pain and rehabilitation therapy. The 
psycho- oncological care is comprehensive and goes from the psychological evalua-
tion during the communication of the diagnosis to the rehabilitation phase or to the 
psycho-physic management of the terminal patient [1].

Psycho-oncology considers both the psychological responses of patients and 
their caregivers to cancer, during all the phases of the disease, and the psychologi-
cal, behavioural and social aspects that may have repercussions on cancer.

Cancer is a disease that involves both the body and the mind.

13.1.1  Stress Reaction

Hans Selye, who pioneered research on biological effects of exposure to stressful 
stimuli with rats, provided one of the first definitions of stress [2]. He conceptualized 
the general adaptation syndrome that consists in the activation of the hypothalamic–
pituitary–adrenal (HPA) axis with increased adrenocorticotropic (ACTH) and corti-
sone hormone scarring, atrophy of the thymus, spleen and other lymphoid tissue and 
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gastric ulcerations. He described three stages: the first one consists in a brief alarm 
reaction, the second one in a prolonged period of resistance and the last one is over-
tiredness and death [3]. Further studies were carried out by Lazarus who considered 
four concepts in the analysis of the stress process [4]: (1) a causal external or internal 
agent, which is the stressor; (2) an evaluation that discriminates what can be harmful 
and what not; (3) coping processes use to deal with stressful demands and (4) a com-
plex pattern of effects on mind and body, which is the stress reaction.

Man, differently from rats, does not passively suffer an external stimulus, but, 
through a cognitive assessment, attributes a meaning: therefore, differentiated physi-
ological responses result for each individual, due to exposure to the same stressor [5].

In psycho-oncology, the individual’s response to the disease can be considered as 
a stress response involving psychological, social and relational aspects, which 
assumes a sense of threat to their own existence, integrity, identity and role [1]. The 
exposure to events that are significant emotional stressors for patient causes a series 
of cascade modifications involving the central nervous system (CNS), the peripheral 
nervous system (PNS), the endocrine system and the immune system. The impor-
tance of the relationship between stress, depression and hormonal changes was 
emphasized by Board [6] and Sachar [7].

When individuals are exposed to stress, the HPA axis and the sympathetic- 
adrenal- medullary (SAM) system can be activated commanding the secretion of 
corticosteroids and catecholamines; the chronic stimulation of the HPA axis is pos-
sibly associated with higher risk of developing cancer [8].

13.1.2  The Bio-Psycho-Social Model

The bio-psycho-social (BPS) model has ancient philosophical roots, which start 
from criticism to dichotomy between mind and body. Plato had already known the 
need for a global vision of man:

For that is the biggest mistake in the treatment of disease, that mind and body are all too 
much separated, whereas they cannot be separated - however this is overlooked by Greek 
doctors… They should care for the whole, for there, where the whole is in a bad state, a part 
can never be healthy.

—Plato, The Charmides

Plato’s theorizations apply not only to physicians in ancient Greece but, in the same 
way, to contemporary medical practice including oncology [9].

Instead of these theories, Descartes conceptualized mind and matter as two great, 
mutually exclusive and mutually exhaustive divisions of the universe [10]. This 
vision was crucial to founding the basics of modern medicine.

In the twenty-first century, the biomedical model remains necessary, but it is no 
longer sufficient because it ignored the influence of the mind on the body. 
Consequently, the role of psychological factors in the onset and progress of disease 
and in the effects of the disease and its treatment on the patient’s quality of life have 
been largely ignored or minimized [9]. This thought also involved oncology.
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Fortunately, the situation has advanced in the past decades. Progresses in treat-
ment have changed therapeutic strategies and have prolonged the lives of oncologi-
cal patients, thereby focusing attention on the quality of life despite Cartesian 
dualism influences. This condition led to the emergence of two new medical disci-
plines: palliative medicine and psycho-oncology [11].

In this context of ideological innovation, great importance has had the Engel 
theory that was the first to discuss about a bio-psycho-social (BPS) approach to the 
disease [12]. The physical, emotional, cognitive, behavioural and social areas are 
included inside the BPS model. Engel theorized that biological, psychological 
(thoughts, emotions and behaviours) and social factors all together play a significant 
role in human functioning, in the context of the disease. Engel’s studies focused to 
understand how psychological phenomena could influence physiology [13]. He 
espoused a dictum that is paradigmatic of the BPS model [14]:

Science itself is a human activity; the lesson: that humanness and human phenomena cannot 
be excluded from science.

—Engel

The words by which we identify different aspects of the disease are an example of the 
BPS model. The word “disease” is related to the biological area and means an abnormal 
and pathological condition that affects the organism. It’s often construed as a medical 
condition, associated with specific symptoms and signs. The world “illness” represents 
the psychological aspects and identifies the subjective sense of feeling unwell, a per-
son’s perception of the disease. On the other hand, the world “sickness” is related to the 
social and cultural conception of health conditions that influence how the patient reacts.

Brain tumour is a serious and complex health condition that can have devastating 
physical, cognitive and psycho-social effects on patients and their caregivers.

Few studies have evaluated the influence of BPS factors on quality of life (QoL) 
in adults with a primary brain tumour [15]. Some research assessed the effects of 
both cognitive and psycho-social functioning in relation to QoL in this group of 
patients and we can affirm that these factors may partially explain the low QoL in 
neuro-oncological survivors.

Conversely, Ownsworth et  al., in a BPS approach, examined the associations 
among quality of life, depression, performance status and fatigue and found that the 
relationship between pre-illness characteristics, neuropathological variables, 
psycho- social factors and quality of life was inconsistent [16].

Given the discrepancy of the results and the implications that such research could 
have in the clinical practice and, consequently, in the interventions offered to patients 
and their families, much attention to the methodology of the studies is needed.

13.2  Brain Tumour Patients

The patient affected by a cerebral tumour is a patient with peculiarities compared to 
patients with other oncological pathologies: the affected organ is the brain, the 
organ that manages emotions, thoughts, motivations, behaviours and actions. As a 
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result, the symptoms that may appear in a neuro-oncological patient range from 
psychic disorders, cognitive deficits, temperamental changes, behavioural dysfunc-
tions, motor and functional disorders that often lead to a reduced autonomy and 
independence of the subject.

Patients with cognitive deficits may have difficulty in several cognitive func-
tions: they may have languages deficits in production, comprehension or para- verbal 
aspects or trouble in remembering and learning new information and they could also 
have executive dysfunctions, for example, in planning or organizing, problem solv-
ing, working memory or flexibility [17].

These impairments have a strong impact on patient’s ability in daily life, in 
family, friends and professional context. The disease upsets the balance that the 
patient had previously built and so he/she needs for a new mental adjustment or 
coping [18].

The word “coping” means facing, holding head and struggling successfully. It 
indicates the cognitive, emotional and behavioural strategies implemented by an 
individual to manage a stressful situation as a disease; therefore, it represents the 
ability to face the problems and their emotional consequences [19]. This concept 
defines an adaptation process that keeps on for a long time throughout the disease, 
involving the patient’s family, and is a flexible reaction to problematic life events 
that changes over time in relation to the situational context [20, 21].

The different behavioural patterns in relation to stressful events, characteristic of 
each individual, are defined as coping styles. This concept is crucial in oncology, 
because it represents an important parameter that can significantly influence the dif-
ferent psychological reactions and psycho-social adaptation to the disease, possible 
psychopathological complications, quality of life after diagnosis, adherence to 
treatments and, maybe, also the course of the disease itself [22].

Mental adjustment to cancer has been explored in a large body of the literature, 
Grassi et al. identified five coping styles: fighting spirit, hopelessness, fatalism, anx-
ious preoccupation and avoidance. Fighting spirit is characterized by moderate lev-
els of anxiety and depression; the patient tries to respond positively and constructively 
to the situation, maintaining a belief in internal control on the disease. Hopelessness 
is described with high levels of depression and anxiety, inability to implement cog-
nitive strategies to accept the diagnosis, the belief of an external locus of control on 
the disease. Low levels of depression and anxiety, fatalistic attitude, belief in exter-
nal control on the disease, the tendency to passivity and lack of opposition against 
the illness are typical of fatalism. Instead anxious preoccupation is characterized by 
anxious alarm response against the disease, excessive search for information and 
high levels of anxiety that affect the quality of life of the patient. At last, avoidance 
is identified as the absence of depression, anxiety and cognitive strategies, in the 
belief of a both internal and external control on the disease [22].

Heim et al. also studied coping in oncological patients and theorized a four-step 
model. According to this model, patient alternates four coping phases: the cognitive 
phase where the patient identifies some changes in physiological conditions and 
begins to analyse them, he is preoccupied with the disease and try to find the right 
definitions and estimations about the illness. In the denial phase the patient rejects 
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the presence of the disease; this phase may have a favourable effect because it 
reduces anxiety, but it may interfere with getting treatment or disrupt the process of 
assimilating the stressful event. During the anxiety phase the patient shows appre-
hension, uncontrollable worry, agitation, panic attacks and sign of the autonomic 
arousal. Finally, the depressive phase is linked to the awareness of losses as part of 
the body or the role in family and society and the functional integrity [23, 24].

Patients affected by a brain cancer have limited options for improving quality of 
life during the disease, because learning to cope with such a debilitating disease can 
be difficult. According to Acquaye et al., being hopeful may be a significant factor 
in personal adjustments, but is plagued by illness-related uncertainty. In the initial 
stages of illness, hope should be an important theme, especially since it can play an 
essential role for neuro-oncological patients and their overall sense of well-being 
during the treatment [25]. The authors found that patients reporting more hope also 
suffered less of mood disturbances, furthermore patients with brain tumour recur-
rence reported lower hope and higher mood disturbance than those who were newly 
diagnosed or without recurrence. Targeted interventions are suggested to improve 
quality of life during the disease that may include measures to increase hope in 
order to facilitate positive coping strategies.

The neuro-oncological patient, as mentioned above, often develops disabilities in 
several areas that have a massive impact on quality of life and his/her functioning in 
everyday life. The use of functional coping strategies and the learning of new com-
pensation cognitive strategies may increase the quality of life, the patient self- 
perception of functioning and, consequently, result in a mood improvement.

Functional coping leads to learn new compensation strategies and learning new 
compensations strategies makes a coping really functional. This process is only 
possible if patient is conscious of his/her deficit, but often neurological symp-
toms, as anosognosia or psychological defence as avoidance and denial, invalidate 
consciousness.

13.2.1  Psychological Disorders in Neuro-Oncology

The diagnosis of a brain cancer is an event that abruptly interrupts the person’s path 
of life and breaks down the dimensions on which human existence is based. Changes 
resulting from the disease can lead to difficulties in daily lives, because of patient 
limitations, partial or total loss of autonomy, need for support and consequent 
dependence on others. Obviously, this status is often associated with important con-
sequences on the psychological level.

Published studies have demonstrated that a substantial percentage of oncologic 
patients reports anxiety and depressive symptoms. McDaniel et al. found that up to 
one-half of oncological patients experience depressive symptoms [26]; furthermore, 
although not as extensively studied as depression in cancer populations, anxiety 
also has been shown to be prevalent among oncologic patients. In a study by 
Skarstein et al., using the hospital anxiety and depression scale (HADS) [27], 13% 
of 568 patients had a diagnosable anxiety [28].
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It can be asserted that the anatomical, physiological, functional and emotional 
impact of a diagnosis of brain tumour can often induce anxious and depressive 
symptom. As observed, psychiatric symptoms often coexist and affect each other: 
depressive symptoms often accompany increased anxiety or irritability. Anxiety 
may result from situational fear related to diagnosis and prognosis or may be directly 
related to the effects of the tumour. Neurocognitive changes could moreover induce 
or worsen neuropsychiatric symptoms, as well as behavioural disturbances, in brain 
tumour patients.

According to Arnold et al., failing to adequately treat depression and other psy-
chiatric symptoms in neuro-oncological patient populations can compromise and 
worsen overall health and quality of life [29]. Therefore, great importance needs to 
be given to the methodology used to survey the presence of mood disorders in 
these patients: Anderson et al. observed that the frequency of depressed patients 
with glioma ranged from 0 to 93% [30]. A further study, on a sample of 598 patients 
with high grade gliomas (HGG), found that clinicians reported depressive symp-
toms in 15% of patients, while 93% of patients attributed depressive symptom to 
themselves [31].

In the Rooney et al. review, examining 42 studies for a total of 4089 patients 
(90.3% with HGG and 9.7% with low grade gliomas–LGG), the different clinical 
variables associated with depression are analysed [32]. Among the variables associ-
ated with the patient, the female sex (only for patients with LGG), psychiatric dis-
orders prior to the disease, physical dysfunctions and cognitive decline seem to have 
a positive association with the development of depression. From the analysis of 
variables associated with the disease, it emerges that localization of the tumour in 
the frontal lobe is more easily associated with clinical depression. Regarding treat-
ments, corticosteroids seem to have a positive association with depression (depres-
sive symptoms in 71.4% of patients treated with steroids, versus 44.3% of patients 
not treated), as well as radiotherapy, but only in the long period.

It can be asserted that being a female, having a lower grade tumour—maybe 
because at a minor cognitive deterioration corresponds a greater awareness of the 
disease—and having previous psychiatric disorders are predictive factors of anxiety 
development; the predictors of depression include being a female, having lower 
education, a lower grade tumour, history of psychiatric disorders and not being mar-
ried [29].

Depressive disorder screening in patients with brain cancer should be routinely 
part of good clinical practice, because only identifying early the onset of psychic 
disturbance is possible a timely treatment that minimizes the possibility of chroni-
cization and maximizes a functional coping to the disease. To this purpose, the self-
assessed tools are of great importance, as they allow to easily select patients who 
may develop a psychiatric disorder. With this purpose, Rooney et al. validated three 
self-report psychological scales for depression—the distress thermometer (DT) 
[33], the subscale of depression from the hospital anxiety and depression scale 
(HADS-D) [27] and the patient health questionnaire–9 (PHQ-9) [34]—in a popula-
tion of adults with gliomas. He concluded that HADS-D and PHQ-9 may be valid 
screening techniques for depression in brain cancer patients but alone they are not 
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enough to identify depression; they could be used to screen patients with higher 
scores, which require further clinical evaluations [35].

Early prevention and identification of psychic disorders, realized through vali-
dated tools and clinical interviews, can only take place within a collaborative team 
in which health professionals aim for the bio-psycho-social patient’s treatment. 
Recognizing psychic disturbances, such as anxiety and depression, can allow the 
team to improve the understanding of the symptoms and their causes, in order to 
better manage the patient and not solely his/her cancer.

13.3  Caregiver of Neuro-Oncological Patients

If the person affected by the disease is the main protagonist, the context in which he/
she lives, especially the family, assumes an equally significant role. Cancer is a fam-
ily traumatic event, a family disease that threatens the family unit and creates impor-
tant changes in its structure and functioning [36]. Understanding the main 
characteristics of the family is necessary to provide more specific assistance and to 
manage the difficult situations that arise when the team relates to the family, as well 
as with the patient [22].

In this particular context, the diagnosis and treatment of a brain tumour are often 
associated with physical, emotional and social wellness interruption and represent a 
life-changing event for patients and their families [37, 38].

High levels of psychological distress were found among patients and caregivers, 
with both having high scores on anxiety and depression scales. Several studies 
reported that caregivers of patients with chronic illness in general, and with cancer 
in particular, have stress levels greater than those of the patients themselves [39]. 
Caregivers often report the lack of support in order to be prepared to cope with the 
difficulties of caring a patient with a brain tumour [40], and social support has been 
identified as a powerful factor increasing life satisfaction of caregivers [39, 41].

Patients and caregivers are exposed to physical and psycho-social stress that, if 
not properly managed, could lead to depressive symptoms [42]. Several studies 
have shown that psycho-education, skills training and therapeutic counselling of 
caregivers significantly increase self-efficacy and quality of life, reduce their burden 
and improve the ability to cope [43].

The time of diagnosis is a traumatic event for the caregiver, who experiences 
acute physiological reactions characterized by shock, with simultaneous feelings of 
anguish, anger and disbelief; moments of denial and rejection alternate at moments 
of despair, to which follow elaboration responses to adaptation and acceptance of 
the inevitability of events. During this period the caregiver and the patient’s family 
can manifest very different defensive styles [44]: mechanisms of alteration of truth, 
determined by the need to maintain their own equilibrium and that of the patient, 
may be associated with mechanisms of hyper-involvement, marked anxiety and 
hyper-protection towards the patient; in other cases, distancing attitudes may pre-
vail, in which removal mechanisms of the patient appear in the delegation of every-
thing about the disease and therapy to places and people outside the family. The 
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acceptance phase may help overcome the difficulties associated with the disease, 
which often leads to a new balance.

Furthermore, it is necessary to consider that the reactions just described may be 
present in the caregiver synchronously to that of the patient or at different times. In 
addition, often the disruptive effect of cancer highlights family related past prob-
lems, which cause the disorganization of the dynamics between the caregiver and 
the patient.

During the illness, the caregiver often experiences the loss of the patient’s capa-
bilities and the consequent change of his roles within the social, family and work 
environment; after becoming aware of this, the caregiver must therefore change his/
her roles to compensate the dysfunctions of the patient.

13.4  Treatments

13.4.1  Psychotherapy

Psychotherapy is part of the patient’s care and must be integrated into a context that 
involves specific interventions for different problems the patient and his family have 
to deal with [45, 46].

Psychotherapy in oncology, regardless of the specific psychological approach, 
aims to reduce or limit the level of emotional distress, promotes the development of 
more adaptive patterns of disease response, helps the patient understand the sense of 
the illness and integrates it into his/her own subjective experience and finally 
improves the quality of life.

In psycho-oncology, patients can be treated by several psychotherapeutic 
approaches: the most important of them are psychodynamic, cognitive-behavioural 
and psycho-educational interventions.

The psychodynamic therapy with oncological patients gains significant impor-
tance, although the confirmation of the results is complex. In this context the focus 
must be constantly on medical illness and quality of life and the therapist must pay 
attention to countertransference towards the patient [47]. This therapy should con-
sider the meaning of the existence and the experience of the disease and, differently 
from psychotherapy with patients without life-threatening medical conditions, the 
therapist’s purpose is to help the patient to live as satisfying as possible in the 
remaining time. For these reasons, the therapist usually is very active to lead the 
patient in a re-reading of his/her story, highlighting the strengths and goals achieved 
[48]. It’s essential that the patient feels in control of his/her life facing it as the pro-
tagonist; this feeling for many patients results in a change of his/her own life and in 
a transformation of the relationships with others.

