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Objective: To systematically review the literature for studies
on cognitive functioning in patients with low-grade glioma
to evaluate assessment methods and prevalence of cognitive
dysfunction.

Data sources: A search was made in PubMed, Embase, and
PsycINFO for articles published between January 2002 and
June 2012 using cognition, memory, attention, executive
functioning, and low-grade glioma as search terms.

Study selection: Two reviewers independently performed the
study selection and data extraction. Inclusion criteria were:
studies including at least 10 adult patients, with suspected
or confirmed low-grade glioma and cognitive functioning as
outcome measure.

Data extraction: A standard data extraction form was used,
with items regarding study quality, patient characteristics,
type of measurement instruments, cognitive domain, defini-
tion of cognitive dysfunction, and reported prevalence.
Data synthesis: Of the 312 articles screened on title/abstract,
69 were screened on full-text and, finally, 17 were included.
A total of 46 different measurement instruments were found
for the assessment of cognitive functioning; 5 of these were
used 5 or more times. There was variability in the definition
of cognitive dysfunction. The reported prevalence of cogni-
tive dysfunction ranged from 19% to 83%.

Conclusion: Many patients with low-grade glioma experi-
ence cognitive dysfunction. However, there is no consensus
on how to assess cognitive functioning in these patients.

Key words: brain tumour; cognitive functioning; glioma; neuro-
psychological testing.
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INTRODUCTION

Low-grade gliomas (LGGs) are primary brain tumours arising
from glial cells, the supporting cells of the central nervous
system (CNS). Low-grade gliomas can include astrocytomas,

© 2015 The Authors. doi: 10.2340/16501977-1975

oligodendrogliomas, ependymomas or mixed gliomas (e.g. oli-
goastrocytomas). According to the World Health Organization
(WHO) LGGs can be classified as grade I or grade 11, based on
the presence of histopathological features (e.g. atypical cells,
mitoses, endothelial proliferation, and necrosis) (1).

Only 15-20% of all gliomas are considered to be low-grade
ones (2, 3). The mean incidence in Europe of LGG is approxi-
mately 1/100,000 persons/year (2, 3). The peak incidence is
in young adults, aged approximately 30—40 years (4, 5). The
survival rate of patients with LGG is increasing due to im-
proved neurosurgical techniques, advanced radiotherapy and
chemotherapy, with median survival times ranging from 5 to 15
years (6, 7). There is still controversy with respect to the best
timing of treatment, in particular surgery and radiotherapy. As
such, therapy choices may vary across clinicians or hospitals,
while patients with LGGs may face long-term consequences
in which cognitive, emotional, linguistic and sensorimotor
dysfunction may interfere with daily activities and social
participation (8—10).

Besides surgery, chemotherapy, radiotherapy and psycho-
social support, some patients might benefit from cognitive
rehabilitation. There is a growing awareness that these patients
might also benefit from multidisciplinary rehabilitation pro-
grammes. Multidisciplinary rehabilitation programmes may
improve functional outcome, mood, vocation and quality of life
in patients with a brain tumour (9, 11-14). However, subacute
rehabilitation in patients with LGG is not common practice and
has not been well studied. There is still a large gap between
current research in the area of the functional consequences of
LGG and its actual treatment in multidisciplinary rehabilita-
tion programmes (15).

Cognitive functioning is pivotal for social participation and
quality of life (16). In patients with LGG, cognitive function-
ing may vary over time and is influenced by a combination
of tumour characteristics (location, type, and size of tumour),
treatment modalities (surgery, radiation therapy, chemo-
therapy), comorbidity (epilepsy, use of anticonvulsants) and
contextual factors such as educational level and coping style
(17, 18). A decline in functioning will occur due to the pro-
gressive nature of the condition. Such a decline may support
clinical decision-making (for example, to decide on planning
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surgical intervention and/or radiotherapy) or it may cause
unresponsiveness to rehabilitation.

Cognitive deficits in patients with a brain tumour can affect
attention, memory and executive functioning (19, 20) with a
reported prevalence of 29-90% (9, 20-22). Besides variability
in the type of tumour, the use of various neuropsychological
instruments, different cut-off scores and normative data may
explain this wide range (23). Knowledge about cognitive
deficits is important as they provide insight into prognosis and
follow-up of the disease, and can be used to evaluate treatment
(side-) effects and to target cognitive rehabilitation (24).

