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Patients with primary brain tumors may experience cognitive deficits during a period 

of years in which they live free from (other) neurological symptoms. This thesis addresses 

evidence-based interventions for cognitive deficits in patients with a brain tumor in 

general, and, more specifically, the effects of a cognitive rehabilitation program for 

patients with specific subtypes of a glioma (a primary brain tumor), as evaluated in a 

randomized controlled trial.  

From this introductory chapter the relevance of the subject of this thesis should 

become evident. This chapter starts with an elaboration on the characteristics of this type 

of brain cancer and its treatment. Subsequently, the cognitive deficits experienced by 

glioma patients are discussed, and one of the treatment types for cognitive deficits 

frequently used in neurological patient populations, cognitive rehabilitation, is described. 

Lastly, the major aims of this thesis and an overview of the chapters are provided. 

 

Low-grade and anaplastic gliomas 

Gliomas are the most common type of primary brain tumors. Incidence rates are 

about 6 cases per 100,000 per year 
1, 2

. The male-to-female ratio is about 3:2 
2, 3

. 

 Depending on the type of glia cells in the brain, or glia precursor cells, that are 

involved, gliomas can be classified as astrocytomas, oligondendrogliomas or oligo-

astrocytomas. Besides classification in type of tumor, gliomas can also be divided on the 

basis of their malignant behavior. Low-grade gliomas (WHO grade I and II 
4
) are tumors 

that are not very infiltrative and have a relatively low proliferative activity 
5
, although they 

cannot be considered benign. High-grade gliomas, the most common gliomas, are 

comprised of anaplastic gliomas (grade III), and the most malignant glioblastomas 

multiforme (grade IV). Except for rare hereditary syndromes and therapeutic radiation, 

major risk factors of gliomas are unknown 
6
.  

As most of the results described in this thesis are confined to low-grade, and a 

subgroup of anaplastic, gliomas the focus of this introduction will be on the course of the 

disease, its treatments and (cognitive) symptoms in this patient subgroup, which accounts 

for approximately 20% of the total glioma population 
2
. 

Low-grade and anaplastic gliomas have their peak age of onset in the fourth decade 

of life 
3
. Low-grade gliomas often present with seizures, or headache 

3
, although increased 

intracranial pressure and/or focal neurological deficits may also occur, causing symptoms 

such as impairment of speech and vision, and limb weakness.  

Initially, gliomas are diagnosed by cranial magnetic resonance imaging (MRI). 

Histological analysis of removed brain tumor tissue (either obtained from resection or 
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biopsy) may provide a confirmed diagnosis of the type and malignancy (grade) of the 

tumor, which has important prognostic and therapeutic implications 
7
. 

There are multiple options for treatment for low-grade or anaplastic glioma, which 

vary from careful observation to neurosurgical resection of the tumor, radiotherapy, and 

chemotherapy. The employment and timing of these treatments depend on factors such 

as tumor grade and type, disease stage and patient age. Furthermore, in order to control 

neurological symptoms such as increased intracranial pressure and epileptic seizures, 

patients may also receive, respectively, steroids and antiepileptic drugs.  

However, despite the intensive treatments, and the improvements herein over the 

past decennia 
7
, in most instances the patient cannot be cured. The tumor often 

progresses to a higher grade and most patients will ultimately die from the disease.  

The median survival after diagnosis is six to nine years for patients with low-grade 

gliomas 
7, 8

, and two to four years for those with anaplastic gliomas 
7, 8

. A subgroup of 

patients with anaplastic gliomas, those with under age 50 and good performance status, 

has the more favorable prognosis of several years.  

 

Cognitive deficits in low-grade and anaplastic glioma patients 

After treatment, patients with low-grade and anaplastic gliomas may live free from 

(severe) neurological symptoms for years until the disease progresses. It is during this 

period when the awareness of cognitive deterioration emerges. Cognitive symptoms have 

been confirmed by studies in which patients underwent objective neuropsychological 

testing. The prevalence rates of patients with cognitive deficits, if reported in these 

studies, range from 29% in non-irradiated low-grade glioma patients 
9
 to about 90% in 

diverse brain tumor groups 
9-12

. This variability may be due to differences in the specific 

populations of patients studied, tumor-treatment variables, neuropsychological tests used, 

and cut-off scores and normative data used to establish 'caseness'. Nevertheless, it is clear 

that patients with a brain tumor have cognitive deficits that are more prominent than in 

patients with extracranial malignancies with a similar prognosis 
10, 13

. 

Brain tumors do not show the same localization specificity as strokes, although the 

nature and degree of the cognitive deficits can depend on tumor lateralization 
14

. 

Moreover, brain tumor patients seem to experience milder and more diffuse cognitive 

deficits than what would be predicted by site alone, and deficits are different from those 

secondary to strokes 
15, 16

. Deficits are often observed in various cognitive domains 

including attention, memory, executive functioning and language 
9, 17, 18

. 
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Although the exact pathophysiology of the observed cognitive impairments is not 

entirely understood, several causes can be discerned, including the tumor (location, size, 

progression, and growth rate), tumor-related neurological complications and epilepsy 
19-24

. 

Cancer treatments, including surgery, radiotherapy and chemotherapy may (partially) 

alleviate cognitive deficits resulting from the tumor. However, these treatments can also 

have cognitive side-effects 
22, 25, 26

. As compared to other causes, the pathogenesis of the 

cognitive side-effects due to late radiation damage is relatively well known. Demyelination 

and microvascular injury, leading to necrosis 
27, 28

, inflammation and impaired 

hippocampal neurogenesis have been implicated in radiation-induced cognitive 

impairment 
29-31

. Although the cognitive effects of chemotherapy are less clear, they might 

result from comparable mechanisms 
32, 33

. Anti-epileptic drugs also have adverse effects 
22, 

25, 26, 31, 34
. Other medical factors and complications, including endocrine and metabolic 

disturbances, infection and anemia can also contribute to the cognitive deficits 
35-37

. 

Genetic risk factors are increasingly associated with individual neurotoxic reactions to 

invasive treatments such as chemotherapy 
31

. Finally, psychological reactions to the 

disease such as anxiety and depression may also have their cognitive effects 
22, 38

. A 

combination of these factors most probably explains the cognitive impairment observed in 

patients with brain tumors.  

It should be noted that, although in most cases the cognitive deficits are merely mild 

or moderate, they can substantially impact on patients’ lives 
39

. The impairment is 

particularly an issue in those patients with a more favorable prognosis. During the 

disease-free period, those patients, who are about 40 years old, attempt to resume family, 

work, and social activities, in which they may be impaired by the cognitive deficits. 

Subjective cognitive symptoms are among the most common neurological problems 

reported by brain tumor patients: Figures as high as 80% are reported of brain tumor 

patients having cognitive complaints 
36, 40

. 

 

Treatment for cognitive deficits in neurological patients: cognitive 

rehabilitation 

In the broad field of brain disorders and diseases, advances in treatment and the 

resulting improvement in survival rates has led to increased interest in developing 

effective physical, mental and cognitive rehabilitation programs. Among patient 

populations with other types of acquired brain injury, such as stroke and traumatic brain 

injury, cognitive rehabilitation has been demonstrated to be useful 
41-47

. Cognitive 
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rehabilitation refers to a modality of (non pharmacological) interventions to treat 

cognitive deficits by a neuropsychologist. 

Various approaches to cognitive rehabilitation have been used. First, the 

environment can be modified or restructured to help patients meet the demands of 

independent daily living by relying less upon their impaired cognitive abilities 
48

. The 

nature or degree of such modifications may vary depending on the severity of the 

cognitive problems. Second, patients can be taught to make use of external aids and 

technology, such as (electronic) diaries. Third, via structured strategy training, patients can 

be taught to apply internal strategies to cope with their cognitive problems. This includes 

pacing of cognitive activities, preventing or minimizing distractions, anticipating and 

planning, or the use of mnemonics. Fourth, rehabilitation can focus on retraining specific 

cognitive skills by means of frequently practiced exercises ('repetitive stimulation'). Such 

retraining can focus on attention, memory or executive functioning. Finally, 

psycho-education with regard to brain functioning, cognitive deficits and their 

consequences for daily life may be of value to patients and their families.  

Historically, the underlying mechanism of recovery of cognitive functioning was 

found to be compensation (only). Due to a compensatory process, patients with a 

neuropsychological deficit learn to achieve the same behavior in a different way by 

reorganizing intact neural circuits and thereby using different neuropsychological systems 
49

. More recent advances in the knowledge of neural plasticity have suggested that (partial) 

restitution of the impaired neuropsychological processes themselves may be another 

mechanism of recovery 
50

; patients may thus learn to perform their tasks in a similar way 

as before. This brain plasticity may be experience-dependent 
50

. Potential cognitive 

recovery due to most of the aforementioned cognitive rehabilitation approaches may be 

based on compensatory processes, although it is commonly assumed that retraining of 

function or skills is based on (partial) restitution. However, distinguishing between 

restitutive and compensatory processes using behavioral methods (neuropsychological 

assessment) only is not possible 
50

. Studies on neuro-imaging of cognitive rehabilitation 

effects have recently emerged, and suggest that (partial) restitution may indeed underlie 

cognitive recovery 
51, 52

. 

The mild-to-moderate, global cognitive deficits seen in brain tumor patients (as 

compared to the more severe deficits observed in stroke) may be particularly amenable to 

cognitive treatment. In low-grade gliomas the tumor grows slowly, and infiltrates or 

displaces neuronal tissue without actually destroying it 
15, 19

. Thus, some residual function 

may actually be maintained, and/or reshaping or local reorganization of functional 
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networks may take place 
22, 53, 54

. Both cognitive rehabilitation and pharmacological 

treatment might enhance the residual functional capacity. 

A recent study of the supportive care needs of patients with brain tumors and their 

carers concluded that cognitive rehabilitation should be an integrated part of the care of 

this population 
55

. 

 

Aim and outline of the thesis 

The aim of this thesis is to investigate the empirical evidence for treatments of 

cognitive deficits in adult brain tumor patients, and, more specifically, for a multifaceted 

cognitive rehabilitation program in low-grade and anaplastic glioma patients.  

Chapter 2 presents a critical review of the methodologies and results of the few 

studies that have been directed towards interventions for cognitive deficits in brain tumor 

patients, including pharmacological and cognitive rehabilitation strategies. Additionally, 

studies in patients with cancers outside the central nervous system are described to 

illustrate further possibilities of cognitive interventions. Reasons for the paucity of studies 

in brain tumor patients are discussed. However, it is concluded that lower-grade glioma 

patients may actually be good candidates for interventions such as cognitive rehabilitation. 

Chapter 3 reports on the results of the first randomized controlled trial on cognitive 

rehabilitation in 140 stabile glioma patients. Both immediate and longer-term effects on 

objective and subjective measures of cognitive functioning, fatigue and mental 

health-related quality of life are studied on the group level.  

Although group results are very informative, they may also mask the variability in 

responses to the cognitive rehabilitation program. Therefore, the effects of the 

intervention on the individual patient level are also studied, and reported in chapter 4. It 

was examined whether individual neuropsychological improvement is predicted by 

sociodemographic and clinical variables, self-reported cognitive symptoms and baseline 

neuropsychological performance. Chapter 5 describes the subjective evaluation of the 

diverse aspects of the cognitive rehabilitation program by the participants themselves, in 

light of the detailed discussion of the rationale, design and content of the cognitive 

rehabilitation program. Finally, chapter 6 provides a summary and a general discussion. 
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Abstract 

Increased life expectancy in patients with brain tumors has led to a greater risk of 

cognitive deficits, particularly during disease-free periods. Here, we review the empirical 

studies that have been done to treat or to prevent cognitive impairment in patients with 

brain tumors. Both pharmacological interventions and cognitive rehabilitation programs 

have been used. Although both types of study have reported some successes, these are 

often difficult to interpret owing to limitations in the methods used. Most of the studies 

reviewed did not use a randomized group design to control for possible confounding 

factors such as placebo and practice effects. Investigations of newer, targeted therapies 

have reported delays in cognitive deterioration, but these need to be confirmed in future 

studies. Neuroprotection represents another potentially promising, novel approach to 

prevention of cognitive impairment in this vulnerable population of patients. Finally, we 

describe studies in patients with cancers outside the CNS, to highlight further possibilities 

for the prevention and treatment of cognitive deficits.  
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Introduction 

Over the past 50 years, improvements in treatments have extended average life 

expectancies in various subgroups of patients with brain tumors, although in most 

instances the patient cannot be cured and will die from the disease 
1, 2

. As a result of the 

extended survival, quality of survival is becoming much more important 
3
 and attention is 

increasingly being paid to the disease-free period between treatment and death. 

Significant proportions of patients with brain tumors have cognitive disorders 
3-6

, with 

rates based on objective neuropsychological assessments ranging from 29% in patients 

with non-irradiated low-grade glioma 
7
 to about 90% in groups of patients with diverse 

brain tumors 
6, 8-10

. The variability in prevalence is due to differences in the study 

populations, treatments, neuropsychological tests, and cut-off scores and normative data 

used to identify patients with cognitive impairments. Cognitive deficits are more 

prominent in patients who have brain tumors than in those who have extracranial 

malignancies with a similar prognosis 
8, 11

.
 

 

Several causes of cognitive deficits can be discerned, although the exact 

pathophysiology of the impairments is not entirely understood. Studies have shown that 

the tumor, tumor progression, tumor-related neurological complications, and epilepsy can 

cause cognitive deficits 
3, 7, 12, 13

. Diaschisis, in which there is dysfunction of brain areas 

connected to the original lesion, owing to altered metabolism and blood flow, might also 

contribute 
14-16

. Indeed, disturbances in connectivity between functional networks in the 

brain have been associated with cognitive alterations 
17

. Therefore, brain tumors do not 

show an exact localization specificity, although the nature and degree of the cognitive 

deficits can depend on tumor lateralization 
18

. Moreover, patients with brain tumors seem 

to have cognitive deficits that are milder and more diffuse than would be predicted by site 

alone, and different from those secondary to strokes 
7, 19

. 

Although cancer treatments can alleviate cognitive deficits due to tumors, they can 

also cause cognitive side-effects. Surgery, radiotherapy, chemotherapy, immunotherapy, 

and antiepileptic drugs can all have adverse effects on cognitive functioning 
14, 20

. 

Compared with other cognitive side-effects of cancer treatments, those due to radiation 

damage to the cerebral white matter and their mechanisms are relatively well known. In 

severe cases, this damage can result in dementia with subcortical features. The underlying 

pathogenesis of these so-called late-delayed radiation side-effects is demyelination and 

small vessel disease, leading to necrosis 
21, 22

. Chronic inflammation and impaired 

hippocampal neurogenesis further add to this radiation damage 
23, 24

. Chemotherapy 

might have similar effects on cognitive functioning 
25, 26

.
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Other medical factors and complications, including endocrine dysfunction, metabolic 

disturbances, infection, and pain can also contribute to cognitive and neurobehavioral 

changes 
14, 27, 28

. Anemia and fatigue, common symptoms in patients with brain tumor, 

might affect cognitive function 
29, 30

; so too might psychological reactions such as anxiety, 

depression, and uncertainty about the future 
14

. A combination of these factors is likely to 

contribute to cognitive impairment 
14

. Notably, even mild cognitive deficits can have a 

substantial effect on patients’ lives, particularly during the disease-free period when 

patients are attempting to resume their normal work and social activities 
31

.
 

 

Pharmacological and cognitive rehabilitation interventions are useful in the 

treatment of cognitive deficits in various populations of patients with neurological 

disorders, including those with traumatic brain injury and stroke 
32, 33

, Alzheimer’s disease 
34, 35

, and epilepsy 
36

. A recent study of the supportive care needs of patients with brain 

tumors and their carers concluded that neuropsychological rehabilitation should be an 

integrated part of the care of this population 
37

.
 

 

Compared with other disease areas, relatively few studies have investigated 

strategies to prevent or treat cognitive deficits in patients with brain tumors. But interest 

in this area is growing, and we believe that a critical review of the work that has been 

done so far, with the potential to guide the development and implementation of future 

interventions, is useful. In this paper, we review empirical studies of the treatment and 

prevention of cognitive deficits in adults with brain tumors, including pharmacological and 

cognitive rehabilitation strategies. Additionally, we make comparisons with studies of 

similar interventions in patients with cancers outside the CNS. For information on 

cognitive interventions in children with brain tumors, the reader is referred to other 

reviews 
38-41

.
 

 

 

 

Search strategy and selection criteria  

References for this Review were identified by searches of PubMed with combinations 

of neuropsycholog*, cognit*, neurocognit*, attention*, memory, brain injury, 

neurobehavior*, neurobehavior*, remediation, intervention*, training, retraining, 

rehabilitation, treatment, therapy, improv*, effect*, protect*, neuroprotect*, prevent*, 

glioma*, glioblastoma*, astrocytoma*, oligodendroglioma*, meningioma*, 

ependymoma*, medulloblastoma*, and combinations of brain, cerebral, cranial, central 

nervous system, glial, nonglial, with tumor*, tumour*, neoplasm*, metastasis, metastases, 

cancer, radiation, irradiation, and radiotherap*. Similar searches were done with 
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WebSPIRS (PsycINFO) and EMBASE. Searches were limited to adult human beings and 

papers written in English. Many articles were excluded because they discussed the 

occurrence of cognitive deficits instead of interventions for these deficits. Furthermore, 

interventions had to be explicitly targeted at improvement of cognitive functioning, and 

cognitive assessment (either by neuropsychological tests or questionnaires) had to be one 

of the study procedures, to ensure clear interpretation of the cognitive changes as a result 

of the intervention. Further research articles were identified from the reference lists of 

relevant papers. Currently active studies were found by searches at Clinical Trials.gov with 

brain tumor as the condition and cognit* or neurocognit* as additional terms. This website 

was also used to identify possible sequels of published studies on the diverse 

interventions (e.g., for methylphenidate, hyperbaric oxygen therapy, and erythropoietin). 

Searches of PubMed for treatment or prevention of cognitive deficits in patients with 

cancers outside the CNS were done with the terms and derivatives cancer, malignant, 

tumor*, tumour*, neoplasm*, metastasis, metastases, radiotherapy*, radiation, and 

chemotherapy, combined with the aforementioned terms for cognitive interventions. For 

results in patients with other cancer types, more stringent search criteria were applied. 

There were no restrictions on publication date, and the final searches were done in March, 

2008.  

 

 

Treatment of cognitive deficits in patients with brain tumors  

Pharmacological approaches  

Pharmacological treatments of cognitive deficits in patients with brain cancer (table 1) 

have so far been based on treatments that are effective in other neurological diseases. In 

particular, psychostimulants, such as those used to treat attention-deficit hyperactivity 

disorder, and drugs prescribed for Alzheimer’s disease and vascular dementia, have been 

investigated.  

The first report of a pharmacological approach to treatment of cognitive deficits in 

patients with brain tumors was published in 1995 
42

. Weitzner and colleagues described 

the effects of the psychostimulant methylphenidate on three patients who had cognitive 

deficits that had been caused by primary brain tumors or accompanying radiotherapy. 

Methylphenidate was expected to act as an indirect agonist, causing release of 

catecholamines that would control attention and memory. Arousal, attention, initiation 

speed of tasks, and mood were all improved. Meyers and colleagues 
43

 subsequently also 
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used methylphenidate to treat patients who had primary brain tumors and abnormal 

neuropsychological test scores. Mean test scores in several cognitive domains were 

significantly improved in the group of 26 patients, despite progressive disease and 

increasing radiation damage. There were also improvements in subjective cognitive 

functioning and mood. However, an important limitation of the study was the absence of 

a control group—thus, a placebo effect, or a practice effect due to repeated 

neuropsychological testing, might have accounted at least in part for the improvement in 

cognitive functioning and symptoms. Modafinil, a drug in the same class as 

methylphenidate, has also been tested in a small, randomized study that compared high 

doses with low doses 
44

; cognitive functioning, fatigue, and mood were improved in 30 

patients with primary brain tumors, but unfortunately, potential differences between the 

different doses were not discussed.  

The effects of donepezil on cognitive function, mood, and quality of life were 

investigated by Shaw and colleagues 
45

 in an uncontrolled study of patients with brain 

tumors who had received radiotherapy. Donepezil is an acetylcholinesterase inhibitor that 

has shown efficacy in mild to severe Alzheimer’s disease and vascular dementia. Because 

radiation-induced brain injury has features similar to Alzheimer’s disease, Shaw and 

colleagues proposed that donepezil would decrease cognitive symptoms in 

brain-irradiated patients. After 24 weeks of treatment, there were significant 

improvements in tests of diverse cognitive domains in the 24 irradiated patients, most of 

whom had low-grade gliomas. Some aspects of mood and health-related quality of life 

were also improved, and ten of the 21 patients who completed the washout period chose 

to renew their use of donepezil. Shaw and colleagues stated that a practice effect was 

unlikely to account for all of the improvement, although the reason for this conclusion is 

unclear. Moreover, the researchers did not take into account the possible role of a 

placebo effect. 

The same researchers have also done an uncontrolled study of ginkgo biloba, 

reported in a short summary in a review 
46

. Cognitive function and quality of life improved 

in the patients who completed the 24-week evaluation, but further details of the study 

have not been published.  

Another biomedical approach is hyperbaric oxygen therapy, which is used to 

stimulate angiogenesis after radiation damage to the nervous system. Hulshof and 

colleagues 
47

 did a phase I–II study in seven patients with primary brain tumors and 

cognitive disorders, at least 1.5 years after cranial irradiation. Four patients were 

randomized to immediate treatment and three to delayed treatment. Both groups showed 
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significant improvement in a measure of subjective cognitive functioning, but not in 

objective neuropsychological outcomes, after hyperbaric oxygen therapy. One patient in 

the immediate group exhibited improvement across a range of test scores, as measured 

by the reliable change index.  

Several other studies of potential treatments are currently underway. Meyers and 

colleagues 
48

 are doing an open-label, randomized phase III trial of the cognitive effects of 

4 weeks of immediate-release methylphenidate, sustained-release methylphenidate, or 

modafinil in 75 patients with brain tumors. The aforementioned promising results of Shaw 

and colleagues 
45

 have prompted these researchers to initiate a phase III double-blind, 

randomized, placebo-controlled study of donepezil 
49

; 200 irradiated patients with primary 

and metastatic brain tumors are being recruited into the study, which among other 

outcomes is investigating effects on cognitive impairment. A smaller, uncontrolled study 

by Correa and colleagues 
50

 is investigating the effects of donepezil in 30 patients with 

brain tumors who had cognitive deficits after radiotherapy and chemotherapy.  

Gesell and colleagues 
51

 are currently doing a pilot randomized study of hyperbaric 

oxygen therapy complementary to conventional steroid therapy in 30 patients with brain 

tumors and radionecrosis. Mental status will be assessed, although cognitive functioning 

does not seem to be the primary focus of the study. Levin and colleagues 
52

 are doing a 

randomized, placebo-controlled, crossover, double-blind trial of the possible reduction of 

CNS side-effects by bevacizumab, an inhibitor of angiogenesis. Sixteen patients who have 

undergone brain radiation therapy for a primary brain tumor, meningioma, or head and 

neck cancer are currently being recruited. The same research group 
53

 is also recruiting 26 

patients with brain tumors who have hypothyroidism to assess whether combined 

treatment with levothyroxine and liothyronine improves learning and memory. A clinical 

trial of indomethacin is also anticipated, because preclinical research has shown that 

inflammatory blockade by this drug can restore neurogenesis after cranial irradiation 
54

. 

 

 



 

 

Table 1: Studies of pharmacological treatments for cognitive deficits in patients with brain tumors 
Investigators Design  N  Population  Intervention  Relevant outcome 

measures 

Timing of 

assessments 

Statistical 

analyses 

Relevant results  Attrition and 

toxicities 

Weitzner et al. 
42

 

Case studies  3  High-grade gliomas, cogn 

dysfunction 

Methylphenidate  Cogn tests, Q on 

mood 

BL and during 

treatment 

None  Improved arousal, 

attention, initiation speed, 

and mood 

NA 

Meyers et al. 
43

 Open label, 

no control 

group 

30  High-grade gliomas, cogn 

dysfunction 

Methylphenidate 

(10, 20, and 30 

mg in increasing 

doses) in patients 

with good 

response and no 

adverse effects 

Cogn tests, Qs on 

mood and 

functional status 

BL, weeks 4, 8, 

and 12 

Paired t 

tests with 

2-sided α 

After 4 weeks (10 mg): 

Significant improvement in 

mood and diverse cogn 

tests, subjective 

improvement in 20 of 26 

patients* 

14 patients dropped 

out for Pd, logistical 

reasons, dose <10 

mg, or absence of 

benefit 

Kaleita et al. 
44

 Pilot, 

randomized, 

double-blind, 

dose-

controlled 

30  Primary BT with fatigue 

or cogn dysfunction 

HD and LD 

modafinil for 3 

weeks, extended 

treatment after 

1-week washout 

Cogn tests, Qs on 

fatigue and 

depression 

BL, weeks 1 and 

3, BL of extended 

treatment phase, 

weeks 4 and 8 

Paired t 

tests and 

WSRT 

Significant improvement in 

cogn function, mood, and 

faUgue outcome measures† 

Low incidence of 

adverse events  

Shaw et al. 
45

 Open label, 

no control 

group  

35  Mostly primary BT (one 

metastatic), ≥6 months 

post-Rt, radiographically 

stable‡ 

Donepezil for 24 

weeks 

Cogn tests, MMSE, 

Qs on QOL, mood, 

and functional 

status 

BL, weeks 6, 12, 

24 (end of 

treatment), and 

30 (washout) 

Paired t 

tests, 

α=0.01 

After 24 weeks: Significant 

improvement in cogn tests, 

aspects of mood, and QOL§ 

11 patients dropped 

out, 63 toxicity 

events 

Shaw et al. ¶ Open label, 

no control 

group 

Nv  Primary or metastatic BT, 

≥6 months post-Rt, 

radiographically stable|| 

Ginkgo biloba for 

24 weeks 

Nv  BL, weeks 6, 12, 

and 24 

Nv  Significant improvements in 

cogn function, mood, and 

QOL 

Attrition due to 

toxicity and low 

efficacy 

Hulshof et al. 
47

 Phase I–II, 

randomized 

to 

immediate 

or delayed 

treatment 

10  Primary BT, 1.5 years 

post-Rt, KPS ≥70, 

subjective cogn 

symptoms 

HBT for 6 weeks  Parallel cogn tests, 

Qs on subjective 

cogn function 

BL, months 3  

and 6  

WSRT and 

Wilcoxon 

sign tests, 

RCI with 

retest 

effect 

Non-significant 

improvement in cogn tests, 

improved subjective 

memory function,  

no significant RCI 

3 patients dropped 

out (for social 

reasons and Pd),  

no toxicity 

Meyers et al. 
48

** 

NCT00418691 

Phase III, 

open label, 

randomized, 

no control 

group 

75  Primary or metastatic BT, 

post-surgery and post-Rt, 

reported cogn decline, 

and considered for 

stimulant therapy 

Methylphenidate 

(IR or SR) or 

modafinil, all for 4 

weeks 

Cogn tests  BL, week 4  NA  Status in Jan, 2008: 

recruiting 

NA 

Rapp et al. 
49

** 

NCT00369785 

Phase III, 

randomized, 

double-blind, 

placebo-

controlled 

200  Primary or metastatic BT, 

post-Rt, radiographically 

stable|| 

Donepezil for 24 

weeks 

Cogn tests, Qs on 

subjective cogn 

function, fatigue, 

mood, and QOL 

BL, weeks 12  

and 24 

NA  Status in March, 2008: 

recruiting 

NA 

  



 

 

Table 1: Studies of pharmacological treatments for cognitive deficits in patients with brain tumors 
Investigators Design  N  Population  Intervention  Relevant outcome 

measures 

Timing of 

assessments 

Statistical 

analyses 

Relevant results  Attrition and 

toxicities 

Correa et al. 
50

** 

NCT00594633 

Open-label, 

no control 

group 

30  BT, mild to moderate 

cogn deficits, previous 

Rt, Ct, or both 

Donepezil for 24 

weeks 

Cogn tests  BL, weeks 12 and 

24, and 6 months 

after end of 

treatment 

NA  Status in Jan, 2008: 

recruiting 

NA 

Gesell et al. 
51

** 

NCT00087815 

Pilot 

randomized, 

single-blind, 

active 

control (CC) 

30  BT, RN with progressive 

neurological symptoms, 

managed with 

conventional steroid 

therapy|| 

CC plus HBT for 

about 3 months 

Mental status, Q on 

QOL††  

BL, every month 

during treatment, 

end of treatment, 

and months 1, 2, 

and 4 thereafter 

NA  Status in Jan, 2008: 

ongoing, but not recruiting 

NA 

Levin et al. 
52

** 

NCT00492089  

Phase II, 

randomized, 

placebo-

controlled, 

crossover, 

double-blind 

16  Irradiated primary BT 

and head and neck 

cancer, RN with 

progressive neurological 

symptoms|| 

Bevacizumab for 

6–12 weeks 

Cogn tests and QOL 

as secondary 

outcomes 

BL, periodically 

during treatment, 

and weeks 12 and 

24 after 

completion 

NA  Status in March, 2008: 

recruiting 

NA 

Levin et al. 
53

** 

NCT00488644 

Open-label, 

no control 

group 

26  BT, hypothyroidism, 

post-Rt|| 

Levothyroxine 

plus liothyronine 

for 8 weeks 

Cogn tests, Qs on 

QOL and mood 

BL, day 1 of 

treatment, and 

after 8 weeks 

NA  Status in Dec, 2007: 

recruiting 

NA 

Reported results are those of the intervention as compared with the control group, unless otherwise stated.  