The cognitive-behavioural interventions seek the resolution of patient’s prob-
lems by defining a specific focus. Therapy contemplates a leading and pedagogic 
role that helps the patient to examine the dysfunctional thoughts he/she has during 
the day, to analyse the emotions that arise from these thoughts, and, during therapy, 
to change the thoughts by contrasting them with more realistic alternatives. A 
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further feature of this approach is the possibility of interventions with a limited 
number of sessions, qualifying it for the oncological context [49]. The cognitive-
behavioural approach aims to encourage the expression of feelings, to increase the 
control over own life and an active participation in medical care, to help develop 
effective methods to manage cancer-related problems and to improve the communi-
cation between the patient and the caregiver. The therapy focuses on the subjective 
significance that cancer has for the patient and the coping style he/she is adopting.

Psycho-educational interventions are purposed to ensure greater knowledge 
about the disease and the therapies, to provide appropriate and realistic information 
supporting the resolution of practical psycho-social problems and to promote the 
patient adherence. Psycho-educational programs usually use educational material 
such as brochure, brief illustrative manuals and audio-visual supports.

In the neuro-oncological context, the choice of the psychotherapeutic approach 
is often dictated by the disease, its course and the residual cognitive abilities of the 
patient, frequently requiring a strictly limited in duration therapy and a lack of 
awareness as a consequence of the disease.

13.4.2  Psychopharmacology

The prescription of psychopharmacological drugs in patients with brain tumours 
mainly concerns benzodiazepines (BDZs), antipsychotics (APs) and antidepres-
sants (ADs).

The spectrum of action of GABAergic compounds, such as BDZs, is mainly 
represented by anxiety and insomnia. The choice of a BDZ, in a patient with a brain 
tumour, shows the similar characteristics that in general population: particularly the 
consideration of which half-life (short and long acting BDZs) is more favourable for 
the patient and the kind of hepatic metabolism (it is better to use BDZs that are only 
glucurono-conjugate in order to avoid metabolic interferences). BDZ obviously can 
worsen the cognitive performance and the fatigue: so the use of this class has to be 
limited to the acute phase of anxiety and insomnia. In a chronic anxiety it is better 
to use antidepressants, particularly those with a more striking sedative activity.

The use of antipsychotics ranges over the old and new antipsychotic classes. 
Between the first generation (i.e. neuroleptics) it is better to avoid phenothiazines, 
because of the risk of induction of epileptic seizures. Haloperidol demonstrates a 
low risk on epileptic induction, but a higher risk of extrapyramidal side effects. For 
these problems usually, in the management of psychotic symptoms, delirium or 
agitation, atypical antipsychotic (AAPs) (e.g. risperidone, olanzapine, quetiapine) 
are preferred. Risperidone and olanzapine show a more incisive activity, quetiapine 
a more sedative one. Also with AAPs caution has to be used with clozapine, because 
this drug can favour the appearance of epileptic seizures, particularly in predisposed 
people as patients with brain tumours.

The use of antidepressants needs a more extensive discussion. The spectrum of 
AD’s activity ranges over many clinical fields: chronic anxiety, chronic stress, mood 
depression and pain. So an antidepressant can act on several symptom clusters at the 
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same time. Antidepressants actually have a broad range of potential neurological 
and general side effects that, conceivably, could cause harm to patients at increased 
risk of epilepsy, cognitive dysfunction and fatigue, such as patients with brain 
lesions [50]. Therefore the use of ADs in patients with brain tumours has to face 
with peculiar safety problems, such as the debated aspect of epileptogenesis, the 
interference with the tumour in itself, the worsening of cognitive symptoms and 
fatigue. Unlike other classes of drugs, antidepressants show a very differentiated 
intraclass profile, concerning such aspects that impose an accurate choice of a 
patient tailored approach.

Starting from the supposition that glioma stem cells (GSC) can have a relevant 
role in cancer progression, Bielecka-Wajdman et  al. examined the evidence that 
some antidepressants (particularly imipramine and amitriptyline) can modulate 
plasticity, silence the GSC profile and partially reverse the malignant phenotype of 
GSM [51]. In the same way, Ma et al. found that a combined fluoxetine (an SSRI 
antidepressant) and temozolomide (TMZ) treatment showed a synergistic cytotoxic 
effect on the C6 glioma cells. The authors hypothesized that fluoxetine may sensi-
tize glioma cells to TMZ, through activation of the CHOP-dependent apoptosis 
pathway [52]. Similarly, a previous study carried out from Liu et al. demonstrates 
that fluoxetine can induce apoptosis of glioma cells by evoking an AMPAR medi-
ated calcium-dependent apoptosis [53]. Another mechanism of a possible anti- 
glioblastoma activity from antidepressants was studied by Hayashi et  al. using 
fluvoxamine (another SSRI) that inhibits the human glioblastoma migration and 
invasion by disrupting actin polymerization in vitro [54].

Finally, from a clinical point of view, Pottegård et al. observed a protective effect 
of tricyclic antidepressants (TCAs) against gliomas in 3767 glioma cases and 75,340 
population controls. The authors found that long-term use of TCAs was inversely 
associated with risk of glioma (OR 0.72, 95% CI: 0.41–1.25), while a similar pat-
tern was not observed for the use of SSRIs [55].

All these studies are intriguing, but the transposition of in vitro studies to the 
clinical practice needs a larger number of in vivo controlled trials.

Another relevant problem that is subject for discussion from years is repre-
sented by the fact that the use of antidepressants could induce epileptic seizure in 
predisposed patients, included those with brain tumours. Actually such problem 
is also present, but in lesser extent, in the general population, or in patients with 
epilepsy associated with mood depression. In these cases, it is only an antide-
pressant overdose that is usually associated with an increased risk of epileptic 
seizures [56].

It is well known that epilepsy affects approximately 50% of patients with glioma, 
as an integral part of the illness, and practically all patients are at a generally 
increased risk of epilepsy throughout. The question therefore arises as to whether, 
in such a high-risk population, antidepressants could cause seizures also in thera-
peutic doses [57].

Alper et al. carried out a large meta-analysis of seizure risk in over 30,000 par-
ticipants in the US Food and Drug Administration (FDA) antidepressant licencing 
trials. They found an increased risk of new-onset seizures for the antidepressants, 
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particularly bupropion and clomipramine. Most antidepressants, however, showed 
no association with increased seizure risk, in therapeutic doses, and some were even 
associated with a reduced risk [58]. Also Ribot et al., in a retrospective observa-
tional study, pointed out that SSRIs or SNRIs did not appear to worsen seizure fre-
quency, also in patients with frequent seizures. SSRIs and SNRIs may be even 
associated with a possible decrease in seizure frequency [59]. In this way, the study 
of the pharmacodynamic aspects of the administration of APs and ADs to patients 
with epilepsy can help to evaluate the importance of some mechanisms of action of 
several psychoactive drugs in relation to their pro- or anticonvulsant activity [60]. 
Obviously an evaluation bias is represented by the fact that no prospective trial has 
been carried out with the use of antidepressants within a high-risk group of patients 
with glioma. On the other hand, it is relevant to consider that also an untreated 
depression is itself a risk factor for epilepsy [61]. In this way the risk of seizure from 
ADs is a balance between the intrinsic epileptogenic activity from some com-
pounds and the reduced risk achieved by the mood and stress improvement [62]. 
Anyway the potential risk of using antidepressants in glioma patients justifies pro-
spective studies [63]. Another risk of harm, concerning the use of psychopharmaco-
logical drugs in patients with gliomas, lies in their potential effects on cognitive 
function [64].

Actually, nearly all glioma patients show some cognitive impairment that ranges 
in severity from subclinical to severe [65]. On this predisposing background anti-
depressants, particularly those with an intrinsic anticholinergic activity, such as 
TCAs, can worsen cognitive function in vulnerable individuals. As a matter of 
fact, the true impact of ADs in cognitive function in glioma patients is not clearly 
quantifiable because the cognitive impairment is not a univariate dimension, but 
several factors can contribute to it, for example, the presence/absence of mood 
depression that, in his turn, can be influenced by antidepressants. Cognitive dys-
function should be actually a part of the depressive syndrome. Retrospective data 
further suggest that selective serotonin reuptake inhibitor (SSRI) antidepressants 
may be safe in glioma. In one large case notes review (n = 160), there was no evi-
dence of increased toxicity among patients with glioblastoma multiforme taking 
an SSRI [66].

A similar situation holds for fatigue that is reported by a clear majority of glioma 
patients and severely compromises the quality of life and the daily living. Obviously 
the causes of fatigue are multifactorial, including the effect of brain cancer in itself, 
radiotherapy, chemotherapy and mood depression [67]. But fatigue is also listed as 
a side effect of some antidepressants.

As a matter of fact, it is unclear whether antidepressants may improve or worsen 
fatigue in patients with glioma: there are currently no prospective data on their 
effect in a group as prone to fatigue as glioma patients. Yet it is possible that the 
successful treatment of depression could improve each of these outcomes.

Another remark is that different classes of ADs, acting on different neurotrans-
mitters, can exert a different activity on fatigue: it is possible that ADs acting on 
norepinephrine and dopamine are more effective than serotonergic agents on the 
emotional component of fatigue [68].
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14.1  Introduction

Neuro-oncology nurses act as patient advocates, signposting for advice, information 
and support. They liaise with general practitioners (GP’s) and community care 
teams, and support relatives and carers; they ensure patients have an understanding 
of their diagnosis and prognosis, whilst trying to ensure they still maintain a degree 
of hope and supporting them through end-of-life decisions and care; they talk them 
through treatment options, side effects and intended benefits and they hold treat-
ment clinics and follow-up clinics; they arrange admissions and discharges to aid 
patient flow and they undertake nurse-led research to improve standards of patient 
care. Neuro-oncology nurses teach junior doctors and graduate nurses about the 
specifics of neuro-oncology nursing and they run support groups. In short, neuro- 
oncology nurses are the lynchpin that holds the service together, and they are their 
consultant’s right-hand (wo)man.

But despite the diverse and autonomous nature of their work, there are no formal 
training requirements to become a neuro-oncology nurse—in the United Kingdom 
(UK) for example, there are no specific qualifications apart from holding relevant 
experience in the chosen field. It is a role most nurses ‘slip into’, and despite the 
high turnover of patients and short life expectancy of those with high-grade glio-
mas, it can be a truly rewarding job.

This chapter will explore some of the reasoning behind this and how the role of 
specialist nursing has developed and evolved in the UK, along with some of the core 
skills and daily requirements of this role.
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mailto:ingela.oberg@addenbrookes.nhs.uk
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14.2  Background

In 2006, the UK saw the launch of the ‘Improving Outcomes Guidance’ (IOG) for 
people with brain and other central nervous system tumours. For the first time, this 
document detailed the composition of teams required to run an effective, multidis-
ciplinary team. Furthermore, this document indicated who were the so-called core 
members and set out minimum standards to be adhered to, such as rate of attendance 
of core members and key skills of each role [1].

In 2008, the ‘cancer reform strategy’ came into force which built on the specifics 
of the IOG and provided a 5-year forward plan for upgrading, and significantly 
overhauling, all cancer services. As part of both these documents, particular impor-
tance was given to the role of specialist nurses: ‘Commissioners …should give par-
ticular consideration to the role of Clinical Nurse Specialists, who play a critical 
role in cancer care’, followed by ‘Priority will be given to ensuring there is ade-
quate provision of Clinical Nurse Specialists’ [2].

In reality, what this meant was that suddenly the nursing work-force was being 
invested in, and by 2009, every single neurosurgical centre in the UK had at least 
one neuro-oncology specialist nurse as part of their team. It had and continues to 
have a profound effect. General ward-based nursing has over the decades become 
less patient facing and more managerial—flowcharts and assessment scores have 
to be filled in, along with undertaking clinical audits, administering drugs, doing 
ward rounds and documenting outcomes and clinical plans. This leaves nurses 
very little time to care, and with the introduction of clinical nurse specialists 
(CNSs), this suddenly changed. The specialist nurses were able to support the 
ward-based nurses, taking some of the patient facing tasks away from them, pro-
viding specialist information and knowledge right at the patient’s bedside. CNSs 
were able to offer advice on wound care, post-operative follow-up, treatment 
choices and disease trajectories; they go through information leaflets and liaise 
with primary, secondary and tertiary care providers and make onward referrals as 
required.

Specialist nurses know their patients better than anyone and this symbiotic 
relationship between ward-based nurses and CNSs continues to thrive in the 
UK. Some CNSs have undertaken specialist generic training such as nurse pre-
scribing courses or clinical assessment modules, meaning they undertake tasks 
similar to that of doctors and can prescribe patients medication and provide nurse-
led discharges. Furthermore, many of the larger UK hospitals have allowed CNSs 
to undergo radiology training to gain a clinical understanding of radiation risks 
and intended benefits of various scans, enabling them to order CT (computed 
tomography) and MRI (magnetic resonance imaging) scans on behalf of their 
consultants.

It’s a win–win situation: the patient and their carers have a single point of con-
tact both in hospital and once discharged home; specialist nurses are cheaper to 
employ than senior doctors and they free up vital nursing (and to some extent 
medical) time and help alleviate bed capacity issues and aid patient flow on the 
wards.
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14.3  Triaging Multidisciplinary Team Meetings

Most cancer care services around the world now work within multidisciplinary 
teams (MDTs), and brain cancer is no exception despite being a relatively small 
service in comparison to the ‘big four’ groups incorporating lung, breast, colorectal 
and prostate cancers.

The aim of an MDT is to increase the effectiveness between health care teams, 
hopefully producing more positive outcomes. But, this effectiveness is wholly 
dependent on the MDT meeting running as smoothly as possible; although an MDT 
coordinator is pivotal in ensuring medical reports and images are available, (s)he 
normally has very limited clinical knowledge and would not possess the required 
skills to triage any referrals as being either premature or very urgent [1, 3].

Historically, this triaging of referrals has been undertaken by a neurosurgical registrar, 
who would advise the referring teams and clinicians about required scans and medica-
tions and arrange for urgent transfer across if required. In some centres, however, triaging 
of MDT referrals has been taken over by an experienced neuro- oncology nurse, provid-
ing continuity and access for the regions referring centres to a single point of contact. It 
has had a positive effect not only on the quality of cases presented but also on overall can-
cer waiting times (time from initial referral to treatment), which are nationally audited.

In the process, the neuro-oncology nurses gain in-depth knowledge about neuroimag-
ing and can become quite apt at distinguishing durally based metastasis from meningio-
ma’s, or a centrally restricted diffusion (on diffusion weighted imaging) pointing towards 
a cerebral abscess. However, the purpose of taking on this role is not solely to enhance 
individual learning, but predominantly to help reduce the amount of MDT rediscussions 
occurring (mainly due to incomplete set of images or lacking information regarding any 
pertinent medical history), which subsequently causes inevitable delays to the patient’s 
treatments—be it surgical interventions, oncology treatments or palliative care.

Imaging and clinical history of the patient being referred is reviewed beforehand, 
and the referring hospitals are often contacted directly regarding any discrepancies 
such as type of previous malignancies (if applicable), treatments given and treat-
ment intent, as well as overall expected survival from a primary disease perspective. 
Having an updated performance status prior to MDT (if they have been commenced 
on high-dose dexamethasone, for example) is also of great importance as it helps to 
establish if symptoms have resolved on steroids, in which case surgery may be of 
added importance. Finally, a direct phone call prompts the referring teams to ensure 
a contrast enhanced MRI and full staging CT chest, abdomen and pelvis (if clini-
cally indicated) are made available for discussion as minimum requirements [4].

Within some UK neuro-oncology services, if all required imaging has already 
been made available, and the MRI is in keeping with a high-grade glioma, the 
patient is pre-booked into a consultant-led outpatient clinic as part of the triaging 
process, prior to the MDT discussion by the CNS. This avoids another week’s delay, 
and minimised distress to the patients who would otherwise have to wait another 
week prior to receiving any specific answers around treatment decisions. If imaging 
is consistent with either an abscess or primary lymphoma of the brain, an urgent 
inpatient transfer is arranged by the CNS in conjunction with the on-call 
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neurosurgical consultant for an expedited diagnostic biopsy. These are often done 
prior to the MDT discussion as they are dealt with as clinical emergencies.

Thankfully, the era when patients were admitted to hospital following identifica-
tion of a brain tumour, occupying a hospital bed until they were operated on is not a 
common undertaking any more. As regional neurosurgical centres cover large geo-
graphical areas, there is simply not the available bed capacity for a patient to ‘block’ 
a bed if they are otherwise well, in order to await surgery. The patients are given rel-
evant information leaflets regarding their condition such as brain tumour booklets, 
driving regulations and steroids, they are shown their scans so they know what the 
relevant concerns are, given the CNSs contact details, and are discharged home with 
an appointment to attend the very next outpatient neuro-oncology clinic under the 
auspices of a consultant neurosurgeon [5]. A pre-surgical stealth MRI (a surgical 
neuro-navigation scan) is ordered by the CNS which the patient can attend in conjunc-
tion with their outpatient clinic (or surgical pre-admission) appointment. The money 
saved in discharging the patient prior to surgery (i.e. the amount of inpatient bed days 
saved) can then be reinvested into obtaining updated imaging for surgical planning 
purposes, which in turn helps to increase patient safety prior to and during surgery [5].

Needless to say, if patients are deemed unsafe for discharge or require a care 
package (with district/community nurses coming in to the patients’ home, for exam-
ple), then they will likely remain inpatients until deemed safe for discharge or until 
surgery has been undertaken.

14.4  Neuro-Rehabilitation

In the UK, neuro-rehabilitation specifically aimed at brain tumour patients is a very 
scarce resource. There are lots of rehabilitation centres available for stroke patients 
or trauma patients, but not for those diagnosed with a malignant glioma, or indeed 
any cancerous brain tumour. Historically, their disease trajectory has been so poor 
that it has been felt to be a wasted resource, with patients not surviving long enough 
to benefit from rehabilitation and they would not see the benefits of reaching their 
maximal potential in terms of mobility or cognition [6].