Therefore, this systematic review focuses on how to measure
cognitive functioning in patients with LGG. These patients are
relatively young and, with a life expectancy of 5-15 years, and
might benefit from multidisciplinary (cognitive) rehabilitation
programmes. We focus on the 3 pillars of cognitive function-
ing: memory, attention and executive functioning. The primary
aim of this study is to systematically review the literature on
how memory, attention and executive functioning are assessed
in patients with LGG. The secondary aim is to compare the
reported prevalence of cognitive dysfunction in patient popu-
lations with LGG.

METHODS
Data sources

A search was performed in PubMed, PsychINFO and Embase for
articles published between January 2002 and June 2012. In addition,
the reference lists of all identified publications were checked. The
search strategy was developed and tested for PubMed and adapted
for PsychINFO and Embase. The following search terms were used:
low-grade glioma, cognition, memory, attention, and executive func-
tioning (Table I).

Study selection

Studies were included if all of the following criteria were met: (i) the
study population included patients with suspected or confirmed LGG;
(i) the results of these patients were distinguishable from any other

Table 1. Search strategy used for the present review

PubMed

((Glioma[mh] OR glioma*[tiab] OR astrocytoma*[tiab] OR
ependymoma*[tiab] OR oligodendroma*[tiab]) AND (low grade*[tiab]
OR grade T*[tiab] OR grade II*[tiab] OR grade 1*[tiab] OR grade
2*[tiab] OR gradel*[tiab] OR grade2*[tiab])) AND (cognitive[tiab] OR
cognition[tiab] OR cogniti*[tiab] OR memory[tiab] OR memor*[tiab]
OR attention[tiab] OR executive[tiab])

Embase

((Glioma/exp OR astrocytoma/exp OR glioma*:ab,ti OR astrocytoma*:ab,ti
OR ependymoma*:ab,ti OR oligodendroma*:ab,ti) AND (‘low grade’:ab,ti
OR ‘grade I':ab,ti OR ‘grade II’:ab,ti OR ‘grade 1’:ab,ti OR ‘grade
2’:ab,ti OR ‘gradel’:ab,ti OR ‘grade2’:ab,ti)) AND (cognitive:ab,ti OR
cognition:ab,ti OR cogniti*:ab,ti OR memory:ab,ti OR memor*:ab,ti OR
attention:ab,ti OR executive:ab,ti)

psycINFO

(OR) glioma* astrocytoma* ependymoma* oligodendroma* (AND)
(low grade) (AND) (OR) cognitive cognition cogniti* memory memor*
attention executive
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patient group; (ii7) the study population consisted of > 10 patients; (iv)
patients were at least 16 years of age at the time of diagnosis; and (v)
cognitive functioning was 1 of the outcome measures.

Articles were excluded if: (/) the study design was a review or case
study; (if) no full text was available; (i77) written in a language other
than English, Dutch, German or French; (iv) reported only duplicate
data; or (v) assessed language capabilities only (i.e. aphasia examina-
tions). Tests of verbal fluency were not considered to be instruments
used only for assessing language capabilities, as these can also serve
as suitable measures of executive functioning (25).

Two authors (EvL, WvL) independently performed selection of the
studies. The first selection was based on title and abstract, and relevant
articles were retrieved in full text. Full-text papers were also retrieved
if abstracts were missing or if they provided insufficient information to
enable selection. The final selection was based on scrutinizing the full-
text articles. In case of disagreement between the reviewers, consensus
was sought. If the disagreement was not resolved, a third reviewer (GR)
made the final decision. The reference lists of the selected articles were
reviewed by the first author to identify additional articles.

Data extraction

Two authors independently extracted data from the selected articles us-
ing a standard data extraction form. Data included items of study qual-
ity (study design, selection of study population, definition of disease,
description of treatment, follow-up time, numbers lost to follow-up),
population characteristics (number of patients, diagnosis, mean age,
male/female ratio, mean time post-diagnosis), and items of cognitive
assessment. Items of cognitive assessment included: (i) the cognitive
domains tested: attention, memory, executive functioning and/or other
cognitive domains (e.g. visio-construction) were primarily based on
Lezak (25); (ii) the definition of cognitive dysfunction; (iii) cognitive
tests used; and (iv) the reported prevalence of cognitive dysfunction
in the study population. Brief cognitive screening instruments, such
as the Mini-Mental State Examination (MMSE), were grouped under
“other” cognitive domains since these instruments provide only a
brief and basic assessment of multiple cognitive domains. In cases
of missing data the corresponding authors were contacted by email.