Abbreviations: Cogn=cognitive. Q=questionnaire. BL=baseline. NA=not applicable. Pd=progressive disease. BT=brain tumor. HD=high dose. LD=low dose. WSRT=Wilcoxon signed-rank test. MMSE=mini-mental state 

examination. QOL=quality of life. Rt=radiotherapy. Nv=not available. KPS=Karnofsky performance status. RCI=reliable change index. NCT=trial number at www.clinicaltrials.gov. IR=immediate release. SR=sustained 

release. Ct=chemotherapy. RN=radiation necrosis. CC=conventional care. HBT=hyperbaric oxygen therapy.  

*Treatment effect despite progressive neurological injury in 15 paUents. †PotenUal differences in results between treatment arms not discussed. ‡Presence of cognitive symptoms not a selection criterion. §10 out 

of 21 patients chose to renew use of donepezil after washout. ¶Results presented in a review 
46

. ||Presence of cognitive symptoms possibly not a selecUon criterion. **Planned or ongoing studies. ††Few details of 

cognitive assessment are available. 
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Neuropsychological approaches  

Cognitive rehabilitation of patients with brain tumors (table 2) was first reported in 

1983 in a case study of a patient who experienced cognitive deficits after right temporal 

lobectomy for an astrocytoma 
55

. In a 4-month treatment program, two methods were 

used: retraining of simple cognitive capacities at home; and psychoeducational and 

compensation techniques taught in sessions together. The researchers noted that, 

although some improvements in neuropsychological tests were due to practice effects, 

the large improvements in some other tests could probably be attributed to the 

intervention. Improvements in daily and work activities were also reported.  

Ten years later, Meyers and Boake 
56

 published an overview of general strategies for 

cognitive, vocational and psychological support that could be integrated in a rehabilitation 

program for patients with brain tumors. Subsequently, Sherer, Meyers, and Bergloff 
57

 did 

a small retrospective study of these methods. Thirteen patients with malignant primary 

brain tumors and cognitive deficits were selected for a rehabilitation program originally 

developed for survivors of traumatic brain injury; the program was used first in a clinical 

setting and later in a community-based setting. The results were described in terms of 

clinicians’ ratings of independence and productivity. Changes in these non-standardized 

outcomes were not tested statistically. Most patients improved in both independence and 

productivity, and improvements were maintained eight months after discharge.  

Taphoorn and colleagues 
58

 are currently doing a randomized clinical trial of a 

cognitive rehabilitation program in patients who have low-grade gliomas and anaplastic 

gliomas with favorable prognostic factors and who exhibit both subjective and objective 

cognitive symptoms. The patients have been randomized to an individual cognitive 

rehabilitation program (N=70) or to a waiting list for this treatment (N=70). The 7-week 

program incorporates computer-based retraining of attention (e.g., sustained attention or 

divided attention) and teaching of general cognitive compensatory strategies, such as 

development of daily routines, use of external information storage systems (e.g., daily 

agendas), and delineation of tasks (i.e., complex tasks broken down into more 

manageable units). Objective neuropsychological functioning, subjective cognitive 

symptoms, and health-related quality of life were assessed before randomization, directly 

after rehabilitation, and at 6-month follow-up. Recruitment of patients and data collection 

have been completed and data analysis is ongoing. 



 

 

Table 2: Studies of neuropsychological treatments for cognitive deficits in patients with brain tumors 
Investigators Design N Population Intervention  Relevant outcome 

measures 

Timing of 

assessments 

Statistical 

analyses 

Relevant results  

 

Attrition and 

toxicities 

Rao & 

Bieliauskas 
55

 

Case study 1 Man with grade II-III 

astrocytoma, 2.5 years 

after right temporal 

resection, cogn deficits 

Practicing of cogn tasks 

and psychoeducation 

for 4 months 

Cogn tests, behavioral 

observations, efficacy 

on work-related tasks 

BL and week 1 

after treatment 

None  Improvements in cogn tests, daily 

and work activities* 

NA 

Sherer et al. 
57

 

Retrospective, 

no control 

group 

13 Primary malignant brain 

tumors, all post-surgery 

and post-Rt, 12 patients 

also post-Ct, cogn deficits 

Cogn and vocational 

rehabilitation. From 

clinic to community 

setting in 20 (SD 12.85) 

days 

Clinician ratings of 

independence and 

productivity status 

BL, at discharge, 

follow-up (about 8 

months after 

discharge) 

None Independence: 6 patients increased, 

6 unchanged, 1 decreased. 

Productivity: 8 patients increased, 4 

unchanged, 1 decreased. Effects 

maintained at follow-up 

2 patients had 

medical 

complications

† 

Taphoorn et 

al. 
58

‡ 

NCT00256425  

Randomized, 

controlled 

140 Low-grade gliomas, 

anaplastic gliomas (age 

<50, KPS>70), subjective 

and objective cogn 

symptoms 

Cogn rehabilitation 

(retraining and 

compensation) 

for 7 weeks 

Cogn tests, Qs on 

subjective cogn 

functioning and QOL 

BL, immediately 

after training (8 

weeks) and at 

6-month follow-up 

NA Status in Nov, 2007: no longer 

recruiting 

NA 

Reported results are those of the intervention as compared with the control group, unless otherwise stated.  

Abbreviations: Cogn=cognitive. BL=baseline. NA=not applicable. Rt=radiotherapy. Ct=chemotherapy. NCT=trial number at www.clinicaltrials.gov. KPS=Karnofsky performance status. Q=questionnaire. QOL=quality 

of life.  

*Some effects due to pracUce (tests were part of training procedure). †Whether results from these paUents were included in analyses is unclear. ‡An ongoing study. 
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Treatment of cognitive deficits in patients with cancers outside 

the CNS  

Pharmacological approaches  

Several studies have reported the effect of methylphenidate on cognitive functioning 

in patients with neoplasms other than brain cancer (table 3). Fernandez and Adams 
59

 

concluded that the use of methylphenidate resulted in remission of cognitive symptoms 

and mood disturbances of varying causes in five patients with cancer of the head and neck. 

In a study by Gagnon and colleagues 
60

, the median scores on the mini-mental state 

examination (MMSE) of 14 patients with advanced cancer and delirium improved 

significantly with methylphenidate treatment. Bruera and colleagues 
61

 

gave 

methylphenidate in a randomized double-blind, crossover trial to 19 patients with 

advanced cancer who were receiving a continuous infusion of narcotics for the treatment 

of pain. Methylphenidate reduced narcotic-induced cognitive impairment, drowsiness, 

and confusion.  

Massa and colleagues 
62

 investigated the effectiveness of erythropoietin during 

chemotherapy on cognitive function in ten elderly patients with cancer and anemia, and 

their results supported the hypothesis that increases in hemoglobin concentrations are 

accompanied by significant improvement in cognitive performance as measured by the 

MMSE. In a phase II study by Chan and colleagues 
63

, 19 patients with temporal lobe 

necrosis resulting from radiotherapy for nasopharyngeal carcinoma received α-tocopherol 

(vitamin E), which was expected to have a salutary effect on cognitive function owing to its 

antioxidant effects. The treated patients showed significant improvements in global 

cognitive ability (MMSE), memory, and executive functioning after 1 year of treatment, 

whereas there were no significant changes over time in the non-randomized control group 

of ten patients.  

Valentine and colleagues 
64

 treated neurotoxic side-effects due to interferon-α with 

naltrexone, a long-acting opioid antagonist, in patients with hematological malignancies. 

Of the six patients who completed follow-up neuropsychological testing, five were 

reported to have improved, but this was not tested statistically. The trial was discontinued 

because two patients had severe side-effects.  
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Neuropsychological approaches  

In a trial focused on cognitive deficits after transplantation of hematopoietic stem 

cells, Poppelreuter and colleagues 
65

 randomized patients to either neuropsychological 

group therapy (N=21) or individual computer-supported training (N=26). The group 

therapy involved training of memory for personal details and teaching of compensational 

strategies to improve everyday attention and memory skills. In the computer-supported 

program, specific aspects of attention and memory were trained at the patient’s individual 

level. A group of 28 non-randomized patients were controls. Neither type of training 

yielded greater improvement in cognitive function, as measured with neuropsychological 

tests and questionnaires, than did no training. The researchers speculated that the timing 

of the intervention after transplantation of hematopoietic stem cells might not have been 

optimum.  

McDougall 
66

 did a randomized clinical trial of a cognitive behavioral intervention 

designed to improve memory awareness, self-efficacy, and performance in elderly 

patients with chronic disorders, including cancer. Didactic information and exercises from 

a book 
67

 were used. Some of the 11 cancer survivors had significant gains in memory, as 

assessed both objectively and subjectively. However, whether the results reported were 

those of the two experimental groups or the control group, in which patients were on a 

waiting list for the intervention, is unclear.  

A different approach was taken by Cimprich 
68

 in a study of 38 women after surgery 

for breast cancer. The participants were randomly assigned either to regular participation 

in attention-restoring activities (e.g., engaging activities or relaxation, such as experiencing 

nature, making or collecting things, reading, or excursions) or to no such intervention. 

Patients in the intervention group showed significant improvement in a combination of 

attention scores. Cimprich and Ronis 
69

 

randomized patients with newly diagnosed breast 

cancer to an intervention that consisted of 120 minutes of exposure to the natural 

environment per week (activities such as walking or gardening) or to a control group, in 

which patients recorded their time spent in relaxation or leisure activities. The 

intervention group (N=83) showed greater recovery of the capacity to direct attention 

than did the control group (N=74).  

 



 

 

Table 3: Studies of treatments for cognitive deficits in patients with cancers outside the CNS 
Investigators Design  N Population Intervention Relevant outcome 

measures 

Timing of assessments Statistical 

analyses 

Relevant results  Attrition and 

toxicities 

Fernandez & 

Adams 
59

 

Case studies 5 Head and neck 

cancer, failure to 

thrive, cogn deficits 

and slowing 

Methylphenidate  Cogn tests, NP examination  BL and at varying times 

during treatment 

None  Rapid remission of 

depressive and cogn 

dysfunctions  

No adverse effects 

Gagnon et al. 
60

 

Clinical study, 

no control 

group 

14 Advanced cancer (4 

patients with brain 

metastases) and 

hypoactive delirium, 

cogn failure (MMSE) 

Methylphenidate 

until stable dose 

MMSE Previous, at diagnosis,  

1 h after first dose, and 

at stable dose 

Matched, paired 

WSRT  

Significant improvement 

in MMSE-score 

NA 

Bruera et al. 
61

 

Randomized, 

crossover, 

placebo-

controlled, 

doubleblind  

20 Advanced cancer 

(mostly lung cancer), 

pain‡ 

Methylphenidate 

for 2 days 

Cogn tests, VAS for pain, 

nausea, drowsiness, 

confusion, and activity 

Immediately before and 

2 h after drug dose on 

each of 4 days 

Paired t tests, 

test of Hills and 

Armitage for 

crossover trials  

Significant improvement 

in cogn tests and 

subjective measure of 

confusion and 

drowsiness† 

1 dropped out (not 

drug related) 

Massa et al. 
62

 No control 

group 

10 Elderly patients with 

cancer, anaemia, 

undergoing Ct‡ 

EPO for 12 weeks  MMSE, Qs on functional 

status and depression  

BL and after 4, 8 and 12 

weeks of treatment 

Paired t tests Significant improvement 

in MMSE-score related 

to increase in 

hemoglobin, other 

scores not improved 

NA 

Chan et al. 
63

 Phase II 

matched 

intervention 

(N=19) and 

control (N=10) 

groups 

29 Temporal lobe 

necrosis after Rt for 

nasopharyngeal 

carcinoma 

α-tocopherol 

(vitamin E) for 1 

year 

Cogn tests, Q on subjective 

cogn function 

BL and after 1 year of 

treatment 

RM ANOVA Significant 

improvements in mean 

MMSE, memory and 

cogn flexibility scores, 

not in subjective cogn 

functioning 

None  

Valentine et 

al. 
64

 

No control 

group 

6 Hematological 

malignancies treated 

with IFN-α, 

neurobehavioral 

side-effects 

Naltrexone during 

IFN-α treatment 

for 3-18 months 

Cogn tests, psychiatric 

interview 

BL and during treatment None 

(significance 

defined as 1 SD 

change) 

5 of 6 patients with 

improved cogn 

functioning 

2 patients with 

immediate severe 

side-effects§ 

Poppelreuter 

et al. 
65

 

2 randomized 

intervention 

groups, 1 non- 

randomized 

control group  

96 After hematopoietic 

stem cell 

transplantation for 

malignancies, cogn 

deficits 

Either retraining 

or neuropsycho-

logical group 

therapy for 3-5 

weeks 

Cogn tests, Qs on subjective 

cogn functioning, QOL, 

fatigue, anxiety and 

depression  

BL (T1), after 

intervention (T2), and at 

6-month follow-up (T3) 

Mixed-model 

MANOVA with 

BC 

No intervention effect¶  21 patients lost 

before T2, 12 

between T2 and T3 

  



 

 

Table 3: Studies of treatments for cognitive deficits in patients with cancers outside the CNS 
Investigators Design  N Population Intervention Relevant outcome 

measures 

Timing of assessments Statistical 

analyses 

Relevant results  Attrition and 

toxicities 

McDougall 
66

 Complex 

randomization 

design|| 

11 Elderly patients with 

cancer‡ 

Cogn behavioral 

model of 

everyday memory 

for 4 weeks 

Memory test, Qs on 

memory, depression, 

health, and functional status 

Pre-test (at BL) and 

post-test 

RM ANOVA Subjective memory 

significant better but 

scores fell in 2 memory 

tests (unclear which 

patients these were) 

NA 

Cimprich 
68

 Randomized 

controlled 

38 Newly diagnosed 

breast cancer, after 

primary surgery‡ 

Attention-

restoring and 

relaxing activities 

for 3 months 

Attention tests, Qs on 

attention and mood 

BL (3 days), 2.5 weeks, 2 

and 3 months after 

surgery  

RM MANOVA 

and RM 

MANCOVA, BC 

Bonferroni 

correction 

Significant, consistent 

improvement in test 

scores, no effect on 

subjective attention 

6 patients lost  

(2 of intervention 

group and 4 controls) 

Cimprich & 

Ronis 
69

 

Randomized 

controlled 

183 Newly diagnosed 

breast cancer, 

undergoing 

breast-conserving 

surgery or 

mastectomy‡ ** 

Exposure to 

natural 

environment 

(e.g. walking in 

nature) 

for 5 weeks 

Attention tests, symptom 

distress scale 

BL (17 days before 

surgery) and 19 days 

after surgery and 

intervention 

2-sample t tests, 

multiple 

regression with 

covariates 

Significantly improved 

attention tests scores 

26 patients lost 

(equally divided over 

groups) 

Reported results are those of the intervention as compared with the control group, unless otherwise stated.  

Abbreviations: Cogn=cognitive. NP=neuropsychiatric. BL=baseline. MMSE=mini-mental state examination. WSRT=Wilcoxon signed-rank test. NA=not available. VAS=visual analogue scale. Ct=chemotherapy. 

EPO=erythropoietin. Q=questionnaire. Rt=radiotherapy. RM=repeated measures. ANOVA=analysis of variance. IFN-α=interferon-α. QOL=quality of life. MANOVA=multivariate analysis of variance. BC=Bonferroni 

correction. MANCOVA=multivariate analysis of covariance.  

‡Presence of cogniUve symptoms possibly not a selecUon criterion. †Mean of two baselines compared with mean of two measures during treatment. §Led to discontinuation of trial. ¶Potentially affected by other 

inpatient rehabilitation components and timing of the study intervention. ||Patients were randomized to intervention or control groups, and those in the control group were further randomized. **Surgery during 

intervention. 
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Because cognitive impairment in patients with cancer has been associated with 

cancer-related fatigue 
70

, interventions to treat fatigue might also be useful in 

improvement of cognitive function. Some studies have suggested that fatigue and 

cognitive deficits can be ameliorated by the same intervention 
44, 71

. However, these 

studies were not designed to distinguish between the possible direct or indirect effects on 

cognitive functioning of interventions targeted at fatigue.  

 

 

Prevention of cognitive deficits 

Targeted tumor treatments 

In addition to efforts to develop effective treatments for existing cognitive deficits, 

research is also broadening to investigate possible ways to prevent such deficits from 

developing in the first Neuronavigation, awake craniotomy, modifications to radiation 

treatments (hyperfractionation and stereotactic or image-modulated radiotherapy), and 

monoclonal antitumor antibodies might have a positive effect on cognitive outcomes in 

patients with brain tumors by sparing normal brain tissue while the cognitive deficits due 

to the disease are alleviated. The cognitive effects of treatments that are specifically 

targeted at the tumor itself have also been investigated (table 4).  

Meyers and colleagues did a phase III trial of a tumor-selective agent, motexafin 

gadolinium (MGd), during whole brain radiation therapy (WBRT) in 401 patients with brain 

metastases of diverse origins. Use of this radiosensitizer was expected to improve local 

control of the tumor without increasing radiation toxicity, as measured by 

neuropsychological tests. Cognitive deterioration and survival did not differ significantly 

between the treatment arms, but time to neurocognitive progression was 

non-significantly longer in a subgroup of patients with primary non-small-cell lung cancer 

(NSCLC) who received MGd during WBRT than in those who did not. A subsequent phase 

III trial 
72

 in 554 patients with brain metastases from only NSCLC showed a significantly 

longer time to neurocognitive and neurological decline for the WBRT plus MGd group than 

for the group who received WBRT alone. However, these results have been reported only 

in abstract form. The same investigators 
73

 

have recently done a phase II trial to investigate 

time to neurocognitive progression in 45 patients with brain metastases treated with MGd 

during WBRT, followed by stereotactic radiosurgery as a boost treatment with concurrent 

MGd.  
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The possible preservation of cognitive function by surgical intervention and insertion 

of gliadel wafers (wafers that slowly release the chemotherapy agent carmustine) is the 

primary outcome in a study by Weidner and colleagues 
74

 .
 

Seventy-five patients with 

metastatic brain cancer are currently being recruited in this uncontrolled phase II study. A 

phase III randomized open-label study 
75

 in 30 patients with one to six metastases is 

investigating whether WBRT to preserve neural stem cells (i.e., radiation of brain regions 

in which neural stem cells are located, such as the hippocampal area, is kept to a 

minimum) improves the neurocognitive profile compared with standard WBRT.  

 

Pharmacological approaches  

Besides more selective tumor treatments, pharmacological agents can be used to 

prevent cognitive deficits as a result of tumor treatment (table 5). As with the 

pharmacological treatment in patients who already have cognitive deficits, the rationales 

for these preventive drugs are predominantly based on empirical evidence from patients 

with other neurological diseases. In a recent double-blind, randomized trial, Butler and 

colleagues 
76

 planned to compare prophylactic methylphenidate with a placebo in patients 

with primary or metastatic brain tumors who were undergoing radiation therapy. The 

study was closed prematurely, with only 68 of the intended 200 patients included, owing 

to slow accrual, high drop-out, and an absence of evidence from an interim analysis of any 

positive effect on fatigue (the primary outcome) or cognitive functioning (a secondary 

outcome) at 8 weeks post-radiotherapy.  

A potentially interesting method for prevention of cognitive deficits in patients with 

brain tumors is the use of agents designed to protect neurons from treatment-induced 

apoptosis or degeneration 
77

. Brown and colleagues 
78, 79

 plan to recruit 536 patients with 

brain metastases for a large, randomized double-blind, placebo-controlled study of the 

neuroprotective effects (as measured by memory tests) of memantine, an NMDA-receptor 

antagonist that is used in Alzheimer’s disease, during WBRT. Lithium might also protect 

normal cells from side-effects, and a phase I study by Lu and colleagues 
80

 will investigate 

the safety of and compliance with lithium treatment during radiation therapy in 24 

patients with brain metastases. Mental status and quality of life will be assessed in this 

study.  

 

 



 

 

Table 4: Studies of the prevention of cognitive effects by novel targeted treatments for brain tumors 
Investigators  Design  N Population  Intervention  Relevant 

outcome 

measures 

Timing of assessments Statistical tests Relevant results  Attrition  

Meyers et al. 
9
 Phase III, 

randomized, 

controlled, 

open-label 

401 BM of diverse 

origins 

WBRT with or 

without MGd 

Cogn tests BL, once per month for 6 

months, then every 3 

months until death 

Repeated measures 

time-to-event Cox 

regression analysis  

Nonsignificant delay of cogn 

progression in patients with 

NSCLC 

77%-87% 

completed tests 

at 6-month visit 

Mehta et al. 
72

 Phase III 

randomized 

controlled 

554 BM from NSCLC WBRT with or 

without MGd  

Unknown Unknown Unknown Prolonged time to cogn 

progression in patients receiving 

prompt Rt combined with MGd 

Unknown 

Mehta et al. 
73

* 

NCT00121420 

Phase II no 

control group 

45 1-4 BM WBRT with MGd, 

then SRS boost 

concurrent with MGd 

Cogn tests Within 3 months after 

SRS boost 

NA Status in March, 2008: 

completed 

NA 

Weidner et al. 
74

* 

NCT00525590  

Phase II no 

control group 

75 1 BM Surgery plus gliadel 

wafers 

Cogn tests Unknown NA Status in March, 2008: recruiting NA 

Chung et al. 
75

* 

NCT00581113  

Phase III 

randomized 

open-label 

30 1-6 BM  Neural-stem-cell-

preserving WBRT vs 

standard WBRT 

Cogn tests Until 12 months after 

completion of WBRT 

NA Status in Dec, 2007: recruiting NA 

Reported results are those of the intervention as compared with the control group, unless otherwise stated.  

Abbreviations: BM=brain metastases. WBRT=whole brain radiotherapy. MGd=motexafin gadolinium. Cogn=cognitive. BL=baseline. NSCLC=non-small-cell lung cancer. Rt=radiotherapy. NCT=trial number at 

www.clinicaltrials.gov. SRS=stereotactic radiosurgery. NA=not applicable.  

*Planned or ongoing studies. 
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Studies in patients with cancers outside the CNS  

Pharmacological studies that aim to prevent cognitive impairments have also been 

undertaken in patients with cancers outside the brain (table 5). In a randomized, 

double-blind, placebo-controlled trial, Capuron and colleagues 
81

 investigated the 

preventive effects of paroxetine in 40 patients with melanoma who were receiving 

interferon-α, which is known to cause neuropsychiatric symptoms. The results indicated a 

significant positive effect of paroxetine in prevention of pain and mood and cognitive 

symptoms as compared with placebo. Other symptoms were less responsive.  

Another double-blind, randomized, placebo-controlled trial 
82

, which aimed to 

investigate the effects of methylphenidate in prevention of fatigue and cognitive 

dysfunction in women undergoing adjuvant chemotherapy for breast cancer, was 

terminated prematurely because of poor accrual. Patients were reluctant to take 

additional medication in general, and methylphenidate in particular.  

Jatoi and colleagues 
83

 initiated a study to investigate whether donepezil and vitamin 

E could stabilize cognitive function in patients with small-cell lung cancer during initiation 

of prophylactic cranial irradiation, but this study was also closed prematurely owing to 

poor accrual (only nine of the target sample of 104 patients were recruited).  

The researchers suggested that the relatively small population of potentially eligible 

patients and the timing of the intervention after a long period of cancer treatment were 

largely responsible for the poor accrual rates.  

Senzer 
84

 published a rationale for a phase III study of the cognitive-enhancing and 

neuroprotective effects of erythropoietin during prophylactic cranial irradiation in patients 

with lung cancer, but to our knowledge no such trial has been initiated. O’Shaughnessy 

and colleagues 
85

 have assessed whether quantification of the effects of erythropoietin is 

feasible during chemotherapy for breast cancer in a randomized, double-blind, 

placebo-controlled pilot study in 94 patients. Although hemoglobin levels were 

maintained and self-reported cognitive functioning improved, the published results were 

not based on statistical testing. There was no indication of a neuroprotective effect at 6 

months post-chemotherapy. In a randomized study by Hermelink and colleagues 
86

, 

darbepoetin α (an erythropoietin) given concomitantly with standard or dose-intensified 

chemotherapy did not have a significant effect on cognitive change in 109 patients with 

breast cancer. However, only a quarter of the patients in this study actually experienced 

cognitive deterioration during chemotherapy.  