However, it must be considered that rehabilitation is not only about having access to 
specialist inpatient facilities. Rehabilitation is an everyday process and it encompasses 
several different aspects and disciplines within neuro-oncology which will be explored 
in further detail below: occupational therapy (OT), physiotherapists and speech/lan-
guage teams (SLT) to name a few as well as every day nursing care. Nurses caring for 
neurosurgical patients undertake a pivotal role within rehabilitation: daily tasks such as 
washing, dressing, maintaining hygiene needs and assessing pressure sores; keeping 
the patient pain free and mobile, monitoring oral intake and fluid output—are all essen-
tial elements of neuro-rehabilitation [6]. The overall aim of rehabilitation is to maxi-
mise an individual’s potential, enabling and supporting them to recover or adjust to 
their new situation, and helping them to live as full and active lives as possible [7].

Physiotherapists (Physio’s) provide rehabilitation through movement and exer-
cise, manual therapy, education and advice. Loss of muscle strength and use, loss of 
sensation, impaired balance and coordination, and changes in muscular tone are 
frequently seen in people with brain tumours. Rehabilitation by the physiotherapist 
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focuses on retraining and establishing functional strategies for impairments based 
on the patient’s goals, their prognosis and their stage of illness [7].

Encouraging the patient to get out of bed and mobilise, with help if required, is 
pivotal to help redress the aforementioned balance. Getting out of bed and getting 
dressed has more benefits than simply keeping muscle tone supple. Being mobile 
reduces the risk of developing venous-thromboembolisms (VTE) and helps minimise 
surgical complications such as chest infections [6]. It makes the patient feel more 
‘human’ and less of a patient, and it encourages independence and recovery. The 
quicker the patients can demonstrate they are able to look after their own care needs, 
the quicker they can anticipate leaving hospital. Patients recover quicker at home, in 
familiar surroundings and are less at risk of picking up nosocomial infections.

Occupational therapists (OT) in the UK (there are practical differences depend-
ing on which country OTs practice in) will look at what tools and equipment the 
patient may require both in hospital but more importantly at home to help them 
maintain their independence. Given a certain task, they will assess the patient’s 
cognitive abilities of planning, organising, remembering location of items, safety 
awareness, completion of the required task and how the patients problem solve. In 
addition, motor processes are assessed (such as how they reach into cupboards, and 
how they balance), and based on these findings an occupational therapist can extrap-
olate what their individual function is likely to be at home for the patient [8].

The term ‘occupation’ refers to practical and purposeful activities that allow peo-
ple to live independently and have a sense of identity such as essential day-to- day 
tasks including self-care, work or leisure. OTs aim to prevent further disability, facili-
tate recovery, promote health and independent function and enable individuals to 
overcome barriers that prevent them from doing the activities (or occupations) that 
matter to them. Items such as grab rails to help get in and out of the bath, kitchen 
equipment for safe handling of hot food are examples of things OTs can help with [8].

Communication and swallowing difficulties are assessed, diagnosed and treated 
by a speech and language therapist (SLT)—they aim to optimise a person’s ability 
to communicate effectively and eat and drink as safely as possible whilst maintain-
ing quality of life throughout all stages of the illness [7].

Whilst having access to specialist inpatient rehabilitation is fantastic for those patients 
with more complex recovery needs, such as those recovering from supplementary motor 
syndrome, or those who had post-surgical complications such as ischaemic stroke, one 
needs to bear in mind that rehabilitation can and should occur as an everyday activity to 
help promote independence. Specialist inpatient rehabilitation remains available for 
those patients (in particular those with low-grade gliomas with a favourable long-term 
outlook) whose rehabilitation needs go beyond the everyday facilities provided on the 
neuro-surgical ward by the nurses, OTs, physio’s and SLT specialist teams.

14.5  Discharge Planning

Certainly, in the UK, it is very common for patients to live in two storey houses, with 
upstairs bathrooms and bedrooms. For a patient with limited neurological recovery, 
with say for instance a right-sided hemiparesis, this can prove very difficult to man-
age. They will need to try and navigate up the stairs with their (predominantly) 
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dominant side severely weakened and many patients end up living in temporary 
downstairs accommodation with a commode for their toileting needs, a quick wash 
in the kitchen sink, and sleeping on the downstairs sofa bed… far from ideal!

Prior to discharge home from hospital, patients will therefore need to undergo a 
full assessment by the physiotherapists as well as the OTs. The physiotherapists will 
actually determine when the patient is deemed safe for discharge, and can overrule 
a consultant if patient safety may otherwise be compromised. They will undertake 
mobility assessments and ensure patients can manage at least one flight of stairs 
independently prior to discharge home [8]. In many instances, this may require the 
instalment of another hand rail (or bannister), so the patient has one on either side 
of the stairs for stability and support.

The role of the CNS here is one of advice to the patient, their carer and the allied 
health professional (AHP) teams of OTs and physiotherapists. The AHPs will likely 
not have met the patient prior to surgery, so they will be unaware if they had already 
managed well at home with a long-term disability, like a continuing mild hemiparesis 
or foot drop for example, prior to their admission for surgery. In many instances, the 
patients’ weakness may have improved after surgery, but the physiotherapists will 
likely see their current situation as their baseline status (as they will not have assessed 
them previously) and may determine they are unsafe for discharge. To help patient flow 
and prevent unnecessary delays to their discharge planning, it is therefore imperative 
for the CNS to communicate effectively with the AHPs about their patient’s pre-surgi-
cal state and overall treatment intent [9–11]. Likewise, patients and carers obtaining 
practical advice on how to manage situations at home can be of real benefit, and can 
help instil a sense of confidence about the post-discharge phase [9]. For instance, con-
sider telling the patient who is still a bit unsteady on their feet to do what small children 
do in stairs: climb up the stairs with both feel on one step before taking the next step, 
and ‘bum-shuffling’ down the steps if required. As their strength and stamina gradually 
returns, so too will their mobility and ability to manage stairs without untoward risks.

The OT will also need to assess the patient to ascertain what equipment and tools they 
need at home to remain mobile and independent. In most cases, the OTs perform what 
we refer to as a ‘kitchen assessment’. This is to ensure they have no short-term memory 
impairment that may affect their safety, such as leaving the gas (cooker) on without ignit-
ing it; managing to make a cup of tea or coffee without scalding oneself, safe handling of 
kitchen knives, etc. OTs can order in items such as raised toilet seats, shower stools and 
bath grab rails, easy-to-use kitchen equipment such as jar openers to tripods and Zimmer 
frames for mobility purposes and even hospital beds for home if required [8].

For patients unable to go home, who are rapidly deteriorating and who are 
nearing the end of their life, a process known as ‘fast track discharge planning’ 
can be instigated [12]. Please see below Sect. 14.7 on ‘Supporting End-of-Life 
Care’ for more details on this.

14.6  The Clinically Deteriorating Patient

Either pre- or post-operatively, one of the major risk factors of neuro-oncology is the 
potential for patients to deteriorate rather suddenly. Glioma’s have a propensity to bleed 
due to the weakened blood vessels caused by the breach of the blood–brain barrier (BBB) 
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[4]. Increased intracranial pressure (ICP), oedema and tumour infiltration can cause sig-
nificant neurological decline [4], and managing a patient who is deteriorating at home 
prior to surgery can be very difficult. However, admitting a patient into hospital to simply 
await surgery a week or two later is also risky as it is acknowledged that the patients are 
at increased risk of picking up nosocomial infections the longer they remain inpatients. 
Any infection would delay the onset of treatment, which can ultimately have dire con-
sequences for the patient and may even result in premature death. A GP may never have 
come across a glioma patient before, and quite often they ring the neuro-oncology spe-
cialist nurses for advice and reassurance—this requires a degree of autonomous decision-
making from the CNS in order to best advise the GP on the required next steps, such as 
medication titration and side effects, or even required emergency admissions.

In some situations, this involves treating the cause of deterioration (e.g. treat 
seizures; increase dexamethasone dose if worsening weakness or other lateralising 
neurology)—in other instances, this requires prompt clinical review and re- scanning 
to see if the tumour has progressed or bled. Should the latter be the case, the benefits 
of intended neurosurgery need to be carefully explored and discussed with the 
patient and their carer, as it may offer very little benefits to them.

From a nursing perspective, the more common scenarios involving deteriorating 
patients are around post-operative neurosurgical care. For example, ensuring the 
patient is mobilised within a day following surgery to prevent the onset of VTEs, 
and ensuring the right manual handling equipment is available, to help mobilise the 
patient and maintain their independence as much as possible.

As the post-operative swelling manifests itself following neurosurgery, some 
decline in the patient’s neurological function would be expected, especially if sur-
gery was undertaken around the left fronto-temporal area involving (in most right- 
handed patients) their speech and language centre. The patient may start to slur their 
words or develop dysphasia and/or aphasia (difficulty in forming or comprehending 
the spoken word) a day or so following surgery. Over the course of 3–4 days how-
ever, this should recover if the patient’s intraoperative speech mapping was intact 
(following awake surgery) and the post-operative MRI scan showed no evidence of 
restricted diffusion, ischaemia or stroke. It is important to remember that post-surgi-
cal MRIs should ideally be obtained within 72 h following surgery to prevent blood 
degradation products from obscuring any residual tumour mass as blood also shows 
up as enhancement after this time frame, making it difficult to distinguish between 
blood and enhancing tumour [4, 5]. Should the former issues around stroke be identi-
fied, a referral to an inpatient-based neuro-rehabilitation service would be required 
(pending a favourable overall prognosis) to see if targeted rehabilitation therapy aid-
ing neuroplasticity may recover some neurological function given time [6].

Any issues with dysphasia or aphasia and/or dysphagia (inability to swallow) 
require a prompt referral by the ward nurse or CNS to the SLT teams to undertake a 
full assessment of their speech deficits and to ensure a full swallow assessment is 
undertaken in order to ensure the patient is not silently aspirating for example; as 
well as being able to provide them with adequate aids, communication tools and 
resources should this be required. If swallowing problems have been identified, then 
a further referral by the CNS or nursing team will need to be made to a dietitian, 
who in turn can advise on the requirements of special diets such as thickened liquids 
to help prevent aspiration and choking [7].
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To assist the nurses (and doctors) in identifying the clinically deteriorating patient, 
various tools and assessment scores can be used and documented. The most common 
one being the Glasgow coma scale (GCS, see image below)—this is a score that is 
predominantly used within neurosurgical settings as it assesses a patient’s level of 
consciousness and is very applicable for the head injured patient for example [13, 14].

The GCS (and its use) is comprised of three components: eyes, voice (verbal) 
and motor function. The combined score out of 15 indicates their level of conscious-
ness, with 15/15 meaning the patient is orientated to time, person and place and can 
open eyes spontaneously and follow motor commands without any weaknesses. A 
patient with a GCS of 13 or lower requires prompt senior review and anyone with a 
GCS of 8 or below will most likely require intubation to protect their airways and 
an intensive care bed for close monitoring [13, 14].

The patient
is awake.

The patient responds
to verbal stimulation.

The patient responds
to painful stimulation.

The patient is completely
unresponsive.

 

On the general wards and in settings outside of neurosurgery, another useful tool 
is the AVPU score (see above diagram), similar to GCS but deemed by many to be 
more versatile and a simplified version to use than the GCS.

A = Alert, V = Voice, P = Painful stimuli and U = unresponsive. It is also colour 
coded like a traffic light, so as you go from green down to the red category, this is 
a visual prompt that the situation, and more importantly the patient, is deteriorat-
ing [13, 14].

Depending on their level of alertness, it also indicates their level of conscious-
ness—from a neuro-oncology perspective, anyone with a deteriorating AVPU score 

Image below shows the components of the AVPU Score. Image reproduced from firstaidforfree.
com.
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(or indeed GCS) needs to have an urgent assessment by a senior clinician. Some 
hospitals have access to critical care outreach teams which are a specialist team of 
nurses and doctors helping to support wards and the clinically deteriorating patient 
with the aim of keeping them safe and out of critical care if at all possible [13, 14].

Whilst a senior review is underway, the specialist nurse should ensure a full sep-
tic screen including blood cultures, urine cultures and blood tests (such as electro-
lyte levels) are obtained to rule out (or indeed in) metabolic and/or infectious 
reasons for the clinical deterioration. An urgent CT head with contrast to examine 
the cause for decline, such as a bleed into the tumour bed, stroke or ischaemia, sub-
dural or extradural haematoma (also known as epidural bleeds) and/or infection will 
also need to be obtained.

Glasgow Coma Scale

BEHAVIOR

Eye opening Spontaneously

To speech

To pain

No response

response

Best verbal Oriented to time, place, and person

Confused

Inappropriate words

Incomprehensible sounds

No response

response

Best motor

Total score:

Obeys commands

Moves to localized pain

Flexion withdrawal from pain

Abnormal flexion (decorticate)

Abnormal extension (decerebrate)

No response

Best response

Comatose client

Totally unresponsive

response

RESPONSE SCORE

4

3

2

1

5

4

3

2

1

5

6

4

3

2

1

15

8 or less
3

 
Image below shows the Glasgow Coma Scale. Copied from firstaidforfree.com.
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14.7  Supporting End-of-Life Care

Nurses and health care professionals want to do everything possible to ensure 
patients have the best quality (as well as quantity) of life; it is part of the Hippocratic 
Oath to do no harm. It can however be difficult at times to accept when ‘the end of 
the line’ in regard to treatment options having been exhausted. When that time 
comes, nurses need to support and enable their patients and their loved ones, to 
experience the best end-of-life care possible. In many circumstances, the patient 
remains in hospital due to their continuing complex care needs. In the UK, there has 
been great emphasis in trying to improve seamless transitions from hospital to com-
munity-based services, and this has led to something known as ‘fast track discharge’ 
services.

If a patient is nearing the end of their life, a fast track assessment can be 
implemented whereby the local health authority pays for continuing health care 
provisions in the community, providing an appropriate care and support pack-
age, sometimes as quickly as within 48  h of receiving the application. This 
enables the patient to live out the remainder of their days at home (or in an 
appropriate setting like a hospice), with provided care according to their level of 
need [12].

Sometimes, particularly with malignant gliomas, a patient’s rapid disease pro-
gression and subsequent neurological decline lends itself to natural decisions about 
what is often the only way forward—palliation and end-of-life care. In other cir-
cumstances, there may be treatment options available, but the patient chooses not to 
pursue them, as the below case highlights:

Adrian (not his real name) was a 52-year-old gentleman who was radiologically 
diagnosed with a suspected glioblastoma (GBM). He had a teenage daughter (age 
15) and he was the main carer for his wife who was wheelchair bound by multiple 
sclerosis (MS). He was self-employed and they had a mortgage on their house. He 
also had a personal life insurance which in his case meant if he was diagnosed with 
a terminal diagnosis and had <12 months to live, his life insurance policy would pay 
out and additionally their mortgage would be paid off in full.

Subsequently, following radiological diagnosis of his tumour, Adrian opted for a 
biopsy only for diagnostic purposes so he could confirm the diagnosis of a GBM to 
his insurers. Despite being suitable for 5-ALA (fluorescent) guided resection of the 
tumour and the full ‘Stupp protocol’ for post-operative treatments, he chose to 
decline everything to ensure his family were looked after following his death [15]. 
From his perspective, he was given a terminal diagnosis whichever way he looked 
at it—if he declined all treatment, his family could live mortgage free and his wife 
could afford carers to help with her MS needs following his life insurance pay out. 
If he chose to accept treatment, this may mean his survival statistics rose to beyond 
a year, in which case his insurance may not pay out, and that was a risk he was not 
willing to take—his main and only concern was to ensure his family were taken care 
of after his passing.

His specialist nurse found this a very hard decision to support clinically—she felt 
angry that a patient had to make such drastic choices and effectively end his life 
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prematurely by actively declining treatment and robbing him of the quality time he 
could have had with his family, creating precious memories for his daughter. It felt 
like a systematic betrayal. Counterarguments were presented to him where letters of 
support were promised regarding the very varied statistics, providing evidence that 
ultimately, he still had a terminal diagnosis with a very bleak outlook… This was to 
no avail—he had made his mind up, with immense support and love from his family 
who attended clinic alongside him. The CNS was visibly moved, but had to respect 
his decisions and choices and felt it was one of the greatest acts of selfless love she 
had ever witnessed.

14.8  Breaking Bad News

Another cornerstone of specialist nursing practice is providing clear, effective com-
munication, be it verbal or written. Whether nurses are consciously aware of it or 
not, they undertake this core element daily—in communicating with peers, patients 
and relatives to name but a few. How approachable they are deemed to be depends 
not only on their verbal skills but also on their non-verbal cues [16]. Within this 
daily element of communication also lies the ability of how to break bad news, 
albeit in a good way—is there such a thing?

There are several communication skills frameworks that can be adhered to, and 
shortly after the introduction of the IOG, it was imperative anyone undertaking 
patient facing tasks within cancer care undertook specialist communication skills 
training [1]. This was predominantly to help one reflect on one’s own personal com-
munication style and how this may be perceived by others, to encourage self- 
reflection and adaptation of communication styles.

Many consultants see their own patients in a clinic setting (away from busy, non- 
confidential ward areas) to relay the diagnosis to them as part of the doctor–patient 
relationship. But in equally as many circumstances, clinic is overbooked and run-
ning late, meaning often the specialist nurses end up seeing the patients who return 
for pathology results, to help lessen their wait and keep clinic running as smoothly 
as possible.

Whichever communication framework is chosen, it is important to use plain lan-
guage that is easily understood, and to avoid too much medical jargon or terminolo-
gies that can be confusing or misleading [16]. Ascertain what they are aware of 
regarding their situation—ask for example, if they (and anyone accompanying 
them) have fully understood the rationale for why they were offered a biopsy over a 
full resection. This either leads on to the next steps or one would need to go back to 
the beginning and explain why a certain approach was favoured over another. Ensure 
there are plenty of pauses for information to sink in, allow time for questions from 
everyone present and ensure written information is given in manageable ‘chunks’ 
[9, 10].

Do not refrain from using the correct terminology either. Some clinicians and 
nurses skim past the word ‘cancer’ and ‘incurable’ when it comes to breaking bad 
news around malignant gliomas. These words can be said in a soft, empathic way. 
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Words such as malignancy, ‘needs further treatment’, radical intent, palliative che-
motherapy or simply referring to the WHO grading are used instead, which can 
cause confusion and uncertainties around the diagnosis [2, 9]. Results have previ-
ously been relayed literally as short as: ‘You have a grade 4 glioma that has been 
resected. This is a GBM as we suspected. The oncologists will see you tomorrow to 
discuss further treatments that you will need; likely a combination of chemotherapy 
and radiotherapy. OK? Any questions?’