Data synthesis

The focus of this systematic review was to study the instruments used
for the cognitive assessment of patients with LGG, and the reported
prevalence of cognitive dysfunction. Therefore, the qualitative results
of this review are presented in tables using descriptive statistics to
characterize the study populations. The measurement instruments used
for the assessment of cognitive functioning were studied in detail and
briefly described based on the existing literature, particularly Neuro-
psychological Assessment by Lezak (25), which is a standard in this
field (26, 27). Because neuropsychological tests are often described
using different names, to avoid confusion the name of the instrument
as described by Lezak (25) was used, if available.

RESULTS

The initial literature search yielded 515 articles. After exclu-
sion of duplicate articles, 312 articles were included in the first
screening phase (title/abstract), resulting in 69 articles eligible
for the second screening phase. After review of the full text,
22 potentially eligible articles remained. After a third round
of critical full-text analysis, 4 articles (28-31) were excluded
because the data overlapped with previous reports, and 1 article
(32) was excluded because it reported only on tests assessing
language capabilities. Finally, 17 articles were included in the
present review (Fig. 1. shows the selection procedure).



PubMed 207 Duplicate
Embase 265 records 203
PsycINFO 43

/Inclusion criteria 'Screenmg Exclusion criteria
(1) Low-grade title/abstract (1) Study design
glioma (LGG) 312 (2) No full text
(2) LGG results (3) Language
distinguishable (4) Date published
3)n>10
(4) Age = 16 years Screening full text
(5) Cognition as 69
outcome measure Exclusion criteria:

l (5) Data published
in a former article
Potentially (n=4)
included articles (6) Tests used for
22 assessing language
capabilities (n=1)
Included articles Reference check
17 (n=0)

Fig. 1. Study selection procedure.

Study population

Of the 17 articles, those of Moritz-Gasser et al. (33) and
Shankar & Rajshekhar (34) both reported results of a retro-
spective and a prospective study population in 1 publication;
therefore, we decided to split both articles into 2 separate
studies, resulting in a total of 19 studies.

The articles of Klein et al. (35) and the follow-up study of
Douw et al. (7) have overlapping (sub)populations, and the
study population of Laack et al. (36) consists of a subpopulation
of the study of Brown (37). Finally, all 19 study populations
were included in our analyses, because all underwent different
cognitive tests and/or outcome measurements.

In this review, the total study population consisted of 775
patients with LGG. In 513 patients a complete description of
the type of LGG was provided: the most common diagnosis
was astrocytoma (61.0%), followed by oligodendroglioma
(24.6%) and oligoastrocytoma (13.3%). The mean age of the
total population (average of reported means) was 42.3 (range
38.1-46.7) years and the reported time post-diagnosis ranged
from 1 month to 32 years (mean 63 months).

Of the 17 studies, 13 (representing 566 patients) featured
cognition as a primary outcome measure. Most studies evalu-
ated (only) the effect of a specific form of treatment: radio-
therapy in 7 studies (n=260), awake surgery in 4 (n=49),
and a combination of chemotherapy and awake surgery in 1
(n=10). Seven studies (n=180) were performed before start-
ing any treatment.

Eight studies (n=318) had a pre-post study design and 11
(n=457) had a cross-sectional study design. The follow-up
period ranged from 3 to 40 months.

Table II presents an overview of the studies and the baseline
characteristics of the patient populations.
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Measurement instruments

We identified 46 different instruments used for the assessment
of cognitive functioning (Table III). Five of these were used
>5 times, i.e. the MMSE, Stroop Test, Trail Making Test, and
verbal fluency tests. Tests of verbal fluency were reported under
various names and were grouped into tests of phonemic and
semantic verbal fluency. Four tests (Facial Recognition Test,
Working Memory Task, William’s Delayed Recall Test and
the Memory Comparison Test) are not included in Table III
because the exact nature of these tests could not be established.
Most of the tests were domain-specific. The MMSE and the
Functional Assessment Measure provide a global (screening)
measure of cognitive function.

Cognitive assessment

Memory was assessed in 13 studies, attention in 12, and execu-
tive functioning in 11.