 

 

Table 5: Studies of pharmacological prevention of cognitive deficits in patients with brain tumors or cancers outside the CNS  
Investigators  Design N Population  Intervention Relevant outcome 

measures 

Timing of assessments Statistical 

analyses 

Relevant results  Attrition and toxicities 

Butler et al. 
76

 

 

Phase II, 

randomized 

placebo-

controlled, 

double-blind 

68 

of 

200 

Metastatic or 

primary brain 

tumors 

 

Methylphenidate during, 

and until 8 weeks after 

completion of  

Rt (≥ 25 Gy)  

MMSE, Qs on 

QOL, fatigue and 

depression 

BL, end of Rt, and at 4, 8 and 

12 weeks post-Rt 

Two-sample t 

tests, 

ANCOVA, 

Mixed-model 

ANCOVA  

No significant 

improvement*†  

Slow accrual and high 

drop-out rate 

Brown et al. 
78

‡ 

NCT00566852  

Phase III, 

randomized, 

placebo-

controlled, 

double-blind 

536 Brain 

metastases 

from solid 

tumors 

Memantine 

during, and until 24 weeks 

after, WBRT 

Cogn tests, Q on 

QOL 

BL, weeks 8, 16 and 24 of 

treatment, then every 4 

months for 1 year, every 6 

months for 2 years and every 

year thereafter 

NA Status in March, 

2008: not yet 

recruiting 

NA 

Lu et al. 
80

 ‡ 

NCT00469937  

Phase I, open 

label, 

non-controlled

§ 

24 Multiple brain 

metastases 

Lithium 7 days before and 

during WBRT 

Mental status, Q on 

QOL 

BL, days 1, 8 and 15, 1 month 

after treatment and 

periodically thereafter 

NA Status in Jan, 

2008: recruiting 

NA 

Capuron et al.  
81

 

Randomized, 

placebo- 

controlled, 

double-blind 

40 Resected 

malignant 

melanoma 

IFN-α therapy 

Paroxetine 2 weeks before, 

and during 12 weeks of, 

IFN-α 

Cogn symptoms 

from Qs on anxiety, 

depression and 

neurotoxicity  

BL, weeks 1, 2, 3, 4, 8 and 12 

of IFN-α therapy  

Repeated 

measures ANOVA  

Significantly 

fewer cogn and 

(some) other 

symptoms  

2 patients dropped out of 

paroxetine group before 

intervention; 12 more 

dropped out before week 

12 but were included in 

analyses 

Mar Fan et al. 
82

 

Randomized, 

placebo-

controlled, 

double-blind 

57 

of 

170 

Adjuvant Ct 

for fully 

resected early 

breast cancer 

Methylphenidate during 

and until completion of Ct 

Cogn tests, Qs on 

QOL, fatigue, 

anxiety and 

depression  

Cogn tests before 

randomization, at end of Ct, 

and 4-6 months thereafter  

Wilcoxon 

non-parametric 

tests, t tests, 

Fisher’s exact 

tests, Χ
2-

tests  

No significant  

benefit of 

methylphenidate

*† 

 

Poor accrual, reluctance to 

take additional drug or 

methylphenidate 

Jatoi et al. 
83

 

Stratified, 

randomized, 

placebo-

controlled, 

double-blind  

9 of 

104 

SCLC Donepezil and vitamin E 

during initiation of PCI 

until cancer recurrence, or 

toxicity grade ≥3 

MMSE, Qs on 

dementia and 

depression  

BL, 1 month, then every 3 

months 

NA None* Poor accrual, possibly due 

to timing and specific 

selection criteria 

Senzer 
84

 Rationale  

phase III  

¶ || ** 

NA Partial or 

complete 

response to 

Crt for SCLC 

and NSCLC 

EPO during Crt for all 

patients, those who 

respond to Crt randomized 

to PCI  

Cogn tests Before and at completion of 

Crt; during PCI (0-14 days), 

and 3-4 months, and 12 

months after PCI 

NA NA NA 



 

 

Table 5: Studies of pharmacological prevention of cognitive deficits in patients with brain tumors or cancers outside the CNS  
Investigators  Design N Population  Intervention Relevant outcome 

measures 

Timing of assessments Statistical 

analyses 

Relevant results  Attrition and toxicities 

O’Shaughnessy 

et al. 
85

 

Pilot, 

randomized, 

placebo-

controlled, 

double-blind 

**†† 

100 Stage I, II, or III 

breast cancer, 

scheduled for 

4 cycles of Ct 

Hb 90-140 g/L 

EPO during Ct for up to 12 

weeks  

Tests of executive 

functioning, Qs on 

mood, fatigue and 

QOL  

BL, 1 week before cycle 4 of 

Ct, and 6 months after 

completion of Ct 

None  1 executive 

functioning 

measure 

improved during 

intervention 

(N=83) but not at 

follow-up 

(N=74), positive 

effect on fatigue 

17 patients discontinued 

Ct, study medication, or 

both, but were included in 

analyses 

 

Hermelink et al. 
86

 

Randomized, 

controlled 

109 Breast 

carcinoma 

Randomized to standard or 

dose-intensified Ct, sub-

randomized to 

concomitant 

darbepoetin-α  

Cogn tests, Qs on 

cogn functioning, 

QOL, depression 

and anxiety 

BL, and between 

penultimate and final Ct 

sessions (5 months) 

Repeated 

measures 

MANOVA 

No significant 

effect on 

changes in cogn 

performance 

2 patients declined further 

participation before 

follow-up, 6 discontinued 

Ct before fourth cycle 

Reported results are those of the intervention as compared with the control group, unless otherwise stated.  

Abbreviations: Rt=radiotherapy. MMSE=mini-mental state examination. Q=questionnaire. QOL=quality of life. BL=baseline. ANCOVA=analysis of covariance. NCT=trial number at www.clinicaltrials.gov. WBRT=whole 

brain radiotherapy. Cogn=cognitive. NA=not available. IFN-α=interferon-α. ANOVA=analysis of variance. Ct=chemotherapy. SCLC=small-cell lung cancer. PCI=prophylactic cranial irradiation. Crt=chemoradiotherapy. 

NSCLC=non-small-cell lung cancer. EPO=erythropoietin. Hb=hemoglobin. MANOVA=multivariate analysis of variance.  

*Trial terminated early, at least in part owing to poor accrual. (N indicates accrual out of planned accrual). †Study had low staUsUcal power. ‡Planned or ongoing studies. §To test safety and compliance for 

concurrent treatments. ¶Study published as a rationale and not registered at ClinicalTrials.gov. ||Complex randomization procedure. **Study of neuroprotective agents. ††Feasibility study. 
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Discussion 

This Review provides an overview of studies investigating the efficacy of diverse 

methods to improve cognitive functioning or prevent cognitive decline in patients with 

brain tumors. In general, surprisingly few studies have been published on the treatment 

and prevention of cognitive deficits, particularly compared with the numerous studies that 

have assessed the prevalence of cognitive deficits in this population of patients. Moreover, 

many of the studies reviewed here had serious methodological limitations. The most 

prominent limitation is the absence of a control group, which is needed to rule out 

practice or placebo effects. Elimination of practice effects is important in research on 

cognitive interventions: completion of a cognitive test on several occasions can lead to 

substantial improvement in performance on that test and can be mistakenly interpreted 

as an effect of the intervention. The availability of a control group that completes the tests 

with the same frequency can reduce the risk of this problem. Similarly, the use of a 

double-blind, placebo-controlled group design can control for non-specific treatment 

effects, particularly in pharmaceutical studies.  

Another limitation in many of the studies is the absence of statistical testing, or the 

use of very basic statistics. Furthermore, many of the studies had small sample sizes, 

which might result in underpowered statistical testing and, thereby, in an inability of the 

test to detect a possible treatment effect. However, more recent studies have included 

larger samples of patients.  

A noteworthy feature of some of the pharmacological intervention studies is that 

cognitive deficits—subjective or objective—were not inclusion criteria. This might have 

resulted in substantial numbers of patients without the target symptom being included in 

the trials. Another neuropsychological issue concerns the reliance on the MMSE as a 

measure, and in some cases the only measure, of cognitive functioning, because this 

examination has an unacceptably low sensitivity 
87

.
 

 

The studies reviewed here do not provide convincing evidence of the effectiveness of 

methylphenidate or of any other pharmacological agent in the treatment of cognitive 

deficits in patients with brain tumors. Although the results of phase II studies are 

promising, they have not yet been followed up by larger, randomized controlled trials. The 

one exception will be the double-blind, placebo-controlled randomized trial of donepezil, 

currently being done by Rapp and colleagues 
49

. Similarly, the positive results reported 

from the only study of a cognitive or vocational approach 
57

 cannot be fully interpreted 

because a control group and formal statistical testing were not used. Taphoorn and 

colleagues 
58

 have nearly completed a large randomized trial of a multifaceted cognitive 
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rehabilitation program to treat cognitive symptoms and deficits in patients with brain 

cancer.  

Other research has focused on more targeted treatments for brain tumors to prevent 

detrimental effects on normal surrounding tissue. For example, there is evidence of 

cognitive stabilization by use of MGd during WBRT in patients with brain metastases from 

lung cancer 
9
. Research on the pharmacological prevention of cognitive deficits during 

conventional brain tumor treatment is still in its infancy, and no results have been 

published. Furthermore, the pathophysiological rationale behind the choice of the 

protective agents in these studies is not always clear. The only prevention study to be 

initiated in patients with brain tumors, a phase III trial of methylphenidate during 

radiotherapy, was prematurely terminated due to problems with accrual 
76

. Similar 

problems with accrual and attrition have been reported in prevention studies in patients 

with tumors outside the CNS 
82, 83

. We hope that Brown and colleagues 
78

 will overcome 

these challenges in their large phase III trial of the neuroprotective effects of memantine.  

Studies in patients with cancers outside the CNS have so far not provided clear 

suggestions for cognitive treatments in patients with brain tumors. The intervention 

studies in these other populations are characterized by diverse treatment approaches, 

methods, and results, and therefore by diverse conclusions. The prevention studies have 

suffered, as stated before, from accrual problems and limitations in methods. The 

completed studies of Chan and colleagues 
63

, Massa and colleagues 
62

, Cimprich 
68

, 

Cimprich and Ronis 
69

,
 

O’Shaughnessy and colleagues 
85

, and Hermelink and colleagues 
86

 

might be the most useful for patients with brain tumors because the cognitive deficits in 

their patients might have similar origins.  

One potential reason for the paucity of studies of interventions to treat or prevent 

cognitive deficits in patients with brain cancer is the relatively low incidence of brain 

tumors. Because patients with brain cancer have historically had a poor prognosis, 

research has focused primarily on identification of treatments to control tumors and 

increase survival. However, with the increasing rates of disease-free survival in patients 

with brain tumors, the development of effective cognitive rehabilitation programs has 

become increasingly important. Another important factor might be poor understanding of 

the potential mechanisms that underlie the cognitive problems of patients with brain 

cancer. As a result, researchers do not know which treatments should be investigated to 

target the cognitive deficits.  

Historically, more effort has been directed towards cognitive rehabilitation of 

patients with other types of acquired brain injury, such as stroke and traumatic brain 
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injury. The progressive nature of brain tumors probably has a role here. Owing to disease 

progression, which necessitates further treatments, the cognitive deficits of brain tumor 

patients are not stable, which complicates possibilities for cognitive intervention and 

makes the success of such interventions less predictable; by contrast, neuropsychological 

status typically stabilizes after the initial trauma of a stroke, for example. However, 

patients with brain tumors can achieve similar functional outcomes and similar, or even 

greater, rates of discharge to the community, with shorter periods of inpatient 

rehabilitation, than do individuals with traumatic brain injuries or strokes matched on 

demographic, medical, and functional characteristics 
88-91

. These results suggest that 

patients with brain tumors might also be good candidates for cognitive rehabilitation 
3, 92

. 

In fact, the mild to moderate, general cognitive deficits in patients with brain tumors (by 

contrast with the more severe deficits after strokes) would advocate the introduction of 

cognitive interventions in this population. Cognitive interventions might be particularly 

helpful for patients with slowly growing tumors, where the tumor infiltrates or displaces 

neuronal tissue without destroying it. In this way, some residual function could be 

maintained 
19, 93

.
 

Because plasticity and functional compensation are possible after a 

stroke, reshaping or local reorganization of functional networks might also take place after 

infiltration by gliomas 
14, 94, 95

. Both cognitive rehabilitation 
96

 and pharmacological 

treatment 
42

 might enhance the residual functional capacity.  

Improvement of cognitive functioning in patients with brain tumors might also have a 

beneficial effect on related symptoms such as fatigue and mood disturbances. Conversely, 

effective treatment of fatigue might have indirect benefits for cognitive functioning. The 

relatively new research area focused on the identification of symptom clusters in patients 

with cancer, and particularly in patients with brain tumors 
97

, might lead to a better 

understanding of the symptom experience of patients with brain tumors, and eventually 

to more effective, targeted interventions 
70

. 

Particularly promising areas for future research include the development of targeted 

tumor treatments, and of pharmacological neuroprotective agents that protect healthy 

neurons against treatment-induced neuronal cell loss or degeneration 
77

. Neuroprotection 

has not yet been applied in patients with brain tumors, but the first studies are being 

planned 
78, 80

. Such studies have already been done in patients with other types of brain 

injury (e.g., traumatic brain injury 
98, 99

, stroke 
100, 101

, and Alzheimer’s disease 
102

) and in 

patients with cancers outside the CNS 
85, 86

. Although the clinical benefits of most 

candidate neuroprotective agents in humans have not been proven, work in this area is 

continuing. Schaller and Buchfelder 
77

 

have presented an overview of the therapeutic 
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options for neuroprotection in patients with primary brain tumors. Erythropoietin has 

been identified as a candidate neuroprotectant 
77, 103

 with antiapoptotic, antioxidant, 

glutamate-inhibitory, anti-inflammatory, neurotrophic, stem-cell modulatory, and 

angiogenic effects 
77, 104

. By contrast with other neuroprotective treatment options, the 

positive effects of erythropoietin have been shown in both animals and human beings 
77

. 

However, the angiogenic role of erythropoietin and accompanying potential adverse 

effects on tumor control need to be carefully investigated in patients with cancer 
103, 105

.
 

 

In conclusion, we are still at a relatively early stage in the development of effective 

pharmacological and behavioral (neuropsychological) approaches to the treatment and 

prevention of cognitive deficits in patients with brain tumors. Studies of the 

pathophysiological mechanisms of cognitive deficits, to which interventions can be 

targeted, are needed. So too are intervention studies, based on preliminary rationales of 

efficacy, that use rigorous methods, including groups that control for possible practice and 

placebo effects, sufficiently large sample sizes to detect small but clinically meaningful 

improvement in cognitive function, and appropriate multivariate statistics to minimize the 

risk of type I errors. In addition to such interventions, novel, targeted brain tumor 

treatments and neuroprotective agents might prevent development of cognitive deficits in 

the first place. Treatments and rehabilitation programs aimed at amelioration of other 

common symptoms of cancer, such as fatigue, might also be beneficial for the treatment 

of cognitive symptoms and deficits. Conversely, effective treatment of cognitive deficits 

might have a salutary effect on other areas of patients’ functioning and well-being.  
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Abstract  

Patients with gliomas often experience cognitive deficits, including problems with 

attention and memory. This randomized, controlled trial evaluated the effects of a 

multifaceted cognitive rehabilitation program (CRP) on cognitive functioning and selected 

quality-of-life domains in patients with gliomas.  

One hundred forty adult patients with low-grade and anaplastic gliomas, favorable 

prognostic factors, and both subjective cognitive symptoms and objective cognitive 

deficits were recruited from 11 hospitals in the Netherlands. Patients were randomly 

assigned to an intervention group or to a waiting-list control group. The intervention 

incorporated both computer-based attention retraining and compensatory skills training 

of attention, memory, and executive functioning. Participants completed a battery of 

neuropsychological (NP) tests and self-report questionnaires on cognitive functioning, 

fatigue, mental health-related quality of life, and community integration at baseline, after 

completion of the CRP, and at 6-month follow-up.  

At the immediate post-treatment evaluation, statistically significant intervention 

effects were observed for measures of subjective cognitive functioning and its perceived 

burden but not for the objective NP outcomes or for any of the other self-report measures. 

At the 6-month follow-up, the CRP group performed significantly better than the control 

group on NP tests of attention and verbal memory and reported less mental fatigue. 

Group differences in other subjective outcomes were not significant at 6 months.  

The CRP has a salutary effect on short-term cognitive complaints and on longer-term 

cognitive performance and mental fatigue. Additional research is needed to identify which 

elements of the intervention are most effective.  
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Introduction  

Gliomas, the most common type of primary brain tumors, and their treatment can 

cause deficits in various cognitive domains, including attention, memory, and executive 

functioning 
1-3

. Although these impairments in general, are not severe in nature 
2, 4, 5

, they 

can have a significant impact on patients’ daily lives 
6
.
 

Moreover, subjective cognitive 

symptoms are among the most common neurologic problems reported by patients with 

brain tumors 
7, 8

. Pharmacologic interventions have not proven effective yet in the 

treatment of cognitive deficits in patients with gliomas 
9
. Cognitive rehabilitation 

interventions represent an alternative treatment approach. Only one small, retrospective 

study has investigated cognitive rehabilitation in patients with primary brain tumors 
10

. 

Although the results were positive, they were not based on statistical testing. Cognitive 

rehabilitation efforts have proven effective in other patient populations, including in those 

patients with traumatic brain injury 
11

, stroke 
11

,
 

and Alzheimer’s disease 
12

.
 

This 

randomized, controlled trial investigated the effectiveness of a multifaceted cognitive 

rehabilitation program (CRP) on objective and subjective measures of cognitive 

functioning in patients with gliomas whose diseases were in remission. The primary 

hypothesis was that patients who underwent the CRP would perform significantly better 

on objective neuropsychological (NP) tests of attention, memory, and executive 

functioning and would report significantly fewer cognitive symptoms than patients in a 

waiting-list control group. It was also hypothesized that the CRP would have a significant, 

positive effect on self-reported mental fatigue, mental health-related quality of life (QOL), 

and community integration.  

 

 

Patients and methods 

Study sample and design  

Eligible patients were identified via pathology databases or direct referral from 11 

Dutch hospitals, including 10 of the 18 Dutch neurosurgical centers. Medical inclusion 

criteria were as follows: histologically proven or presumed (on the basis of clinical and 

magnetic resonance imaging features), diffuse, low-grade (i.e., WHO grade II) gliomas (i.e., 

astrocytomas, oligodendrogliomas, or oligoastrocytomas) and age between 18 and 70 

years; or anaplastic gliomas, age younger than 50 years, and good performance status (i.e., 

Karnofsky performance score > 70). Patients had to be clinically stable (i.e., without any 

evidence of disease progression) for a minimum of 6 months before study entry, and they 
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could not be receiving antitumor treatment during that period. Exclusion criteria included 

the following: any additional serious neurologic or psychiatric disorder; inability to 

undergo the NP assessments (NPAs) or CRP because of premorbid IQ score less than 85; 

visual, motor, language, or other severe cognitive problems; lack of basic proficiency in 

Dutch; or participation in a concurrent study with NP testing and/or health-related QOL 

assessments.  

Patients with progressive disease during the course of the study were not 

automatically excluded from additional participation; this decision was left up to the 

individual patient.  

Medically eligible patients were invited by their physicians to undergo screening for 

cognitive eligibility (figure 1). They were screened first via a telephone interview for the 

presence of subjective cognitive symptoms. Those who reported at least one cognitive 

symptom from the Medical Outcomes Study (MOS) Cognitive Functioning Scale (CFS) 
13

 

(table 1) and who indicated interest in participating in a CRP were referred for objective 

NP testing. Patients who scored at least one standard deviation less than the mean of a 

healthy comparison group (N = 294) 
14

 

on at least four of 20 objective NP test variables 

were considered eligible. By employing both subjective and objective cognitive eligibility 

criteria, it was possible to identify patients who would both be motivated to participate 

and who would potentially benefit from the CRP.  

Patients were assigned to the intervention group or to a waiting-list control group by 

means of the minimization method 
15

,
 

which balanced on age, sex, education, tumor grade, 

hemisphere, radiotherapy, neurosurgery, disease duration, and institution.  

To evaluate the effect of the CRP, a battery of NP tests and self-report questionnaires 

was administered at baseline, directly after cognitive rehabilitation (or an equivalent time 

point for the control group), and at the 6-month follow-up. Participants were offered the 

choice of undergoing the NPAs and the CRP sessions in their home or at their hospital. The 

trial was approved by the institutional review boards of all participating hospitals, and all 

patients provided written, informed consent. 
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Intervention group (n=70) 

Excluded (n=161): 

• No cognitive complaints (n=72) 

• Cognitive complaints but no burden 

(n=21) 

• No time (n=18) 

• Emotionally too confronting (n=15) 

• Serious visual/verbal/motor/ 

cognitive handicap (n=12) 

• Other (neuro)psychological therapy 

(n=6) 

• Inaccessible (6) 

• Other (n=11) 

Screening for subjective cognitive 

symptoms in medically eligible 

glioma patients (N=366) 

1
st

 neuropsychological assessment 

(N=205) 

Excluded (n=65): 

• No cognitive deficits (n=39) 

• Serious visual/verbal/motor/ 

cognitive handicap (n=13) 

• Intervening medical problems (n=5) 

• Lack of motivation (n=4) 

• Emotionally too confronting (n=2) 

• Psychiatric disorders (n=2) 

Control group (n=70) 

 

7-week CRP 

 

Randomization 

(N=140) 

2
nd

 neuropsychological assessment (N=135) 

 
n=66 

Attrition (n= 4): 

• Progressive disease (n=1) 

• Medical problems (n=1)  

• Psychosocial problems (n=2) 

n=69 

Attrition (n=1): 

• Lack of motivation (n=1) 

booster empathy 6-month 

follow-up 

 

3
rd

 neuropsychological assessment (N=127) 

 
n=64 

Lost to follow-up (n=2): 

• Progressive disease (n=2) 

n=63 

Lost to follow-up (n=6): 

• Progressive disease (n=3) 

• Deceased (n=2) 

• Inaccessible (n=1) 

Figure 1: Flow of participants through the trial (enrollment and attrition) 
Abbreviation: CRP=cognitive rehabilitation program 
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Table 1: Objective and subjective outcome measures 
Neuropsychological screening tests  

 DART Dutch Adult Reading Test* 
16

 premorbid intelligence  

 DMT Drie-Minuten-Toets [Three-Minutes-Test] 
17

 reading abilities 

 SCWT Stroop Color-Word Test* 
18, 19

, subtests:  

Card I, Card II, Card III, Interference 

attention, information processing speed, 

mental control 

 LDST Letter Digit Substitution Test* 
20

, subtests:  

Writing, Reading, Motor 

attention, information processing speed, 

psychomotor speed 

 MST Memory Scanning Test* 
21

, subscores:  

Slope, Intercept 

speed of memory processes 

 VVLT Visual Verbal Learning Test, direct and delayed recall* 
22

, subscores: 

Trial 1, Max, Delta, Total, Delayed Recall, Recognition 

verbal learning and memory 

 CST Concept Shifting Test* 
23

, subtests: CST-A, CST-B, CST-C, CST-motor attention, executive functioning, 

psychomotor speed 

 CF Category Fluency animals from the GIT* 
24

, subscore:  

Number correct 

speed and flexibility of verbal thought 

process and application of strategies 

   

Neuropsychological tests for the evaluation of intervention effects  

Attention  

 SCWT Stroop Color-Word Test* 
18, 19

, subtest:  

Card III (time in seconds) 
-
 

attentional inhibition of a dominant 

response 

 DS Digit Span from the WAIS-R 
25

, subtests:   

  Forward (span: 0-8) 
+
 immediate verbal recall 

  Backward (span: 0-7) 
+
 working memory 

 LDST Letter Digit Substitution Test* 
20

, subtest:  

90 Sec Writing (number correct: 0-125) 
+
 

psychomotor speed and speed of 

information processing 

 MST Memory Scanning Test* 
21

, subscores:  

  Slope (time score)
 -
 time needed for memory scanning 

  Intercept (time score) 
-
 time to complete non-memory stages 

 TEA Test of Everyday Attention 
26

, subtest:  

  TEA El-Dis (Elevator counting with Distraction; number correct: 0-10) 
+
 auditory selective attention and working 

memory 

Verbal Memory  

 VVLT  Visual Verbal Learning Test, direct and delayed recall* 
22

, subscores:  

  Trial 1 (number correct: 0-15) 
+
 immediate verbal span 

  Delta (number correct: 0-15) 
-
 verbal learning effect  

  Delayed Recall (number correct: 0-15) 
+
 verbal memory after an interval 

Executive Functions  

 CST Concept Shifting Test* 
23

, subtest:  

  CST-C (time in seconds) 
-
 alternating attention 

 LF  Letter Fluency 
27

, score: 

number correct (0-∞) 
+
 

speed and flexibility of verbal thought 

process 

 CF  Category Fluency animals* and professions from the GIT* 
24

, 

subscore: number correct (0-∞) 
+
 

speed and flexibility of verbal thought 

process and application of strategies 

 BADS Behavioural Assessment of the Dysexecutive Syndrome 
28, 29

, subtest: 

Zoo Map (profile score: 0-4) 
+
 

 

planning and priority setting 

 TEA  Test of Everyday Attention 
26

, subtests:  

  TEA El-Rev (Elevator counting with Reversal; number correct: 0-10) 
+
 auditory working memory  

  TEA Tel+Count (Telephone search while Counting; decrement in 

speed due to 2
nd

 task) 
+
 

divided attention 
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Table 1: Objective and subjective outcome measures 
Subjective measures   

Cognitive symptoms 

 CFS Cognitive Functioning Scale from the MOS 
13

 frequency of cognitive complaints 

  Total score (6-36) 
+
 

 Burden Study-specific measure burden of CFS complaints 

  Total (3-18) 
+ 

of three questions on the impact of the cognitive 

complaints on daily life, worry about the cognitive complaints, being 

troubled by the cognitive complaints  

 CFQ Cognitive Failure Questionnaire (CFQ) 
30, 31

 cognitive failures in daily life 

  Total score (0-100) 
-
 

Other subjective measures  

 SF-36 Short-Form 36 from the MOS 
32, 33

, subscale:  

mental-health-related quality of life   Mental Component Summary Score (MCS; mean=50, SD=10) 
+
 

 MFI Multidimensional Fatigue Inventory 
34

, subscales: mental aspects of fatigue 

  Mental Fatigue (4-20) 
-
  

  Reduced Activity (4-20) 
-
  

  Reduced Motivation (4-20) 
-
  

 CIQ Community Integration Questionnaire 
35

, subscales: integration in community 

  Home Integration (0-10) 
+
  

  Social Integration (0-12) 
+
  

  Productivity (0-7) 
+
  

 Motiv Study-specific measure administered for screening purposes motivation to participate in the CRP 

 Evaluation Study-specific evaluation form administered after completion of the 

CRP 

the patients’ evaluation of the CRP 

Screening tests used available normative data (from a sample of 294 individuals comparable to study sample based on age, sex 

and education 
14

.
 

Neuropsychological tests were specifically selected for evaluation of possible intervention effects. Subjective 

measures were self-report questionnaires. Not all screening variables were used as evaluation variables, as some of the 

screening measures were considered as less relevant for the evaluation of the intervention effect and some other variables did 

not meet the assumptions for doubly multivariate repeated measures analyses of covariance. Not all tests for evaluation of 

intervention effects were used as screening measures because of a lack of normative data.  

Abbreviations: GIT=Groningen Intelligence Test. WAIS-R=Wechsler Adult Intelligence Scale-Revised. MOS=Medical Outcomes 

Study. CRP=cognitive rehabilitation program.  

*Klein 
36

. 
+ 

Higher scores indicate better performance. 
- 
Higher scores indicate worse performance. Score or scale ranges are in 

parentheses; ∞ indicates score has no upper limit.  
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CRP  

The CRP consisted of six weekly, individual sessions of 2 hours each. The intervention, 

carried out by one of seven neuropsychologists, incorporated both cognitive retraining 

and compensation training (table 2).For the retraining component, a computer program 

(C-Car 
37

) was developed, which consisted of a series of hierarchically graded tasks 

designed to strengthen various aspects of attention on the basis of patient needs. The 

program focused on attention, because attention deficits are frequently experienced by 

patients with gliomas 
38, 39

, and rehabilitation of attention deficits also may have a salutary 

effect on other cognitive domains 
40-43

. The compensation training component consisted 

of six psychoeducation sessions that addressed attention, memory, and executive function. 

These sessions included both didactic and practical elements aimed at helping patients 

compensate for impaired cognitive functions.  

Additional weekly homework assignments consisted of computer-based attention 

retraining exercises and of logs kept about experiences with applying compensatory 

strategies in daily life. Approximately 3 months after completion of the CRP, participants 

had a telephone-based booster session, during which key aspects of the compensation 

training were re-emphasized.  