Where do you start with this? Firstly, no—it’s not OK! How could one be certain 
if the patient knew what a grade 4 glioma was and what it means to them in regards 
to not only prognosis but quality of life? Or what the difference is between a resec-
tion and debulking? From a patient’s perspective, if the entire tumour has success-
fully been removed, why is chemotherapy and radiotherapy required? Is the patient 
aware this is a non-curable, progressive disease that will come back in a matter of 
(several) months if in keeping with a GBM? Have they been reassured that none of 
this is their fault and that this is not the type of cancer that can be inherited (or 
indeed passed down generations) as far as modern science can predict? Have they 
left with a degree of hope that although they can’t be cured, they are being offered 
vital treatment—who knows what breakthroughs may lie around the corner? If they 
ask about prognosis, to remind them that a prognosis is just an average—people are 
individuals and prognosis today (with the clinical era of molecular markers) depends 
on so much more than simply a tumour grade [9, 10]. Bear in mind please that often 
it’s the relatives that ask about prognosis over the patient themselves—should this 
be the case, please establish whether this is something the patient wishes to know; 
if not, then the patient’s wishes should be adhered to at this stage, and this informa-
tion should not be divulged.

Have they started to cry? It may sound odd, but often patients who seem overly 
optimistic and accepting of their diagnosis are in a bit of denial—those patients (and 
relatives) who start to cry seem to comprehend and grasp the severity of the situa-
tion and understand this is a non-curable diagnosis (in terms of gliomas) that will 
significantly shorten the patient’s life expectancy. As hard as it sometimes is to do 
in a busy clinic setting, give them time to grieve: offer them some tissues and a 
comforting hug if appropriate. Show them empathy and consider offering them a 
quiet room where they can have some time alone as a family, prior to heading back 
out through the busy waiting area and back home—perhaps even offer them a hot 
drink? Go back in after 5–10 min to see if they have any further questions before 
moving on to the next patient.

Breaking bad news can be complex and time consuming, but it should not be 
difficult. Let the patient and their carers set the pace and let their questions guide the 
discussions along the correct path and everything else should fall into place; most 
patients are very humble in return. Patients have often stated nurses have a very dif-
ficult job, shortly after being informed they have an incurable cancer. Patients often 
acknowledge that nurses break news in a very genteel and sympathetic way, but also 
in a manner which enables them to completely understand their diagnosis, treatment 
options and subsequent prognosis.
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14.9  Patient Advocacy/Mental Capacity

In the UK Nursing and Midwifery Council’s (our governing body) code of conduct 
booklet, it clearly states that: “…You make sure that those receiving care are treated 
with respect, that their rights are upheld and that any discriminatory attitudes and 
behaviours towards those receiving care are challenged” [17].

Most nurses can likely recall a time when they did not agree with the doctor 
regarding a recommended treatment choice or how a particular situation was han-
dled. There have been times when personality clashes and communication styles 
have differed vastly between consultants and patients, requiring a CNS to interject 
to try and calm fraught situations down. It is very easy for feelings to become tense 
when patients are faced with situations outside of their control.

Challenging colleagues to maintain their professionalism and high standards of 
communication is thankfully not something that needs to be done with any recurring 
regularity, but more challenging is to ensure the patient and their carers have the 
same mutual respect for these invisible boundaries towards one another and those 
helping to care for them. This is even more important should the patient have a cog-
nitive issue which puts his/her ability to make autonomous decisions at risk. In such 
situations, it is pertinent a more in-depth professional assessment is carried out to 
assess if the patient formally lacks capacity to make decisions or not. This assess-
ment needs to be conducted by a doctor, but undoubtedly arranged by the CNS, as 
a patient advocate.

In more severe cases, lack of capacity can also lead to a situation where the 
patient in question is deemed vulnerable and needs to have their needs and best 
wishes safeguarded from those around him—in the UK, this complex process is 
called ‘safeguarding of vulnerable adults’ (SOVA) and can involve court applica-
tions to safeguard their finances amongst other things [18]. As the patients nursing 
advocate, CNSs have a substantial role within this process to ensure overall patient 
safety and wellbeing. All hospitals have an adult (and paediatric) safeguarding team 
to contact for information, advice and support.

Example Mr. Jones (pseudonym) was a 49-year-old married man, separated from 
his wife but not yet legally divorced. She was still living in the marital home, he had 
moved out into rented accommodation. They had no children and he himself was an 
only child. Both his parents were dead—his mother, who he had been very close to, 
died the previous year following a cancer diagnosis; his father had passed away 
from a heart attack over a decade previously.

Mr. Jones had become withdrawn and depressed and did not look after himself 
very well—he had become very unkempt and risked losing both his job (he simply did 
not show up to work) and his apartment due to rental and bill arrears. A close friend 
of his felt all this was very out of character for him (despite his recent grief over losing 
his mother to whom he was very close) and eventually she managed to persuade the 
GP to admit him to hospital for investigations into possible early onset dementia. A 
CT head showed an enormous bi-frontal meningioma (around 8 cm) with significant 
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mass effect and midline shift, minimal oedema, causing frontal lobe syndrome. He 
was transferred across to a neurosurgical unit and given a date for urgent surgical 
resection. As he was unable to look after himself, he was kept as an inpatient and was 
formally deemed to lack mental capacity for any decision-making.

His estranged wife contacted the CNSs, asking for a headed letter from the hos-
pital stating that his brain tumour did not affect his capacity to sign the divorce 
papers. She felt she had waited long enough for the divorce proceedings and wanted 
nothing more to do with him. She did not want to be ‘lumbered’ with any legal 
responsibility to look after him after surgery and wanted to put their house on the 
market and move on with her life.

In one way, her reaction was understandable, but in another way very alarming. 
The size and location of his tumour is exactly what has caused him to lack insight 
or have capacity to make any decisions of any sort. Who is to say she would not sell 
the house and keep all the money herself, without his knowledge or consent? 
Although they remain married, they are separated and judging by her reaction 
towards him (even when knowing of his brain tumour diagnosis), they did not 
appear amicable in any way. It would be doubtful whether Mr. Jones would want her 
as his formal next-of-kin had he had capacity to make his own decisions, in which 
case his CNSs are limited to what they can tell her from a patient confidentiality 
perspective.

She was informed he did not currently possess formal capacity to make ANY 
decisions and that whilst understanding of her frustrations and situation, it was not 
something he could currently control. His specialist nurses would hence not be in a 
position to supply her with her requested letter or information. She was reassured 
however that she would be under no obligation (legal or otherwise), to care for him 
after discharge. Due to her persistent and increasingly irate nature of phone calls, 
advice was sought from the internal adult safeguarding team who agreed that his 
overall needs required safeguarding—he was assessed by the safeguarding team and 
duly appointed a temporary legal guardian.

Resulting from this legal guardian appointment, both his job and apartment (and 
his marital home!) were secured, as the guardians were able to provide evidence to 
the various tribunal bodies (employment, rental, banks, etc.) and courts of his medi-
cal condition and the proven effects it had on his cognition—his rental arrears and 
bills were cancelled and he underwent post-operative neuro-rehabilitation with 
good effect.

Only through the CNS thinking beyond Mr. Jones’ immediate care needs and 
thinking of how the whole situation may affect him in the long-term was a potential 
crisis avoided. The nurse acted as a patient advocate and ensured (with the appropri-
ate help and support) that both Mr. Jones’ job, apartment and marital house were 
still available to him upon recovery and following discharge from hospital. 
Furthermore, his finances were protected until such time he was deemed able to 
have capacity one again. Sometimes, especially with patients who are cognitively 
affected by the presence of a brain tumour, the CNS is required to think of situations 
outside of the hospital setting to ensure the patient is protected and all aspects of 
their best interest are adhered to.

I. Oberg
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14.10  Nurse-Led Clinics

Depending on the previous levels of experience, a lot of neuro-oncology nurses 
undertake specialist nurse-led clinics for patient follow-up and support. The types 
of clinics offered may vary depending on whether the CNS covers neurosurgery or 
oncology solely, or whether they are in a combined role covering all aspects of 
patient’s surgical and oncological needs.

From a neurosurgical perspective, follow-up clinics are offered for those patients 
on a pre- or post-operative surveillance course. These could be meningioma patients 
on imaging surveillance, or low-grade glioma patients who have been operated on, 
who also remain under surveillance. There is more to these clinics than simply 
relaying the results of the patient’s surveillance MRI results: a nurse-led clinic also 
offers advice on post-operative side effects and treatments, medication side effects, 
work-related issues, fatigue management, family stresses and issues, support 
groups, financial advice, driving restrictions, travel advice and epilepsy manage-
ment. They are very comprehensive clinics that offer a holistic approach to indi-
vidualised patient care [10, 11, 19].

In oncology, the same approach remains, but nurses also offer treatment clinics 
for those patients undergoing (or completed) oncology treatments such as radio-
therapy or chemotherapy. They monitor side effects and management of such; they 
assess full blood profiles and adjust chemotherapy doses (with their clinicians) 
accordingly, depending on the extent of bone marrow suppression and other factors 
such as white blood counts and neutrophils. The CNSs offer advice on side effects 
(including adverse reactions and toxicity) and monitor patients for signs of recur-
rence with regular MRI scans. Nurse-led clinics in oncology offer counselling ser-
vices and signposting to other palliative care services and community facilities such 
as hospices and day respite centres [10, 19].

14.11  Conclusion

Specialist neuro-oncology nurses (whether neurosurgical, oncological or both) 
become the patients, family and carers life-line. The specialist nurses become the 
first line of defence for patients and families to utilise: relatives often ring ‘their 
CNS’ for complex clinical advice, seeking (re)assurance in instances where they 
need to call an ambulance immediately. Relatives have phoned for advice whilst 
abroad on holiday as their loved one has suffered a new-onset seizure; there have 
been instances where patients call their specialist nursing teams only to hand the 
phone over to the ambulance paramedics who are with them needing to speak to 
someone who is aware of their clinical situation.

Neuro-oncology nurses are often referred to as ‘key workers’ and it’s easy to see 
why—they are the key to their patient’s wellbeing, and the ripple effect spreads far 
and wide, from the hospital into the community and beyond. But, it is because of 
this key relationship that neuro-oncology nursing is such a niche cornerstone of 
specialist nursing, so special, and so very vital.
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The role of specialist nursing is bound to become increasingly important within 
the health care setting given the context of the ever-increasing need to achieve better 
individualised management of patients, utilising scarce resources, and the need for 
reduced inpatient stay.
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15Improving Patient’s Functioning 
and Well-Being with Neurorehabilitation

Quirien Oort, Linda Dirven, and Martin J. B. Taphoorn

There are two main types of brain tumours: primary and secondary brain tumours [1]. 
Primary brain tumours originate from cellular abnormalities in brain tissue or in the 
tissues surrounding the brain. The most prevalent type of primary brain tumours in 
adults are meningiomas. Meningiomas are tumours that arise in the meninges, the 
layers of tissue that surround the outer part of the brain and spinal cord. Regarding 
tumours that originate in the brain itself, in childhood the majority of tumours that 
arise from brain tissue are neuronal tumours, while in adults the far majority originate 
from glial cells and are called gliomas, such as astrocytomas, oligodendrogliomas, 
glioblastomas and ependymomas [2]. Secondary brain tumours, also known as meta-
static brain tumours or brain metastases, originate from tumours outside the central 
nervous system that have metastasized to the brain. In adults, metastatic brain tumours 
are even more common than primary brain tumours [2]. Brain tumours can be either 
malignant, including gliomas, primary central nervous system lymphomas (PCNSL) 
and brain metastases, or benign, such as the majority of meningiomas.

The overall symptom burden and disability in patients with brain tumours are 
significant [3–5]. Brain tumour patients may suffer from a variety of tumour-induced 
neurological symptoms including seizures, focal neurological deficits, cognitive 
deficits and behavioural and personality changes, in addition to more general 
cancer- related and treatment-induced symptoms such as nausea and vomiting, 
depression, anxiety and fatigue. These symptoms can have substantial negative 
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impact on the patient’s activities in daily life and his/her social interactions, as well 
as the patient’s health-related quality of life (HRQoL) [6–10].

The prognosis of brain tumour patients may range from only several months (e.g. 
brain metastases) to more than 20 years (e.g. low-grade gliomas or meningiomas), 
and depends on tumour characteristics (histopathology and grade, cytogenetic 
abnormalities) and patient factors such as age and clinical condition [11]. There is a 
variety of treatment options for brain tumour patients. Currently, anti-tumour treat-
ment consists of surgery (resection or biopsy for diagnostic reasons), radiotherapy 
and/or systemic chemotherapy, depending on the type and location of the tumour. 
Other more recently developed interventions include targeted treatment and immu-
notherapy [12–18]. In addition, supportive treatments (e.g. anti-epileptic drugs and 
corticosteroids) are administered to relieve symptoms [19–26].

Given the progressive and incurable nature of most gliomas and brain metasta-
ses, treatment is intended not merely to prolong life, but also to relieve the patient’s 
symptoms and maintain or improve the patient’s functioning, as well as to preserve 
patient’s HRQoL as much and as long as possible. Apart from incurable brain 
tumours, also benign brain tumours may lead to longstanding decrease in function-
ing and well-being, be it due to the tumour or its treatment. Although anti-tumour 
treatment may result in improved functioning, neurorehabilitation can be seen as an 
additional supportive treatment option to maintain or improve functioning and well- 
being during the disease trajectory. Neurorehabilitation offers a variety of therapies 
that focus on helping patients with neurological diseases to overcome their disabili-
ties by improving and/or preserving specific aspects of patients’ functioning. These 
therapies include developing motor, communication and cognitive skills, coping 
with psychological problems and educating daily life functioning and community 
reintegration. By improving and/or preserving functional abilities and educating on 
how to cope and adjust to more permanent functional deficiencies, neurorehabilita-
tion ultimately aims to improve the patient’s HRQoL.

This chapter will focus on the role of neurorehabilitation in improving brain 
tumour patients’ functioning. First, we will discuss how patients’ functioning is 
defined and can be measured. Next, we will focus on neurorehabilitation treatment 
options, taking into account their impact on the different levels of functioning.

15.1  Levels of (Dys)function

Health is not only defined as physical well-being. In 1948, the World Health 
Organization (WHO) defined health as “a state of complete physical, mental and 
social well-being and not merely the absence of disease or infirmity” [27]. The 
WHO International Classification of Functioning, Disability and Health (ICF) 
describes changes in health and health-related domains on three levels of human 
functioning: (1) body, (2) person and (3) society. For these three levels, respectively, 
changes in health can manifest as (a) impairments, (b) activity limitations and (c) 
participation restrictions.

Impairments are losses or abnormalities of body functions or structures and 
reflect the basic level of well-being [28]. As mentioned earlier, brain tumour patients 
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may suffer from a wide range of impairments, including physical and cognitive 
impairments [6–10].

As a result of these impairments, persons might be constraint in their ability to 
perform activities of daily living (ADL). This is referred to as activity limitations 
[28–30]. ADL can be categorized in basic activities of daily living (BADL) and 
instrumental activities of daily living (IADL). BADL include basic skills such as 
walking and taking care of one’s self [31]. IADL, on the other hand, include skills 
required for autonomous functioning like driving, handling finances and the ability 
to use a computer or smartphone [31, 32].

Activity limitations, in turn, may result in problems at the highest level, the soci-
etal level. Dysfunction on this level is referred to as participation restrictions [28–
30]. Whereas activity limitations refer to problems with specific activities, 
participation restrictions reflect the interference the bodily impairments and activ-
ity limitations have on a person’s ability to fulfil a certain role at work or school, in 
the home or during community or leisure activities. The WHO ICF states: “Activity 
limitations are difficulties an individual may have in executing activities. 
Participation restrictions are problems an individual may have in involvement in 
life situations” [29, 30].

As an example, a brain tumour patient with severe memory and concentration prob-
lems (impairment) is no longer able to work (activity limitations), and is therefore 
restricted in his/her ability to be an active member of the working society (participation 
restriction). Therefore, functional decline or disabilities on a basic level of functioning 
can have an extensive negative impact on higher levels of functioning and well-being.

15.2  Value of Functional Assessments in Research 
and Clinical Practice

Assessing patients’ level of functioning is valuable in both clinical research and 
clinical practice. In clinical drug trials, outcome measures reflecting the patients’ 
functioning are used to determine the net clinical benefit of a treatment strategy, in 
conjunction with traditional outcome measures such as overall and progression-free 
survival and objective response rate on imaging. The net clinical benefit is deter-
mined by how a patient “feels, functions, or survives” [33, 34]. Historically, overall 
survival has been the favoured primary endpoint in clinical trials, as it is generally 
viewed as the ultimate objective and a reliable measurement of treatment effect. 
However, patient-centred outcome measures are increasingly implemented as sec-
ondary outcome measures to determine the net clinical benefit [33, 34]. In contrast 
to clinical drug trials, outcome measures in neurorehabilitation trials reflecting the 
patients’ functioning are usually the primary endpoint. The focus of rehabilitative 
treatment could be on a single or multiple domains, such as physical, cognitive or 
emotional functioning, activities of daily living, or social or vocational skills.

In clinical practice, assessing the level of functioning is particularly useful. 
Foremost, functional assessments are implemented to assess individual patient’s 
present level of functioning and at multiple intervals to monitor for potentially 
foreseen and unforeseen functional decline during the course of disease and/or 
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treatments [35]. Outcomes on functional assessments can have several applica-
tions. Functional outcomes may be used, for example, to determine if the patient’s 
physical state is well enough to undergo or continue certain treatments (e.g. 
patients with Karnofsky performance status (KPS) scores >70 [36]), if measures 
need to be undertaken to avoid any (further) decline (e.g. physical therapy to 
avoid muscle atrophy), if alterations need to be made to the treatment regimen to 
better manage symptoms (e.g. adjusting anti-epileptic drug or dose) or if treat-
ment has been or continues to be effective (e.g. functional improvements due to 
tumour response). Furthermore, functional outcomes on each level of well-being 
can facilitate the patient–physician communication and can be applied in shared 
decision-making regarding treatment options. Especially the functional assess-
ments of the higher- order level of functioning (i.e. participation restrictions) can 
make the physician aware of potential problems beyond the purely physical or 
cognitive symptoms and may improve the patient’s overall functioning and well-
being [35].