In 11 studies all 3 domains were measured, of which 6 studies
also included other domains, such as information processing
and language. One study focused only on the memory domain.
In 4 studies only a global cognitive screening test was used, the
MMSE in 3 studies and the Functional Assessment Measure in
1 study. Table IV presents an overview of the study outcomes.

The definition of cognitive dysfunction varied considerably
between articles. Seven studies defined cognitive dysfunction
as a number of standard deviations (SD) below the mean of a
normative sample, represented in terms of Z-scores (4, 7, 33,
35, 38-40). The cut-off points ranged from 1-2 SD below the
mean of a normative sample, with 2 SD being the most common
cut-off point. Five studies reported other definitions of cogni-
tive dysfunction. Brown (37) defined cognitive dysfunction
using a test-specific cut-off score <26 on the MMSE. Laack
et al. (36) assessed cognitive performance on a clinical scale
with a Board-certified neuropsychologist. Pahlson et al. (41)
used a system in which Z-scores were classified into cognitive
dysfunction classes ranging from mild to severe dysfunction.
Ruge et al. (42) and Bosma et al. (6) used statistical significance
testing to investigate whether study population results differed
from healthy control scores (p<0.05). Five articles did not
report any definition of cognitive dysfunction.

The prevalence of cognitive dysfunction could be deducted
from 8 of the 17 articles (47%) and ranged from 19% to 83%.

DISCUSSION

The primary aim of this study was to systematically review
the literature for assessment methods used for cognitive func-
tioning in patients with LGG. Our search focused on memory,
attention and executive functioning, i.e. the 3 main pillars of
cognition (25).

In the 17 reviewed articles, 775 patients with LGG were as-
sessed using 46 different instruments. Only 5 instruments were
used 5 times or more, i.e. the MMSE, Stroop Test, Trail Mak-
ing Test and tests of phonemic and semantic verbal fluency. In
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Table IV. Overview of the prevalence and definition of cognitive dysfunction, measurement time and cognitive domains assessed

Prevalence Measurement Cognitive
of cognitive time domains®
dysfunction*n/N  Pre  Post
Article reference (%) Tx  Tx  Definition of cognitive dysfunction® A* M* E* O*
Blonski et al., 2012 (38) 7/10 (70%) X Z-score >2 SD below the norm score or inferior to the 5" percentile 1 1 1 1
Bosma et al., 2008 (6) . X Mann-Whitney U test, p<0.05 1 1 1 0
Brown, 2003 (37) 36/187 (19%) x MMSE score <26 0 0 0 1
Correa et al., 2007 (4) . X Z-score >1.5 SD below the norm score 1 1 1 1
Douw et al., 2009 (7) RT+ 17/32 (53%) X Z-score >2 SD below the norm score in at least 5 of the 18 tests 1 1 1 0
RT-9/33 (27%)
Dutta et al., 2009 (51) . X Not reported 0O 0 0 1
Ek etal., 2010 (39) 6/16 (38%) X Deficit score=Z-score >1 SD below the norm score; Global Deficit 1 1 1 0
score >0.5 (mean of 7 tests)
Klein et al., 2002 (35)  66/195 (34%) X Z-score >2 SD below the norm score in at least 4 of 20 tests 1 1 1 1
Laack et al., 2005 (36) . X Clinically graded +1 (above average) to —4 (severely impaired) 11 1 1
Miotto et al., 2011 (5) . X Not reported I 1 1 1
Moritz-Gasser et al., 5/11 (45%) x Z-score >2 SD below the norm score 1 1 1 0
2012 (33)
Pahlson et al., 2003 (41) 20/24 (83%) X Z-score >1 SD below the norm score 11 1 1
Ruge et al., 2011 (42) . x Mann-Whitney U test, p<0.05 1 1 0 O
Santini et al., 2012 (40) 13/22 (59%) X Z-score >2 SD below the norm score 1 1 1 0
Sarubbo et al., 2011 (2) . X X Not reported 0 0 0 1
Shankar & Rajshekar . X Not reported 0O 1 0 0
2003 (34)
Yavas et al., 2011 (52) . X X Not reported 0O 0 0 1

“Prevalence of cognitive dysfunction in study population, definition of cognitive dysfunction used in this study population, ‘cognitive domains tested
in this study, primarily based on Lezak (25). *A: attention; M: memory; E: executive functioning; O: other domains; 1: tested; 0: not tested; Tx:

treatment. article included 2 separate studies.

these latter studies, the main reason for cognitive testing was
to evaluate the effects of treatment.