 

Control condition  

The waiting-list control group received usual care (i.e., regular medical follow-up; no 

cognitive interventions). Contact with the research staff was at similar intervals as the 

intervention group, except for the CRP sessions. Control-group patients also received a 

telephone-based empathy session, during which attention was paid to possible cognitive 

problems but without explicit advice as to how to deal with them. At completion of the 

study, participants in the control group were offered the opportunity to undergo the CRP. 
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Table 2: Description of the cognitive rehabilitation program 
Overall description 

6 Weekly, individual sessions of approximately 2 hours, plus several hours of homework, provided by a neuropsychologist. Both 

compensatory strategies (for attention, memory and executive functioning), and (computer-based attention) retraining 

 

Compensation training  

Six integrated psycho-educative lessons addressing attention, memory and executive function (‘planning'), with both didactic and 

practical/experiential elements. Text chapter was read in advance of the session, the content was discussed in that specific 

session, and homework was completed afterwards and discussed at the start of the next session 

Session 1: Cognitive problems; Methods of cognitive rehabilitation; Compensation: factors influencing cognitive functioning  

(Homework example: Keeping a daily log of cognitive problems encountered in daily life) 

Session 2: The cognitive functions attention, memory and executive functioning and their interrelationships; Compensation 

techniques: general conditions, strategies and external devices to improve functioning; Relaxation exercises 

(Homework examples: Finding strategies for cognitive problems noted in daily log; Finding personal situations for application of 

the general conditions, strategies and devices in daily life) 

Session 3: Attention and its relevance; Strategies for selective attention, sustained attention, alternating attention, and divided 

attention; Psychological factors of influence  

(Homework example: Matching strategies to personal situations, e.g. for preventing external distraction) 

Session 4: Planning and regulation; Designing a plan; Strategies for planning an activity; Strategies for planning multiple activities 

(Homework examples: Application of the 'Seven-Steps-of-Planning-Scheme', Planning a busy day) 

Session 5: Memory and its functioning; Conditions, strategies and external devices 

(Homework example: Keeping a log of memory problems and the application of memory strategies to them) 

Session 6: Summary of the five former sessions: General overview of the compensation training, Re-emphasis of specific 

conditions, strategies and devices to improve functioning (No homework) 

 

Retraining  

For the retraining component, a computer program, 'C-Car' (Concentration Car 
37

), was developed by the research team in close 

collaboration with NeuroCognitief Centrum Nederland.  

Training of four aspects of attention:  

Sustained attention (prolongation of exercises) 

Selective attention (addition of distraction) 

Alternating attention (alternation between exercises) 

Divided attention (performing multiple tasks simultaneously) 

Attractive 'game-like' platform (driving an old-timer car and processing information from road signs in changing landscapes) 

Exercises in both the visual and the auditory modality; verbal and non-verbal exercises 

Tailored to the needs of the individual patient by hierarchically grading of tasks: As soon as the patient has mastered preliminary 

attentional skills, higher level skills are trained 

Real time feedback to the patient 

Automatic registration of a number of outcome variables 

Primarily consisting of homework: Exercising 'whenever, wherever' by using a notebook computer  
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Study measures  

Sociodemographic data, including age, sex, and education, were obtained via 

personal interview. Clinical variables, including tumor characteristics, treatment history, 

and antiepileptic drug use, were obtained from the medical records.  

An extensive battery of NP tests (table 1) was administered to objectively assess 

attention, verbal memory, and executive function. Also included were two tests to identify 

patients with a premorbid IQ less than 85 and/or serious reading problems.  

Two self-report questionnaires (table 1) were used to assess subjective cognitive 

symptoms and functioning: the MOS CFS 
13

,
 

supplemented by three additional questions 

on perceived symptom burden (i.e., burden) and two questions on motivation to 

participate in the CRP; and the Cognitive Failure Questionnaire (CFQ), which assessed 

cognitive problems in daily life 
30, 31

. Other self-report measures included the three mental 

subscales of the Multidimensional Fatigue Inventory (MFI) 
34

,
 

the mental component 

summary score (MCS) of the Short-Form 36 (SF-36) Health Survey 
32, 33

, and the three 

subscales of the Community Integration Questionnaire (CIQ) 
35

.
 

After completion of the 

CRP, patients in the intervention group were queried about their experiences with the 

program. The NP assessors were blinded to group allocation.  

 

 

Sample size calculations and statistical methods  

With α set at .05, power at .80, and a minimal Cohen’s effect size for between-group 

differences (d) in the primary outcomes of 0.50, a minimum of 64 patients per group was 

required 
44

. Independent t tests, Χ
2
 tests, and Mann-Whitney tests were used to compare 

group baseline characteristics and to select possible covariates. For the primary statistical 

analysis, a hierarchical approach was used to minimize the possibility of type I errors as a 

result of multiple testing. First (i.e., step 1), six doubly multivariate, repeated-measures 

analyses of covariance (ANCOVAs) 
45

 

were conducted on conceptually related objective 

and subjective measures to investigate group differences over time. The NP tests were 

clustered into attention, memory, and executive functioning domains (table 1). The CFS, 

burden questionnaire, and CFQ were analyzed together, as were the three MFI subscales 

and the three CIQ subscales. The SF-36 MCS was analyzed separately by using repeated 

measures ANCOVA.  

In step 2, those sets of outcomes that yielded statistically significant between-group 

differences on the basis of the doubly multivariate, repeated-measures ANCOVAs were 

submitted to additional statistical testing using multivariate analyses of covariance 



Cognitive rehabilitation in patients with gliomas: A randomized, controlled trial 

57 

(MANCOVAs) to determine if observed group differences were present at immediate 

post-intervention and/or at the 6-month follow-up.  

In step 3, in those grouped variables for which the simple MANCOVAs yielded 

significant results at immediate post-intervention and/or at 6-month follow-up, a series of 

ANCOVAs was carried out separately for the individual outcome measures.  

In all analyses, relevant baseline values (e.g., baseline memory scores when memory 

test variables were the dependent variables) and possible confounders (e.g., disease 

progression) were included as covariates. The magnitude of statistically significant group 

differences as analyzed by the ANCOVAs was calculated according to the formula for 

generalized eta-squared 
46

 and was converted to Cohen’s d statistic 
44

.
 

According to 

Cohen’s guidelines 
44

,
 

an effect size of 0.20 was considered small, 0.50 was medium, and 

0.80 was large.  

Additionally, group differences in the proportion of patients that no longer met our 

criteria for cognitive impairment at both follow-up assessments were analyzed with Χ
2
 

tests. Finally, a subgroup analysis was performed, which excluded patients who 

experienced disease progression during the course of the study, and a sensitivity analysis 

was carried out to determine whether the timing of disease progression had an effect on 

immediate or long-term outcomes.  

For all statistical tests, SPSS 15.0.1 (SPSS Inc, Chicago, IL) was used, and P less 

than .05 was considered statistically significant.  
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Results 

Patient recruitment  

Patients were enrolled from November 2004 until December 2006. After various 

levels of screening (figure 1), 140 eligible patients were randomly assigned to the 

intervention group or to the waiting-list control group. During the course of the study, 13 

patients (six in the intervention group; seven in the control group) were lost to follow-up, 

primarily as a result of progressive disease.  

 

Sociodemographic and clinical characteristics  

No statistically significant differences were observed between groups in 

sociodemographic or baseline clinical characteristics (table 3). However, at the third 

assessment, the incidence of progressive disease was significantly higher in the control 

group (table 3). As disease progression at this third assessment was related significantly to 

two of the outcomes (MFI reduced motivation (P = .030) and CIQ total score (P = .008), we 

employed it as a time-varying covariate in all step-1 analyses. For steps 2 and 3, we 

employed progression at the second NPA (NPA2) as a covariate for the short-term interval 

(NPA2 - NPA1) analyses, and progression at the third NPA (NPA3) for the long-term 

interval (NPA3 - NPA1) analyses.  

 

Baseline NP and subjective measures  

There were no statistically significant between-group differences in baseline NP test 

scores (table 4). However, the intervention group scored significantly worse at baseline on 

the MFI scales and on the SF-36 MCS (table 5). As stated in the Patients and Methods 

section, all baseline scores on the NP tests and subjective measures that were directly 

related to the dependent variables were also included as covariates in the analyses.  
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Table 3: Patient demographics and disease characteristics 

   No. of patients  

 

Characteristics 

Intervention 

group 

Control 

group 

Intervention 

group 

Control 

group 

 

P 

Number of participants available for evaluation   70 70  

Age in years * 

 Mean 

 Standard deviation 

 

42.0 

9.4 

 

43.8 

10.5 

  .303 

Sex 
+ 

 

 Male 

 Female 

 

 

 

 

 

41 

29 

 

40 

30 

.864 

Education 
+ 

 

 Low 

 Medium 

 High 

 

 

 

 

 

12 

26 

32 

 

10 

27 

33 

.898 

Disease duration in years 
¥
 

 Median 

 Range 

 

5.2 

38.1 

 

6.1 

28.3 

  .697 

Tumor grade 
+ 

 

 Low-grade (II) 

 Anaplastic (III) 

 

 

 

 

 

58 

12 

 

59 

11 

.820 

Tumor classification 
+ 

 

 Astrocytoma 

 Oligodendroglioma 

 Oligoastrocytoma 

 Presumed glioma 

 

 

 

 

 

32 

24 

10 

4 

 

35 

21 

10 

4 

.953 

 

 

Hemisphere 
+ 

 

 Left  

 Right 

 Bilateral 

   

39 

29 

2 

 

39 

29 

2 

1.000 

 

Surgery 
+  

 No 

 Biopsy  

 Resection 

   

4 

21 

45 

 

4 

19 

47 

.931 

 

Cranial irradiation 
+  

 No 

 Yes 

   

27 

43 

 

27 

43 

1.000 

Chemotherapy 
+  

 No 

 Yes 

   

62 

8 

 

63 

7 

.785 

Years since last tumor treatment 
¥
 

 Median 

 Range 

 

2.6 

20.6 

 

3.1 

14.1 

  .495 

No. of epileptic seizures in the past year 
¥̃̃ 

 

 Median 

 Range 

 

2.0 

2500 

 

2.0 

780 

  .760 

Anti-epileptic drugs 
+ 

 

 No 

 Yes 

   

10 

60 

 

13 

57 

.494 

No. of test scores ≥ 1 SD below the norm group mean * 

 Mean 

 Standard deviation 

 

7 

13 

 

7 

15 

  .732 

Progressive disease at NPA2
 
(N=135) 

+
 

 No 

 Yes 

   

59 

7 

 

56 

13 

.178 

Progressive disease at NPA3 (N=127) 
+ §

 

 No 

 Yes 

   

57 

7 

 

44 

19 

.007 

 

The following factors were used for stratification in minimization: patient age, sex, and education; disease duration; tumor grade; 

hemisphere; surgery; cranial irradiation; and institution (not shown).  

Abbreviations: SD=standard deviation. NPA2/3=second/third neuropsychological assessment.  

*Independent-samples t test. 
†
Pearson’s Χ

2
 test. 

¥
Mann-Whitney test. 

§
Total number of patients in the intervention group with 

progressive disease (PD) at NPA3 = 7 (7 with PD at NPA2 - 2 who subsequently discontinued study participation (see figure 1) + 2 

diagnosed with PD between NPA2 and NPA3). Total number of patients in the control group with PD at NPA3 = 19 (13 with PD at  

NPA2 - 3 who subsequently discontinued study participation (see figure 1) + 9 diagnosed with PD between NPA2 and NPA3). 
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Overall effects  

Significant group differences over time were observed for objective NP measures of 

attention (P = .028) and verbal memory (P = .015; table 4; figure 2). Differences in 

measures of executive functioning were not statistically significant.  

For the subjective measures (table 5; figure 3), a significant group difference over 

time was found for the combined analysis of the CFS total score, burden, and CFQ total 

score (P = .003) and for mental aspects of fatigue (P = .049). There were no statistically 

significant group differences over time for the remaining self-report measures.  

As these initial analyses had a gatekeeper function, additional statistical testing was 

carried out only for test scores of attention and verbal memory (table 4) and for the 

self-reported measures of cognitive functioning and mental fatigue (table 5).  

 

Short-term NP outcomes  

Immediately post-treatment, there were no statistically significant group differences 

in attention or verbal memory scores. Both study arms showed similar improvement in 

most of the attention and memory tests (figure 2), and the percentage of patients that no 

longer met criteria for cognitive impairment did not differ between groups (28% v 30% in 

the intervention and control group, respectively; P = .801).  

 

Long-term NP outcomes  

At the 6-month follow-up, a statistically significant group difference was found for 

the combined attention tests (P = .004). Four of the seven individual attention tests 

yielded significant group differences that favored the CRP group, and effect sizes ranged 

from 0.23 to 0.55.  

Similarly, significant group differences were observed for the combined tests of 

verbal memory (P = .009), and two of the three individual variables yielded significant 

results that favored the CRP group (effect sizes, 0.48 and 0.43).  

The percentage of patients who no longer met criteria for cognitive impairment at 

the 6-month assessment was 39% in the intervention group versus 21% in the control 

group (P = .027).  
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Short-term subjective outcomes  

Immediately post-treatment, statistically significant differences that favored the 

intervention group were found in self-reported cognitive functioning (CFS, burden, and 

CFQ; P = .001), and effect sizes ranged from 0.31 to 0.48. There were no significant, 

short-term group differences in mental fatigue scores.  

 

Long-term subjective outcomes  

At the 6-month follow-up, there were no longer statistically significant group 

differences in self-reported cognitive functioning. The pattern of results (figure 3) suggests 

that the CRP group largely maintained its gains in self-reported cognitive functioning, 

whereas the control group exhibited continued gains over time. Statistically significant 

group differences that favored the intervention group were observed for the MFI scales (P 

= .044), in particular for mental fatigue (effect size, 0.41). 
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Table 4: Immediate and longer-term effects of cognitive rehabilitation 
 NPA1 (N=140) NPA2 (N=135) 

Outcome measure Intervention  

group 

Control  

group 

Intervention 

group 

Control  

group 

 Mean (SD) Z≤-1 Mean (SD) Z≤-1 Mean (SD) Mean (SD) 

Attention Step 1       

Step 2       

 SCWT Card III
 

110.94 (41.28) 44% 119.97 (53.92) 54% 103.93 (37.40) 103.29 (31.20) 

 DS Forward
 

5.23 (1.08) * 5.14 (0.98) * 5.52 (1.46) 5.52 (1.21) 

 DS Backward
 

4.49 (1.09) * 4.29 (0.95) * 4.64 (1.36) 4.30 (1.13) 

 LDST 90 Sec Writing
 

43.23 (8.74) 66% 42.19 (9.04) 64% 48.49 (7.66) 47.05 (6.39) 

 MST Slope
 

16.05 (10.49) 24% 14.67 (7.54) 24% 13.61 (6.73) 13.86 (5.61) 

 MST Intercept 28.83 (8.43) 53% 30.67 (9.75) 54% 27.76 (9.25) 27.91 (7.72) 

 TEA El-Dis
 

7.32 (2.75) * 7.26 (2.69) * 8.33 (2.39) 8.08 (1.99) 

Verbal memory Step 1       

Step 2       

 VVLT Trial 1 
 

5.77 (2.29) 13% 5.61 (1.66) 11% 7.68 (2.55) 7.46 (2.10) 

 VVLT Delayed Recall 
 

9.17 (3.19) 27% 8.94 (2.95) 34% 11.34 (3.14) 10.87 (2.58) 

 VVLT Delta 
 

6.20 (2.21) 34% 5.94 (1.70) 39% 5.80 (2.78) 5.38 (2.29) 

Executive functions Step 1       

 CST-C 
 

37.13 (15.50) 34% 39.41 (17.30) 41% 30.52 (17.17) 33.22 (13.52) 

 LF 
 

19.41 (8.37) * 18.91 (8.51) * 21.29 (7.29) 21.69 (5.98) 

 CF 
 

35.79 (7.86) 43% 37.31 (9.41) 33% 37.88 (9.48) 37.56 (7.78) 

 BADS Zoo Map  2.21 (1.24) * 2.17 (1.30) * 2.46 (1.57) 2.34 (1.29) 

 TEA El-Rev 
 

4.64 (3.01) * 3.74 (2.78) * 5.68 (3.10) 5.78 (2.54) 

 TEA Tel+Count 
 

1.87 (2.76) * 3.79 (7.79) * 1.52 (3.28) 1.40 (2.69) 

For first neuropsychological assessment (NPA1), raw unadjusted means are shown; for NPA2 and NPA3, means are corrected for 

covariates. Dashes (-) indicate that models at steps 2 and 3 were not performed because of a statistically nonsignificant result in the 

prior step. 

Abbreviations: Z≤-1=percentage of patients out of 70 with score of at least 1 SD below the norm group mean. SD=standard deviation. 

SCWT=Stroop Color-Word Test. DS=Digit Span. LDST=Letter Digit Substitution Test. MST=Memory Scanning Test. TEA=Test of Everyday 

Attention. El-Dis=Elevator Counting with Distraction. VVLT=Visual Verbal Learning Test. CST=Concept Shifting Test. LF=Letter Fluency. 

CF=Category Fluency. BADS=Behavioural Assessment of the Dysexecutive Syndrome. El-Rev=Elevator Counting With Reversal. 

Tel+Count=Telephone Search While Counting.  

* No norm group data available.  
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on neuropsychological measures in patients with gliomas 

Immediate effects NPA3 (N=127) Longer-term effects 

Step 1 

 

Step 2 

 

Step 3 

 

Effect 

size  

Intervention 

group 

Control  

group 

Step 2 

 

Step 3 

 

Effect  

size 

P P P D Mean (SD) Mean (SD) P P D 

.028         

 .463     .004   

  -  103.16 (32.61) 110.62 (27.20)  .041 0.23 

  -  5.53 (1.19) 5.17 (0.99)  .004 0.43 

  -  4.74 (1.23) 4.18 (1.02)  .001 0.55 

  -  49.38 (8.02) 47.12 (6.69)  .010 0.26 

  -  13.82 (7.33) 15.72 (6.12)  .095  

  -  28.09 (8.24) 28.15 (6.87)  .692  

  -  8.32 (2.67) 7.79 (2.23)  .078  

.015         

 .323 -    .009   

  -  8.82 (2.78) 7.86 (2.29)  .003 0.48 

  -  12.08 (3.32) 10.79 (2.74)  .002 0.43 

  -  4.61 (2.62) 5.00 (2.16)  .226  

.218 -     -   

  -  35.91 (19.83) 35.63 (16.26)  -  

  -  20.59 (8.87) 20.77 (7.27)  -  

  -  38.61 (8.55) 36.12 (7.01)  -  

  -  2.76 (1.57) 2.46 (1.29)  -  

  -  6.34 (3.28) 5.35 (2.70)  -  

  -  1.19 (2.49) 1.30 (2.04)  -  
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Table 5: Immediate and longer-term effects of cognitive rehabilitation 
 NPA1 (N=140) NPA2 (N=135) 

Outcome measure Intervention  

group 

Control 

group 

Intervention  

group 

Control 

group 

 Mean (SD) Mean (SD) Mean (SD) Mean (SD) 

Cognitive Symptoms Step 1     

Step 2     

 CFS Total  21.01 (4.24) 22.07 (4.63) 25.75 (4.50) 23.34 (3.77) 

 Burden Total  9.81 (2.85) 10.76 (3.15) 11.98 (3.49) 10.68 (2.93) 

 CFQ Total  47.99 (10.31) 45.99 (14.22) 38.33 (12.56) 43.60 (10.52) 

SF-36 Step 1     

 MCS  42.03 (10.34) * 46.35 (9.72) 46.94 (10.68) 44.21 (9.15) 

MFI Step 1     

 Mental Fatigue  15.33 (3.09) * 13.87 (4.02) 11.51 (2.42) 11.44 (1.97) 

 Reduced Activity  12.93 (4.44) * 10.57 (4.64) 12.73 (2.25) 12.18 (1.83) 

 Reduced Motivation  10.94 (3.74) * 9.18 (3.67) 11.70 (3.02) 11.88 (2.46) 

CIQ Step 1     

 Home Integration 
 

5.79 (2.75) 5.85 (2.77) 5.97 (1.82) 6.02 (1.51) 

 Social Integration 
 

8.63 (2.42) 8.63 (2.17) 9.05 (2.02) 8.78 (1.68) 

 Productivity 
 

4.03 (1.83) 4.00 (1.90) 4.23 (1.25) 4.21 (1.04) 

For first neuropsychological assessment (NPA1), raw unadjusted means are shown; for NPA2 and NPA3, means are corrected for 

covariates. Dashes indicate that models at steps 2 and 3 were not performed because of a statistically nonsignificant result in the prior 

step.  

Abbreviations: NPA=neuropsychological assessment. CFS=Cognitive Functioning Scale. SD=standard deviation. CFQ=Cognitive Failure 

Questionnaire. SF-36=Medical Outcomes Study Short-Form 36. MCS=Mental Component Summary of the Mental Outcomes Study 

SF-36. MFI=Multidimensional Fatigue Inventory. CIQ=Community Integration Questionnaire.  

*Statistically significant group difference at baseline α = .05. 
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on subjective measures in patients with gliomas 

 Immediate effects NPA3 (N=127) Longer-term effects 

Step 1 

 

Step 2  

 

Step 3 

 

Effect 

size 

Intervention  

group 

Control  

group 

Step 2 

 

Step 3 

 

Effect size 

 

P P P D Mean (SD) Mean (SD) P P D 

.003         

 .001     .311   

  .000  .48 24.44 (6.21) 23.78 (5.20)  -  

  .009  .38 11.96 (4.21) 11.47 (3.52)  -  

  .014  .31 37.58 (14.07) 41.32 (11.78)  -  

.165 -     -   

  -  45.14 (12.37) 43.63 (10.60)  -  

.049 .370     .044   

  -  11.04 (2.55) 11.73 (2.08)  .026 .41 

  -  12.20 (2.28) 12.11 (1.86)  .816  

  -  11.41 (2.65) 12.07 (2.16)  .063  

.980 -     -   

  -  5.68 (2.05) 5.75 (1.70)  -  

  -  8.65 (2.43) 8.43 (2.01)  -  

  -  3.70 (1.63) 3.71 (1.35)  -  

 

 

 



 

 

   

   

 

Figure 2. Corrected means and standard errors (bars) of significant objective intervention effects (n=127) 
Abbreviations: SCWT=Stroop Color-Word Test. DS=Digit Span. LDST=Letter-Digit Substitution Test. VVLT=Visual Verbal Learning Test.  
+ 

Higher scores indicate better performance. 
- 
Higher scores indicate worse performance. 
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Figure 3. Corrected means and standard errors (bars) of significant subjective intervention effects (n=127) 
Abbreviations: CFS=Cognitive Functioning Scale. CFQ=Cognitive Failure Questionnaire. MFI=Multidimensional Fatigue Inventory.  
+ 

Higher scores indicate better performance. 
- 
Higher scores indicate worse performance. 
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Subgroup and sensitivity analyses  

As the number of patients whose disease progressed during the study differed 

between the groups, a subgroup analysis was performed in which patients with 

progressive disease (n = 26) were excluded. The results indicated significant intervention 

effects for verbal memory (P = .048) and subjective cognitive functioning (P = .008). Group 

differences in attention and mental fatigue were no longer statistically significant. 

However, it should be noted that these analyses had substantially less statistical power 

because of the reduced sample size (n = 101 v n = 127 in the primary analysis).  

A sensitivity analysis was performed (n = 127), in which it was assumed that 

progression occurred either at NPA2 or at NPA3. The P values for these (i.e., step 2) 

MANCOVAs per domain were all in the same range (data not shown). This indicated that 

the timing of disease progression did not affect immediate or long-term outcomes.  

 

Patient evaluations of CRP  

Eighty percent of the patients in the CRP group reported that the content of the 

program largely/completely addressed their cognitive problems, 87% used the learned 

compensation strategies regularly/ often in daily life, and 79% indicated a decrease in the 

impact of cognitive problems on daily functioning.  

 

 

Discussion 

In this trial we observed significant improvement in self-reported cognitive 

functioning at the immediate post-intervention assessment, but not at the 6-month 

follow-up. Conversely, although no significant group differences in NP test scores were 

observed at the immediate post-intervention, clear differences in attention and verbal 

memory were found at the 6-month follow-up. The magnitude of the observed effects 

was moderate. Consistent with these results, the percentage of patients who no longer 

met criteria for cognitive impairment was similar for both groups at the immediate 

post-treatment, but the percentage was significantly higher in the CRP group at the 

6-month follow-up. Significant intervention effects were also found for long-term mental 

fatigue scores. The CRP did not have a significant effect on self-reported mental 

health–related QOL or community integration.  

The absence of a significant group effect for the objective NP measures immediately 

after the intervention may reflect the fact that both study arms exhibited improved 
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objective cognitive performance (i.e., attention and memory) in the short term. A practice 

effect (i.e., improved test performance as a result of repeated NP test completion), or 

regression to the mean, may have initially overwhelmed any intervention effect. At the 

6-month assessment, the CRP group exhibited continued improvement in objective 

cognitive performance, whereas the control group did not. This delayed salutary 

intervention effect on cognitive performance may indicate that patients require a longer 

period of time to integrate learned strategies into their daily routine 
46-48

.
 

 

The positive effects observed on mental fatigue may reflect a direct effect of the 

intervention (i.e., learned time management strategies) or an indirect effect that results 

from improved cognitive functioning.  

The fact that significant group differences were observed in self-reported cognitive 

functioning in the short term but not in the long term should be interpreted in light of the 

pattern of change over time. The CRP group reported a significant improvement in 

self-reported cognitive functioning early on, and this was largely maintained through to 

the 6-month follow-up. The control group exhibited a smaller, more gradual improvement 

in self-reported cognitive functioning over time, which might reflect a combination of 

regression to the mean 
49

,
 

response shift 
50

,
 

and natural recovery (e.g., 
51, 52

).  

The discrepancy observed between objective and subjective cognitive measures is 

consistent with results of earlier studies among patients with cancer and with other 

neurologic disorders 
53, 54

. In general, self-reported cognitive functioning tends to correlate 

more highly with self-reported measures of distress and with well-being than with 

objective NP tests 
55-57

.
 

 

Several possible limitations of the study should be noted. First, the study included a 

relatively large number of outcome measures. This was necessary, given the complex 

nature of the phenomena under investigation and the current state-of-the-art of NPA. To 

minimize the possibility of type I errors, we employed a hierarchical approach to the 

statistical analysis.  

Second, the study results can only be generalized to glioma patients who both report 

having cognitive symptoms and score below a predetermined cutoff on objective NP tests. 

They may not apply to patients who have significant cognitive impairment on the basis of 

objective test results, but who do not report cognitive symptoms. Also, the results may 

apply only to patients with relatively mild deficits, similar to the group studied, who have 

sufficient cognitive resources and motivation to follow the rehabilitation program. Finally, 

the study could not tease out the relative effectiveness of cognitive retraining versus the 

use of compensatory strategies.  
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In conclusion, this first, randomized, controlled trial of cognitive rehabilitation in 

patients with gliomas provides initial evidence of a salutary effect on short-term cognitive 

complaints and on longer-term cognitive performance and mental fatigue. Future trials 

are needed to more clearly identify the most effective elements in such a program, to 

determine how to achieve a sustained, positive effect on cognitive problems in daily life, 

and to determine the value of such a CRP when used with other patient populations with 

NP deficits.  
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Abstract 

This study investigated the specific patient factors that predict responsiveness to a 

cognitive rehabilitation program. The program has previously been demonstrated to be 

successful at the group level, but it is unclear which patient characteristics optimized the 

effect of the intervention at the individual level. Four categories of possible predictors of 

improvement were selected for evaluation: sociodemographic and clinical variables, 

self-reported cognitive symptoms, and objective neuropsychological test performance. 