15.3  Measuring (Dys)function

The US Food and Drug Administration (FDA) categorized patient-centred outcome 
measures, referred to as clinical outcome assessments (COAs), into four subtypes 
based on the source of information: patient-reported outcome (PRO) measures, 
observer-reported outcome (ObsRO) measures, clinician-reported outcome 
(ClinRO) measures and performance outcome (PerfO) measures [37]. ClinRO mea-
sures are measurements based on the evaluation of health care professionals, while 
PROs directly reflect the patient’s perspective [38]. Although the consensus is that 
patients are the best source to rate their functioning and well-being [39], there are 
situations where patients may not be the most reliable source. In that case, ObsRO 
measures may be useful. Proxy ratings should be considered as a potentially appro-
priate alternative in neuro-oncology because proxies might better judge the patients’ 
functioning in those situations where patients are cognitively impaired or have a 
very poor health status. Lastly, PerfO measures assess patient’s (physical or neuro-
cognitive) functioning based on their performance on a task and are, unlike the other 
outcome measures, objective measurements. PerfOs have the benefit of having good 
face validity and reproducibility, are sensitive to change over time and may detect 
functional limitations before it is reflected in the self-reported questionnaires 
(PROs) [40]. However, they are typically more expensive, time consuming and bur-
densome for patients. Furthermore, a recent systematic review found moderate to 
large correlation coefficients between the self-reported and performance-based 
assessment within the same domain of disability [41].

The development of measurement tools evaluating levels of functioning mirrors 
the evolution of the concept of dysfunction. At first, measurement tools were devel-
oped that mainly focused on assessing impairments (physical capabilities and sen-
sory abilities), shifting to an increase in the development of tools assessing self-care 
abilities (e.g. BADL and IADL) and more recently towards social participation 
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(fulfilment of social roles) [42–44]. Since (dys)function is a broad multi- dimensional 
concept, it can be challenging to measure this entire concept accurately.

In neuro-oncology, several COAs are used to assess the different levels of func-
tioning. First, dysfunction on the impairment level is commonly assessed using 
PROs. This includes assessment of physical symptoms (e.g. visual analogue scale 
(VAS) for pain and fatigue), subjective cognitive complaints (e.g. functional assess-
ment of cancer therapy-cognition (FACT-Cog)) and psychological problems (e.g. 
hospital anxiety and depression scale (HADS)). In addition, many HRQoL ques-
tionnaires comprise items on impairments, including items on sensory disorders, 
trouble sleeping, appetite loss, constipation, motor dysfunction, dyspnoea and sei-
zures (e.g. European Organization for Research and Treatment for Cancer (EORTC), 
Quality of Life Questionnaire Core 30 (QLQ-C30) and the brain cancer module, the 
QLQ-BN20). Although more common in paediatric brain tumour patient research 
[45–47], proxy ratings (ObsRO) are also used to assess symptoms, cognitive func-
tioning or behavioural changes in adults with brain tumours [48]. There are also 
several ClinROs that measure on the impairment level. The neurologic assessment 
in neuro-oncology (NANO) scale [49], for instance, evaluates brain tumour patients 
on nine relevant neurologic domains (symptoms and cognitive skills). Although 
performance status scales, such as the Eastern Cooperative Oncology Group 
Performance Status (ECOG), WHO performance status and the KPS scale, are often 
seen as measures of impairment, they also reflect aspects of activity limitations. 
PerfO measures assessing on the impairment level can focus on physical impair-
ment, such as a neurological examination (i.e. physical and sensory tests to examine 
physical or sensory impairments) or cognition, typically assessed with a neuropsy-
chological test battery. Neuropsychological tests assess impairments regarding 
many different cognitive domains, for example, memory (e.g. Hopkins verbal learn-
ing test-revised (HVLT-R); assessing direct free recall, delayed free recall and rec-
ognition), attention (e.g. D2 test of attention, selective and sustained attention and 
visual scanning speed), executive functioning (e.g. Delis-Kaplan executive function 
system (D-KEFS)), visuospatial constructional ability (e.g. Rey complex figure test 
and recognition trial (RCFT)) or language (e.g. Boston naming test).

Dysfunction on the level of activity limitations is typically assessed with BADL 
and IADL scales. Most commonly used BADL scales in neuro-oncology are the 
Barthel index (BI) and the Katz index of activities of daily living (Katz ADL). The 
BI and Katz ADL were originally developed as ClinROs [50–53]. However, nowa-
days BADL as well as IADLs can be assessed either by a health care professional, 
a proxy or by the patients themselves [32, 44, 54–57]. The functional independence 
measure and functional activity measure (FIM–FAM) is also commonly imple-
mented as an ADL scoring system to assess the effectiveness of a rehabilitation 
program. This measure includes items with regard to both BADL and IADL, and is 
administered as a ClinRO. Assessing IADL can be particularly valuable in brain 
tumour patients, since cognitive decline is presumed to negatively impact their abil-
ities to perform IADL. IADL involves higher-order activities “with little automated 
skills for which multiple cognitive processes are necessary” [58] and is therefore 
more sensitive to early effects of cognitive decline when compared to BADL [56, 
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59, 60]. However, unlike BADL, IADL is not commonly measured as a separate 
construct in neuro-oncological research. In some rare cases, the Lawton and Brody 
instrumental activities of daily living scale is used to assess IADL [61, 62]. Currently, 
a brain tumour-specific instrumental ADL measure is being developed as a PRO as 
well as an ObsRO [63], facilitating use in clinical trials and clinical practice. BADL 
and IADL can also be measured using PerfOs, such as the physical performance test 
(PPT) [64] and direct assessment of functional status (DAFS) [56], yet these are not 
commonly used in neuro-oncology.

To the best of our knowledge, there are no measures available for use in neuro- 
oncology that assesses functioning at the level of participation restriction only. 
HRQOL questionnaires cover some items on participation restriction, but they do 
not capture the full extent of potential issues on this level of functioning. The 
EORTC QLQ-C30 and QLQ-BN20 questionnaires, for example, contain items on 
the interference of the patient’s physical condition or medical treatment with their 
family life or social activities. The FACT-general and brain module contains similar 
items, such as having trouble meeting the needs of the family, and being bothered 
by the drop in contribution to the family. A questionnaire such as the social role 
participation questionnaire (SRPQ) [65] (developed for patients with arthritis), 
focusing on participation restrictions only, could perhaps be useful in neuro- 
oncology to better assess functioning on this level. The SRPQ is a broad instrument 
assessing the influence of health on 11 specific social role domains and one “general 
participation” item. Patients rate (a) how important the social roles are to them, (b) 
their satisfaction with the amount time spent in that particular social role and (c) 
their ability to participate in that role in the way they want (i.e. role performance) on 
a 5-point Likert scale. As with the brain tumour-specific IADL, the development of 
a brain tumour-specific questionnaire on participation restrictions or social roles 
should be considered.

15.4  Neurorehabilitative Interventions

Neurorehabilitation can be implemented to address patients’ various dysfunctions 
associated with the treatment or disease, and may contribute to maintaining and 
improving HRQoL.  Neurorehabilitation considers physical, psychological and 
social aspects of the patient’s well-being and, therefore, requires a multidisci-
plinary team care, including psychologists, nurses and rehabilitation specialists, 
to obtain optimal results. Despite the fact that rehabilitation is commonly being 
practiced in clinical settings, it has not been extensively recognized in cancer care. 
In recent years, however, the increase in the number of long-term survivors due to 
advances in cancer care has led to an increased interest in cancer rehabilitation 
[66]. The type of neurorehabilitative treatment is often determined by several fac-
tors, including the patient’s diagnosis, received treatment and their anticipated 
survival. Although this suggests that neurorehabilitation programs should be dif-
ferent for the various types of brain tumour patients, several studies have indi-
cated that rehabilitation provides significant functional gains in patients with 
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brain tumours irrespective of tumour type, location of lesion or the presence of 
metastases during inpatient rehabilitation [67–73].

Several neurorehabilitative interventions are available for brain tumour patients. 
However, the potential effects of rehabilitation on the patients functioning may vary 
in the different phases of the disease. Therefore, the so-called adaptive rehabilita-
tion program for patients with cancer described by Dietz may also be useful for 
brain tumour patients. This program consists of four categories: prevention, restora-
tion, support and palliation [74]. Adaptive rehabilitation reflects the stages of func-
tional progression, from the time of diagnosis until end of life, and introduces the 
relevant intervention strategies for these stages (Fig. 15.1).

Neurorehabilitation at the time of diagnosis and prior to treatment mainly con-
sists of preventative strategies. In this phase, the focus lies on education and early 
intervention to abate the effects of the tumour and prevent functional loss [75]. As 
mentioned earlier, baseline levels of function (i.e. impairments, activity limitations 
and participation restrictions) can be assessed prior to treatment and monitored dur-
ing the course of the disease. Preventative strategies can be implemented to retain 
patients’ functioning and to prevent occurrence of impairments during the course of 
disease or during treatment [74, 76, 77]. For example, rehabilitation could be 
focused on maintaining a good physical condition [78] and making certain deci-
sions to change lifestyle prior to treatment (e.g. quit smoking [79]) that may decrease 
the impact of potential adverse outcomes of treatment. Physical therapy can be 
implemented to prevent (further) physical decline. Another form of a preventative 
strategy is psychological support, which can be introduced after receiving the diag-
nosis or prior to or during treatment. By informing (newly) diagnosed patients about 
what may be expected with regard to the effects (e.g. physical, emotional, cognitive, 
behavioural) of having a brain tumour and undergoing treatment, and addressing 
patients’ present and future concerns, (further) psychological distress may be 
reduced or prevented.
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Fig. 15.1 Schematic depiction of the adaptive rehabilitation strategies during the stages of func-
tional progression
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During the treatment stage, preventative, restorative and supportive strategies 
can be implemented. One such preventative strategy is part of physical therapy, and 
includes early postoperative ambulation and improving physical functions. It is 
known that physical strength tends to diminish during treatment due to fatigue and 
other adverse effects. However, physical and muscle strength can be enhanced by 
physical therapy to prevent disuse syndrome (e.g. contractures, muscle atrophy, loss 
of muscle strength and decubitus due to decline in mobility) [66]. Directly after 
treatment, restorative strategies may be implemented to maximize the recovery of 
patients’ level of functioning either to levels prior to treatment or regaining maximal 
functional recovery in patients with more extensive impairments of functioning or 
decreased abilities [74, 76, 77].

There are various restorative strategies that can be implemented during the treat-
ment stage, both physical and cognitive. The physical restorative strategy during 
this stage aims to restore the patient’s balance, walking ability and general mobility. 
One study showed that brain tumour patients receiving comprehensive individual-
ized multidisciplinary rehabilitation significantly improved on the FIM-mobility 
subscale (i.e. 13 out of 18 FIM items, excluding the items on communication and 
social cognition) at 3  months post-treatment follow-up compared to the waitlist 
control group; however, this effect was no longer present after 6-month follow-up 
[80]. Another study showed that brain tumour patients made significant improve-
ments in their FIM scores from admission to discharge [81]. Although the length of 
rehabilitation was not a significant independent predictor of high or low FIM gain 
for patients with brain tumours, patients with brain metastases and glioblastoma 
who had the highest increase in functional gains were also the ones who had the 
longest survival time.

An example of a restorative strategy with regard to cognition is cognitive 
rehabilitation. Cognitive rehabilitation depends on the principles of neural plas-
ticity of the brain. Neural plasticity refers to the brains capability to reorganize 
itself by neurons changing in structure and function and forming new neural con-
nections [82]. It allows neurons to compensate for brain injuries and diseases, 
and mediates in the acquisition of knowledge and skills. Cognitive rehabilitation 
offers exercises aimed at improving various domains of cognition such as atten-
tion, memory, language and executive/control functions. Although cognitive 
deficits are characteristic for brain tumour patients, only few published studies 
have examined the potential benefits of cognitive rehabilitation in this patient 
population. One of these studies evaluated a multifaceted cognitive rehabilitation 
program (CRP), a computer-based attention retraining and compensatory skills 
training of attention, memory and executive functioning in patients with different 
types of brain tumours [83]. Patients were randomized to the intervention group 
or the waiting-list control group. The effect of CRP was evaluated by administer-
ing a battery of neuropsychological tests and self-report questionnaires at base-
line, which was directly after the cognitive rehabilitation for the intervention 
group and at an equivalent time point for the control group, and at the 6-month 
follow-up. The study revealed less cognitive complaints immediately post-treat-
ment and significant better scores on several neuropsychological tests in the 
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intervention group: on four out of the seven individual attention tests (effect sizes 
ranged from 0.23 to 0.55) and two of the three individual verbal memory tests 
(effect sizes, 0.48 and 0.43). Moreover, patients in the intervention group reported 
less mental fatigue at the 6-month follow-up measurement. Although few studies 
have been conducted to evaluate the effects of neurocognitive rehabilitation, and 
though it is usually not integrated into the routine care of patients with brain 
tumours, neurocognitive training is feasible and might be able to induce improve-
ments in cognitive skills. To help patients to manage the effects of their neuro-
cognitive impairments better, neurocognitive rehabilitation should occur in 
parallel with medical management to treat fatigue, behaviour, memory, mood 
and the management of drugs that may be associated with neurocognitive side 
effects (e.g. anti-epileptic drugs) [84].

Although preventative and restorative strategies predominantly focus on the 
improvements gained on the impairment level of functioning, it is expected that 
this has an indirect positive impact on activities in everyday life. This is evident 
from a meta-analysis revealing a statistically significant effect of inpatient physical 
rehabilitation on functional improvement for both the Barthel index (an average of 
+44% score change from admission until discharge) and the functional indepen-
dence measurement (FIM) scores (an average of +23% score change from admis-
sion until discharge), resulting in an overall average increase of 36% in independence 
[85]. In a recent study by Han et al. [86] brain tumour patients received conven-
tional rehabilitation. This conventional rehabilitation therapy included physical 
therapy by neuro-developmental treatment (NDT)-certified therapists for one hour 
per day, neuromuscular electrical stimulation therapy, aerobic exercise, occupa-
tional therapy for stretching and strengthening of the upper extremity, and task-
oriented therapy for ADL, fine motor training and sensory motor recovery. 
Computerized or focused cognitive training of neuropsychological deficits was not 
included. The combination of the physical restorative strategies and supportive 
strategies in this conventional therapy induced significant physical and cognitive 
(Korean versions of the motricity index (K-MI) and mini mental status examina-
tion (K-MMSE)) improvements in both benign and malignant brain tumour 
patients, as well as improved functioning in activities of daily living (Korean ver-
sion of the modified BI (K-MBI)). In addition, results demonstrated that aspects of 
motor and cognitive dysfunction predicted lower levels of ADL function, before 
and after rehabilitation [86].

For some brain tumour patients, supportive care in the form of occupational 
therapy can be relevant in the treatment stage following initial treatment. One 
aspect of occupational therapy is professional integration, i.e., helping patients 
return to work to some extent. During prevocational therapy, the job reinstate-
ment possibilities for brain tumour patients vary extremely depending on the 
tumour type and clinical condition. Even for brain tumour patients with more 
favourable prognosis, whom might benefit from this training, it is imperative to 
help develop a realistic view of their working potential. Some patients might 
have to come to grips with the realization that a return to work might not mean 
returning to their former employment position and/or not in the same capacity. 
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During prevocational training, work simulations can be implemented to teach 
and reinforce the use of compensatory strategies. These may include using a 
daily planner to maintain daily schedules or using written checklists for operat-
ing equipment (e.g. computers). In addition, education on the reorganization of 
the workspace and structuring/organizing the work day can allow successful 
completion of tasks which would otherwise be too challenging. The therapist 
could also encourage patients to resume or assume the role of homemaker or 
volunteer, or help develop a structured routine for leisure/avocational activities 
[87]. One study reported favourable participation outcomes (community inde-
pendence and employment) after outpatient multidisciplinary rehabilitation in 
people with brain tumours [73].

However, most supportive interventions are designed to teach patients to accom-
modate to their disabilities and to minimize debilitating changes from ongoing 
disease. As the disease progresses and patients develop more permanent disabili-
ties, the predominant focus shifts even more from the prevention and restoration of 
impairments towards higher levels of functioning in order to maintain a decent 
level of independence. In the advanced stage of the disease, the purpose of sup-
portive strategies is to maintain a level self-care and independence using education 
and guidance (e.g. educating self-care strategies and skills and assisting with the 
use of supportive medical devices). Patients are assisted in learning how to cope 
and adjust to the disabilities, and are educated in the use of medical devices (e.g. 
learning to adjust to prosthetic devices or wheelchair) [74, 76, 77]. Occupational 
therapy may also focus on maximizing a person’s independence with regard to 
daily functioning [87]. For example, activity limitations (i.e. BADL and IADL) 
could be improved by addressing problems regarding self-care, functional mobil-
ity, meal preparation, money management, driving and leisure activities due to 
physical and/or cognitive disabilities [87, 88]. Also, occupational therapy in the 
form of community reintegration training can be implemented to enhance the level 
of participation restrictions, by learning patients to reintegrate into the community 
despite their disabilities. Community living skills are essential to be a productive 
participant in society. Community reintegration training includes planning and par-
ticipating in community- based activities. Tasks learned or re-learned in the clinic 
can be practiced in a more natural context during community reintegration 
activities.

Neuro-palliative rehabilitation is at the interface between rehabilitation and pal-
liative care and focuses on symptom management and interventions to maximize 
HRQoL during the terminal stages of the disease. In this phase, the intent is to make 
patients feel as comfortable as possible, either physically, psychologically and/or 
socially, and respect their wishes. Palliative care may, for example, focus on symp-
tom relieve (e.g. pain control), psychological support and reducing the chances of 
adverse effects of being bedridden, such as contractures and pressure ulcers, by 
using heat, (re-)positioning of the body, breathing assistance and relaxation, and 
with the use of low-frequency electromagnetic therapy equipment or with the use of 
assistive devices [74, 76, 77].
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15.5  Conclusion and Future Perspectives

In conclusion, patients with brain tumours can have impairments on all levels of 
functioning, which may negatively affect their overall HRQoL. Neurorehabilitation 
can improve functioning on all levels of functioning, using different types of inter-
ventions which depend on the stage of the disease. Although several tools exist to 
assess functioning and well-being, there is still a need for brain tumour-specific 
tools on all levels of functioning, especially the higher-order levels of functioning. 
Moreover, there is a need for more empirical studies evaluating neurorehabilitative 
interventions in brain tumour patients using these functional assessment tools. By 
optimally assessing functioning and adequately addressing functional decline at the 
right moment with the right treatments and interventions, patient’s HRQoL can sub-
sequently be improved.