The fact that 46 different instruments were found indicates
that no single standard test battery is used for the assessment
of cognitive function in patients with LGG. Wilde et al. (43)
recommended that cognitive tests should meet the following
7 criteria: widespread use, adequate psychometric properties,
availability of norms, applicability across a range of injury
severity and functional levels, accessible through the public
domain, ease of administration, and brevity. An additional fea-
ture of the test should be its sensitivity to even small changes
in cognitive functioning in patients with LGG.

To create more uniformity in studies on patients with LGG,
Correa et al. (44) suggested using battery testing for atten-
tion, executive functioning, motor function, verbal memory
and premorbid 1Q estimation and quality of life. This battery
would include at least the Digit Span, Trail Making Test A/B,
Brief Test of Attention, Hopkins Verbal Learning Test, the
Grooved Pegboard test and the Barona Index. However, with
the exception of 1 study by Correa et al. (4), none of the arti-
cles in the present review included all of these tests. Meyers
and Wefel et al. (45, 46) constructed a test battery for brain
tumour patients, including patients with LGG, including the
Digit Span, Digit Symbol, Block Design and Similarities of
the WAIS III, Trail Making Test A/B, Hopkins Verbal Learn-
ing Test, Grip Strength, Grooved Pegboard, and a multilingual
aphasia examination consisting of the Boston Naming Test,
Token Test and the Controlled Oral Word Association Test.
However, none of the articles in this current review included
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all of these tests. This battery is currently widely used in
prospective randomized multicentre phase III trials, for both
high- and low-grade gliomas.

As an alternative to formal testing, the use of patient-reported
outcome measures (PROMs) with self-report questionnaires on
cognitive complaints is suggested. Self-reported outcomes of
the patients and their caregivers may provide useful additional
information. The European Organization for Research and Treat-
ment of Cancer brain cancer quality-of-life module (EORTC
QLQ-BN20) (47) and the Cognitive Functional Scale, developed
for use in the Medical Outcomes Study (MOS-CES) (48), are
examples of such PROMs. Aaronson et al. (49) used the MOS-
CFS and concluded that 25% of the patients with LGG had fre-
quent problems with memory and concentration. Complaints of
being confused, having problems maintaining attention, having
difficulty with solving problems, or having slowed reactions,
were reported in 10—18% of patients with LGG.

Our second aim was to compare the reported prevalence of
cognitive dysfunction in patients with LGG. The prevalence
of cognitive dysfunction in the included articles ranged from
19% to 83%. This wide range may depend on the characteristics
of the glioma (type, location, and size), the type of treatment,
the time of measurement, the neuropsychological tests used,
and the definition of cognitive dysfunction, all of which varied
substantially between studies. This heterogeneity makes it
difficult to draw general conclusions about the prevalence of
cognitive dysfunction in patients with LGG.

Every effort should be made to reliably assess cognitive
function in patients with LGG as this may support clinical



decision-making; for example, to decide on planning surgical
intervention or for targeting rehabilitation programmes.

Unfortunately, most studies included in this review had no
(or only a very short) follow-up period.

Finally, it should be noted that this review focused on
memory, attention and executive functioning. Cognitive do-
mains, such as language, visuo-construction and perception,
fell outside the scope of this research. This could be a limitation
of' this review, resulting in an underestimation of the cognitive
disorders of patients with LGG as well as the variety of instru-
ments used to measure these disorders. In a retrospective study,
Lageman et al. (50) concluded that in clinical trials, visuo-
construction, processing speed and verbal memory may be the
most important domains to assess when evaluating cognitive
deficits in patients with a primary brain tumour.

In conclusion, patients with LGG are often young and may
have a life expectancy of 5-15 years, in which they may
experience cognitive dysfunction and complaints that might
benefit from multidisciplinary rehabilitation programmes. The
present systematic review has shown that a wide range of neu-
ropsychological tests are used, together with various criteria,
to define cognitive dysfunction. Future studies should focus on
the reliable assessment of cognitive function in patients with
LGG in order to support clinical decision-making, and improve
the targeting of rehabilitation programmes.

REFERENCES

—_

. Grier JT, Batchelor T. Low-grade gliomas in adults. Oncologist

2006; 11: 681-693.