Hierarchical logistic regression analyses were conducted, beginning with the most 

accessible (sociodemographic) variables and ending with the most difficult (baseline 

neuropsychological) to identify in clinical practice. Nearly 60% of the participants of the 

intervention were classified as reliably improved. Reliable improvement was predicted by 

age (P = .003) and education (P = .011). Additional results suggested that younger glioma 

patients were more likely to benefit specifically from the cognitive rehabilitation program 

(P = .001), and that higher education was associated with improvement in both the 

intervention and the control group (P = .024). The findings are discussed in light of 

cognitive reserve theory. A practical implication is that cognitive rehabilitation programs 

should take the patients’ age into account and, if possible, adapt programs to increase the 

likelihood of improvement among older participants.  
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Introduction 

Patients with a glioma, the most common primary brain tumor, may experience 

deficits in several cognitive domains, including attention, memory and executive 

functioning 
1-3

. The peak age of onset for low-grade (less malignant but not benign) 

gliomas lies between 30 and 40 years 
4
. Both the tumor itself and its treatment can cause 

these deficits. Deficits in patients with a low-grade glioma are usually not severe 
1, 5, 6

, but 

they can have a substantial impact on daily life 
7
. Particularly during the disease-free 

period, when patients are attempting to resume their normal work and social activities, 

these deficits can play a significant role. Moreover, subjective cognitive symptoms are 

among the most common problems reported by brain tumor patients 
8, 9

. 

In a recent paper 
10

, we reported the results of a randomized controlled trial of 

cognitive rehabilitation in 140 patients with a glioma, in which positive group effects were 

observed. In particular, the intervention group performed significantly better than the 

control group on neuropsychological tests of attention and verbal memory, six months 

after undergoing the cognitive rehabilitation program.  

Since group results can mask the variability in individual responses to cognitive 

rehabilitation, it is of interest to further investigate the specific patient factors that are 

associated with a more (or less) positive outcome. Undergoing a cognitive rehabilitation 

program can be quite time-consuming and burdensome for patients. Identification of 

specific patient characteristics that predict a positive response to cognitive rehabilitation 

could allow us to reassure patients who possess these characteristics that undergoing this 

type of intervention is almost certainly worth the effort. Conversely, if we are able to 

identify patients who are less likely to benefit from the currently available cognitive 

rehabilitation programs, we may advise them accordingly. Perhaps more importantly, we 

can use the knowledge gained to adapt cognitive rehabilitation programs to yield optimal 

benefit for a larger percentage of the target population.  

Sociodemographic (e.g., age, sex, and education), clinical (e.g., radiotherapy), 

subjective (e.g., self-reported cognitive symptoms) and/or neuropsychological 

(pre-intervention neuropsychological functioning) factors may play a role in moderating 

the outcome of cognitive rehabilitation. From a practical point of view, it would be 

desirable to be able to identify patients who are most likely to respond to cognitive 

rehabilitation on the basis of information that can be collected with relatively little effort 

(e.g., sociodemographics, basic clinical data). However, use of other patient-reported 

outcomes (e.g., cognitive symptoms) and performance indicators (neuropsychological test 

results) may also provide useful in maximizing such predictions.  
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Identifying responsiveness to a cognitive intervention, or change over time at the 

individual patient level is complicated by the fact that the reliability of 

(neuro)psychological measures can be compromised by such factors as practice effects 

and regression to the mean. In recent years, the reliable change index (RCI) has been 

introduced as a possible means of addressing this problem. The RCI represents a measure 

of improvement at the individual level in the context of observed changes over time in a 

control group 
11

; it reflects the individual change beyond that which can be attributed to 

measurement error, and practice effects. To date, very few studies have used RCI’s to 

evaluate cognitive rehabilitation at the individual level (e.g., 
12

).  

The present study investigated the potential predictors of individual glioma patients’ 

responsiveness to a cognitive rehabilitation program that has previously been 

demonstrated to be successful at the group level. We examined whether individual 

improvement, based on the RCI, is predicted by sociodemographic and clinical variables, 

self-reported cognitive symptoms, and objective neuropsychological test performance.  

 

 

Method 

Study sample and design 

For a detailed description of the randomized clinical trial and of the cognitive 

rehabilitation program, the reader is referred to Gehring et al. 
10

. Briefly, 366 adult 

patients with (primarily low-grade) glioma and favorable prognostic factors, whose 

disease was in remission, were screened for the presence of cognitive symptoms. Those 

who screened positive and expressed potential interest in participating in a cognitive 

rehabilitation program completed a battery of neuropsychological tests. Those patients 

who both reported cognitive symptoms and met criteria for cognitive deficits based on 

objective neuropsychological test results were randomized to an intervention group 

(N=70) or to a (waiting list) control group (N=70). These subjective and objective cognitive 

eligibility criteria were employed to identify patients who would both be motivated to 

participate in the program, and would potentially benefit from its content.  

To evaluate the effect of the rehabilitation program a battery of neuropsychological 

tests and self-report questionnaires was administered at baseline, directly following 

cognitive rehabilitation (or an equivalent time point for the control group), and at six 

months follow-up.  



Predictors of neuropsychological improvement following cognitive rehabilitation 

79 

The trial was approved by the institutional review boards of all participating hospitals 

and all patients provided written informed consent.  

 

The cognitive rehabilitation condition and the control condition 

The cognitive rehabilitation program (see 
10, 13

 for a more detailed description) 

consisted of six weekly, individual sessions of two hours. The intervention incorporated 

both cognitive retraining and strategy
i
 training. For the retraining component of the 

program, a computer program (C-Car 
14

) was developed which consisted of a series of 

hierarchically graded tasks, designed to strengthen various aspects of attention, based on 

the patient’s needs. The strategy training consisted of six integrated psycho-education 

sessions addressing attention, memory and executive function. These sessions included 

both didactic and practical elements aimed at teaching patients to compensate for 

impaired cognitive functions. Patients were also given weekly 'homework' assignments to 

supplement both the retraining and strategy elements of the program. The waiting list 

control group received usual care (i.e., regular medical follow-up; no cognitive 

interventions), and was given the opportunity to follow the program at the completion of 

the trial. 

 

Results at the group level 

For a detailed description of the trial results, the reader is referred to Gehring et al. 
10

. 

To summarize, at immediate post-treatment, the intervention group reported significantly 

fewer cognitive symptoms and less symptom burden than the control group. At six month 

follow-up, the intervention group performed significantly better than the control group on 

a total of six neuropsychological tests of attention and verbal memory, and reported 

significantly less mental fatigue. Group differences in other subjective outcomes were not 

significant at six month follow-up.  

 

Study measures 

The neuropsychological and self-report measures of cognitive symptoms that were 

used in this report are summarized in table 1. 

 

  

                                                                 
i
 In a previous publication/chapter 

10
, we used the term 'compensation training' for this part of the 

cognitive rehabilitation program instead of the more proper term 'strategy training'. 
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Table 1: Details of neuropsychological and subjective measures 
Neuropsychological measures (tests)  

Attention  

 SCWT Stroop Color-Word Test 
15, 16

, subtest:  

  Card III (time in seconds) 
-
 attentional inhibition of a dominant response 

 DS Digit Span of the WAIS-R 
17

, subtests:   

  Forward (span: 0-8) 
+
 immediate verbal recall 

  Backward (span: 0-7)
 +

 working memory 

 LDST Letter Digit Substitution Test 
18

, subtest:  

90 Sec Writing (number correct: 0-125) 
+
 

psychomotor speed and speed of information 

processing 

Verbal Memory  

 VVLT  Visual Verbal Learning Test, direct and delayed recall 
19

, 

subscores: 

 

  Trial 1 (number correct: 0-15) 
+
 immediate verbal span 

  Delayed Recall (number correct: 0-15) 
+
 verbal memory after an interval 

Subjective cognitive measures (questionnaires)  

Cognitive symptoms 

 CFS Cognitive Functioning Scale of the Medical Outcomes 

Study (MOS) Health Survey questionnaire battery 
20

 

 

self-reported frequency of cognitive symptoms 

  Total score (6-36) 
+
 

 Burden Study-specific measure  

self-reported burden of the CFS symptoms    Total (3-18) 
+
 of three questions on the impact of, worry 

about, and being troubled by the cognitive complaints  

 CFQ  Cognitive Failure Questionnaire (CFQ) 
21, 22

  

self-reported cognitive failures in daily life   Total score (0-100) 
-
 

+
 Higher score indicates better (performance) score; 

-
 Higher score indicates worse (performance) score.  

In parentheses: Score/scale ranges. 

  

Outcome measures 

For the current analyses, the six neuropsychological measures of attention and verbal 

memory for which statistically significant group differences were observed at six-month 

follow-up 
10

 (see Neuropsychological measures in table 1) were selected for further 

investigation at the individual level using a standardized regression-based reliable change 

index 
23

 (RCI). One global dichotomous measure of improvement was calculated (see 

Statistical methods), based on the RCI’s of these six measures, that distinguished between 

patients who improved reliably on at least one of the six measures ('improvers') and those 

who did not ('non-improvers'). 

 

Predictors 

Potential predictors of outcome (table 2) that were included in the analyses were: 

sociodemographics, clinical variables, self-reported cognitive symptoms, and 

neuropsychological test results. Although we considered calculating a composite baseline 

neuropsychological score based on Z-scores, this was not possible because normative data 

were not available for all six neuropsychological measures that were also used for the 

global RCI-outcome. 
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Statistical methods 

For each program participant, change in the six neuropsychological performance 

measures was calculated by the reliable change index (RCI), reflecting change at the 

individual level in the context of observed changes for the control group. While a number 

of variants of the RCI have been proposed 
24

, all reflect the ratio of an estimate of the true 

change in the numerator and a corresponding (measurement) error in the denominator 
24

. 

For the current study, a standardized regression-based approach to the reliable change 

index was used 
23

. This type of RCI uses the available information of the control group 

more thoroughly than other types of RCI’s 
24

. Practice effect is estimated by means of a 

regression of the post-test on the pre-test score in the control group; subsequently the 

relationship between practice effect and the initial score of an individual is utilized. The 

standard error of prediction of the control group is used as the standard error in the 

denominator. The reader is referred to the Appendix for further details of the RCI formula 

used in this study. 

If the RCI for a neuropsychological measure exceeded the critical value (see 

Appendix), it was classified as reliably improved. Finally, a global, dichotomous measure of 

reliable improvement was created to distinguish between patients who improved reliably 

on at least one of the six measures ('improvers') and those who did not ('non-improvers'). 

This global measure was used as the dependent variable in the analyses. 

Because of the large number of possible predictors (21; see table 2) and the relatively 

small sample size (N=64), univariate correlations (Pearson’s and Phi statistic) between 

(both dichotomous and continuous) predictor variables and the global RCI were first 

calculated. Independent variables that correlated with the global RCI outcome at the P < 

0.05 level were included in subsequent multivariate analyses. Dichotomous predictor 

variables with cell sizes that were too small were excluded from the analyses. Variables 

that were not normally distributed (an assumption for Pearson’s correlations) were 

transformed to normalize distributions, or were dichotomized.  

Clusters of one or more variables that correlated significantly with the global RCI 

outcome at the univariate level were included in the logistic regression analyses according 

to a pre-specified hierarchy: sociodemographic variables, clinical variables, self-reported 

cognitive symptoms, and baseline neuropsychological test results. This hierarchical 

ordering was chosen to reflect the ease with which these data could be collected in daily 

clinical practice. That is, sociodemographic and clinical data can be relatively easily 

extracted from the medical records, while patient self-reported symptoms and objective 

neuropsychological test results require additional and, in the case of the neuro-
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psychological tests, quite substantial data collection efforts. The final model was 

composed of those variables that contributed significantly to predicting reliable 

improvement in at least one of the six neuropsychological measures (the global RCI 

outcome).  

To investigate whether the factors identified as being multivariate predictors of 

improvement within the intervention group might also be predictive of improvement in 

neuropsychological functioning in general, an additional logistic regression analysis was 

conducted for the entire study sample (the intervention and the control group combined) 

in which, in addition to the identified predictor variables, both the group variable and 

group x predictor interaction terms were included in the model.  

Assumptions concerning (absence of) outliers/influential cases, empty cells and 

multicollinearity were tested for all of the logistic regression models. Variables that had 

been transformed or dichotomized for the univariate analyses remained modified for the 

logistic regression analyses. For all logistic regression analyses, a P value <0.05 was 

considered statistically significant. Nagelkerke’s pseudo R
2 

was used to provide an 

indication of the substantive significance of the logistic regression model (analogous to a 

R
2
 value as reported with multiple regression 

25
).  

Finally, because of the relatively small sample size, a bootstrap sampling estimation 

was performed in which 2000 versions of the training group were generated, to estimate 

regression coefficients and confidence intervals with a minimum of assumptions.  

For all statistical tests, the Statistical Package for the Social Sciences (SPSS; SPSS Inc. 

Chicago, Illinois) version 17.0 was used. 

 

 



 

 

Table 2: Candidate predictors of improvement: Descriptives and correlations with outcome measure  
Variable cluster Predictor variables Descriptives Correlation P 

Demographic variables 

(personal interview) 

Age  Mean: 41.8; SD: 9.5 -.385 .002** 

Sex (male / female) M: 36 (56%) F: 28 (44%) .088 .488 

Education (low-medium / high) L-M: 32 (50%) H: 32 (50%) .318 .010* 

Currently employed (no / yes) N: 25 (39%) Y: 39 (61%) .185 .142 

Medical variables  

(medical record) 

Disease duration (median: 4.8; range 0.8-38.9: dichotomized: 0.5-5 years / > 5 years) <5: 33 (52%) >5: 31 (48%) -.307 .014* 

Years since last tumor treatment (log) Median: 2.6; Range: 0.6-21.2 -.210 .106 

Hemisphere of lesion (left / right; 2 bilateral lesions excluded) L: 33 (52%) R: 29 (45%) .076 .557 

Tumor classification (astrocytic / oligodendroglial; 4 without histopathological diagnosis excluded) A: 30 (47%) O: 30 (47%) .068 .605 

Radiotherapy in history (no / yes) N: 25 (39%) Y: 39 (61%) -.010 .936 

Epileptic seizures in last year ( no / yes) N: 27 (42%) Y: 37 (58%) .260 .038* 

Comorbidity (no / yes) N: 24 (38%) Y: 40 (62%) -.312 .012* 

 Tumor grade (low-grade / anaplastic glioma) – excluded from analyses due to small cell sizes L: 54 (84%) A: 10 (16%)   

 Anti-epileptic drug use (no / yes) – excluded from analyses due to small cell sizes N: 10 (16%) Y: 54 (84%)   

 Chemotherapy (no / yes) – excluded from analyses due to small cell sizes N: 57 (89%) Y: 7 (11%)   

Subjective variables 

(questionnaires) 

Total Cognitive Functioning Scale (CFS) Mean: 20.9; SD: 4.2 .070 .588 

Burden of the cognitive symptoms Mean 9.8; SD: 2.9 .092 .472 

Total Cognitive Failures Questionnaire (CFQ) Mean: 48.5; SD: 10.3 -.067 .602 

Baseline 

neuropsychological 

variables 

(neuropsychological 

assessment) 

Stroop Color-Word Test Card III (rec) Median: 98.5; Range: 52-254 -.102 .422 

Digit Span Forward Mean: 5.3; SD: 1.0 -.034 .792 

Digit Span Backward Mean: 4.6; SD: 1.1 -.180 .156 

Letter Digit Substitution Test 90 Sec Writing Mean: 43.9; SD: 8.4 .263 .036* 

Visual Verbal Learning Test Trial 1 Mean: 5.8; SD: 2.3 .119 .351 

Visual Verbal Learning Test Delayed Recall Mean: 9.5; SD: 3.0 .022 .866 

One (1) cognitively disturbed domain versus multiple (≥1) domains disturbed at baseline 1: 49 (77%) ≥1: 15 (23%) .082 .519 

* P < .05, ** P < .01. 

Abbreviations: rec=reciprocally transformed; log= logarithmically transformed 
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Results 

Follow-up data were available of 64 intervention group patients. There were no 

statistically significant differences in sociodemographic, clinical, self-reported cognitive 

symptoms or baseline neuropsychological test scores between these 64 patients and the 

63 control group patients whose baseline and follow-up neuropsychological test scores 

were used for calculating the RCI. 

 

RCI-results per measure and global RCI-score 

Fifty-nine percent of the patients in the intervention group, as compared to 25% in 

the control group, improved reliably (i.e., corrected for measurement errors and practice 

effects) on at least one of the six neuropsychological measures (the global RCI outcome) 

(see table 3, also for the number and percentage of reliably changed individuals in the 

intervention group per neuropsychological test variable).  

 

Table 3: Reliably changed individuals in the intervention group (N=64) 
Neuropsychological test variable N improved % improved 

Letter Digit Substitution Test 90 Sec Writing 8 13% 

Digit Span Forward 13 20% 

Digit Span Backward 17 27% 

Stroop Color-Word Test Card III 4 6% 

Visual Verbal Learning Test Trial 1 13 20% 

Visual Verbal Learning Test Delayed Recall 11 17% 

Reliably improved on at least one of the six measures 38 59% 

Number and percentage of at six months follow-up per neuropsychological test variable, and number and percentage of 

intervention group patients who improved reliably in at least one of the six neuropsychological measures (global RCI 

outcome) 

 

 

Variables associated significantly with reliable change in 

neuropsychological functioning at the univariate level 

Variables that were not normally distributed were transformed (logarithmically for 

'years since last tumor treatment', and reciprocally for 'Stroop color-word test'; see table 2) 

to normalize distributions. One variable ('disease duration') was dichotomized to solve 

problems with normality even after transformation, with the cutoff based on the median 

disease duration of five years. It should be noted that, since the majority of patients had a 

low grade glioma, received anti-epileptic drugs and had not received chemotherapy, 

variables regarding tumor grade, anti-epileptic drugs and chemotherapy were not 

included in the analyses as the numbers of patients in these cells were too small. 



Predictors of neuropsychological improvement following cognitive rehabilitation 

85 

The following variables were found to correlate significantly with reliable 

improvement in neuropsychological functioning over time (see also table 2): From the 

sociodemographic cluster, age (younger age) and education (higher level); from the 

clinical cluster, disease duration (less than 5 years), epileptic seizures in last year (yes) and 

comorbidity (no). None of the self-reported cognitive symptom variables were correlated 

significantly with outcome. Of the baseline neuropsychological tests, only the letter-digit 

substitution score (higher) was associated significantly with reliable improvement.  

 

Logistic regression analyses 

In the first logistic regression analysis (see table 4), the demographic variables age 

and education were included as possible predictors. (Younger) age and (higher) education 

were associated with reliable improvement (model Χ
2
(2)= 17.190; P = .000). 

Addition of the clinical variables disease duration, epileptic seizures and comorbidity 

did not result in a significant improvement of the model (step/block Χ
2
(3)= 6.582; 

P = 0.086). Thus the clinical variables did not contribute significantly to the model and 

therefore these variables were not included. Finally, inclusion of the letter-digit 

substitution test to the existing model did not result in an improvement of the model 

(step/block Χ
2
(1)=.012; P = .991).  

Thus the final model (model Χ
2
(2)= 17.190; P = .000) predicting reliable change in the 

participants that had followed the cognitive rehabilitation program six months earlier was 

similar to the initial model and included age (P = .003) and education (P = .011) only. A 

Nagelkerke’s pseudo R
2
 of .318 indicated moderate explanatory power of the model. The 

odds of improvement over time increased 0.9 times per year of age (range 23 to 59 years), 

and were 4.7 times greater for higher (versus low to medium) education level. The 

bootstrap sampling estimation confirmed these results. 

To investigate whether age and education specifically predicted intervention-related 

improvement, or were also involved in more general improvement, an additional logistic 

regression analysis was conducted for the entire study group (N=127) with inclusion of the 

variables group, age, education, and the two-way interaction terms of group x age, and 

group x education. A high correlation was observed between the group variable and the 

interaction term group x age (r(125) = .95), resulting in a problem with multicollinearity. 

For this reason, age was centered around the total group mean age of 41.8 years for use in 

the interaction term.  

This model (model Χ
2
(5)= 41.545; P = .000; table 4) confirmed that the intervention 

(P = .014) was associated significantly with improvement in the entire group, as was 
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(higher) education (P = .024). (Centered) age, however, was only significant when 

incorporated in the interaction term (P = .001), indicating that (younger) age moderated 

improvement in neuropsychological test performance for the intervention group, but not 

for the control group. The odds for reliable improvement were 5.3 for the patients in the 

intervention group (versus the control group), and 4.5 for patients with higher education 

(versus low to medium education, irrespective of group). The odds ratio for group x 

centered age was .86, indicating that for every year above the mean age of 41.8 years, the 

odds of improvement decreased by a factor of 0.86.  

To illustrate the effect of age (range: 23-59 years) on reliable improvement, the mean 

age of the reliably improved patients in the intervention group was 38.8 years (SD 8.2) and 

of those not reliably improved was 46.2 (SD 9.6) (t(62)=3.288; P = .002). 

 



 

 

Table 4: Logistic regression models 
model Χ

2
 df P R

2
 variables in the equation B S.E. Wald df sig. Exp(B) 95% C.I. for Exp(B) 

    (Nagelkerke)        lower upper 

1  

17.190 

 

2 

 

.000 

 

.318 

age -.103 .035 8.673 1 .003 .902 .842 .966 

sociodemographic education (dich) 1.552 .611 6.457 1 .011 4.721 1.426 15.628 

variables constant 4.055 1.498 7.329 1 .007 57.692   

2  

23.773 

 

5 

 

.000 

 

.419 

age -.085 .038 4.922 1 .027 .919 .853 .990 

sociodemographic education (dich) 1.236 .657 3.535 1 .060 3.441 .949 12.481 

+ clinical variables comorbidity (dich) -1.129 .678 2.773 1 .096 .323 .086 1.221 

 disease duration (dich) -1.101 .631 3.051 1 .081 .332 .097 1.144 

 epileptic seizures (dich) .473 .654 .523 1 .469 1.605 .446 5.778 

 constant 4.393 1.818 5.840 1 .016 80.865   

3  

17.203 

 

3 

 

.001 

 

.318 

age -.102 .038 7.117 1 .008 .903 .839 .973 

sociodemographic education (dich) 1.527 .650 5.513 1 .019 4.603 1.287 16.463 

+ neuropsychological letter digit substitution .004 .040 .012 1 .911 1.005 .928 1.087 

variables constant 3.801 2.722 1.951 1 .163 44.764   

4  

17.190 

 

2 

 

.000 

 

.318 

age -.103 .035 8.673 1 .003 .902 .842 .966 

final model education (dich) 1.552 .611 6.457 1 .011 4.721 1.426 15.628 

 constant 4.055 1.498 7.329 1 .007 57.692   

  

41.545 

 

5 

 

.000 

 

.375 

group 1.673 .681 6.039 1 .014 5.327 1.403 20.228 

entire sample age (centered) .052 .030 2.936 1 .087 1.053 .993 1.117 

 education (dich) 1.500 .666 5.071 1 .024 4.482 1.215 16.536 

 group x education (dich) .052 .904 .003 1 .954 1.053 .179 6.192 

 group x age (centered) -.155 .046 11.220 1 .001 .857 .782 .938 

 constant -2.045 .556 13.527 1 .000 .129   

Abbreviation: dich=dichotomized 
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Discussion 

The current study investigated the patient characteristics that predicted individual 

neuropsychological improvement in glioma patients six months after undergoing a 

cognitive rehabilitation program 
10

. According to the criteria employed, with measurement 

errors and practice effects taken into account, nearly 60% of the 64 patients in the 

intervention group had improved reliably on at least one of the six neuropsychological 

measures for which statistically significant intervention effects had been demonstrated at 

the group level. Four categories of candidate predictors of improvement in 

neuropsychological test performance were examined at the univariate level and, 

subsequently, in the context of a hierarchical logistical regression model. Of all of the 

variables examined, only two sociodemographic variables, age and education, significantly 

predicted individual improvement in the intervention group. Younger patients and those 

with a higher education had the highest likelihood of improvement over time. Additional 

results suggested that age was a specific, intervention-related predictor of improvement 

in neuropsychological functioning; that is, it did not predict such improvement among 

those patients not exposed to the cognitive rehabilitation program. Education, however, 

appeared to be a more general predictor of improvement in neuropsychological 

functioning, irrespective of whether patients were or were not exposed to the program.  

It should be noted that in calculating the RCI, data on practice effects as measured in 

the control group are taken into account. However, these data are based on 'mean' 

practice effects for the control group. This means that some patients exhibit more than 

average, and others exhibit less than average practice effects. The 25% of the control 

group patients that improved 'reliably' may be those patients with greater than average 

improvement. The results of the total group analyses suggest that education may (also) 

have moderated neuropsychological improvement in the control group, which is probably 

related to practice effects.  

 The prediction of 'success' of the program by age may reflect the nature and 

content of the program itself. The game-like retraining on a notebook computer may have 

been more attractive, and familiar to, younger patients. However, in studies on outcome 

on outcome of patients suffering from acquired brain injury (without interventions 

specifically aimed at treating cognitive deficits), sociodemographic variables such as age 

and education/intelligence, have also been predictive of functioning, in addition to 

medical injury severity variables 
26-29

. Both older age (e.g., 
27-30

) and lower education 
27, 28, 

31, 32
 have been associated with poorer neuropsychological outcome in many of these 

studies.  
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The finding of that age plays a significant role in predicting (cognitive) recovery may 

be related to the concept of cognitive reserve. Based on both epidemiological and 

biological evidence, cognitive reserve postulates that individual differences allow some 

people to cope cognitively better than others with brain damage 
33

. Factors including 

higher IQ, education, occupational attainment, or participation in leisure activities that 

have an intellectually stimulating nature, may promote functionally more efficient 

cognitive networks to cope with brain pathology 
34

. Aging has been related to losses in 

gray and white matter in medial-temporal, parietal and frontal areas 
35, 36

. Although it is 

often suggested that the effects of aging on cognitive functioning are mitigated by 

cognitive reserve 
37

, it may also be that (younger) age acts as a cognitive reserve factor 

itself. It has been suggested that the diffuse age-related losses results in a larger threshold 

for recovery to take place 
27

, decreasing cognitive reserve 
38

 (or brain reserve 
33

). In this 

case, older age would decrease the brain’s reserve for the injuring/pathological effects of 

the brain tumor. 

Moreover, cognitive reserve may not only buffer the outcome of brain damage, and 

influence the initial cognitive status after the injury, it may also play a supporting role in 

restitution of function or functional reorganization during recovery 
38

. The few studies on 

recovery trajectories conducted in brain-injured populations have yielded somewhat 

mixed results. Some of these studies have suggested that age (but not education) can 

moderate improvement in cognitive functioning in traumatic brain injury patients 
38, 39

. 

However, in other studies, factors such as age or premorbid intelligence only predicted 

the level of cognitive outcome, rather than influencing the recovery trajectory 
29, 38

.  

With regard to improvement after cognitive rehabilitation in particular, cognitive 

reserve factors, including age (e.g., 
40-43

), have also been reported to play a moderating 

role. Langbaum and colleagues 
41

 studied the different patterns of response to memory 

training in 619 healthy older adults and concluded that (higher) education and (higher) 

baseline cognitive functioning were predictors of (patterns of) memory improvement. Age 

had also a moderating effect, although the relationship to response pattern was possibly 

not linear. However, other studies did not find moderating effects of age (or education) 
12, 

44
.  