Developments have been made in the field of neurorehabilitation as a result of 
the emergence of new technological advances. In the past years, there has been a 
growing interest in e-health, i.e., digitized assessment tools and therapies. Several 
studies have been published recently regarding the development and testing of com-
puterized neuropsychological test (CNT) batteries, virtual reality training tools and 
online/app-based rehabilitation [89–95]. However, the current emphasis is on pre-
serving physical and cognitive functioning. Further well-designed studies in differ-
ent brain tumour patient populations are needed to investigate how these e-health 
tools may help improve the patients’ functioning and well-being on higher levels 
(I-ADL and societal participation).
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16.1  Introduction

The concept of palliative care is an emerging field in neuro-oncology. The WHO 
definition of palliative care (PC) affirms that “palliative care is an approach that 
improves the quality of life of patients and their families facing the problem associ-
ated with life-threatening illness, through the prevention and relief of suffering by 
means of early identification and impeccable assessment and treatment of pain and 
other problems, physical, psychosocial and spiritual” (www.who.int/cancer/pallia-
tive/definition/en/).

However, brain tumour (BT) patients are different respect from other cancer 
patients because of trajectory of the disease, short life expectancy and complexity of 
palliative care needs due to specific symptoms related to neurological deterioration 
and therefore they require a specific and appropriate palliative care approach espe-
cially in the last stage of disease when incidence of neurological symptoms and 
psychosocial troubles becomes higher [1].

Despite the advance in treatment options has lengthened the life expectancy, BT 
patients suffer significant functional and psychosocial impairments that limit daily 
activity and quality of life.

During the course of the disease, BT patients present with multiple neurological 
deficits that can be due either to primary tumour effects and/or the adverse effects of 
oncologic treatment [2–5]. The localization of the tumour leads to several neuro-
logical symptoms including focal symptoms (hemiparesis, seizures and speech dif-
ficulties) and neurocognitive deficits (aphasia, impaired attention, concentration 
difficulty, reduced short-term memory and behaviour changes). One study found 
that 75.4% of BT patients presented more than three concurrent deficits, and 39.2% 
had more than five [6].

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-95684-8_16&domain=pdf
mailto:andrea.pace@ifo.gov.it
http://www.who.int/cancer/palliative/definition/en/
http://www.who.int/cancer/palliative/definition/en/
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There is a large consensus on the need to improve the quality of palliative and 
supportive care for neuro-oncological patients. However, several papers have 
reported a lack of knowledge and of evidence-based guidelines about supportive 
care in BTs and confirm that there is a great need for education in palliative care and 
end-of-life decision-making in neuro-oncology setting [7, 8].

In this chapter, we will address palliative care issues in BT patients at the end-of- 
life (EoL) and the role of palliative rehabilitation interventions in advanced stage of 
disease.

16.2  Palliative Care Issues in Brain Tumour Patients

To date, palliative care in neuro-oncologic patients and the ongoing needs for care 
from discharge to the terminal phase of disease are not well documented. Literature 
data reported this to be a heterogeneous group of patients with complex needs [9].

Care needs increase in the last stage of disease with a high incidence of neuro-
logical symptoms and psychosocial problems often inducing caregivers and/or fam-
ily members to hospitalize the patient [1]. The main goal of palliative care in 
neuro-oncology is the control of symptoms during the course of disease and particu-
larly in advanced stage and at the end of life. Malignant BT patients at the end of 
life require specific palliative interventions, with a multidisciplinary approach per-
formed by a well-trained neuro-oncological team, for the control of pain, confusion, 
agitation, delirium or seizures management with the aim to allow the patient to 
experience a peaceful death [10].

Table 16.1 reports the symptoms observed in the last weeks/months of life of BT 
patients in recent studies (Table 16.1) [10–14]. A recent study showed that in the last 

Table 16.1 Symptoms in brain tumour patients at the end of life reported in the literature

Symptoms
Sizoo 
et al. [11]

Pace et al. 
[10]

Faithfull 
et al. [12]

Koekkoek 
et al. [13]

Oberndorfer 
et al. [14]

Drowsiness, loss of 
consciousness

87 85 75 90

Seizures/epilepsy 45 30 56 25.9 48
Cognitive/psychological 
cognitive deficits/
memory loss confusion

33 39 44.7

Anxiety/depression 29
Agitation/delirium/
confusion

15 31 45

Dysphagia nausea/
vomiting

71 85 10 24.5 79

Headache 33 36 62 34.6 38
Dyspnoea/death rattle /
pneumonia

16 12

Fatigue 25 44
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stage of disease of BT patients disease-specific symptoms such as somnolence, 
focal neurological deficits, cognitive disturbances and dysphagia are more prevalent 
respect from non-disease-specific symptoms [13].

Considering that randomized controlled trials are difficult to conduct in the pal-
liative care setting and are sometimes unethical, alternative research methodologies 
need to be utilized, including qualitative studies, observational studies and expert 
opinion recommendations.

Recently, the European Association of Neuro-Oncology (EANO) guidelines on 
palliative care in neuro-oncology have underscored the need to establish the best 
methods to provide palliative care and to develop and assess adequate supportive 
care interventions [15]. EANO guidelines provided a systematic review of the avail-
able scientific literature integrated with expert opinions and formulated the best 
possible evidence-based recommendations for the palliative care of adult patients 
with glioma, particularly in the end-of-life phase.

One of the most important issues in palliative care is the timing of delivery. Recent 
randomized controlled trials have documented the significant benefits of early provi-
sion of palliative care to cancer patients [16]. Early integration of palliative care, 
compared with normal care, is related to significant improvement of quality of life, 
better symptom control, reduction of health expenditures and in some cases also an 
improvement of survival. However, at present the majority of BT patients receive 
palliative care interventions only in the last weeks or days before death [17].

Palliative care should not be considered to be synonymous with end-of-life care. 
The modern concept of palliative care highlights the importance of early integration 
of palliative care with oncological treatments. Several authors have proposed that 
for patients with cancer, palliative care should start early in the course of disease 
and should be delivered along the entire disease trajectory from diagnosis and initial 
tumour treatment until death [18].

The identification of the beginning of the dying phase is crucial to avoid sub- 
optimal care. Palliative care goal at the EOL phase should be primarily aimed at 
reducing symptom burden while maintaining quality of life as long as possible with-
out inappropriate prolongation of life. However, there is currently no validated 
instrument for determining the beginning of the dying phase and no common defini-
tion of end of life does exist.

Recently, pathways that can support clinicians in the process of identifying the 
beginning of the dying phase have been developed in cancer patients and in patients 
affected by neurological degenerative diseases [19, 20]. The knowledge of early 
predictors of end-of-life stage and the assessment for changes in signs and symp-
toms that may suggest a person is dying may help clinicians to plan and deliver 
appropriate care that integrates active and palliative management.

In general cancer populations several symptoms have been identified as potential 
predictors of entering in the last stage of disease: changes in breathing, general 
deterioration, lowering of consciousness, caregivers’ clinical judgement and low-
ered oral intake [21].

In patients with progressive neurological disease several trigger symptoms have 
been suggested for the recognition of end of life such as swallowing problems, 
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recurring infections, marked decline in functional status, first episode of aspiration 
pneumonia, cognitive difficulties, weight loss and significant complex symptoms 
[20]. There is evidence that these triggers may help in the recognition of the end of 
life and that early recognition of the final stages can be useful in allowing the focus 
of care to be clarified and a palliative care approach initiated.

Nevertheless, several studies showed that end-of-life phase of brain tumour 
patients is quite different respect from the expected trajectory observed in general 
cancer population [22]. Additionally, disease history and needs of care in the last 
stage of BT patients have few similarities with other progressive neurologic 
diseases.

Most of symptoms observed in BT patients approaching death occur in the last 
month of life and do not allow to plan in advance the appropriate end-of-life care. 
The cluster of symptoms observed at the EoL in BT show that the decline in physi-
cal and cognitive functions is rapid in the last 4–6 weeks before death and it is dif-
ficult to identify trigger symptoms as early predictor of EoL stage [23].

Moreover, disease trajectory of BT appears to be very different respect from the 
pathway of general cancer population and from neuro-degenerative diseases, and is 
characterized by fluctuating episodes of neurological deterioration often followed 
by period of improvement or stability.

Despite the emerging evidence of the positive effects of PC and hospice, the 
neuro-oncology community still have difficulty to apply models of care based on 
triggered, targeted interventions that result in high-quality, cost-effective, patient- 
centred and coordinated care.

Recent data reported that BT hospice enrollment was generally late: 22.5% of 
patients entered hospice within 7 days of death, 35% within 14 days and 59.4% 
entered within 30 days of death [24, 25].

The finding that hospice referral in BT patients is predominantly late suggests 
that a substantial proportion of BT patients in the later stages of disease does not 
receive appropriate palliative care.

Therefore, it is important to promote models of care that should incorporate ear-
lier palliative care referral, to facilitate the timing provision of adequate supportive 
and palliative care in BT patients and their families.

16.3  End-of-Life Issues/Treatment Decisions

BT patients who are approaching the EoL need high-quality of care that support 
them to live as well as possible until death, and to die with dignity.

Neuro-oncologists dedicate most of their effort to offer active treatment against 
the tumour but, according to several authors, they are not well trained to give 
adequate care to patients who have progressive disease and no other oncologic 
treatment options available [7]. Little is known about symptoms and needs of BT 
patients at the end of their life, and too many patients do not receive adequate pal-
liative care so that the burden of care often falls to patients’ families [26, 27]. 
Recent studies reported that BT patients at the end of life present a high incidence 
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of distressing symptoms that may influence the quality of life during the process 
of dying [4, 11]. In order to allow the patient to experience a peaceful death, spe-
cific palliative interventions are requested for the control of pain, confusion, agi-
tation, delirium or seizures [11]. The main goals of palliative care and end-of-life 
care in BTs patients are to offer adequate symptom control, relief of suffering, to 
avoid inappropriate prolongation of dying and to support the psychological and 
spiritual needs of patients and families. The lack of control of symptoms, in 
patients not included in palliative care programs, often lead to re-hospitalization 
with an increase in health system economic costs and a worsening of patient’s 
quality of life [27].

However, there is an increasing attention to palliative care and end-of-life issues 
in neuro-oncology. In the last stage of disease BT patients present both complex 
needs similar to the general cancer population, and severe symptoms due to the 
growing tumour, to treatment side effects, and specific problems that require ade-
quate management from a multidisciplinary neuro-oncology team.

Recently, several studies have explored the supportive care needs of BT patient 
in the last stage of disease. One study reported in a population of 231 BT patients 
assisted at home until death with a neuro-oncological palliative home-care program, 
a high incidence of distressing symptoms influencing the quality of life during the 
last stage of disease and during the process of dying [2]. Most frequent symptoms 
observed in the last 4 weeks of life were epilepsy (30%), headache (36%), drowsi-
ness (85%), dysphagia (85%), death rattle (12%), agitation and delirium (15%). 
Two other papers reported similar data about end-of-life symptoms in BT [4, 11]. In 
a little series of BT patients dying in hospital an Austrian group described the symp-
toms in the last weeks of life reporting that most frequent clinical symptoms were 
decreased vigilance, fever, dysphagia, seizures and pain [4]. In the study of Sizoo 
et al. the clinical records of 55 patients death for high-grade glioma were retrospec-
tively examined: the majority of the patients experienced loss of consciousness and 
difficulty with swallowing, often arising in the week before death. Seizures occurred 
in nearly half of the patients in the end-of-life phase and in one-third of the patients 
in the week before dying [11].

A recent review on BT EoL symptoms confirmed that drowsiness and loss of 
consciousness was the most common symptom (90%) and focal neurological defi-
cits (3–62%), seizures (3–56%), dysphagia (7–85%) and headaches (4–62%) were 
also frequent [28].

Other common symptoms reported in the end-of-life phase were progressive 
neurological deficits, incontinence, progressive cognitive deficits and headache. 
However, although an increasing number of researches on the palliative care needs 
of patients with BT have been recently conducted, symptoms before death have 
been described in small, retrospective and single-site studies and in different setting 
of care [11].

Given the paucity of Class I literature data on supportive care issues in BT, it is 
difficult to draw guidelines and treatment recommendations for the treatment of the 
more frequent symptoms; however, recent studies may help to optimize the quality 
of care in the management of BT patients at the EoL [15].
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16.3.1  End-of-Life Treatment Decision-Making Process

EoL treatment decisions in neuro-oncology present unique features and require spe-
cific approaches concerning the decisions relating to medical treatment, including 
withdrawing–withholding of nutrition and hydration of patients in prolonged vege-
tative state, withholding of steroid treatment and palliative sedation [2, 4, 5].

The most challenging treatment decisions at the EoL in BT patients are generally 
about withdrawing or withholding a treatment when it has the potential to prolong 
the patient’s life. This may concern treatments such as artificial nutrition and hydra-
tion and steroid treatment.

Withholding is a planned decision not to undertake symptomatic therapies that 
were otherwise warranted; withdrawal is the discontinuation of symptomatic treat-
ments that have been started. Terminal sedation is defined as the pharmacologically 
induced reduction of vigilance up to the point of the complete loss of consciousness 
with the aim of reducing or abolishing the perception of symptoms that would oth-
erwise be intolerable (“refractory symptoms”). Few data are available on end-of-life 
decision-making process in BTs patients. The process of treatment decision-making 
in the terminal stage of brain tumour patients is often complicated by the presence 
of cognitive problems that may affect patients’ competence to express treatment 
preferences [5]. Recent studies highlight that participation in EoL decision-making 
is only possible with advanced care planning [15].

A recent European study evaluating the EoL decision-making process in three 
European countries revealed that only 40% of competent patients are involved in 
EoL treatment decisions; fewer than 7% express their wishes in advance and more 
than 50% of decisions are made without involving the patients or their families [29]. 
However, considering that the large majority of BT patients become incompetent in 
participating to share treatment decisions, it is of outstanding importance to plan 
EoL treatment decisions in advance, discussing, when possible, also with families. 
The aim is to obtain a consensus about the withholding–withdrawing decisions 
between all participants, respecting both patients and families values.

There are wide disparities in the provision of palliative care in different coun-
tries. To receive good palliative care during the course of disease and particularly at 
the end of life is a human right and the access to the right care should be facilitated 
for every patient.

The relationship between palliative care and health-related QOL in advanced 
stage of disease of BT patients has been poorly evaluated; however, there is grow-
ing concern about the quality of care given at the end of life in these patients. 
Palliative care is now understood as an approach to care concerned with caring for 
the whole person faced with a range of physical, psychological and social needs. 
Studies reported that administrative data, and particularly hospital re-admission 
rate in the last stage of disease, may be considered a potential indicator of quality 
of EoL care [30]. However, prospective studies specifically addressing palliative 
care and EoL issues in BT patients are lacking. Nevertheless, there is a great need 
for education in palliative care and end-of-life care for brain tumour. A better 
knowledge of clinical and ethical issues could help to improve the educational 
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training and quality of care of neuro-oncology services [7]. Palliative programs 
and home-care models of assistance may represent an alternative to in-hospital 
care for the management of patients with brain tumour and may improve the qual-
ity of care, especially in the last stage of disease. Neuro-oncological literature in 
recent years highlights the need to improve the approach to palliative care in brain 
tumour patients and to identify delivery models to better answer patients’ and care-
givers’ needs. Recently, simultaneous care model based on early provision of sup-
portive and palliative care interventions during the course of disease has been 
proposed, with proactive support for patients and their families at illness transition 
points such as diagnosis, conclusion of radiotherapy, tumour recurrence, deteriora-
tion to death and following death [18].

16.4  Ethical Concerns

In the recent years, patient autonomy has become an important issue and cancer 
patients express wish to be involved in treatment decisions. However, the high 
symptom burden of patients with brain tumours affects their quality of life as well 
as their ability to make treatment decisions. It is therefore warranted to involve 
patients with high-grade glioma in treatment decision-making early in the course of 
disease, with a focus on end-of-life care and advance care planning. Research in 
other cancers has shown that the early involvement of specialty palliative care 
improves quality of life and caregiver satisfaction [31].

Some studies have reported that capacity to make decisions relating to medical 
treatment is impaired in up to half of patients with malignant glioma [32, 33]. A 
study evaluating the medical decision-making capacity (MDC) in malignant glioma 
patients showed that more than 50% of patients have a compromised MDC com-
pared to controls [32]. Also, this study investigated the relationship between cogni-
tive functioning and consent capacity suggesting a correlation between medical 
capacity impairment and cognitive impairment.

The reduced medical capacity of brain tumour patients has relevant implications 
in different settings; it may influence the capacity to consent to medical treatment in 
the early stage of disease, the capacity to consent to clinical trial enrollment and 
most important from an ethical point of view, in the process of end-of-life treatment 
decisions. These patients have difficulty in understanding the treatment situation, 
choices, and risks and benefits associated with the choices, and providing a rational 
reason for their decision.

Changes in cognition often occur as a consequence of brain tumours and their 
treatment, including surgical resection, which has implications for decision-making 
capacity. From an ethical perspective, patients lacking capacity need to be protected, 
and an evidence-based approach to determine capacity is essential [34].

At present, there is a lack of consensus on the most effective process for assess-
ing capacity in brain tumour patients. However, there does seem to be agreement 
that cognitive changes are associated with difficulties in making decisions [35]. 
Neuropsychological assessment is considered to be the “gold standard” for 
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assessing cognitive functioning and decision-making in patients with a brain tumour, 
particularly as there is high heterogeneity in the cognitive profiles of these patients.