2. Sarubbo S, Latini F, Panajia A, Candela C, Quatrale R, Milani P, et
al. Awake surgery in low-grade gliomas harboring eloquent areas:
3-year mean follow-up. Neurol Sci 2011; 32: 801-810.

3. Van der Sanden GA, Schouten CJ, Van Dijck JA. Incidence of
primary central nervous system cancers in South and East Neth-
erlands in 1989-1994. Neuroepidemiology 1998; 17: 247-257.

4. Correa DD, DeAngelis LM, Shi W, Thaler HT, Lin M, Abrey LE.
Cognitive functions in low-grade gliomas: disease and treatment
effects. J Neurooncol 2007; 81: 175-184.

5. Miotto EC, Junior AS, Silva CC, Cabrera HN, Machado MA,
Benute GR, et al. Cognitive impairments in patients with low
grade gliomas and high grade gliomas. Arq Neuropsiquiatr 2011;
69: 596-601.

6. Bosma I, Douw L, Bartolomei F, Heimans JJ, van Dijk BW, Postma
TJ, et al. Synchronized brain activity and neurocognitive function
in patients with low-grade glioma: a magnetoencephalography
study. Neuro Oncol 2008; 10: 734-744.

7. Douw L, Klein M, Fagel SS, Van den Heuvel J, Taphoorn MJ,
Aaronson NK, et al. Cognitive and radiological effects of radio-
therapy in patients with low-grade glioma: long-term follow-up.
Lancet Neurol 2009; 8: 810-818.

8. Khan F, Amatya B. Use of the International Classification of Func-
tioning, Disability and Health (ICF) to describe patient-reported
disability in primary brain tumour in an Australian community
cohort. J Rehabil Med 2013; 45: 434-445.

9. Mukand JA, Blackinton DD, Crincoli MG, Lee JJ, Santos BB.
Incidence of neurologic deficits and rehabilitation of patients
with brain tumors. Am J Phys Med Rehabil 2001; 80: 346-350.

10. van der Vossen S, Schepers VP, Berkelbach van der Sprenkel JW,
Visser-Meily JM, Post MW. Cognitive and emotional problems in
patients after cerebral meningioma surgery. J Rehabil Med 2014;
46: 430-437.

Cognitive assessment in patients with low-grade glioma 487

11. Huang ME, Sliwa JA. Inpatient rehabilitation of patients with can-
cer: efficacy and treatment considerations. PM R 2011; 3: 746-757.

12. Tang V, Rathbone M, Park Dorsay J, Jiang S, Harvey D. Rehabilita-
tion in primary and metastatic brain tumours: impact of functional
outcomes on survival. J Neurol 2008; 255: 820-827.

13. Vargo M. Brain tumor rehabilitation. Am J Phys Med Rehabil
2011; 90: 50-62.

14. Khan F, Amatya B, Drummond K, Galea M. Effectiveness of in-
tegrated multidisciplinary rehabilitation in primary brain cancer
survivors in an Australian community cohort: a controlled clinical
trial. J Rehabil Med 2014; 46: 754-760.

15. Khan FAB. Ng L, Drummond K, Oliver J. Multidisciplinary reha-
bilitation after primary brain tumour treatment. Cochrane Database
Syst Rev 2013; 1: CD009509.

16. Cicerone KD, Langenbahn DM, Braden C, Malec JF, Kalmar K,
Fraas M, et al. Evidence-based cognitive rehabilitation: updated
review of the literature from 2003 through 2008. Arch Phys Med
Rehabil 2011; 92: 519-530.

17. Soffietti R, Baumert BG, Bello L, von Deimling A, Duffau H,
Frenay M, et al. Guidelines on management of low-grade glio-
mas: report of an EFNS-EANO Task Force. Eur J Neurol 2010;
17: 1124-1133.

18. Taphoorn MJ, Klein M. Cognitive deficits in adult patients with
brain tumours. Lancet Neurol 2004; 3: 159-168.

19. Gehring K, Aaronson NK, Taphoorn MJ, Sitskoorn MM. Interven-
tions for cognitive deficits in patients with a brain tumor: an update.
Expert Rev Anticancer Ther 2010; 10: 1779-1795.

20. Tucha O, Smely C, Preier M, Lange KW. Cognitive defecits before
treatment among patients with brain tumors. Neurosurgery 2000;
47:324-333.