The hierarchical approach that was employed in our analyses, in combination with 

the relatively small power of the study, may have precluded some other possibly relevant 

variables from reaching statistical significance. The clinical variables that were tested in 

the multivariate model yielded statistical trends only. The finding that baseline 

neuropsychological functioning was not predictive of improvement following the program 
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runs contrary to other evidence in the literature (e.g., 
41, 45, 46

). This may, in part, be due to 

the fact that we employed only one global measure of cognitive improvement, which was 

also dichotomized (i.e., the RCI), to investigate the relationship with each of the six 

baseline neuropsychological test variables. 

The results of this study suggest that younger glioma patients are more likely to 

benefit from the cognitive rehabilitation program. As younger age at diagnosis is a major 

prognostic factor in brain cancer 
47

, it is useful to know that these patients are also most 

likely to benefit from the intervention.  

This should not, however, imply that cognitive rehabilitation programs should not be 

offered to older patients. Rather, greater effort should be devoted to adapting our current 

training program to increase its effectiveness among older patients. Brooks 
48

, in a study 

of 268 community-dwelling adults over the age of 55 years, reported that older 

participants benefited from increased training time coupled with a comprehensive 

pre-training regimen in memory (mnemonic) rehabilitation. Thus, pre-training, combined 

with more sessions over time, may facilitate program success in older patients.  

A secondary, but relevant finding of the study, was that more highly educated 

patients were more likely to exhibit improved cognitive functioning over time, regardless 

of whether they participated in the program. This implies that (clinical) neuropsychologists 

or (other) researchers should be aware that patients with a higher level of education are 

likely to show improvement over time after multiple neuropsychological test assessments.  

Future cognitive rehabilitation approaches, in patients with brain tumors or other 

diseases that cause cognitive impairment should take the age of participants into account, 

and investigate whether adapted intervention characteristics (e.g., pre training, and 

splitting up sessions) may facilitate enhanced program effectiveness in older participants.  
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Appendix. The formula of the reliable change index 
23

 

 

RCI = Di-Dc + (1-bc)(Xi-Xc) / (Sy(1-r
2

XY)
1/2

) 

 

Di= difference score: post test score - pre test score of the individual in the intervention 

group 

Dc= difference score: mean of post scores of the control group - mean of pre scores of the 

control group 

bc= regression coefficient of post test on pre test in the control group 

Xi= pre test score of the individual in the intervention group 

Xc= mean of pre test scores of the control group 

Sy= standard deviation of the post test scores of the control group 

r
2

XY= test-retest reliability of the pre and post test scores in the control group 

 

RCI > 1.67 (one sided t test (N=64) with P < 0.05) indicates reliably improved 
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Abstract  

There is a paucity of literature on the theoretical basis, design, and content of 

successful cognitive rehabilitation programs. In the current paper, we describe in detail a 

cognitive rehabilitation program that has previously proven effective in a randomized 

clinical trial in patients with primary brain tumors.  

The program ('C-Car and Strategy Training') consists of six weekly, individual, 

two-hour sessions plus homework, and incorporates both attention retraining and 

strategy training. The game-like computerized attention retraining ('C-Car') is based on the 

assumption that a target process can be improved by frequently practicing exercises in a 

hierarchical manner. Adequate attention may be a prerequisite for other cognitive 

processes, and improvements in attention may generalize to other cognitive domains. The 

strategy training, based in part on evaluated strategy training programs, consists of 

psycho-education, teaching of general conditions and strategies for improving attention, 

executive, and memory functioning, and use of external cognitive aids in daily life.  

Patients’ subjective experiences with the program are discussed and suggestions for 

optimizing its effectiveness are provided, particularly for that subgroup of patients for 

whom the current program appears to be more burdensome and less useful. Finally, we 

provide some general recommendations for future research with the current and other 

cognitive rehabilitation programs. 
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Introduction 

As compared with the advanced state of neuropsychological assessment and 

diagnostics, the development of treatments for cognitive deficits, or cognitive 

rehabilitation, is relatively underdeveloped 
1
. However, some progress has been made 

over the past several decades, and various studies have demonstrated the effectiveness of 

rehabilitation programs for deficits in the areas of attention, memory and executive 

function 
2
 (e.g., 

3-7
).  

Various approaches have been used in the cognitive rehabilitation of individuals with 

brain damage. First, the environment can be modified or restructured to help patients 

meet the demands of independent daily living by relying less upon their impaired 

cognitive abilities 
8
. The nature or degree of such modifications may vary depending on 

the severity of the cognitive problems. Second, patients can be taught to make use of 

external aids and technology, such as (electronic) diaries. Third, via structured strategy 

training, patients can be taught to apply internal strategies to cope with their cognitive 

problems. This includes pacing of cognitive activities, preventing or minimizing distractions, 

anticipating and planning, or the use of mnemonics. Fourth, rehabilitation can focus on 

retraining specific cognitive skills by means of frequently practiced exercises ('repetitive 

stimulation'). Such retraining can focus, for example, on attention, memory or executive 

functioning. Finally, psycho-education with regard to brain functioning, cognitive deficits 

and their consequences for daily life may be of value to patients and their families.  

Although there are some exceptions (e.g., 
9
), few of the papers reporting on the 

effectiveness of cognitive rehabilitation have provided detailed information on the actual 

content of the programs. Cicerone and colleagues 
2
 emphasized in their review of the 

literature on cognitive rehabilitation after stroke and traumatic brain injury 'the need to 

provide greater specification of the theoretical basis, design, and components of 

interventions as a prerequisite to investigating the effectiveness of rehabilitation'. 

Detailed information about existing cognitive rehabilitation programs is important for 

both researchers and clinical neuropsychologists. Such information can be used to select, 

revise or expand upon available programs, and also to develop novel rehabilitation 

programs with optimal effectiveness.  

In the current manuscript, we provide a detailed description of and experiences with 

a cognitive rehabilitation program that was successfully employed in seventy patients with 

a low-grade or anaplastic glioma (a primary brain tumor) in the context of a randomized 

clinical trial 
10

. The in- and exclusion procedure, and baseline characteristics have been 

published in a previous report 
10

. In summary, the results of the trial indicated that the 



Chapter 5 

98 

program had a salutary effect on short-term cognitive complaints, and on longer-term 

cognitive performance and mental fatigue. 

Although the program was evaluated in glioma patients, we believe that the 

program’s content can be of interest and use to those working with other populations of 

cognitively impaired patients.  

 

 

The cognitive rehabilitation program  

Overall description 

The intervention 'C-Car and Strategy Training' incorporated both computer-based 

attention retraining ('C-Car') and strategy training of attention, memory and executive 

functioning. This combination of training methods was employed to benefit from the 

virtues of both methods, and hopefully to optimize program efficacy 
11

. Based on advise 

obtained from neurologists and neuropsychologists working with glioma patients, as well 

as on data from an earlier needs assessment survey, a two-hour training program 

supplemented by two hours of homework per week over a period of six weeks was 

considered feasible (i.e., would maintain patients’ motivation and interest, thus 

minimizing dropout).  

Approximately three months after completion of the program, participants had a 

telephone-based 'booster session' during which key aspects of the strategy training were 

reviewed. The rationale, design and content of both training components are discussed in 

detail below. 

 

Retraining  

Rationale 

Retraining of function is based on the assumption that a target process can be 

improved by frequently practicing exercises ('repetitive stimulation'), thus making the skill 

more automatic 
12, 13

. It has been suggested that retraining of a cognitive skill may induce 

restitution (i.e., restoration) of function in the brain. Evidence from neuro-imaging studies 

is just now emerging and suggests (partial) restitution of functional networks, in particular 

following attention training 
13, 14

.  

 Ideally, given the spectrum of cognitive deficits in brain tumor patients, a retraining 

program would address problems in the broad domains of attention and speed of 

information processing, memory and executive function. However, such a program, 
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consisting of a series of repetitive exercises, would require a very substantial time 

commitment from the participants. Therefore, the decision was taken to focus the 

retraining on problems in the attentional domain. The first reason for this is that attention 

and information processing deficits are frequently experienced by glioma patients 
15, 16

. 

Second, since adequate attention is critical for many types of learning 
17

, it has been 

suggested that rehabilitation of attention deficits may also provide a more stable and 

effective substrate for other cognitive functions 
18

, such as memory and executive 

functioning. In fact, some studies have demonstrated generalization to other cognitive 

domains 
3, 4, 19, 20

. Robertson and Murre 
21

 have suggested that an extended attention span 

may also provide improved input of therapy for other impaired functions (here, strategy 

training for attention, memory and executive functioning). Moreover, the capacity to 

sustain attention predicts recovery of function following stroke 
21-23

. Thus, improvement in 

the ability to deploy attention is expected to have beneficiary effects on plastic 

reorganization in the brain 
21

.  

Although many studies of attention stimulation have shown some limited effects, few 

have demonstrated generalizability to everyday functioning 
17

. However, most of these 

studies used nonspecific training of attention. It has been suggested that retraining of 

specific subtypes of attention has a greater likelihood of generalization to other cognitive 

domains and to daily living 
17

.  

Sohlberg and Mateer 
18, 24

 proposed a clinical model of specific attention subtypes 

derived both from theory, experimental attention research, and clinical observations. 

Their model distinguishes five attention components: 

• Focused attention: The ability to respond discretely to specific visual, auditory, or 

tactile stimuli 
24

 

• Sustained attention: The ability to maintain consistent behavioral response during 

continuous and repetitive activity 
24

 

• Selective attention: The ability to maintain a behavioral or cognitive set in the face of 

distracting or competing stimuli 
18

 

• Alternating attention: The capacity for mental flexibility that allows individuals to 

shift their focus of attention and move between tasks having different cognitive 

requirements or requiring different behavioral responses, thus controlling which 

information will be selectively processed 
18

 

• Divided attention: The ability to respond simultaneously to multiple tasks or multiple 

task demands. Two or more behavioral responses may be required or two or more 

kinds of stimuli may need to be monitored 
18

. 
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Previous research has suggested that a hierarchical organization of attention components 

should be incorporated into treatment paradigms 
25

. For example, Sturm 
26

 found a 

negative treatment effect when training focused on more complex aspects of attention, 

without prior training of basic aspects. Sohlberg and Mateer 
24

 organized their attentional 

functions hierarchically for the purpose of rehabilitation, in the order indicated above, and 

applied the model to their Attention Process Training 
27

, in which each attention function 

is viewed as more complex and as requiring effective functioning at the previous level.  

 

Design 

We considered the use of a computerized program to be of essential importance in 

order to allow participants to carry out the (repetition of) attention exercises 

independently of the trainer, and to do so in a structured manner. By lending participants 

a notebook computer they are able to exercise 'whenever and wherever they pleased'. 

Moreover, a computer-based program facilitates automatic registration of a number of 

variables of importance in both process and outcome evaluation (e.g., frequency with 

which the program is used, time devoted to the exercises, performance on the various 

exercises, etc.).  

When we were designing our program and our study, we were unable to locate 

computer training programs, either academic or commercial, that were appropriate in 

terms of theoretical background, content, form, mode of administration, and price. 

Although the Attention Process Training mentioned above met most of these criteria, it 

was not available in a computer-based format 
27

.  

For these reasons, we decided to develop a new computerized training program, 

named C-Car (Concentration Car 
28

), based in part on the principles and exercises of the 

Attention Process Training. Our program involves training of the same four attention 

components integrated in this training 
24

. Similar to the Attention Process Training, we did 

not include retraining of the focused attention component. As this component is often 

only disrupted in the early stages of emergence from coma 
18

, we considered it to be too 

elementary for rehabilitation of the relatively mild cognitive deficits in glioma patients. 

Similar to the Attention Process Training, the exercises are arranged in a hierarchy. 

The participant has to obtain at least 90% accuracy to proceed to the next, more complex 

exercise; otherwise the task is repeated until this level of success is obtained. In this way, 

the training is tailored to the needs of the individual participant. Another important 

characteristic of the computer program is its emphasis on real time feedback to the 

participant on how they have performed a given task, and on how they might perform 
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better. Research has demonstrated that performance improves when participants obtain 

feedback on their results 
2
.  

The C-Car exercises are imbedded in a game-like platform. The program simulates 

driving an old-timer car (a Fiat 500). Exercises are presented in both the visual and the 

auditory modality, and include both verbal and non-verbal (i.e., numeric) stimuli. The 

participant has to process and react to visual information displayed on road signs, or for 

auditory exercises, spoken text from the radio, while the car drives through different 

landscapes (e.g., a green valley, a desert or a horizon of snow-capped mountains), with 

old-timer cars in on-coming traffic (see figures 1-4 at the end of this chapter).  

 

Content 

The C-Car program starts with the introduction of four basic information processing 

exercises that are used throughout the entire program, and to which various elements are 

added in order to train more complex aspects of attention.  

Although most of the C-Car exercises are done by the participant as homework on a 

notebook computer, the basic exercises are introduced by the trainer in the first of the six 

strategy training sessions (see below). The participant has to practice all four basic 

exercises under supervision of the trainer, until the trainer is convinced that the 

participant is able to exercise on her own. The basic exercises last three minutes, and 

include: 

• Forming words (visual): The participant is presented with multiple two-letter 

combinations appearing on the 'road signs'. The participant has to decide whether 

the two-letter combinations form an existing four-letter word. 

• Counting letters (auditory): The participant hears four-, five- and six-letter words 

(destinations such as cities, countries and rivers) from the car radio. After each word, 

a digit ('four', 'five' or 'six') is spoken out loud. The participant counts the letters of 

the spoken word and decides whether the digit that follows, matches the number of 

letters.  

• Arithmetic (visual; see figures 1 and 2): On the road signs, the participant sees simple 

addition and subtraction sums, broken down into components. The first part of the 

sum (e.g., '8 –') is presented on the first sign, the last part (e.g., '6 = 2') appears on the 

next sign. For each pair of signs, the participant has to decide whether the outcome 

of the sum displayed by the second sign is correct.  

• Alphabet of first letters (auditory): The participant hears destinations from the radio. 

She is instructed to pay attention to the first letter of each destination and to decide 
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for each pair of destinations whether their first letters are listed in alphabetical order. 

She must then press a button if the first letter of the destination that is heard last is 

later in the alphabet than the first letter of the previous destination. For example, in 

the series Belgium - Geneva - Madrid - Cairo, the participant should press the button 

immediately after 'Geneva', since G comes after B in the alphabet. After 'Madrid' she 

should press the button again, but after 'Cairo' she should refrain from pressing the 

button. 

Throughout the entire C-Car program, all visual and auditory stimuli are presented every 

1.8 seconds. The main action button is the space bar. 

At the end of each C-Car exercise, feedback is provided on accuracy of the responses 

in the current and previous exercises. A hint concerning false-positive responses or 

omissions is also given when performance is not sufficiently accurate; a compliment is 

made when performance is satisfactory. After each C-Car exercise, the participant also fills 

out a feedback form, consisting of graphs of the accuracy of her performance, based on 

the information on the screen. In each session, the trainer discusses progress through 

C-Car by using these feedback forms.  

After the introduction of the basic exercises, the actual training of the four different 

components of attention (modules) distinguished by Sohlberg and Mateer begins 
18, 24

. The 

participant is instructed to practice, independently of the trainer, for at least 45 minutes 

per week. Each training module starts with the introduction of the basic exercises, one 

visual and one auditory, that are used throughout that module. The modules include: 

• Sustained attention: The participant learns to sustain his attention longer, as the 

duration of the two basic exercises Forming words and Counting letters is prolonged 

from 3 up to 5, 8 and 12 minutes.  

• Selective attention: The participant learns to focus on a relevant task, while ignoring 

a distracting sound. First, the two basic exercises (Arithmetic and Alphabet of first 

letters) are done by the participant. Then simple noise (a radio conversation) is added 

to both of the exercises, which has to be ignored. Subsequently, these exercises are 

prolonged up to 7 minutes. Next, more complex noise is added (radio conversation 

mixed with digits spoken out loud) to 3-minute exercises, which are finally prolonged 

up to 7 and 12 minutes.  

• Alternating attention (see figure 3): The participant learns to switch attention by 

practicing a combined exercise in which stimuli of both visual exercises, or both 

auditory exercises, are presented simultaneously. The participant is instructed to 

attend to only one of the exercises and to switch exercise after a tone sounds. For 
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example, for the visual exercises, word pieces are presented simultaneously with sum 

pieces. The participant must first pay attention and react to Forming words. Then, 

when a tone sounds, she has to react to the pairs of sums. With the next tone, she 

has to form words again. For the auditory exercises, the names of destinations 

alternate with digits. First, the participant has to count the letters of each destination, 

and when the tone sounds, she has to decide whether the destinations are listed in 

alphabetical order, and so forth. The duration of the exercises is prolonged from 3 

minutes to 7, and finally 12 minutes. 

• Divided attention (see figure 4): The participant learns to perform two tasks 

simultaneously. First, she has to combine an auditory basic task (Counting letters) 

while (visually) checking on the petrol gauge, of which the rate varies over time, 

making its cycle rather unpredictable. She must press the space bar to react to the 

basic exercise, and the enter button if the petrol gauge is in the red zone. 

Subsequently, the participant has to perform the visual task Forming words while 

keeping her eye on the petrol gauge. The duration of the exercises is, again, 

prolonged from 3 to 7 minutes, and finally to 12 minutes.  

In total, if the whole program is completed without repetition of the same exercise due to 

failed attempts, a participant trains her attention for a total of almost 3 hours (178 

minutes). After completion of all 32 exercises of the C-Car program a certificate is 

displayed on the screen, in which the participant is congratulated for completing the 

attention training program. This certificate can also be printed on paper, if desired.  

For participants who completed all exercises before completion of the six strategy 

training sessions (see Evaluation of C-Car attention retraining), a new C-Car account was 

created with more difficult settings, such as a faster stimulus rate and a longer duration of 

exercises. In this way, they could exercise their attentional capacities on a higher level. 

Essentially, it is also possible to add multiple 'components' to the basic exercises; thus, 

combining alternating exercises with distracting noise to ignore, and the moving pointer of 

the petrol gauge to which attention should also be paid. In our study, we did not use this 

possibility for the participants who completed all exercises, since we wanted all 

participants to practice the same training elements. 
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Strategy training  

Rationale 

The strategy
i
 part of the intervention addresses the practical implications for daily 

functioning of the deficits in the broader cognitive domains of attention, memory and 

executive functioning. The strategies offered in the training aim to optimize daily 

performance by making use of intact abilities. Strategy training of attention and memory 

problems is recommended as a practice standard by Cicerone and colleagues, in their 

comprehensive review of cognitive rehabilitation approaches in patients with traumatic 

brain injury and stroke 
2
. 

The strategy training includes several elements. First, psycho-education is employed 

to inform patients about the basic workings of the cognitive functions, about factors that 

may influence these functions, and about the methods to rehabilitate these functions. 

Second, practical strategies for improving attention, executive functioning ('planning and 

regulation'), memory, and general functioning in daily life are provided and practiced by 

means of homework exercises. Finally, the use of external devices is promoted, in 

particular to help participants to cope with memory problems.  

As noted in the introduction, the precise content of previous cognitive rehabilitation 

approaches has scarcely been described. It was therefore not possible to fully ground our 

strategy training on evidence-based models of cognitive rehabilitation. However, as many 

as possible (peer-reviewed and non-peer-reviewed) publications on strategy training of 

attention, memory and executive functioning were consulted. Again, though, these varied 

widely in the comprehensiveness with which the training elements were described, and 

the extent to which their elements were evidence-based.  

The few evidence-based elements of the training have been taken from Goal 

Management Training 
7
 and Time Pressure Management training 

4, 9
 for use in the 

Planning and Regulation session (session 4). More details on the specific content of these 

approaches are provided below. Dutch-language self-help books 
29-33

 were also consulted, 

in particular for advice on psycho-educational topics, and attention and memory 

strategies. Finally, more fundamental information was obtained from handbooks on 

neuropsychological function 
34, 35

 and cognitive rehabilitation 
36, 37

.  

 

  

                                                                 
i
 In a previous publication/chapter 

10
, we used the term 'compensation training' for this part of the 

cognitive rehabilitation program instead of the more proper term 'strategy training'. 
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Design 

The strategy training consists of six weekly, individual psycho-education and practical 

sessions addressing attention, memory and executive function. The materials consist of a 

text- and workbook. In the six didactic textbook chapters (corresponding to the six 

sessions; see below), both psycho-education and strategies are provided to help 

participants cope with impaired cognitive functions. The workbook consists of six 

corresponding chapters of diary exercises, and exercises involving keeping logs of 

experiences with the application of strategies in daily life. 

In advance of each session (except the first), participants are asked to read a text 

book chapter. The content is discussed individually with the trainer in that specific session. 

Subsequently, accompanying homework exercises are completed in the workbook and are 

discussed with the trainer at the start of the next session. In this manner, each session 

topic is discussed three times. 

 

Content 

In general, each session/chapter starts with psycho-education about the specific 

cognitive domain(s). Subsequently, general conditions, strategies and external devices to 

improve daily performance are discussed. General conditions serve to accommodate good 

performance and can be employed beforehand (such as preventing time pressure, being 

rested and relaxed). (Mental) strategies are commonly applied before and during the task 

at hand (e.g., repetition or structuring of information, preventing distraction). The same 

applies for the external devices or objects that can be used to optimize daily functioning 

(e.g., diaries and to do-lists; placing an object in a noticeable location as a reminder to do 

something (with that object); always storing important belongings in the same place). In 

homework exercises the participant learns to apply the general conditions, strategies and 

aids to her personal daily situation. The specific content of each session is discussed in 

detail below.  

 

Session 1: Cognitive problems 

Explanation of the meaning of the term 'cognitive functioning', discussion of the diverse 

brain functions, and explanation of the difference between 'cognitive complaints' and 

'cognitive deficits'. Review of the two methods of cognitive rehabilitation used in the 

program (strategy training and retraining). Introduction of the strategy part by describing 

the various (medical and psychological) factors that influence cognitive functioning, and 

discussing the personal experiences of the participant with each of these factors.  
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The duration of the strategy part of this session is relatively short, as time is also devoted 

to the introduction of the C-Car retraining program (see Retraining). 

Homework: Give examples of the (positive or negative) influence of presented 

psychological factors (such as interest, motivation, self-confidence, stress/strain, 

depressive feelings, fatigue and pain) on cognitive functioning in your daily life. Keep a log 

of cognitive problems encountered on five days of this week: What was the cognitive 

problem, where and when did it happen, did psychological factors play a role, and what 

did you do to deal/cope with the problem? Both exercise types are used to provide the 

trainer with insight into the cognitive problems experienced by the participant. 

 

Session 2: Attention, memory and executive functioning 

Discussion of the problems encountered in daily life, as reported in the homework 

exercises, and discussion of the implications of these problems for the training.  

Introduction to the cognitive functions attention, memory and planning, and the 

interrelationships among them. Overview of techniques, including: Discussion of general 

conditions, presentation of (mental) strategies, and use of external devices to optimize 

daily functioning. 

Introduction of and practicing progressive relaxation exercises. 

Homework: Find personal situations or problems to apply the learned strategies. Keep a 

daily log of cognitive problems encountered in daily life: Was the problem related to 

attention, memory or executive functioning? Did psychological factors play a role? Which 

of the learned strategies or external devices could have been used? Describe activities 

that make you feel relaxed. Discuss at which cognitive problems the training should be 

aimed. 

 

Session 3: Attention 

Discussion of completed homework exercises and of the implications of the problems 

reported in the exercises for implementing in the training.  

Explanation of the relevance of attention, and implications of attention problems for daily 

functioning. Discussion of selective, sustained, alternating, and divided attention 
24

. 

Discussion of strategies 
31, 32

 for improving selective (prevention of internal and external 

distraction) and sustaining attention. Discussion of the psychological factors influencing 

attention, including motivation, interest and self-confidence 
31, 32

. 

Homework: Describe situations/activities in which internal or external distractions 

interfere with functioning and how distraction can be prevented. Describe situations in 
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which you find it difficult to sustain attention: At which time of the day, after how much 

time, and for which activities do you experience problems? Which strategies can you apply? 

Apply as many strategies as possible in preparation of and during two activities that 

demand a good deal of your attention and describe your experiences. 

 

Session 4: Planning and regulation 

Discussion of attention homework exercises 

Introduction to all cognitive aspects of planning and regulation (initiation, making a plan, 

structuring, flexible and purposeful execution of an activity, monitoring and correcting 

performance) and deficits in these aspects 
25

. Discussion of how deficits in these planning 

and regulation components are reflected in daily behavior and performance (e.g., in 

cooking, driving to a destination, filling out forms, work activities). Introduction to the use 

of 'Seven-Steps-of-Planning-Scheme' for planning a single activity and to prevent time 

pressure, based on both Goal Management Training 
7
 and Time Pressure Management 

training 
4, 9

. The Goal Management Training (
38

 in 
7
) is directly based on a theory of deficits 

in goal management following dysfunction of frontal systems 
7, 39

, which cause goal 

neglect, or failure to execute intentions. It is designed as a training probe (rather than a 

full-fledged intervention protocol) for the rehabilitation of participants with impaired 

self-regulation affecting organization of everyday behavior 
7
. 

Time Pressure Management training is based on Michon’s task analysis 
4, 40

, describing 

levels of decision-making in complex cognitive tasks. The training was originally developed 

to treat mental slowness in patients with traumatic brain injury 
4
. It consists of two types 

of cognitive strategies by which participants either learn to prevent or to manage time 

pressure 
9
. In this way, they are enabled to compensate for their slowness and deal with 

the task at hand.  

Based on the steps in Goal Management Training and Time Pressure Management training 

we discerned the seven steps in our planning scheme ('Seven-Steps-of-

Planning-an-Activity-Scheme'), concerning: getting an overview of the task, subdividing 

the task into multiple steps, preparation, time scheduling, remembering, execution, and 

self-monitoring. These steps are printed on a card for application in more complex daily 

situations. Participants are also encouraged to use the self-instructional method 
41

, i.e. 

talking through a problem or situation in an inner dialogue. This technique, also used in 

Goal Management Training and Time Pressure Management training, has proven to be 

effective in the rehabilitation of diverse cognitive domains 
2
. Other topics covered during 

this session are planning multiple activities and efficient diary use. 
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Homework: Apply the 'Seven-Steps-of-Planning-an-Activity-Scheme' to at least two 

complex tasks/activities. Design a plan for a busy day. Answer questions regarding taking 

breaks, plans for the day, estimation of duration of activities, strategies to improve 

preparation and execution of activities, and use of diary. Make a to do-list. 

 

Session 5: Memory  

Discussion of planning and regulation homework exercises 

Discussion of the three stages of memory (encoding, storage, retrieval) and how deficits in 

these stages are reflected in behavior. Discussion of the terms working memory, 

short-term memory and long-term memory and deficits in these components. Discussion 

of general conditions to optimize performance, and mental strategies. Most of these 

so-called 'mnemonics' focus on encoding of information in a way that is meaningful and 

elaborate, or on providing potential cues for easy retrieval 
42

, for example, repetition, 

structuring, anticipating, using routines, and imagination 
30-32, 43

.The use of external 

devices (often reminding one to do something) is also taught. Examples are notebooks, 

electronic devices, move a ring to another finger, tying a knot in a handkerchief to remind 

you to do something, placing an object (e.g., a light bulb) on a table as a reminder to buy a 

new one 
30-32

. Some participants have difficulties accepting the use of external aids such as 

a shopping list, and have to be encouraged to use them. Provision of strategies to improve 

reading also takes place during this session.  

Homework: Keep a log of memory problems, the interrelationships with deficits in 

attention and planning. Can you apply accommodating conditions, mental strategies and 

external devices to them? Find daily situations/activities to which you can apply the 

strategies, as presented in the exercise form. 