Considering that the large majority of brain tumour patients lose the competence 
to participate in a shared decision-making process, it is of outstanding importance 
to plan in advance treatment decisions about nutrition and hydration, discussing 
them with families and with patients, when it is possible. To discuss end-of-life 
issues with BT patients becomes progressively more difficult during the course of 
their disease because of cognitive disturbances, confusion and decreasing con-
sciousness. According to a recent review of supportive care in neuro-oncology only 
a little proportion of BT patients had established advance directives about end-of- 
life treatment, and progressive neurological deficits and loss of consciousness often 
meant that decisions had to be made on their behalf [5]. A study exploring the 
decision-making process in the end-of-life phase of high-grade glioma patients 
reported that the physician did not discuss EoL treatment decisions preferences in 
40% of patients. Since most cancer patients wish to be involved in decision-making 
at the end-of-life, the results of this study underscore that EoL decision-making 
process for BT patients warrants improvement and timely organization of advance 
care planning could contribute to improve end-of-life decision-making [5].

As the “shared decision” taken together by physicians, nurses and the patient's 
family may be the best approach to end-of-life decisions, common guidelines are 
needed.

Making decisions regarding medical treatment is often difficult, and such is 
especially true when the patient’s capacity to participate is questionable or even 
impossible. In such cases, it is important to carefully seek to assess the patient’s 
competence and decision-making capacity and, if necessary, empower a suitable 
surrogate to act on his or her behalf.

16.5  Caregivers’ Perspective at the End of Life

Very little is known about quality of life and well-being in caregivers of patients 
with brain tumours. Usually, carers’ own needs are neglected because the focus is 
on the patients. Recent publication reports that in the context of this severe and often 
devastating disease, the caregivers burden of suffering and despair is often neglected, 
suggesting a more global and comprehensive approach, possibly with pharmaco-
logical and psychological support, to the care of the affected family [36]. The sever-
ity of symptoms is not only detrimental to patients’ quality of life but also affects 
carers, who present high levels of distress, depression and significant reduction in 
their quality of life [8]. Two studies recently surveyed relatives of deceased BT 
patients with the aim to explore the caregivers’ perspective. In the Dutch study rela-
tives were asked to fill a questionnaire detecting several aspects, including quality 
of care and quality of death [37]. The results of this study indicate that, in the per-
ception of their relatives, one quarter of patients did not die with dignity and most 
important aspect related to good quality of care were the place of death and the 
satisfaction with health care providers of EoL care. In a similar study performed on 
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52 caregivers of deceased GBM, more frequent complains reported by relatives 
were low quality of life, burnout, financial difficulties and perception of insufficient 
information [38].

Several programs of caregivers support with family consultation, internet-based 
or telephone support groups have been recently suggested as methods for support-
ing caregivers’ emotional needs [8]. More recently Philip et  al. have proposed a 
collaborative framework of supportive and palliative care for patients with high- 
grade glioma and their caregivers based on the early integration of palliative care 
approach into neuro-oncology disease trajectory [18].

16.6  Palliative Rehabilitation in BT Patients

The role of rehabilitation in BT patients has been investigated in few studies [39, 
40]. Many authors have reported that BT patients may benefit from inpatient reha-
bilitation and outpatient rehabilitation interventions. Nevertheless, a significant 
effect of rehabilitation therapies has been demonstrated mainly in acute inpatient 
rehabilitation with comparable functional gain in respect to other models of neuro-
logic disability such as stroke or traumatic brain injury [39]. However, given the 
positive impact of rehabilitation interventions on functional outcome and patients’ 
quality of life, there is an increasing consensus about the need to improve strategies 
for physical and cognitive disability management in BT patients. In general, reha-
bilitation in the early stages of disease aims at restoring function during or after 
cancer therapy, while in the advanced stages it is important for maintaining patients’ 
independence and quality of life [41].

Although previous studies have demonstrated the efficacy of rehabilitation pro-
grams for brain tumour patients and the positive impact on quality of life in the early 
stage of disease, the role of rehabilitation in the last stage of disease of BT patients 
has not been adequately demonstrated. Qualitative data reflect the importance of 
physiotherapy from a patients’ perspective within a palliative care setting [42]. 
According to the literature data rehabilitation for cancer patients is expected to be 
an important means of supporting the hopes of patients and their families, and 
attempting to maintain and improve patients’ quality of life. Several studies sup-
ported the utilization of rehabilitation throughout the entire phase from the time of 
diagnosis to the terminal stage, with the aim to involve psychosocial aspects as well 
as physical aspects [43].

Rehabilitation should be included in the management of BT patients as impor-
tant part of palliative care given that its positive effect is not limited to functional 
outcome but strongly influences patients’ quality of life facilitating symptoms’ pal-
liation, prevention of complications and improvement in mobility and daily living 
activities.

Rehabilitation approach should not be related only to physiotherapy, and the 
goal of rehabilitation intervention is not only to achieve maximal functional recov-
ery in patients who have progressive impairments of functions and decreased 
abilities.
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Rehabilitation in palliative care context can be defined as multi-professional 
intervention to treat and manage the person holistically in the context of their 
impairments, function and adaptation to environmental disability, with the aim to 
improve experience of living with, functioning and societal participation [44].

Rehabilitation definition includes different models according to the clinical con-
text and aims of interventions:

Restorative rehabilitation is aimed to obtain the maximal recovery of function in 
patients with remaining function and ability.

Supportive rehabilitation is aimed mainly to maintain patient autonomy and self- 
care ability and mobility for patients whose impairments of function and declining 
abilities are progressing using methods that are effective (e.g. guidance with regard 
to self-help devices, self-care and more skillful ways of doing things). Also includes 
preventing disuse, such as contractures, muscle atrophy, loss of muscle strength and 
decubitus.

Palliative rehabilitation enables patients in the terminal stage to lead a high QOL 
physically, psychologically and socially, while respecting their wishes. Rehabilitation 
intervention in this setting is designed to relieve symptoms, such as pain, dyspnoea 
and oedema and to prevent contractures and decubitus, correct positioning, breath-
ing assistance, relaxation or the use of assistive devices [44].

Particularly important, in palliative care setting, is the role of education for 
patients and families about maintaining independence and quality of life, mobility 
training, correct patients’ mobilization and supervising the patient in an appropriate 
program to prevent physical decline and complications. Also, rehabilitation inter-
ventions are aimed to prevent contractures, muscle atrophy, loss of muscle strength 
and decubitus. Qualitative data reflect the importance of physiotherapy from a 
patients’ perspective within a palliative care setting [42]. In addition, it is now 
widely agreed that high-quality treatment and holistic palliative care approach 
towards the end of life should include rehabilitation interventions to optimize 
patients’ autonomy and quality of life.
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17Surviving a Brain Tumour Diagnosis 
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of Patient-Centred Care
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17.1  Background

Your loved one is diagnosed with a brain tumour. Suddenly, the world you have inhabited 
until now comes crashing down around you within a matter of minutes. You feel like you 
are standing on the edge of a huge precipice, about to be pushed off without a parachute. 
And then you’re falling…falling fast. You don’t speak the language of medicine. You don’t 
know how to get from A to B. You have no map, no compass to guide you. You are filled 
with fear and dread of the unknown road ahead.

(A brain tumour caregiver)

The diagnosis of a brain tumour is one of the most shocking pieces of news that 
people can receive. Brain tumours know no geographic boundaries. They strike 
people of all ages with equal ferocity—from tiny babies to the elderly. They inter-
sect three major disease areas:

• they are a rare disease [1]
• they are a progressive neurological disease, resulting in significant physical and 

cognitive deficit
• and brain tumours are, of course, a cancer, with the most malignant types such as 

glioblastoma, resulting in survival times ranging from 6 to 21 months [2].

Brain tumours remain one of the most intransigent of all cancers with a 5-year 
survival rate for glioblastoma, for example, of just 5.5% [3]. Little progress in 
improving survival has been made in the last 30 years because the treatment of brain 
tumours involves unique challenges not associated with other cancers, not least of 
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which is the ability of effective therapies to successfully cross the blood brain 
barrier.

Brain tumours are also the biggest cancer killer of children and adults under 
40 years old [4]. Additionally, brain tumours are responsible for the highest number 
of per person life years lost—approximately 20—of any cancer [5].

Against this stark background, and given the devastating impact that a brain 
tumour diagnosis has on a person’s everyday lived experiences, maintaining a good 
quality of life is absolutely crucial. Lehman et al. [6] highlighted that there is a need 
for rehabilitation in 80% of central nervous system tumours, in comparison to 60% 
in bone, prostate and bladder cancer. Mukand [7] identified the following neurologi-
cal complications in brain tumour inpatients:

• cognitive deficits 80% 
• weakness 78%
• visual-perceptual deficit 53%
• sensory loss 38%
• bowel/bladder dysfunction 37%
• cranial nerve palsy 29%
• dysarthria 27%
• dysphagia 26%
• aphasia 24%
• ataxia 20%
• diplopia 10%

Seventy-five percent of inpatients will have three or more of these neurological 
complications; 39% will have five or more.

Key to achieving a good quality of life while living with a brain tumour is a com-
prehensive, sustained rehabilitation programme, tailored to each patient’s needs, 
goals and personal preferences.

Services offering rehabilitation across a wide spectrum of activities (work, lei-
sure, interpersonal relationships, physical exercise, emotional resilience) should be 
delivered by a multidisciplinary team and form the backbone of a comprehensive 
survivorship plan for each brain tumour patient. It goes without saying that such a 
plan should also be relevant to the caregivers of these patients because a brain 
tumour diagnosis deeply affects not only the patient but also the family and friends 
of that patient.

Pivotal to such a survivorship plan is an understanding by researchers, healthcare 
professionals, regulatory bodies and others of what really matters to patients and 
what is of value to them. In other words, the patient perspective must be completely 
integral to the way brain tumour care—including rehabilitation—is planned, deliv-
ered and evaluated.

This kind of approach is central for the patient to successfully live well with and 
beyond a brain tumour diagnosis and demands not only a focus on the costs of deliv-
ery but on the outcomes that need to be achieved so that what patients value is at the 
core of treatment pathways.
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17.2  Defining Patient Value

A recent review [8] on “Patient Value: Perspectives from the Advocacy Community” 
highlighted that value frameworks (such as those developed by ASCO, ESMO, 
NCCN and others) which are used to determine the value of medicines, need to 
reflect what matters most to patients.

The review found that: “It is difficult to define one single homogeneous set of 
patient values as these are shaped by social, religious and cultural factors, and 
health-care environment, as well as many factors such as age, gender, education, 
family and friends and personal finances” [9]. Nevertheless, despite varying opin-
ions on what constitutes value, perspectives across a wide range of patients, caregiv-
ers and patient advocates need to be considered.

The value review concluded that: “Patient input is necessary to define the 
response to the full range of outcomes that patients may experience, whether this is 
at an aggregated level or a personal level, rather than the limited set of outcomes 
considered relevant by researchers. The patient perspective cannot be inferred by 
expert panels, but needs to be provided by patients and advocacy groups” [9].

17.3  Building a Framework for Survivorship 
and Rehabilitation in Brain Tumour Care: Some 
Definitions

For the purposes of this chapter, we have adopted the definition of survivorship used 
in the European Commission’s Cancer Control Joint Action (CANCON). This was 
an EU Member State effort to “harmonise the way we fight cancer in Europe…” and 
to “reduce the cancer burden in the EU by creating a European Guide on Quality 
Improvement in Comprehensive Cancer Control.” CANCON succeeded the first 
Joint Action on cancer, called the European Partnership Action Against Cancer—
EPAAC. The CANCON definition of “survivorship” is “anyone with a diagnosis of 
cancer and who is still alive” [10].

Additionally, the definition of “rehabilitation” for this chapter is based on that 
provided by the UK National Institute for Health and Care Excellence (NICE). 
NICE’s guidance for Improving Supportive and Palliative Care for Adults with 
Cancer defines rehabilitation as the “attempts to maximise patients’ ability to func-
tion, to promote their independence and to help them adapt to their condition. It 
offers a major route to improving their quality of life, no matter how long or short 
the timescale. It aims to maximise dignity and reduce the extent to which cancer 
interferes with an individual’s physical, psychosocial and economic functioning” 
[11].

Many experts in the field of cancer rehabilitation also acknowledge that rehabili-
tation can be preventive, restorative, supportive and palliative.

When it comes to building a framework for survivorship and rehabilitation for 
brain tumour patients, considerations pertaining to health-related quality of life 
(HRQoL) are crucial. There are varying definitions of HRQoL [12]. But for the 
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purposes of this chapter, HRQoL as described by the European Organisation for 
Research and Treatment of Cancer (EORTC) covers “the subjective perceptions of 
the positive and negative aspects of cancer patients’ symptoms, including physical, 
emotional, social, and cognitive functions and, importantly, disease symptoms and 
side effects of treatment” [13].

17.4  What Brain Tumour Patients and Caregivers Say

Based on two important, patient-advocacy group-led research projects in the UK, 
we know that there can be significant gaps for brain tumour patients in accessing 
neuro-rehabilitation and neuro-psychosocial support [14, 15].

Sometimes, patients and caregivers simply don’t know what services are avail-
able to them because they have not been provided with a care or survivorship plan 
once discharged from hospital.

The brainstrust paper “Quality of Life: what the brain cancer community needs” 
[16] states: “Carers and patients don’t understand the purpose of neuro- 
rehabilitation or how the emphasis is placed on restoring maximum independence 
with activities of daily living, mobility, cognition and communication. Rehabilitation 
interventions can be applied in all stages of the disease, although rehabilitation 
goals change as the stage of illness advances.”

Sometimes rehabilitation facilities don’t exist in a particular geographic area, 
necessitating the patient to travel to another city or region. Sometimes, this “isn’t 
just a resource issue, but also an attitude of mind of all involved” [17]. This, accord-
ing to brainstrust, can be related to a clinical mindset that “once the patient is 
through a particular phase of their care pathway, they are no longer [the doctor’s] 
problem. And again, once discharged home, the secondary care team assumes that 
the primary care team will pick up the support and rehabilitation. This is not always 
the case, particularly if the caregiver and patient don't know what to ask for, who to 
ask or where to go” [16].

In the UK, the National Cancer Patient Experience Survey, which is conducted 
every year, highlighted in the 2016 survey [18] the fact that only:

• twenty-six percent of people with a brain tumour received a care plan
• forty percent felt supported by their GP
• forty-two percent felt happy with the provision of care and support post 

treatment

Unfortunately, these statistics represented a decline from the results in the 2015 
National Cancer Patient Experience Survey.

In 2015, The Brain Tumour Charity (TBTC) released a report called “Losing 
Myself: the Reality of Life with a Brain Tumour” [15]. The report was the result of 
an initial survey involving 1,004 people between 13 February and 13 March that 
year. Following the survey, face-to-face, in-depth interviews were held with 15 peo-
ple, and an additional 25 people kept reflective diaries over the course of a week.
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The resultant report highlighted levels of access to neuro-rehabilitation in the 
United Kingdom. Of the 1,004 survey responders, 52% had access to physiotherapy, 
50% had access to occupational therapy and 43% had seen a psychologist. Only 
25% of those surveyed had accessed speech and language therapy.

The report further found that the main difficulties regarding access to rehabilita-
tion were finding these services in the first place, long waiting lists and poor com-
munication between healthcare professionals and patients. The report also found 
that “people with a high grade brain tumour are significantly more likely than those 
with a low grade brain tumour to have had access to speech and language therapy, 
occupational therapy and physiotherapy” [15].

If these shortcomings are occurring in an advanced society like the United 
Kingdom, it would not be unreasonable to assume that in developing areas of 
Europe and the rest of the world, access to rehabilitation and survivorship plans is 
either very low or totally non-existent. Brain tumour patients and their families in 
these geographic areas must surely be suffering significantly as a result of this lack 
of rehabilitative support.

This chapter will discuss—from the perspective of patients and caregivers—the 
specific themes emerging in the brain tumour community in connection with reha-
bilitation, survivorship and quality of life so as to highlight the unique challenges 
we face. Policy-makers and healthcare commissioners must be aware of these chal-
lenges so that improvements can be made which will result in better outcomes for 
brain tumour patients based on what matters most to the people living with this 
disease.

17.5  Themes Reported by Patients, Caregivers and Health 
Professionals

To understand the issues in more depth, UK data has been gathered over a period of 
years from patients, caregivers and healthcare professionals, through online and 
offline channels. This has allowed for an accessible and open discussion, as real- 
world experiences and opinions have been shared, built on and contested. This evi-
dence has provided research, stories, insights and ideas that can be provided to 
healthcare professionals and policy makers to help shape their thinking, as people 
work to collectively and collaboratively solve the issues that need addressing.

Themes that have emerged from offline and online interactions with brain tumour 
patients, their caregivers and healthcare professionals are the sense of isolation, lack 
of voice and the daily challenges they face. Patients are concerned about vitality, 
their identity and role, limitations, personal relationships and sexual issues, mental 
health and emotional wellbeing. All of these are important factors for patients.

Some of the highly challenging hallmarks of a brain tumour journey are:

• varying survivorship
• variable trajectory, even for benign brain tumour diagnoses
• high frequency of disabling complications
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• high severity of disabling complications
• knowledge of increasing cognitive dysfunction
• life context—whether there is resilience or a lack of ability to cope

There is little available through the usual channels of clinicians for addressing 
these challenges—for example, only 43% of neuro-oncology multidisciplinary 
teams in the United Kingdom have access to neuropsychiatry services [19].

Catt et al. [20] have identified that, in the United Kingdom (where a substantial 
amount of research on rehabilitation has been carried out):

• Supportive care pathways for patients and their families differ between 
hospitals.

• Guidelines either omit important aspects of care and follow-up or are based on 
assumptions with little empirical support.

• As treatment of patients is often palliative, more efforts are needed to ensure 
good continuity of care.

• Current follow-up is failing to meet the psychological needs of patients and their 
caregivers.

• There is a need for developing innovative and integrated interventions that effectively 
support caregivers, such as proactive counseling or problem solving services.

These points are echoed in the findings of a crowdsourcing project undertaken by 
brainstrust and createhealth.io [21]. Brain tumour patients and caregivers high-
lighted four main themes that would improve the quality of care for them post sur-
gery [16]:

• a desire to know what to expect
• better mentorship, home care, and personal support
• the importance of understanding and accessing long term care
• increased uniformity in standard of hospital care from place to place.