21. Klein M, Taphoorn MJ, Heimans JJ, van der Ploeg HM, Vandertop
WP, Smit EF, et al. Neurobehavioral status and health-related qual-
ity of life in newly diagnosed high-grade glioma patients. J Clin
Oncol 2001; 19: 4037-4047.

22. van Nieuwenhuizen D, Klein M, Stalpers LJ, Leenstra S, Heimans
JJ, Reijneveld JC. Differential effect of surgery and radiotherapy
on neurocognitive functioning and health-related quality of life
in WHO grade I meningioma patients. J Neurooncol 2007; 84:
271-278.

23. Gehring K, Sitskoorn MM, Aaronson NK, Taphoorn JB. Interven-
tions for cognitive deficits in adult with brain tumours. Lancet
Neurol 2008; 7: 548-560.

24. Maruish ME. The use of psychological testing for treatment
planning and outcomes assessment. 3rd edn. London: Lawrence
Erlbaum; 2004.

25. Lezak MD. Neuropsychological assessment. 5th edn. New York:
Oxford University Press; 2012.

26. Bauer RM. Neuropsychological Assessment IV: A Moderate (Not-
So-Extreme) Makeover of an Old Friend. J Int Neuropsychol Soc
2005; 11: 210-214.

27. Morgan JE. A “classic” for the 21st century defining the zeitgeist
of contemporary neuropsychology. Clin Neuropsychol 2006; 20:
602-606.

28. Bosma I, Reijneveld JC, Klein M, Douw L, van Dijk BW, Heimans
JJ, et al. Disturbed functional brain networks and neurocognitive
function in low-grade glioma patients: a graph theoretical analysis
of resting-state MEG. Nonlinear Biomed Phys 2009; 3: 9.

29. Bosma I, Stam CJ, Douw L, Bartolomei F, Heimans JJ, Dijk BW,
et al. The influence of low-grade glioma on resting state oscillatory
brain activity: a magnetoencephalography study. J. Neurooncol
2008; 88: 77-85.

30. Correa DD, Shi W, Thaler HT, Cheung AM, DeAngelis LM, Abrey
LE. Longitudinal cognitive follow-up in low grade gliomas. J.
Neurooncol 2008; 86: 321-327.

31. Klein M, Engelberts NH, van der Ploeg HM, Kasteleijn-Nolst
Trenite DG, Aaronson NK, et al. Epilepsy in low-grade gliomas:
the impact on cognitive function and quality of life. Ann Neurol
2003; 54: 514-520.

J Rehabil Med 47



488

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

E. M. P. van Loon et al.

Teixidor P, Gatignol P, Leroy M, Masuet-Aumatell C, Capelle L,
Duffau H. Assessment of verbal working memory before and after
surgery for low-grade glioma. J Neurooncol 2007; 81: 305-313.
Moritz-Gasser S, Herbet G, Maldonado IL, Duffau H. Lexical ac-
cess speed is significantly correlated with the return to professional
activities after awake surgery for low-grade gliomas. J Neurooncol
2012; 107: 633-641.

Shankar A, Rajshekhar V. Radiological and clinical outcome fol-
lowing stereotactic biopsy and radiotherapy for low-grade insular
astrocytomas. Neurol India 2003; 51: 503-506.

Klein M, Heimans JJ, Aaronson NK, van der Ploeg HM, Grit J,
Muller M, et al. Effect of radiotherapy and other treatment-related
factors on mid-term to long-term cognitive sequelae in low-grade
gliomas: a comparative study. The Lancet 2002; 360: 1361-1368.
Laack NN, Brown PD, Ivnik RJ, Furth AF, Ballman KV, Hammack
JE, et al. Cognitive function after radiotherapy for supratento-
rial low-grade glioma: a North Central Cancer Treatment Group
prospective study. Intl J Rad Onc Bio Phys 2005; 63: 1175-1183.
Brown PD. Effects of radiotherapy on cognitive function in patients
with low-grade glioma measured by the Folstein Mini-Mental State
Examination. Am J Clin Oncol 2003; 21: 2519-2524.

Blonski M, Taillandier L, Herbet G, Maldonado IL, Beauchesne
P, Fabbro M, et al. Combination of neoadjuvant chemotherapy
followed by surgical resection as a new strategy for WHO grade
II gliomas: a study of cognitive status and quality of life. J Neuro-
oncol 2012; 106: 353-366.