 

Session 6: Summary 

Discussion of memory homework exercises  

A summary of the five previous sessions is integrated with recapitulating exercises. 

Re-emphasis and personal rating of usefulness of specific conditions, strategies and 

devices to improve attention, planning and memory. Filling out 'Seven-Steps-of-Planning 

Scheme' for an activity once again. Discussion and exercise of reading strategies.  

Homework: none. 
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Evaluation of (components of) the cognitive rehabilitation 

program  

Attrition and compliance 

Six of the seventy participants discontinued the program. Two participants had 

medical reasons, including progressive disease and cerebral ischemia. Three participants 

reported practical and/or psychosocial factors that led to program drop-out, including 

serious financial problems needing attention, serious psychological distress, and need to 

care for an ill mother. One patient indicated mid-program that he was not sufficiently 

motivated to continue. None of those who discontinued the program completed an 

evaluation form. Evaluation forms were missing for an additional four participants. Sixty 

evaluation forms were completed.  

Ninety-three percent of the participants indicated having read the entire textbook 

chapter in advance of a session. Sixteen to 33% of the participants reported having 

completed only a portion of the workbook exercises in preparation of a session. Two to 

eight percent of the participants indicated that they had not completed any of the 

workbook exercises.  

Participants were offered the choice of undergoing the sessions in their home or at 

their hospital. All but one chose to undergo the program at home. The mean duration of 

the cognitive rehabilitation program was seven weeks (SD=1).  

 

Evaluation of C-Car attention retraining 

The C-Car program automatically registered a large number of process and outcome 

variables, the most salient of which will be reported here. Twenty-three percent of the 

participants did not complete the whole C-Car program, 64% completed C-Car at least 

once, and 11% completed it at least twice (with more difficult settings the second time). 

One participant started a third round of C-Car.  

The C-Car program has 32 exercises if completed once. The mean number of 

exercises completed was 39.6 (SD=16.4). The mean total exercise time was 5.8 hours 

(SD=3.0). Six patients did not follow the advice to exercise 45 minutes or more in 

preparation of each of the five sessions (exclusion of the first session; at least 3.8 hours). 

For patients who did not complete C-Car at least once, mean total training time was 3.9 

hours (SD=1.9), with a median of 24 of the 32 exercises (range: 8-30) completed.  

Fifty-four percent of the patients reported on the evaluation form that the difficulty 

level of the C-Car exercises was appropriate for them (see table 1). However, 32% 
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indicated that the exercises were (a bit) too simple. A similar percentage (29%) indicated 

that they would have liked to be able to practice more often. Almost all participants rated 

the exercises as (very) useful. 

A limitation of the current version of the C-Car program noticed by the cognitive 

trainers is that sometimes complications occurred with faster than standard rates of 

stimuli appearance (rounds 2 or 3). 

 

Table 1: Ratings of C-Car retraining components at immediate post intervention 
Difficulty of 

- concentration exercises 

(too) easy 

(9%) 32% 

just right 

54% 

(too) difficult  

14% (2%) 

Number of 

- concentration exercises 

(too) few 

(3%) 29% 

just right 

42% 

(too) many 

19% (2%) 

Usefulness of  

- concentration exercises 

very useful 

46% 

useful 

48% 

not useful 

7% 

In parentheses: percentage of patients who rated aspect as 'too' (easy, few etc.) 

 

 

Evaluation of strategy training of attention, memory and executive 

functioning 

We did not ask the patients to register systematically the time devoted to the 

strategy training. Based on their spontaneous reports, we estimated that they spent about 

3-3.5 hours on homework in preparation of each of the five sessions. Combined with the 6 

two-hour sessions, we estimated that, on average, respondents spent about 30 hours on 

strategy training. Thirty-six percent of respondents indicated that the time required by the 

strategy training (text and exercises combined) was (too) large. Univariate analyses 

indicated that participant age was correlated significantly with perceived program burden, 

with older patients reporting more burden (r=.39; P = .002). The majority of the 

participants rated the difficulty of the strategy training as appropriate (see table 2). 

Approximately equal percentages of participants (15-20%) rated (elements of) the strategy 

training as being (too) simple or (too) difficult. The large majority found all components of 

the strategy training to be (very) useful, with the exception of the relaxation exercises.  
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Table 2: Ratings of strategy training components at immediate post intervention 
Difficulty of 

- text(book) 

(too) easy 

(2%) 19% 

just right 

70% 

(too) difficult  

11% (2%) 

- exercises (2%) 16%  56% 19% (2%) 

- sessions (2%) 14% 71% 15% (-) 

Amount/number of 

- text 

(too) little 

(-) - 

just right 

64% 

(too) much 

36% (7%) 

- exercises 2% 59% 36% (3%) 

- sessions (-) 9% 85% 9% (-) 

Duration of 

- sessions 

(too) short 

(-) 3,4% 

just right 

79% 

(too) long  

17% (-) 

Usefulness of  

- text 

very useful 

38% 

useful 

60% 

not useful 

2% 

- exercises 30% 65% 5% 

- sessions 55% 43% 2% 

- relaxation exercises 10% 45% 45% 

Application of learned (strategies) in daily life often/regularly 

87% 

sometimes  

12% 

seldom/never 

2% 

In parentheses: percentage of patients who rated aspect as 'too' (easy, little etc.) 

 

 

General evaluation of the cognitive rehabilitation program 

The mean total time devoted to the entire program was estimated to be 35 hours in 

six weeks; almost six hours for the C-Car retraining component and up to 30 hours for the 

strategy component. Eighty percent of the participants reported that the content of the 

program largely/completely addressed their cognitive problems (see table 3), 87% used 

the learned strategies regularly/often in daily life, and 79% indicated a decrease in the 

impact of cognitive problems on daily functioning. At the 6 month follow-up assessment, 

these percentages (based on the responses of 49 respondents) were 70%, 70% and 63%, 

respectively.  

Participants also answered a few open-end questions on the evaluation forms. They 

indicated that the most appreciated components of the program were: (1) strategies for 

planning, prioritizing, structuring and organizing daily activities; (2) psycho-education on 

and acceptance of the cognitive problems; (3) acceptance of the use of strategies and aids; 

(4) awareness of the importance of the general conditions to improve functioning; and (5) 

psycho-education to raise awareness of the interrelationships among the various cognitive 

functions. 
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Table 3: General ratings of aspects of the cognitive rehabilitation program at 

immediate post intervention 
 

Content addressed daily problems 

fully/largely 

(20%) 80% 

partly 

18% 

not 

2%  

Six months follow-up (20%) 70% 29% 2% 

 

Application of learnt (strategies) in daily life 

often/regularly 

(40%) 87% 

sometimes  

12% 

seldom/never 

2% (-) 

Six months follow-up (15%) 70% 29% 2% 

 

Impact of cognitive problems has changed 

yes, positively 

79% 

no
1
 

19% 

yes, negatively 

2% 

Six months follow-up 63% 31% 6% 

 

Coping with cognitive problems has been changed 

better coping 

73% 

no
2
 

27% 

worse coping 

- 

Six months follow-up 65% 35% - 

 

Capability/professionalism of trainer 

excellent/good 

(58%) 98% 

sufficient 

2% 

insufficient/poor 

- 

Contact with trainer (67%) 100% - - 

Materials (30%) 91% 9% - 

Overall rating of the program (28%) 92% 7% 2% (bad) 

Six months follow-up (25%) 88% 10 2% 

In parentheses: percentage of patients who rated aspect as 'fully/often/excellent' 
1
 no change, there was no impact on daily life (2%), or no change, impact remained the same (17%) 

2
 coping is still good (24%), or coping is still not good (3%) 

 

 

Participants were also asked to provide feedback on things that they missed in the 

program, of which the most frequently reported were: Specific memory training or games, 

contact with fellow-sufferers, more integration of psychological issues in the program, and 

individual feedback on neuropsychological test scores (which was not done in the 

randomized controlled trial).  

The most frequent recommendations regarding the existing program were to have an 

interval of two weeks rather than one week between sessions, to have the entire program 

extend over a longer period of time, adding more breaks during the sessions, and 

providing information on the duration of each C-Car exercise.  

 

 

Discussion 

In this paper we have described in detail the nature and content of a cognitive 

rehabilitation program 'C-Car and Strategy Training' that has been employed successfully 

in 70 glioma patients participating in the intervention group of a randomized controlled 

trial 
10

.  

The program consists of six weekly, two-hour individual sessions plus homework, and 

incorporates both retraining and strategy training. The game-like computerized retraining 

of attentional functions ('C-Car') is based on the assumption that attention can be 

improved by frequently practicing exercises in a hierarchical manner. It focuses on 
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attention, because adequate attention may be a prerequisite for successfully carrying out 

other cognitive processes, and improvements in attention may generalize to other 

cognitive domains. The strategy training consists of psycho-education, teaching general 

conditions and strategies for improving attention, executive functioning, and memory, and 

use of external cognitive aids in daily life. The elements of the intervention
ii
 may also be 

useful for other patient populations with mild to moderate cognitive deficits. 

The majority of the participants found the program to be (very) useful. A substantial 

percentage of the participants indicated that the strategy training involved a great deal of 

homework, although only few indicated that it was too burdensome. We found that 

younger participants tended to report little difficulty in completing the strategy exercises 

while older patients had some difficulty with the amount of work involved. Former 

analysis of neuropsychological improvement at the level of the individual patient 
44

, 

indicated that older participants also benefited less from the cognitive rehabilitation 

program than younger patients. To make the program more suitable for older patients, it 

may be useful to increase the number of sessions by spreading and splitting them up 
45

, 

and reduce the amount of material covered per session.  

Although the intervention as a whole has been demonstrated to be effective, a 

limitation of the design of our study is that it did not permit direct assessment of the 

relative effectiveness of the retraining versus the strategy training. The relatively small 

population of glioma patients in the Netherlands precluded us, in this first attempt to 

study cognitive rehabilitation in this group, from conducting a more complex trial with 

four arms (retraining only, strategy training only, combined retraining and strategy 

training, and a control group). Additional research is needed to determine the relative 

effects of retraining versus strategy training, and the possible synergistic effect of the 

combination of the two approaches. It has been suggested that improved functioning of 

attention may facilitate rehabilitation of other cognitive domains 
21

.  

In our opinion, future efforts should aim at better understanding and, where needed, 

improving existing training programs. Toward this end, it is important to provide detailed 

information on the underlying theoretical basis, the design and the content of available 

cognitive rehabilitation programs. Finally, it is also essential to gain better understanding 

of the types of patients who benefit most (and least) from currently available programs. 

Ultimately, this should lead to tailored cognitive rehabilitation programs that meet the 

specific needs of patient subgroups.  

 

                                                                 
ii
 The C-Car program has not been developed for commercial purposes. 
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Clinical messages 

• The C-Car and Strategy Training program is useful for patients with mild to moderate 

impairments in attention, memory and/or executive functioning. 

• Increasing the number of cognitive rehabilitation sessions, and splitting complex 

sessions into smaller sessions may increase the feasibility and usefulness of the 

program for older participants.  
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In the first part of this chapter, the major findings of the studies described in the 

previous chapters are summarized. Subsequently, some general considerations concerning 

the methodologies of the studies will be made. Then, a general discussion will be provided 

and finally, suggestions for future research will be done. 

 

 

Summary  

Patients with low-grade or anaplastic gliomas (subtypes of primary brain tumors) 

have a relatively favorable prognosis. Once the disease is under control, patients live 

relatively free from neurological symptoms for years. However, they may suffer from 

cognitive deficits due to the disease and/or its treatment (chapter 1).  

The aim of this thesis was to investigate the empirical evidence for the effectiveness 

of treatments of the cognitive deficits in adult brain tumor patients, and, more specifically, 

of a multifaceted cognitive rehabilitation program for low-grade and anaplastic glioma 

patients.  

As a first step, a critical review of the methodologies and results of the studies that 

have been directed towards interventions for cognitive deficits in brain tumor patients 

was done (chapter 2). In general, it was observed that surprisingly few studies (eight 

publications) have been conducted on the treatment of cognitive deficits, particularly if 

compared to the numerous studies that assessed the prevalence of cognitive deficits in 

this patient population.  

The few (predominantly phase II) studies on pharmacological interventions and 

cognitive rehabilitation programs have reported some successes. However, these results 

were often difficult to interpret due to methodological limitations, some of which are 

common to phase II trials, such as lack of (randomization to) a control group to rule out 

practice and other effects, small sample sizes and absence of statistical testing. As a result, 

convincing evidence for an effect of pharmacological agents or a cognitive approach could 

not be found. The studies in patients with cancers outside the central nervous system that 

were also reviewed to supplement the data, could not provide clear suggestions for 

cognitive treatments in patients with brain tumors. 

In patients with stroke and traumatic brain injury various studies have demonstrated 

the effectiveness of cognitive rehabilitation programs for deficits in the areas of attention, 

memory and executive function 
1-6

.  

Thus, it was time to conduct a methodologically rigorous study on the effects of a 

cognitive rehabilitation program in brain tumor patients with a relatively good prognosis. 
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The program (chapter 5) that we developed consisted of six weekly, two-hour individual 

sessions plus homework, and incorporated both retraining and strategy training. The 

game-like computerized retraining of attention functions ('C-Car' 
7
) was based on the 

assumption that attention can be improved by frequently practicing exercises in a 

hierarchical manner 
8-10

. It focused on attention, because adequate attention may be 

needed for successfully carrying out other cognitive processes 
11, 12

, and improvements in 

attention may generalize to other cognitive domains 
2, 3, 13, 14

. The strategy training 

consisted of psycho-education, and teaching of general strategies for improving attention, 

executive functioning, and memory, and use of external cognitive aids in daily life. 

We conducted a randomized controlled trial (RCT; chapter 3) on the effects of this 

cognitive rehabilitation program on both subjective and objective cognitive functioning, 

and selected quality of life domains. One hundred forty patients with low-grade and 

anaplastic gliomas with favorable prognostic factors and stabile disease were included 

after screening for presence of both subjective cognitive symptoms and objective 

cognitive deficits. Patients were randomly assigned to an intervention group (N=70) or a 

waiting list control group (N=70).  

Participants completed a battery of neuropsychological tests and self-report 

questionnaires on cognitive functioning, fatigue, mental-health-related quality of life and 

community integration at baseline, following completion of the cognitive rehabilitation 

program, and at 6 month follow-up.  

The results indicated a significant improvement in self-reported cognitive functioning 

at the immediate post-intervention assessment, but not at the 6 month follow-up (due to 

attrition, N=127). The intervention group reported a significant improvement in subjective 

cognitive functioning early on, and this was largely maintained through to the 6 month 

follow-up. However, the control group exhibited a smaller, more gradual improvement in 

self-reported cognitive functioning over time, which might reflect (a combination of) 

regression to the mean 
15

 response shift 
16

, and natural recovery (e.g., 
17, 18

). As a result, 

differences in subjective cognitive functioning after cognitive rehabilitation between the 

two groups diminished over time. 

With regard to the neuropsychological test scores, no significant group differences 

were observed at immediate post-intervention. Closer inspection of the test scores 

suggested that improvement due to practice effects or regression to the mean in both 

groups may initially have overwhelmed any intervention effect in the experimental group. 

At the 6 month assessment, the intervention group exhibited continued improvement in 

objective cognitive performance on six neuropsychological measures of attention and 



Chapter 6 

122 

verbal memory, while the control group did not. This 'delayed' salutary intervention effect 

on cognitive performance, also observed in previous studies on cognitive rehabilitation 
6, 

19-21
, may indicate that patients require a longer period of time to integrate learned 

strategies into their daily routine. Consistent with these results, the percentage of patients 

no longer meeting criteria for cognitive impairment was similar for both groups at 

immediate post-treatment, but significantly higher in the intervention group at 6 month 

follow-up (39% versus 21% in the control group). Significant intervention effects were also 

found for longer-term mental fatigue scores. The program did not have a significant effect 

on executive functioning test scores, self-reported mental-health related quality of life, or 

community integration at either time point.  

As group results, although informative in effectiveness studies, may mask the 

variability in individual responses to the cognitive rehabilitation program, a further 

analysis (chapter 4) aimed to investigate the factors that were associated significantly with 

cognitive improvement among those who participated in the rehabilitation program. 

Identification of specific patient characteristics that predict a positive response to 

cognitive rehabilitation could allow us in future efforts to reassure patients who possess 

these characteristics that undergoing this type of intervention is almost certainly worth 

the time-investment and the possible burden of undergoing the program. Conversely, if 

we could identify patients who are less likely to benefit from the currently available 

cognitive rehabilitation programs, we can advise them accordingly. Perhaps more 

importantly, we can use the knowledge gained to adapt cognitive rehabilitation programs 

to yield optimal benefit for a larger percentage of the target population.  

The effects of the intervention on the individual patient level were investigated in 

the 64 participants who underwent the cognitive rehabilitation program. According to 

calculations based on the reliable change index, which corrects for measurement errors 

and practice effects 
22

, nearly 60% of the participants improved reliably on at least one of 

the six neuropsychological measures that demonstrated statistically significant group 

differences at six-month follow-up. Four categories of predictors were evaluated with 

hierarchical logistic regression analyses for their ability to predict intervention outcome: 

sociodemographic, clinical, self-reported cognitive symptom and baseline neuro-

psychological factors, beginning with the most accessible (sociodemographic) and ending 

with the most difficult to identify (baseline neuropsychological) predictors of cognitive 

improvement.  

(Only) the sociodemographic factors age and education were associated significantly 

with reliable improvement in the intervention group. However, additional analyses in the 
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whole study group indicated that (higher) education was associated with general 

improvement in both the intervention and the control group. Younger patients were more 

likely to benefit specifically from the cognitive rehabilitation program. Rather than 

discouraging older patients from following such a cognitive rehabilitation program, effort 

should be devoted to adapting the current training program to increase its effectiveness 

among this patient subgroup.  

It should be noted that, given the relatively small sample size and the exploratory 

nature of the analyses, the results of this study should be interpreted with caution. 

As we were also interested in the patients’ subjective experiences of the cognitive 

rehabilitation program, patients in the intervention group were requested to fill out an 

evaluation form (see also chapter 3) during the assessments. In the second part of chapter 

5, the data of the 60 evaluation forms that were available, and (some of the) process 

variables registered by C-Car and the cognitive trainers were evaluated. The mean total 

time devoted to the entire program was estimated to be 35 hours in six weeks; almost six 

hours for the C-Car retraining component and up to 30 hours for the strategy component. 

The large majority of the participants indicated that they found most of the program 

elements to be (very) useful. Eighty percent of the patients in the intervention group 

reported that the content of the program largely/completely addressed their cognitive 

problems, 87% used the learned compensation strategies regularly/often in daily life, and 

79% indicated a decrease in the impact of cognitive problems on daily functioning. A 

substantial percentage (36%) of the participants indicated that the strategy training 

involved a great deal of homework, although only a few indicated that it was too 

burdensome. Inspection of correlations indicated that older patients had more difficulty 

with the amount of homework involved than younger participants.  

In sum, very few (methodologically sound) studies on treatments of cognitive deficits 

in brain tumor patients have been conducted (chapter 2). The results of the first 

randomized controlled trial on cognitive rehabilitation in glioma patients with stabile 

disease and favorable prognosis indicated a positive effect on short-term cognitive 

complaints, and longer-term cognitive performance and mental fatigue level (chapter 3). 

Further analyses at the individual patient level (chapter 4) indicate that nearly 60% of the 

participants improved reliably following the cognitive rehabilitation program and suggest 

that younger participants benefited most from this intervention. Patients’ subjective 

evaluations (chapter 5) indicated that they found the program to be (very) useful and not 

overly burdensome, although a subgroup of older patients reported some difficulty with 

the amount of homework involved. 
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Discussion 

Methodological considerations 

The main study presented in this thesis employed a single-blind randomized 

controlled design with an intervention group and a (waiting-list) control group. The 

inclusion of this control group proved to be essential. Without this group, we would have 

attributed this initial improvement of the intervention group to the cognitive 

rehabilitation program. However, the fact that there was a similar improvement in the 

control group suggests a practice effect, i.e., improved test performance due to repeated 

completion of the neuropsychological tests. This practice effect is further illustrated by the 

stabilization (or in some variables, relapse) of the performance of the control group during 

the six month follow-up, which is in line with the general observation that practice effects 

are most likely to occur between the first and second examinations 
18

. 

Randomization was employed by using the method of minimization, as 

recommended by Scott and colleagues 
23

. This method has been proven to provide more 

balanced groups in smaller trials (with less than hundreds of participants) when compared 

with both restricted (stratified) and unrestricted (simple) randomization, and is able to 

incorporate more prognostic factors. Although there are some critics of the method (see 
23

 

for a discussion), others suggest that minimization may be the platinum standard if 

randomization is the gold standard 
24

.  

Although a randomized controlled design is an appropriate design, a (double-blind) 

placebo-controlled design may be preferable to exclude the possibility that the positive 

results of the cognitive rehabilitation are not (only) attributable to the cognitive treatment 

itself, but to factors other than the characteristic content of the intervention, such as 

attention and social support provided to the participant 
25, 26

. Perhaps carrying out the 

cognitive rehabilitation sessions at the patients’ own home as we did may even augment 

such non-specific treatment effects. Additionally, for the patients in the control group, 

who were fully informed about study details, merely knowing that they did not have 

immediate access to the program could have had a negative psychological effect 
27

. 

However, we considered it both unethical and impractical to include a 'placebo' condition 

in which patients would be required to attend a series of two-hour sessions (comparable 

to the intervention group) in which no truly substantive rehabilitation program would be 

offered.  

We chose to control for improvement of cognitive symptoms and problems due to 

non-specific treatment effects by providing some increased attention to the control group 
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patients during the telephone-based empathy session (chapter 3). Additionally, use of a 

waiting-list control group in which patients were offered the opportunity to undergo the 

program following study completion, may have attenuated any possible negative effects 

of denying treatment 
28

. Blinding of participants was of course not a serious possibility. 

However, the neuropsychological assessors were blinded to group allocation.  

Nevertheless, with regard to the observed immediate decline in subjective cognitive 

symptoms we cannot entirely exclude the possibility that is attributable to non-specific 

treatment effects. Non-specific treatment effects as the sole or even primary explanation 

for the improvements in objective test performance is less likely, considering the initially 

equal improvement in neuropsychological performance for both groups, and the 

intervention effect after a 6 month interval, in which possible placebo effects may be 

assumed to be absent.  

Moreover, it has also been suggested that non-specific treatment effects, such as 

social support and a credible treatment rationale, form an integral part of the treatment; 

and that results from trials without placebo are more generalizable to clinical practice 
29

. 

Furthermore, the study design did not permit direct assessment of the relative 

effectiveness of the retraining versus the strategy training. The relatively small population 

of glioma patients in the Netherlands precluded us, in this first attempt to study cognitive 

rehabilitation in this group, from conducting a more complex trial with four arms 

(retraining only, strategy training only, combined retraining and strategy training, and a 

control group).  

Again, we can use the nature and pattern of change over time to speculate on the 

relative effects of both training components. With a retraining effect only, we would at 

least have expected an immediate effect on neuropsychological test functioning and not 

merely a delayed intervention effect per se. Conversely, strategy training may require a 

longer period of time to integrate learned material (i.e., strategies) into patients’ daily 

routine 
6, 19-21

, potentially reflected in the delayed intervention effect on the 

neuropsychological measures that was observed. However, a long-term effect on 

subjective cognitive functioning would then also be expected. A strategy training effect is 

also more plausible considering the larger amount of time devoted to strategy training as 

compared to retraining (30 versus 6 hours).  

On the other hand, it may be suggested that the structured and rather predictable 

neuropsychological tests that have been administered leave little room for strategy use as 

taught in the strategy training, which may imply that the measured cognitive 

improvement is an effect of retraining.  
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A final possibility is a synergistic effect of both training components. Robertson and 

Murre 
30

 have suggested that an extended attention span may also provide improved 

input of therapy for other impaired functions. This might imply that, in the current study, 

improvement of attention due to retraining of this skill may have facilitated learning of the 

strategies.  

A further methodological limitation concerns the study discussed in chapter 4, in 

which hierarchical logistic regression analyses were used to examine four categories of 

factors to identify predictors of improvement after undergoing cognitive rehabilitation. 

Age proved to be a predictor of improvement related to cognitive rehabilitation; 

education was a predictor of more general improvement. The small sample size (N=64), 

and the hierarchical approach to the analyses may have precluded some other possibly 

relevant variables from reaching statistical significance. The results of this study should 

therefore be interpreted with some caution.  

Finally, it should be noted that the study results from chapters 3, 4 and 5 can only be 

generalized to glioma patients who both report having cognitive symptoms, and have 

neuropsychological test scores below a predetermined cutoff score indicating at least mild 

cognitive impairment. The results may not apply to an important subgroup of patients 

who have significant cognitive impairment based on objective test results, but who do not 

report cognitive symptoms. However, the 'two-step' screening procedure we used to 

identify patients eligible for the cognitive rehabilitation program reflects, in fact, what 

often takes place in clinical practice. 

 

General discussion 

Two recent pilot studies on cognitive rehabilitation in patients with primary brain 

tumors demonstrated the feasibility of this type of intervention, and lent support to 

further research on its effectiveness 
31, 32

.  

The results of the RCT as described in this thesis (chapter 3), provide evidence of a 

salutary effect of a multifaceted cognitive rehabilitation program on short-term cognitive 

complaints, and longer-term cognitive performance and mental fatigue in a relatively large 

sample of predominantly low-grade glioma patients.  

The discrepancy between the subjective and objective results of the RCT is in line 

with the weak association between objective and subjective cognitive problems observed 

in many other studies conducted in patients with chronic diseases, including neurological 

diseases and cancer 
33-39

. The moderate ecological validity of neuropsychological tests 
40

 

and test situations may not (entirely) explain this discrepancy (e.g., 
38

). For example, in 
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patients with multiple sclerosis, it was found that patients’ performance on a battery of 

cognitive tests did in fact correlate with spouses’ and caregivers’ perceptions of patients’ 

daily cognitive functioning 
41

. Furthermore, another study in the same population 
38

 

suggested that correlations between perceptions of daily cognitive functioning and 

objective scores were higher for healthy controls than for patients. Thus, the cause of the 

discrepancy may be found in the perceptions of patients themselves. In fact, it has been 

generally observed that self-reported cognitive functioning tends to correlate more highly 

with self-reported measures of emotional distress and well-being than with objective 

neuropsychological test performance 
33, 34, 36, 38, 39

. This suggests that in patients who 

complain of cognitive difficulty, problems of emotional distress should be evaluated 

before neuropsychological testing is employed. 

Measures of executive functioning, a cognitive domain that was also addressed by 

the cognitive rehabilitation program, did not improve significantly as a result of the 

intervention. In general, strategy use is an important aspect of adequate executive 

functioning. However, whether the tests used in this study for evaluation of executive 

functioning permit extensive use of strategies as taught in the strategy training is the 

question. Nevertheless, the retraining of attention did not prove to transfer to executive 

functioning, as was expected beforehand.  

Neither did we observe treatment effects for more distal outcomes, including mental 

health-related quality of life, or community integration. A study of a comparable cognitive 

intervention that used psychosocial well-being as a measure of transfer of training 

outcome was also unable to demonstrate such effects 
3
. Possibly, a more intensive 

program could have more carry-over effects to both the cognitive domain of executive 

functioning and subjective outcomes. 