The two sentiments that were repeated more than any others were:

 1. the desire to know what to expect during rehabilitation:
• “I now realise that stuff like memory loss, not being able to articulate what's 

in your head and the bone-aching tiredness that comes on without warning, 
are not just my symptoms. Knowledge is coping, for me.” (Patient, 60–70 years)

• “Community caregivers need a lot more education on the effects of brain 
tumours. This is an area that falls down in far too many areas.” (Patient, 
40–50 years)

• “If doctors would continue the dialogue and engage with the patient more to 
build a good rapport I believe that would improve many patients’ situations.” 
(Patient, 40–50 years)

 2. calls for better mentorship, home care and personal support  - this includes a 
more equal relationship with clinicians through more effective conversations:
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• “There should be a dedicated social worker for this client group and they 
should also be educated about the complexities of brain tumour patients.” 
(Nurse, 30–40 years)

• “It would be nice to have a mentor or support worker allocated to each family 
after diagnosis. This person could visit or phone the family on a regular basis 
to check on how things are going, answer questions and offer pointers to fur-
ther support and help.” (Caregiver, 40–50 years)

• “Simply never happened. Went for a very thorough assessment but then kept get-
ting appointments to see various people, physios, etc which were always postponed 
so that I didn’t actually see anyone. After a year of this I just gave up. Resorted to 
speaking with colleagues and being treated by them which meant I had to share my 
diagnosis. Live in central London and worked in oncology for 15 years so know my 
way around the system well. I really feel for patients.” (Patient, 30–40 years)

Two other challenges that were identified during the crowdsourcing project were:

 1. the importance of understanding the long-term effects of brain tumour surgery, 
and the subsequent neuro-rehabilitation required:
• “For me, it would have been more information about what to expect during 

recovery. I mean not only immediately post operative but in the months and 
even years after.” (Patient, 60–70 years)

• “I would have liked to have known about the possibilities of late effects rather 
than wait until they appeared.” (Caregiver, 50–60 years)

• “There is perhaps a place for an annual neuro-rehab MDM [multi- disciplinary 
meeting], where people who are ‘stable’ after treatment are seen in clinic 
once or twice per year after having an assessment to cover areas that the 
patient/carer feel important or lacking.” (Doctor, 50–60 years)

• “We didn’t hear about ‘late effects’ until they started to become evident. We 
might have got on with doing some of the travelling we hoped to do while 
things were easier.” (Caregiver, 60–70 years)

 2 the varying degree of hospital care that they receive from place to place:
• “All departments we visit for monitoring his condition are all different, some 

good, some bad, some lazy, some exceptional. The problem is that there is little to 
no coordination between these healthcare professionals.” (Caregiver, 40–50 years)

• “Having lived three separate places post diagnosis the care varies widely from 
place to place. We need to create minimum standards.” (Patient, 40–50 years)

The most repeated comment in the crowdsourcing project was in relation to 
holistic and long-term care, for example:

“It would be good to see a more holistic approach. After my treatment for a brain tumour 
had finished I was left to my own devices. It would be helpful to have a road map for the 
patient how to get back to… normality - if there is such thing. Many things required are of 
a fairly practical nature  - moving from independent to assisted living, travel support, 
dietary support, exercise planning and tracking, hair dressing.”

(Patient, 40–50 years)
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In the crowdsourcing project, caregivers strongly supported the provision of specific 
neuro-psychosocial support to help with the patient’s

• short term memory
• personality and behaviour changes
• difficulty in decision making
• pain management
• depression (including feelings of despondency)
• hemiparesis (and the safety issues that come with this)

Caregivers are concerned, too, about the potential for the patient to suffer falls 
and mobility problems. This is a limiting factor which results in caregivers feeling 
that they are unable to leave the patient alone at home. Whilst fatigue is mentioned, 
caregivers do not see this to be a particular problem, nor do they relate this to a qual-
ity of life issue. Fatigue limits the activities they could do together with the patient, 
but the upside is that it means that the caregiver “could get on with things” (care-
giver of patient with a glioblastoma). Research demonstrates however, that fatigue 
is a significant issue for patients [22, 23].

Caregivers also feel that they have significant unmet needs and that support and 
rehabilitation services should address these, particularly where the caregiver is the 
primary source of support for the patient.

Brain tumour caregivers have confirmed that they, themselves, suffer from a 
wide range of emotions and mental stress [24] such as:

1. Feelings of Despondency
This includes feelings of hopelessness and fear of recurrence, fear of treatment, fear 
of losing a loved one and what the future holds.

“Watching your best friend’s life be snatched away from under feet, and not 
being able to do a single thing to stop it.” (Caregiver, 30–40 years)

“Watching my beautiful wife fight so hard yet slowly deteriorate over the weeks 
and months. My heart is breaking. Where has our life together gone?” (Caregiver, 
60–70 years).

2. A Sense of Loss
This includes—but is not limited to—loss of identity and loss of normality and life 
as it was. Some caregivers mourn the loss of the person they loved because that 
person is no longer the same person they once knew.

“The tumour has changed my wife’s personality so much I no longer see the 
person I married and love … I feel so alone and trapped.” (Caregiver, 40–50 years).

3. Lack of Psychological Strength
“I can’t be strong for my family all the time. Sometimes I need a shoulder to cry on.” 
(Caregiver, 40–50 years).
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4.’Scanxiety’ [25]
The agony of waiting for scans, for results, for treatment to start and to work, for 
recurrence.

“The worst part of having a brain tumour is waiting for things to happen with 
your treatment … the waiting is mental torture.” (Caregiver, 30–40 years).

5. Feeling Alone/Isolated
“…I am a mother, a daughter, a sister, an employee. I am surrounded by many, yet 
so alone…I’m lost.” (Caregiver, 40–50 years).

6. Brain Tumours Are Unique
People may not understand that in the world of brain tumours, ‘benign’ does not 
mean harmless as in other cancers. Friends and family may assume the patient is 
‘cured’ after treatment and that they will return to ‘normal’ after treatment. This is 
rarely the case in brain tumours. There is also a need for recognition that living with 
a brain tumour brings disability. Patients are also affected by epilepsy, changes in 
personality and other side effects unique to brain tumours.

“Knowing that my brain just doesn’t work the same anymore since surgery.” 
(Patient, 40–50 years)

“[I’m] looking for support from the government to recognise that a brain tumour 
is a disability and not just a condition.” (Caregiver, 50–60 years).

7. Unresourced
There is not enough help in the way of support and information for patients and 
caregivers on the brain tumour journey.

“No follow-up after release from hospital. I had to contact a brain tumour char-
ity to ask what happens next as hospital and GP didn’t offer any help/support.” 
(Caregiver, 40–50 years)

“Nobody from the hospital gives you any information about brain tumours when 
you are diagnosed. You are just left to try and find it all out for yourself and struggle 
through.” (Caregiver, 40–50 years).

17.6  Challenges

From the perspective of patient-centred brain tumour care—which includes reha-
bilitation—empowerment models such as choice and entitlements are generally 
seen as ways of better responding to a person’s needs.

The ‘asset-based’ community development approach is an interesting one. 
Originating in the United States, it takes a different starting point. It rejects the view 
of the citizen as principally a service user with needs that the state must meet. The 
citizen-as-service-user model tends to infantilise and disempower people, creating 
dependency cultures in which the best hope for improving a person’s situation is to 
wait for a paid professional to step in. Instead, asset-based approaches see capabilities 
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in everyone and seek to mobilise these. In particular they seek to mobilise people’s 
‘relational power’—that collective impetus which achieves social change and which 
develops when communities come together to achieve their goals [26].

Such approaches are still generally counter-cultural in some of our health sys-
tems. But moving in the direction of shared decision-making begins at the same 
starting point. In particular, care planning for such services as rehabilitation under 
this model must start by discussing a patient’s needs and aspirations—and impor-
tantly, what is of value to that person. Then there must be consideration of what 
resources are available to help meet these requirements, taking into account a per-
son’s own skills and capabilities, as well as resources from the local community 
before looking at what should be provided by the wider state.

For example, inpatient care may be very cohesive and coordinated but patients and 
caregivers may not know what range of services is available to them following dis-
charge from hospital. A patient returning to the community needs to be more proactive 
and have a comprehensive care plan in place [27]. It’s interesting to note that even in 
the UK (according to 2016 statistics) 74% of patients never received a care plan [18].

With regard to brain tumours specifically, there usually comes a point when addi-
tional resources are needed for the patient and caregiver due to the devastating 
nature of this progressive neurological disease. There can be a disconnect between 
what happens in hospital and what happens after discharge and once at home. At 
home, patients and caregivers will need to address such substantial issues as:

• speech deficits
• balance issues
• visual problems
• seizures
• swallowing issues
• challenges of daily care including bathing, insomnia, dressing, eating and physi-

cal activity

Caregivers and patients may be completely unaware of the range of rehabilitation 
services available to them which can diminish the impact of these issues. In many 
cases, there are district nurses, social services, physiotherapists, speech therapists, 
occupational therapists, counseling facilities and complementary therapists—to 
name but a few—who can help.

There is a significant shortage of rehabilitation facilities, particularly for those 
patients with brain and spinal cord tumours. Supportive care and rehabilitation for 
these people is of key importance and requires development and consolidation with 
commissioned rehabilitation facilities.

There are over 150 different types of brain tumours and prognoses can vary from 
very short term to longer-term. Access to appropriate levels of neuro-rehabilitation 
is vital for people with brain tumours but rapid referral for those patients with pallia-
tive and end-of-life care needs is particularly crucial. For these patients rehabilita-
tion can be complicated by a prolonged period of physical and cognitive disability 
with distressing symptoms that are hard for patients and families to endure. This 
group of patients often requires a different rehabilitation approach, with care and 
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support being given closer to home. Collaboration between health and social care is 
required to develop appropriate placements for those people who need ongoing 
institutional care and may have challenging symptoms.

In addition, patients and caregivers frequently have no idea how to access reha-
bilitation services [16]. A caregiver said:

My son (aged then 28) was told, after surgery and while still in hospital, that he was waiting 
for a bed in rehab and would stay in hospital until the bed was available. Then he was 
discharged - without warning. No rehab. No home visits. He was offered physio and OT 
[occupational therapy] as an outpatient but because of depression would not go. So it never 
happened, was never followed up. No support offered to us, as his carers, at all. And 
because of our ignorance at the time - we just accepted it. Bitterly regretted. I had to trawl 
the internet to find out what was available and was fortunate to find a good support group - 
that was where I learned what we needed to know.

And on a more pragmatic level, another caregiver said:

Just to advise that I had to take Natalie into hospital last Tuesday due to severe headaches 
etc. The scan highlighted that the tumour was active again and she had a huge one-off dose 
of chemo last Friday evening. The plan is to allow her to return home, however I need a 
certain hospital bed to fit into a downstairs room. In your list of contacts, do have anyone 
who might be able to help? The hospital has offered a normal size hospital bed but it is 
about 4 inches too long. I also need a wheelchair. What else will I need?

In addition, caregivers sometimes feel that non-specialist nursing services have little 
understanding of the specific needs of a brain tumour patient and that caregivers’ 
concerns are not acknowledged.

One caregiver, Simon, was anxious to keep his wife at home when she was in the 
end-of-life phase but the district nurse accused him of being selfish, which led him 
to take extreme action at a time when he needed to be building a rehabilitation team 
around him. He said:

I have decided to take control. I am going to change doctors, as I should stop getting 
frustrated by the situation. I am going to change to a practice that is closer to home and 
apparently has a robust procedure for fast tracking those critically ill to either a doctor's 
visit or at the least a phone call…I will request that another district nurse is appointed. 
I am very low at the moment and do not need to be advised by the district nurse (who has 
only just appeared on the scene) that I am being selfish and very unkind to Jane by not 
allowing her to use a commode. I only read this in Jane’s notes. So I am angry. A lack of 
tact I fear!

17.7  Future Directions

Qualitative studies [16, 24, 28, 29] show that some patients and the majority of 
caregivers want to be fully involved in:

• understanding their illness
• exploring their options for treatment and for living with the illness
• sourcing information, knowledge, help and advice
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Following diagnosis and treatment for a brain tumour, patients will have differ-
ing trajectories which may be predicted, ranging from recovery, stable situation or 
progression. Research shows that neuro-rehabilitiation and neuro-psychosocial sup-
port improves outcomes for patients diagnosed with a brain tumour [30].

For improved survivorship and to plan transition points in care, close collabora-
tion is required between clinicians involved with neuro-rehabilitation, supportive 
care, quality of life, psychological and palliative care. This entails coordination of 
different specialties and expertise—from symptom management to end-of-life care.

Furthermore, engaged patients and caregivers are better able to manage the com-
plexity of their journey, have more resilience and a better quality of life. Patients and 
caregivers who are fully involved in shared clinical decision-making processes also 
do better. They are significantly more likely to attend screenings, regular check-ups, 
and much more likely to engage in healthy behaviours like eating a healthy diet [31, 
32] or taking regular exercise [33–37].

Conversely, less engaged patients are significantly less likely to have prepared 
questions for a visit to the doctor, to know about treatment guidelines for their con-
dition or to be persistent in asking if they don’t understand what their doctor has told 
them [33]. They are also two to three times more likely to have unmet medical needs 
and to delay medical care compared with more highly engaged patients, regardless 
of income, education and access to care [35]. There is a straightforward moral case 
for empowering people in health and care—but there is an enabling case as well.

Empowerment of patients and caregivers creates a range of positive factors:

Autonomy

• Having greater control over our health and care is a good thing. Autonomy, or the 
ability to exercise control over the forces that affect our lives, is an essential part 
of a good life. In healthcare, self-directed support is only now starting to break 
through into mainstream services, but there are strong grounds for extending it. 
Healthcare services should support people to lead independent lives, rather than 
forcing them to fit their lives around the services on offer.

A Better Quality of Life

• Research has shown that patient ‘activation’ (having the knowledge, skills and 
confidence to manage one’s own health) is strongly correlated with a broad and 
positive range of health-related outcomes, which suggests that improving activa-
tion has great potential’ [31]. This is because patients with chronic conditions 
like brain tumours live with their disease 24/7 and only spend a fraction of their 
time visiting clinical experts. The rest of the time they have to manage their con-
dition themselves [38]. Studies show that shared decision-making processes are 
more likely to result in people adhering to treatments and actions.

Patient Satisfaction

• In addition, research has shown that patients who are engaged in their health and 
healthcare—through health literacy, shared clinical decision-making and self- 
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management—are more likely to say that their healthcare is of high quality, and 
are less likely to report experience of medical errors [39].

Saving Money

• Giving people the support and information they need to avoid getting ill, or when 
they have a chronic condition to self-manage it effectively, should save money by 
reducing demand on acute care. If people are not equipped and supported to self- 
manage, they are effectively left on their own and can end up with complications, 
health crises, preventable trips to the primary care clinician or emergency care, 
avoidable suffering and even premature death. Around 20% of emergency admis-
sions to hospital are thought to be potentially preventable, and many of these 
involve chronic conditions [40]. In this era of cash-strapped national health ser-
vices and the vital need to develop sustainable and affordable models for health-
care, this is an approach which certainly has the potential to avoid inefficiency 
and therefore eliminate wasting precious resources.

The most robust evaluations of empowerment programmes focused on peer sup-
port and redesigned consultations have been estimated to reduce acute care costs by 
7%. Nesta (a global foundation focusing on innovation) estimates conservatively 
that this would save the NHS £4.4 billion a year across England [41].

The Health Foundation in the UK has found that:

• Self-management programmes can reduce visits to health services by up to 80%.
• Although shared decision-making approaches can lead to extended consulta-

tions, in the long term they are associated with higher satisfaction levels and can 
reduce the need for further future consultations.

17.8  Coaching: A Navigational Aid for Patients

Navigation to support decision making, improve understanding and information has 
been shown to be associated with better knowledge and understanding of diagnosis 
and treatment, better ability to cope and improved distress levels [28].

‘Coaching’ is a one-to-one relationship in which the patient is supported by a 
coach to identify, focus on and achieve what is important to that patient. Patients felt 
that, by preparing for consultations through coaching, a discussion of personalised 
key issues, broader than the prime focus of the consultation, resulted. Patients felt 
more informed and utilised coaching materials to aid memory, information gather-
ing and understanding.

Clinical feedback revealed that coaching led to more effective consultations and 
facilitated communication within consultations by giving insight into information 
gaps. Telephone follow-up was effective for information and support and psycho- 
education increased feelings of mastery [42]. Through a focus on achieving specific 
immediate goals which relate to specific areas—for example, weighing up the pros 
and cons of having a particular treatment, or overcoming a problem with caring—
patients and caregivers can also experience a sense of healing, as they make coura-
geous decisions about their lives and work.
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17.9  Conclusion

Unsurprisingly, there are gaps in neuro-rehabilitation and neuro-psychosocial sup-
port as the evidence from patients diagnosed with a brain tumour and their caregiv-
ers reveals. The causes for this are complex; it isn’t just a resource issue but is also 
an attitude of mind of all involved.

Preventive rehabilitation (rehabilitation that is proactive and aims to prevent 
problems rather than treat problems) can help maintain independence in brain 
tumour patients who undergo treatment and who have potential loss of function. 
When tumour progression causes a decline in functional skills, or the disease causes 
neurological deficit, rehabilitation assumes a supportive role, with goals adjusted. If 
patients and caregivers are more informed in advance about the progression of the 
disease they could be better prepared sooner with helpful interventions.

During terminal stages of illness, palliative rehabilitation can improve and main-
tain comfort and quality of life until the end of life. Brain tumour patients and care-
givers need to be more specific and more proactive in asking for help from support 
services, outlining definitively what the problem is so that additional assistance can 
be targeted effectively. It is difficult to ask for support if you don’t know what is 
available or where it is available.

This could so easily be addressed. A simple, key question: “What are you strug-
gling with the most?” elicits unmet needs. Once this is articulated it is easy to clearly 
define what is needed.

The lack of identification of needs and the absence of documentation regarding 
these is worrying because funding and resource allocation follows need. Patients 
and caregivers should be more proactive and confident about what it is they need. 
They don’t need to fix the problem; they just need to identify it and share it with a 
healthcare professional (HCP) who can fix it. HCPs need to identify for themselves 
the range of rehabilitation and support services offered, the uptake of services and 
any barriers to service use. Only then can the gaps begin to be addressed.

Brain tumour patients and their caregivers have the capacity to take control of 
their situation to secure the best possible outcomes. Empowering the patient and 
caregiver community results in autonomy, a better quality of life, more patient sat-
isfaction, and a strong health economic argument. Everyone has capabilities and we 
should seek to mobilise these.

By creating the space to explore a person’s needs and aspirations, their values, 
context and appetite for risk, resources can then be identified which meet the needs 
of the patient and caregiver.

This is patient-centred care.
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