Ek L, Almkvist O, Kristoffersen Wiberg M, Stragliotto G, Smits A.
Early cognitive impairment in a subset of patients with presumed
low-grade glioma. Neurocase 2010; 16: 503-511.

Santini B, Talacchi A, Squintani G, Casagrande F, Capasso R,
Miceli G. Cognitive outcome after awake surgery for tumors in
language areas. J Neurooncol 2012; 108: 319-326.

Pahlson A, Ek L, Ahlstrom G, Smits A. Pitfalls in the assessment
of disability in individuals with low-grade gliomas. J Neurooncol
2003; 65: 149-158.

Ruge MI, Ilmberger J, Tonn JC, Kreth FW. Health-related quality
of life and cognitive functioning in adult patients with supratento-
rial WHO grade II glioma: status prior to therapy. J Neurooncol
2011; 103: 129-136.

Wilde EA, Whiteneck GG, Bogner J, Bushnik T, Cifu DX, Dikmen
S, et al. Recommendations for the use of common outcome meas-
ures in traumatic brain injury research. Arch Phys Med Rehabil
2010; 91: 1650-1660

Correa D, Maron L, Harder H, Klein M, Armstrong C, Calabrese
P, et al. Cognitive functions in primary central nervous system
lymphoma: literature review and assessment guidelines. Ann Oncol

J Rehabil Med 47

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

2007; 18: 1145-1151.

Meyers CA, Brown PD. Role and relevance of neurocognitive
assessment in clinical trials of patients with CNS tumors. J Clin
Oncol 2006; 24: 1305-1309.

Wefel JS, Witgert ME, Meyers CA. Neuropsychological sequelae
of non-central nervous system cancer and cancer therapy. Neuro-
psychol Rev 2008; 18: 121-131.

Osoba D, Aaronson NK, Muller M, Sneeuw K, Hsu MA, Yung WK,
etal. The development and psychometric validation of a brain cancer
quality-of-life questionnaire for use in combination with general
cancer-specific questionnaires. Qual Life Res 1996; 5: 139-150.
Stewart AL, Ware JE. Measuring functioning and well-being:
the medical outcomes study approach. 4th edn. Durham: Duke
University Press; 1998.

Aaronson NK, Taphoorn MJ, Heimans JJ, Postma TJ, Gundy CM,
Beute GN, et al. Compromised health-related quality of life in
patients with low-grade glioma. J Clin Oncol 2011; 29: 4430-4435.
Lageman SK, Cerhan JH, Locke DE, Anderson SK, Wu W, Brown
PD. Comparing neuropsychological tasks to optimize brief cogni-
tive batteries for brain tumor clinical trials. J Neurooncol 2010;
96: 271-276.

Dutta D, Vanere P, Gupta T, Munshi A, Jalali R. Factors influencing
activities of daily living using FIM-FAM scoring system before
starting adjuvant treatment in patients with brain tumors: results
from a prospective study. J Neurooncol 2009; 94: 103-110.
Yavas C, Zorlu F, Ozyigit G, Gurkaynak M, Yavas G, Yuce D, et al.
Prospective assessment of health-related quality of life in patients
with low-grade glioma. Support Care Cancer 2011; 20: 1859-1868.
Van der Elst W, Van Boxtel MP, Van Breukelen GJ, Jolles J. The
Concept Shifting Test: adult normative data. Psychol Assess 2006;
18: 424-432.

Bouma A, Mulder J, Lindeboom L. Handboek neuropsychologische
diagnostiek. 2nd edn. Lisse: Swets & Zeitlinger; 2012.

Tate RL. A compendium of tests, scales and questionnaires. 1st
edn. East Sussex: Psychological Press; 2010.

van der Elst W, van Boxtel MP, van Breukelen GJ, Jolles J. The
Letter Digit Substitution Test: normative data for 1,858 healthy
participants aged 2481 from the Maastricht Aging Study (MAAS):
influence of age, education, and sex. J Clin Exp Neuropsychol
2006; 28: 998—-1009.

Ilmberger J. Munchner Verbaler Gedachtnistest. Munich: Univer-
sitat Munchen; 1998.

Vyas A. Textbook of postgraduate psychiatry. 2nd edn. New Delhi:
Jaypee Brothers Medical Publis; 1999.

Zimmermann P, Fimm B. Testbatterie zur Aufmerksamkeitsprufung
(TAP). Freiburg: Psytest; 1993.