Further results (chapter 4) on the individual patient level suggest that not all patients 

improved reliably, according to the criteria employed. Younger glioma patients were more 

likely to benefit from the program. As younger age at diagnosis is a major prognostic 

factor in brain cancer 
42

, it is useful to know that these patients are more likely to benefit 

for a longer period of time from the cognitive rehabilitation program. We related the 

finding of this specific predictor to the concept of cognitive reserve. Cognitive reserve 

postulates that individual differences allow some people to cope better than others with 

brain damage, as reflected in cognitive processes or neural networks underlying task 

performance 
43

. Persons with a higher cognitive reserve would have functionally more 

efficient cognitive networks to cope with brain pathology, promoted by factors including 

higher IQ, education, occupational attainment, or participation in leisure activities that 
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have an intellectually stimulating nature 
44

. The process of aging has been related to losses 

in gray and white matter in medial-temporal, parietal and frontal areas 
45, 46

. These 

age-related losses may decrease cognitive reserve 
47

 (or brain reserve 
43

), resulting in a 

larger threshold for recovery to take place 
30

, for (further) brain pathology, here, due to 

the brain tumor. 

In addition to the finding that older patients responded less positively to the 

intervention, it was also found that they experienced the amount of homework involved 

as more burdensome than younger patients (chapter 5). This should not be taken to mean 

that older patients should not be offered such a cognitive rehabilitation program. Rather, 

more effort should be devoted to adapting the current training program to increase its 

effectiveness among this patient subgroup by increasing the number of sessions, and 

perhaps by breaking the sessions up into smaller, more digestible units 
48

, and thus 

reducing the amount of material covered per session. In particular, session 5 of the 

strategy training was found to be particularly heavy, by both the participants and the 

trainers. That session covered a large number of topics and involved many exercises. Thus 

it might make sense to split this session into two sessions.  

A further limitation of the cognitive rehabilitation, also noticed by the cognitive 

trainers, is that in the current version of the C-Car attention retraining program, 

sometimes complications occurred with faster than standard rates of stimuli appearance. 

We are planning to revise the C-Car software in order to solve this problem. At the same 

time, we will consider the possibilities of wider accessibility of the cognitive rehabilitation 

program. In this way, more patients may be able to benefit from the program. 
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Suggestions for future research 

In general, we are still in a relatively early stage in the development of effective 

neuropsychological and pharmacological approaches to the treatment and prevention of 

cognitive deficits among brain tumor patients. Research on more targeted brain tumor 

treatments to prevent detrimental effects on normal surrounding brain tissue are being 

pursued.  

A particularly promising area for future research includes pharmacological 

neuroprotective agents that protect healthy neurons against (treatment-induced) 

neuronal cell loss or degeneration 
49

. The first studies in brain tumor patients are 

underway 
50

. Besides studies on protective agents, research on the pathophysiological 

mechanisms of the cognitive deficits is needed, so that researchers know which specific 

treatments should be investigated to target the cognitive deficits. The results of an RCT on 

the effects of donepezil for the treatment of cognitive deficits are anticipated 
51

. Finally, to 

find adequate treatment of the cognitive deficits, more pharmacological and 

neuropsychological intervention studies are needed that employ rigorous methodology, 

including the use of control groups that control for possible practice and placebo effects, 

sufficiently large sample sizes to detect small but clinically meaningful improvement in 

cognitive function, and appropriate multivariate statistics to minimize the risk of type I 

errors. Previous studies have suggested that cognitive rehabilitation may be more 

successful than pharmacological interventions for cognitive deficits in brain tumors.  

With regard to the currently investigated cognitive rehabilitation program for use in 

glioma patients, refinement of the program, and future replication trials to determine how 

to achieve a sustained, positive effect on all facets of the cognitive problems and transfer 

of effects to other quality of life domains, are needed. Additional research should also 

study the relative effects of retraining versus strategy training, and the possible synergistic 

effect of the combination of the two approaches.  

It may also be of interest to study the effectiveness of the current cognitive 

rehabilitation program in other neurological patient populations with mild to moderate 

cognitive deficits. Besides, it is essential to gain better understanding of the types of 

patients who benefit more (and less) from currently available cognitive rehabilitation 

programs and investigate whether adapted intervention characteristics (e.g., pre-training, 

and splitting up sessions) may facilitate improvement in less responsive (for example, 

older) participants.  

Finally, in addition to the employment of pharmacological interventions and 

cognitive rehabilitation, other approaches to improve cognitive functioning in brain tumor 
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patients should be considered. Recent findings suggest that physical exercise may be 

effective in delaying or ameliorating cognitive decline in older adults with and without 

cognitive decline 
52-54

. The evidence stems from epidemiologic 
55, 56

, experimental 
57

, 

neuroanatomical 
58

 and animal studies 
59

 and has been reported to be robust 
57

. 

Furthermore, the benefits of physical activity on fatigue, depression, fitness and happiness 

have frequently been demonstrated in patients with diverse other cancer types (than 

brain cancer) 
60-62

. The effects of physical exercise in brain tumor patients have never been 

studied, yet the findings above suggest that physical exercise may also be beneficiary in 

our population. In particular, the effects of exercise on cognitive functioning are of 

interest.  

In a fellowship granted by the Dutch Cancer Society, I will be preparing a study 

together with 'the cognitive rehabilitation group' on the feasibility and effectiveness of 

physical exercise in (predominantly) low-grade glioma patients in improving cognitive 

functioning, fatigue, mood and quality of life. Perhaps, this type of intervention may also 

help the older patients that benefited less from the cognitive rehabilitation program. 
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Patiënten met een laaggradig of anaplastisch glioom (een primaire hersentumor) 

hebben een relatief gunstige prognose. Zodra de aandoening onder controle is ervaren ze 

jarenlang relatief weinig neurologische symptomen. Ze kunnen echter wel last hebben van 

cognitieve stoornissen (problemen op het gebied van geheugen, aandacht en planning) als 

gevolg van de tumor en/of de behandeling daarvan (hoofdstuk 1). 

Het doel van dit proefschrift was de effectiviteit van behandelingen voor cognitieve 

stoornissen bij volwassen patiënten met een hersentumor te onderzoeken, met in het 

bijzonder de effectiviteit van een programma voor cognitieve revalidatie bij patiënten met 

een laaggradig en anaplastisch glioom. 

Eerst is een kritisch overzicht gegeven van de reeds gepubliceerde onderzoeken naar 

interventies voor cognitieve stoornissen bij hersentumorpatiënten (hoofdstuk 2). Over het 

algemeen viel het op dat er verbazingwekkend weinig onderzoek naar de behandeling van 

cognitieve stoornissen gedaan is (acht studies), helemaal vergeleken met het grote aantal 

onderzoeken dat is gedaan naar het vóórkomen van cognitieve stoornissen in deze 

patiëntengroep.  

De enkele studies op het gebied van farmacologische interventies (medicatie) en 

cognitieve revalidatie (onder begeleiding van een neuropsycholoog) rapporteerden 

enigszins succesvolle resultaten. Echter, deze resultaten waren meestal moeilijk te 

interpreteren als gevolg van methodologische tekortkomingen in de studies. Zo waren de 

onderzoeken vaak gebaseerd op kleine onderzoeksgroepen, was geen gebruik gemaakt 

van (randomisatie naar) een controlegroep om hertest- of leereffecten (verbetering als 

gevolg van het veelvuldig ondergaan van neuropsychologische tests) en andere 

verschijnselen uit te sluiten en waren de uitkomsten niet statistisch getoetst. Als gevolg 

hiervan kon er geen overtuigend bewijs gevonden worden voor de effectiviteit van 

farmacologische middelen of cognitieve revalidatie. Ook de studies bij patiënten met 

kanker buiten het centraal zenuwstelsel, die in het kritische overzicht meegenomen waren 

om (het tekort aan) gegevens aan te vullen, leverden geen duidelijke suggesties voor 

behandelingen van de cognitieve stoornissen bij patiënten met een hersentumor op. 

Echter, bij patiënten met een beroerte of traumatisch hersenletsel is de effectiviteit 

van cognitieve-revalidatieprogramma’s voor de behandeling van stoornissen op gebied 

van aandacht, geheugen en executief functioneren met diverse onderzoeken aangetoond. 

Het was dus hoog tijd om een methodologisch degelijke studie naar de effecten van 

een cognitieve-revalidatieprogramma bij hersentumorpatiënten met een relatief gunstige 

prognose uit te voeren. Het revalidatieprogramma (hoofdstuk 5) dat wij ontwikkelden 

bestond uit zes wekelijkse individuele sessies van twee uur met daarnaast enkele uren 
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huiswerk, en was gericht op zowel hertraining als strategietraining. De hertraining ('C-Car'), 

gericht op het verbeteren van de aandacht, was gecomputeriseerd en de oefeningen 

waren zo vormgegeven dat zij op computerspelletjes leken. Deze training was gebaseerd 

op de veronderstelling dat aandacht verbeterd kan worden door het veelvuldig doen van 

(hiërarchisch opgebouwde) oefeningen. Een goed functionerende aandacht is nodig voor 

het succesvol uitvoeren van andere cognitieve processen en een verbetering in de 

aandacht kan ook leiden tot verbeteringen in andere cognitieve gebieden. De 

strategietraining bestond uit psycho-educatie, maar ook uit het leren toepassen van 

strategieën om de aandacht, het executief functioneren (o.a. planning) en het geheugen 

te verbeteren en uit het aanleren van het gebruik van externe cognitieve hulpmiddelen in 

het dagelijks leven. 

De effecten van dit cognitieve-revalidatieprogramma op zowel subjectief als objectief 

cognitief functioneren (respectievelijk klachten en testscores) en op bepaalde aspecten 

van kwaliteit van leven zijn onderzocht in een gerandomiseerde gecontroleerde trial 

(hoofdstuk 3). Na screening op aanwezigheid van zowel cognitieve klachten als cognitieve 

stoornissen, namen honderdveertig patiënten met een laaggradig of anaplastisch glioom, 

een gunstige prognose en stabiele ziekte, deel aan de studie. De patiënten werden 

gerandomiseerd (willekeurig) toegewezen aan de interventiegroep (N=70), die direct het 

cognitieve-revalidatieprogramma onderging, of aan de controlegroep (N=70), die geen 

behandeling kreeg. Om het effect van het programma te kunnen meten ondergingen alle 

deelnemers voor aanvang ervan ('baseline'), direct erna en zes maanden later (of op 

vergelijkbare momenten voor de controlegroep) een neuropsychologisch onderzoek met 

(objectieve) tests van de aandacht, het geheugen en executief functioneren, en vulden zij 

vragenlijsten in over subjectief cognitief functioneren, mentale vermoeidheid, mentale 

aspecten van kwaliteit van leven en integratie in de maatschappij. Na het doorlopen van 

alle meetmomenten in de studie werd aan de controlegroep de mogelijkheid geboden om 

hetzelfde cognitieve-revalidatieprogramma te ondergaan als de interventiegroep. 

Direct na de interventie was er een significant verschil in het subjectief cognitief 

functioneren (klachten over het geheugen e.d.), dat echter op langere termijn, bij de 

zesmaandenmeting, statistisch niet meer significant bleek te zijn: de interventiegroep 

rapporteerde direct een significante verbetering in de subjectieve cognitieve klachten 

welke grotendeels werd vastgehouden tot aan de zesmaandenmeting, maar de 

controlegroep liet tijdens de gehele studiedeelname een kleinere, maar gestage 

verbetering over de tijd zien. Deze verbetering kan verklaard worden op basis van (een 

combinatie van) 'regressie-naar-het-gemiddelde' (het statistische verschijnsel dat een 
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score die bij een eerste meting extreem is, bijvoorbeeld als gevolg van selectie, bij 

volgende metingen steeds meer naar de gemiddelde waarde zal neigen, 'response shift' 

(persoonlijke aanpassingen in interne standaarden, waarden en definities van aspecten 

van kwaliteit van leven) en spontaan herstel. Het gevolg was dat het verschil tussen de 

twee groepen in subjectief cognitief functioneren over de tijd verdween. 

Met betrekking tot het objectief cognitief functioneren (neuropsychologische 

testscores) werden direct na de interventie geen significante groepsverschillen gevonden. 

Nadere inspectie van de testscores maakte duidelijk dat de beide groepen op korte 

termijn een verbeterde cognitieve prestatie lieten zien op zes maten van aandacht en 

verbaal geheugen. Hertest- of leereffecten (zie eerder) of 'regressie-naar-het-gemiddelde' 

(zie eerder) kunnen op dit moment het eventuele interventie-effect overschaduwd 

hebben. Bij de zesmaandenmeting bleek de verbetering van de cognitieve prestaties op 

zes neuropsychologische maten van aandacht en verbaal geheugen vastgehouden te zijn 

door de interventiegroep, terwijl dit in de controlegroep niet het geval was. Het 

vertraagde positieve effect van de interventie op cognitieve testprestaties is ook in andere 

onderzoeken naar cognitieve revalidatie gevonden. Een verklaring hiervoor zou kunnen 

zijn dat patiënten tijd nodig hebben om de strategieën die zij in het programma geleerd 

hebben in hun dagelijkse routine op te nemen. Er werden ook significante 

langetermijneffecten gevonden voor de scores van de interventiegroep op mentale 

vermoeidheid. Het percentage patiënten dat (volgens vooraf gestelde criteria) niet meer 

cognitief gestoord was was bij de directe nameting gelijk voor beide groepen, terwijl dit bij 

de zesmaandenmeting significant groter was voor de interventiegroep dan voor de 

controlegroep (respectievelijk 39% versus 21%). Het programma had op geen van beide 

nametingen een meetbaar effect op testscores van executief functioneren, of zelf-

gerapporteerde mentale aspecten van kwaliteit van leven en integratie in de 

maatschappij. 

Ondanks het feit dat groepsresultaten informatief kunnen zijn, kunnen ze ook de 

verschillen in individuele respons op het cognitieve-revalidatieprogramma maskeren. In 

hoofdstuk 4 is gekeken hoeveel deelnemers aan het revalidatieprogramma daadwerkelijk 

verbeterden en zijn er analyses gedaan om de factoren te onderzoeken die de cognitieve 

verbetering konden voorspellen. Die kennis over specifieke patiëntkenmerken verbetering 

na cognitieve revalidatie voorspellen zou ons in de toekomst in staat kunnen stellen om 

patiënten met die kenmerken ervan te verzekeren dat het ondergaan van de interventie 

hun tijdsinvestering en moeite waard is. Aan de andere kant kunnen we patiënten die een 

kleinere kans op verbetering hebben ook daarover informeren. Minstens zo belangrijk is 
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het dat we de opgedane kennis over ongunstige patiëntkenmerken kunnen gebruiken om 

cognitieve-revalidatieprogramma’s zo aan te passen dat een groter deel van de doelgroep 

er meer profijt van kan hebben. 

De individuele effecten van de interventie zijn onderzocht bij de 64 patiënten die het 

cognitieve-revalidatieprogramma ondergingen. Volgens berekeningen gebaseerd op de 

reliable change index, waarin voor meetfouten en hertesteffecten gecorrigeerd wordt, 

verbeterde bijna 60% van de deelnemers op minimaal een van de zes neuro-

psychologische testmaten waarop significante groepseffecten gevonden waren bij de 

zesmaandenmeting (zie hoofdstuk 3). Van vier categorieën van mogelijke predictoren is 

onderzocht of zij in staat waren om de uitkomst van de interventie te voorspellen: 

sociodemografische factoren, klinische factoren, subjectieve cognitieve klachten en 

baseline neuropsychologische testscores. Er werden logistische regressieanalyses 

uitgevoerd die hiërarchisch opgesteld waren: begonnen werd met de factoren die het 

gemakkelijkst toegankelijk zijn in de klinische praktijk (sociodemografische variabelen) en 

geëindigd werd met de gegevens die het lastigst verkrijgbaar zijn (neuropsychologische 

testgegevens). 

Alleen de sociodemografische factoren leeftijd en opleiding bleken significant 

geassocieerd te zijn met betrouwbare verbetering in de interventiegroep. Aanvullende 

analyses in de gehele studiegroep toonden echter aan dat (een hogere) opleiding 

samenhing met algemene verbetering in zowel de interventiegroep als de controlegroep. 

De factor leeftijd was wel een specifieke voorspeller van verbetering als gevolg van het 

ondergaan van het revalidatieprogramma, waarbij jongere deelnemers meer profijt 

daarvan hadden dan oudere. In plaats van oudere patiënten te ontmoedigen deel te 

nemen aan het cognitieve-revalidatieprogramma zou het huidige programma aangepast 

moeten worden om de effectiviteit in deze subgroep te vergroten. 

Omdat we ook geïnteresseerd waren in hoe de patiënten het cognitieve-revalidatie-

programma zelf ervaren hadden is aan de interventiegroep gevraagd na de interventie 

een evaluatieformulier (zie hoofdstuk 3) in te vullen. In het tweede gedeelte van 

hoofdstuk 5 zijn de gegevens van de 60 beschikbare evaluatieformulieren, en (een deel 

van) de data die geregistreerd waren door C-Car en de cognitieve trainers, geëvalueerd. 

De tijd die aan het gehele revalidatieprogramma besteed was werd geschat op gemiddeld 

35 uur verdeeld over zes weken: bijna zes uur voor de C-Car hertraining en maximaal 30 

uur voor de strategietraining. Een grote meerderheid van de deelnemers gaf aan de 

meeste elementen van het revalidatieprogramma (zeer) zinvol gevonden te hebben. 

Tachtig procent van hen rapporteerde dat de inhoud van het programma grotendeels of 
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volledig aansloot bij de eigen cognitieve problemen, 87% paste de geleerde strategieën 

regelmatig tot vaak toe in het dagelijks leven en 79% gaf aan dat de invloed van de 

cognitieve problemen op het dagelijks functioneren verminderd was. Een relatief groot 

deel (36%) van de deelnemers vond dat met name de strategietraining behoorlijk wat 

huiswerk met zich meebracht. Slechts een paar mensen gaven aan dat dit huiswerk te 

zwaar voor hen was. Uit correlatieberekeningen bleek dat oudere deelnemers meer 

moeite met de hoeveelheid huiswerk hadden dan jongere deelnemers. 

Samengevat zijn er zeer weinig (methodologisch degelijke) studies uitgevoerd naar 

behandeling van de cognitieve stoornissen bij hersentumorpatiënten (hoofdstuk 2). Uit de 

eerste gerandomiseerde gecontroleerde trial naar cognitieve revalidatie bij glioom-

patiënten met een stabiele ziekte en een gunstige prognose kwam naar voren dat de 

interventie op korte termijn een positief effect had op cognitieve klachten en op lange 

termijn op neuropsychologische testprestaties en mentale vermoeidheid (hoofdstuk 3). 

Uit vervolganalyses (hoofdstuk 4) op het niveau van de individuele patiënt bleek dat bijna 

60% van de patiënten betrouwbaar verbeterde na het cognitieve-revalidatieprogramma. 

Jongere patiënten profiteerden het meest van deze interventie. Uit de scores op de 

evaluatieformulieren kwam naar voren dat de deelnemers het programma (erg) zinvol 

vonden, hoewel een subgroep van oudere patiënten wat moeite had met de grote 

hoeveelheid huiswerk (hoofdstuk 5). 
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Tot slot mijn woorden van dank aan de personen die al dan niet onmisbaar waren voor de 

uitvoering van het onderzoek en de voltooiing van dit proefschrift; soms moet je je even 

laten gaan en dit lijkt me daar het "uitgelezen" moment voor... 

 

Om te beginnen wil ik de deelnemers aan het onderzoek bedanken voor hun inzet, 

enthousiasme en het goede contact tijdens het ondergaan van de intensieve training- en 

testsessies. Ik hoop dat jullie bijdrage aan de wetenschap uiteindelijk ook positieve 

gevolgen zal hebben voor de klinische praktijk. 

 

Daarnaast wil ik graag mijn promotoren, prof.dr. Neil Aaronson, prof.dr. Martin Taphoorn 

en prof.dr. Margriet Sitskoorn, bedanken voor het prachtige onderzoeksproject dat zij 

jaren geleden zo goed uitgedacht hebben. Ik kon (kan) me geen mooier promotieproject 

voorstellen en vond het een hele eer het te mogen uitvoeren. Daarbij waren jullie de 

ideale begeleiders!  

Neil, ik lijk eeuwig profijt te hebben van de methodologische en statistische kennis, de 

kritische houding en de ins en outs van de Wetenschappelijk Wereld die je op me 

overgedragen hebt.  

Martin, jij hebt me op fijne wijze de weg gewezen binnen de neuro-oncologie. Ik denk dat 

je de beste dokter bent die een hersentumorpatiënt zich kan wensen. Ik verheug me al op 

de verdere samenwerking met jullie beiden tijdens het fellowship. 

Margriet, jij hebt mij steeds weer mooie kansen geboden, van slechts één daarvan is dit 

boekje het resultaat. Ik bewonder je passie voor het vak (het brein), je enthousiasme en je 

deskundigheid. Je hebt mij steeds geïnspireerd en gemotiveerd en je bent een toffe "baas". 

Ik hoop dat we op dezelfde fijne wijze nog vele mooie projecten zullen uitvoeren.  

 

Veel dank ook aan de onderzoeksassistenten Sietske Sikkes, Charlotte Bogaerts, Elke 

Eggens, Ester van der Sluis, Floor Bouwman, Janneke Veefkind, Jurriaan Witteman, 

Lucinda Niezen, Marieke Sikkes, Marylou Apfel, Mathilde Hagen, Saskia Mulder en 

Sue-Ann Lourens, die het hele land (van Groningen tot Zeeland en van Noord-Holland tot 

Limburg) met het openbaar vervoer bereisd hebben om alle deelnemers te testen en te 

trainen, waarbij het meer dan eens gebeurde dat jullie ergens "in the middle of nowhere" 

strandden om pas laat in de avond weer thuis te komen. Wat een inzet! 

Sietske, bedankt voor de gezelligheid waarmee je me door de soms wat eenzame eerste 

jaren van het AIO-schap hebt geloodst. Dit geldt overigens ook voor de anderen. Laten we 

gauw weer een etentje plannen. 
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De locale onderzoekers van de deelnemende instellingen prof. dr. Jan Heimans, dr. Tjeerd 

Postma, prof.dr. Martin van den Bent, drs. Guus Beute, prof.dr. Jan Jakob Mooij, dr. 

Roelien Enting, dr. Arnoud Kappelle, dr. Willem Boogerd, drs. Theo Veninga, dr. Albert 

Twijnstra en dr. Dolf Boerman wil ik graag bedanken voor de prettige samenwerking en de 

hulp bij het benaderen van patiënten voor deelname aan het onderzoek. 

 

De neuro-oncologie-verpleegkundigen Hanneke Zwinkels, Lies Braam, Sandra Bossmann, 

Irene van Heuvel en Irma Koudijs wil ik heel hartelijk danken voor hun enorme inzet bij het 

werven van deelnemers voor het onderzoek, de prettige en gezellige samenwerking en 

hun betrokkenheid bij de deelnemende patiënten. 

 

De afdeling Neurologie van het UMC Utrecht, onder leiding van prof. dr. J. van Gijn en prof. 

dr. J.H.J. Wokke, wil ik bedanken voor gastvrijheid die het mogelijk maakte het onderzoek 

in Utrecht uit te voeren. Mariska, Marjorie en Ruth van het secretariaat: jullie zorgden 

voor de nodige gezelligheid, bedankt! Pierre, dank voor het in goede banen leiden van de 

financiële boekhouding van het project. 

 

Vincent Terlingen, Gijs ten Cate en Arjan Huis in ‘t Veld ("D3") ben ik zeer dankbaar voor 

de leuke en vruchtbare samenwerking bij de ontwikkeling van de software van het 

hertrainingsprogramma C-Car. Patrick Maitimo wil ik graag in het bijzonder danken voor 

zijn betrokkenheid, expertise en superviserende rol hierbij. Voorts ben ik dank 

verschuldigd aan het NeuroCognitief Centrum Nederland wegens haar (onbaatzuchtige) 

financiële bijdrage aan de ontwikkeling van C-Car. Miriam, wat heerlijk dat ik je stem 

regelmatig mag horen in C-Car. 

 

Otilia Dalesio and Danny Baars, NKI/AvL, bedankt dat ik van jullie expertise en software op 

het gebied van minimization gebruik kon maken. 

Martin Klein, VUmc, dank voor de normgegevens en voor het naar ons doorverwijzen van 

de patiënten uit je eigen onderzoek. 

Veel dank aan Chad Gundy, NKI, voor de vele tijd die we samen doorbrachten waarin wij 

ons hoofd braken om de onderzoeksresultaten op elegante en eenvoudige (Keep It Simple 

Stupid) wijze statisch te toetsen. Ik heb veel van je geleerd. Ook Gerard Maassen, UU, en 

Wilco Emmons, UvT, wil ik bedanken voor hun heldere statistische adviezen. 
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Prof.dr. J.H.J. Wokke, prof.dr. J.J. Heimans, prof.dr. L. Fasotti, prof dr. R.P.C. Kessels en 

prof.dr. J. de Vries en prof.dr. J.K.L. Denollet, bedankt dat jullie zitting hebben genomen in 

de promotiecommissie en voor de tijd en aandacht om mijn proefschrift te beoordelen. 

 

Many, many thanks to Storm Thorgerson for giving me permission to use his wonderful 

'Tree of Half Life' on the cover of this thesis. 

Reed, thank you for coincidentally sitting next to us at the wedding of Sofie and Chris, for 

having worked with Storm Thorgerson, for telling me this and for emailing Storm 

Thorgerson about my wish to use his image… 

 

Rinus, duizend maal dank voor je hulp bij het opmaken van mijn tabellen en je 

bevlogenheid hierbij!  

 

Drs. Hans Dieteren en prof.dr. Johan K.L. Denollet, "CoRPS-core", wil ik danken voor het 

vertrouwen dat zij in mij hadden en voor het mogen voltooien van dit proefschrift bij 

CoRPS. 

 

Paula, je bent een geweldige kamergenoot. Bedankt voor je lieve betrokkenheid bij van 

alles en in het bijzonder het voltooien van mijn proefschrift. Carlijn, "sectie" neuro-

psychologie, we moeten vaker "uit gaan lunchen", vind ik zo gezellig! 

 

Miriam, paranimf, wij hebben samen ontelbare uit de hand gelopen lunches meegemaakt, 

waarin we uiteraard alleen over werk spraken. Je bent een geweldige collega en een fijne 

vriendin. Elleke, je planningsvermogen is normaal gesproken geniaal, maar hier ging het 

toch even mis. Ik zal je missen tijdens de promotiedag. Gelukkig hadden wij Krakau samen. 

Jokemebestemaatje, paranimf, ik ben je zeer dankbaar dat jij me altijd als een pionier bent 

voorgegaan in ons werk. Ik geniet van onze gesprekken over de belangrijke en 

onbelangrijke dingen van het leven. Lag Groningen maar naast Arnhem! Fem, ook jij 

bedankt voor alle goede adviezen en fijne gesprekken in de afgelopen jaren. 

 

Oma-Riet en oma-Marion, jullie zijn de doctors, nee de hoogleraren, in de oppaskunde! 

Bedankt voor al jullie hulp en gezelligheid!  

Papa, fijn dat je al die jaren hebt willen it-helpdesken en dat je me geholpen hebt met het 

zo mooi maken van dit proefschrift! Ik vond het erg leuk om dit samen met jou te doen. 



Dankwoord 

145 

Papa en mama, bedankt ook nog voor zoveel andere dingen, maar in het bijzonder voor 

het goede gevoel dat jullie altijd achter (en - drie deuren - naast) me staan.  

Riet, Huib en Joost, jullie waren er voor de gezelligheid tussendoor! 

Miek en de MacGoghies, fijn dat jullie zo dichtbij zijn.  

 

Bram, Loes en Kees, wat een geluk dat ik nou net die allerleukste man en de allerliefste 

kinderen van de wereld heb getroffen. Vanaf nu gaan we nog veel meer leuke dingen 

doen samen. 


